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Dear Reader,

I write this optimistically. I write this in the hopes that after months of hard work, 
long nights, and way too many email exchanges initiated by yours truly (sorry  
Rudi!), that Rudi will finally be able to say: “See, here it is! The fruits of my labor; 
the sweat from my brow. Take it!”

If this book has taught me anything (besides editors and authors make great teams), 
it’s that SAP HANA is still growing, and sometimes it’s a mad dash to keep up. As  
Rudi can tell you, just when you think a chapter is ready to go, something is  
updated. However, with a little luck and a whole lot of elbow grease, over the next 
week this book will slide feet first into the finish line.

But, you don’t need me to tell you that the world of SAP HANA is constantly shift-
ing. Like us, you’re in the business of staying on top of the latest SAP HANA has to  
offer. Carefully crafted to prepare test-takers for the exam, this book is your first  
step in staying one step ahead of the competition and furthering your career. So, as 
you prepare for the big test, take solace in the fact that you’ve come to the right 
place, and, of course, Rudi and I are rooting for you.

What did you think about SAP HANA Certification Guide: Application Associate  
Exam? Your comments and suggestions are the most useful tools to help us make 
our books the best they can be. Please feel free to contact me and share any praise 
or criticism you may have.

Thank you for purchasing a book from SAP PRESS!

Sarah Frazier 
Editor, SAP PRESS 

Rheinwerk Publishing 
Boston, MA

sarahf@rheinwerk-publishing.com 

http://www.sap-press.com
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Preface

The SAP PRESS Certification Series is designed to provide anyone who is prepar-
ing to take an SAP certified exam with all of the review, insight, and practice they
need to pass the exam. The series is written in practical, easy-to-follow language
that provides targeted content that is focused on what you need to know to suc-
cessfully take your exam.

This book is specifically written for those preparing to take the SAP Certified Appli-
cation Associate – SAP HANA C_HANAIMP_11 exam, so if you’ve purchased this
book, you’re obviously interested in learning how to successfully pass the certifi-
cation exam. This book will also be helpful to those of you taking the SPS 09 exam
(C_HANAIMP151) and SPS 10 delta exam (D_HANAIMP_10). The SAP Certified
Application Associate – SAP HANA exam tests the taker in the areas of data mod-
eling. It focuses on core SAP HANA skills, as opposed to skills that are specific to a
particular implementation type (e.g., SAP BW on SAP HANA or SAP Business Suite
on SAP HANA). The Application Associate test can be taken by anyone who signs
up.

Using this book, you will walk away with a thorough understanding of the exam
structure and what to expect in taking it. You will receive a refresher on key con-
cepts covered on the exam, and will be able to test your skills via sample practice
questions and answers. The book is closely aligned with the course syllabus and
the exam structure, so all of the information provided is relevant and applicable
to what you need to know to prepare. We explain the SAP products and features
using practical examples and straightforward language, so you can prepare for
the exam and improve your skills in your day-to-day work as an SAP HANA data
modeler. Each book in the series has been structured and designed to highlight
what you really need to know.
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Structure of This Book
Each chapter begins with a clear list of the learning objectives, such as:

Techniques You’ll Master

� How to prepare for the exam

� Understanding the general exam structure

� Practice questions and preparation

From there, you’ll dive into the chapter and get right into the test objective cov-
erage.

Throughout the book, we’ve also provided several elements that will help you
access useful information:

� Tips call out useful information about related ideas and provide practical sug-
gestions for how to use a particular function.

� Notes provide other resources to explore or special tools or services from SAP
that will help you with the topic under discussion. The following boxes are
examples of these elements:

Note

This certification guide covers all topics you need to successfully pass the exam.
It provides sample questions similar to those found on the actual exam.

Tip

This book contains screenshots and diagrams to help your understanding of the
many information modeling concepts.

Each chapter that covers an exam topic is organized in a similar fashion so you
can become familiar with the structure and easily find the information you need.
Here’s an example of a typical chapter structure:

� Introductory bullets
The beginning of each chapter discusses the techniques you must master to
be considered proficient in the topic for the certification examination.
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� Topic introduction
This section provides you with a general idea of the topic at hand to frame
future sections. It also includes objectives for the exam topic covered.

� Real-world scenario
This part shows a scenario that provides you with a case where these skills
would be beneficial to you or your company.

� Objectives
This section provides you with the necessary information to successfully pass
this portion of the test.

� Key concept refresher
This section outlines the major concepts of the chapter. It identifies the tasks
you will need to be able to understand or perform properly to answer the
questions on the certification examination.

� Important terminology
Just prior to the practice examination questions, we provide a section to
review important terminology. This may be followed by definitions of vari-
ous terms from the chapter.

� Practice questions
The chapter then provides a series of practice questions related to the topic
of the chapter. The questions are structured in a similar way to the actual
questions on the certification examination.

� Practice question answers and explanations
Following the practice exercise are the solutions to the practice exercise ques-
tions. As part of the answer, we discuss why an answer is considered correct
or incorrect.

� Takeaway
This section provides a takeaway or reviews the areas you should now under-
stand. The refresher section identifies the key concepts in the chapter. We
also provide some tips related to the chapter.

� Summary
Finally, we conclude with a summary of the chapter.
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Now that you have an idea of how the book is structured, the following list will
dive into the individual topics covered in each chapter of the exam:

� Chapter 1, SAP HANA Certification Track—Overview, provides a look at the
different certifications for SAP HANA: associate, professional, and specialist.
It then looks at the general exam objectives, structure, and scoring.

� Chapter 2, SAP HANA Training, discusses the available training and training
material other there for test takers, so you know where to look for answers
beyond the book. We identify the SAP Education training courses available
for classroom, virtual, and e-learning, in addition to SAP Learning Hub offer-
ings. We then look into additional resources, including official SAP documen-
tation, SAP HANA Academy video tutorials, and more.

� Chapter 3, Architecture and Deployment Scenarios, walks through the evolu-
tion of SAP HANA’s in-memory technology and how it addresses the prob-
lems of the past, such as slow disk. From there, you are given an overview of
the persistence layer, before looking at the different deployment options
including cloud deployments.

� Chapter 4, Information Modeling Concepts, discusses general modeling con-
cepts such as cubes, fact tables, the difference between attributes and mea-
sures, in addition to covering general modeling best practices.

� Chapter 5, Information Modeling Tools, you’ll get to know SAP HANA’s pri-
mary modeling tools, including SAP HANA studio and the SAP HANA web-
based development workbench. In addition, you’ll learn how to create new
information models, tables, and data.

� Chapter 6, Information Views, looks in depth at the three primary informa-
tion views in SAP HANA, as well as the tools for migrating old information
views, such as analytic and attribute views, to the new standard.

� Chapter 7, Advanced Information Modeling, takes what we’ve learned one
step further. In this chapter, you’ll learn to enhance information views with
calculated columns, filter expressions, and more.

� Chapter 8, SQL and SQLScript, reviews how to enhance SAP HANA models
using SQL and SQLScript to create tables, read and filter data, create calcu-
lated columns, implement procedures, use user-defined functions, and more.
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� Chapter 9, Text, Spatial, and Predictive Modeling, looks at more advanced
topics, such as creating a text search index, implementing fuzzy search and
text analysis, using the key components of spatial processing, and creating
predictive analysis models.

� Chapter 10, Optimization of Information Models, reviews how to monitor,
investigate, and optimize data models in SAP HANA. We’ll look at how opti-
mization effects architecture, performance, and information modeling tech-
niques. We’ll then dive into the different tools used for optimization includ-
ing the Explain Plan, Visualize Plan, Administration console, and the Perfor-
mance Analysis Mode.

� Chapter 11, Administration of Information Models, teaches the finer points
of data model administration. In this chapter, you’ll learn how to validate
information models, the difference between design-time and runtime
objects, the transport process, the refactoring process, and much more.

� Chapter 12, SAP HANA Live, looks at how to adapt pre-delivered content to
your own business solutions using SAP HANA Live. You’ll learn about SAP
HANA Live’s different views, and its two primary tools: SAP HANA Live
Browser and the SAP HANA Live Extension Assistant.

� Chapter 13, Security, discusses how users, roles, and privileges work
together. We’ll look at the different types of users, template roles, and privi-
leges that are available in the SAP HANA system.

� Chapter 14, Data Provisioning, introduces the concepts, tools, and methods
for data provisioning in SAP HANA. From SAP Data Services to SAP HANA
smart data streaming (SDS).

� Chapter 15, Utilization of Information Models, concludes our book with
details on basic business intelligence concepts and technologies. We’ll look at
business intelligence tools for Microsoft Office integration, applications and
dashboards, data discovery, and reporting.

Practice Questions
We want to give you some background on the test questions before you encoun-
ter the first few in the chapters. Just like the exam, each question has a basic
structure:
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� Actual question
Read the question carefully and be sure to consider all the words used in the
question because they can impact the answer.

� Question hint
This is not a formal term, but we call it a hint because it will tell you how
many answers are correct. If only one is correct, normally it will tell you to
choose the correct answer. If more than one is correct, like the actual certifi-
cation examination, it will indicate the correct number of answers.

� Answers
The answers to select from depend on the question type. The following ques-
tion types are possible:

� Multiple response: More than one correct answer is possible.

� Multiple choice: Only a single answer is correct.

� True/false: Only a single answer is correct. These types of questions are not
used in the exam, but are used in the book to test your understanding.

Summary
With this certification guide, you’ll learn how to approach the content and key
concepts highlighted for each exam topic. In addition, you’ll have the opportu-
nity to practice with sample test questions in each chapter. After answering the
practice questions, you’ll be able to review the explanation of the answer, which
dissects the question by explaining why the answers are correct or incorrect. The
practice questions give you insight into the types of questions you can expect,
what the questions look like, and how the answers  relate to the question. Under-
standing the composition of the questions and seeing how the questions and
answers work together is just as important as understanding the content. This
book gives you the tools and understanding you need to be successful. Armed
with these skills, you’ll be well on your way to becoming an SAP Certified Appli-
cation Associate in SAP HANA.



SAP HANA Certification 
Track—Overview

Techniques You’ll Master

� Understand the different levels of SAP HANA certifications

� Find the correct SAP HANA certification exam for you

� Learn the scoring structure of the certification exams

� Discover how to book your SAP HANA certification exam
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Welcome to the exciting world of SAP HANA! SAP as a company is moving at full
speed to update all of its solutions to use SAP HANA. Some solutions have even
changed completely to better leverage the capabilities of SAP HANA. In many
senses, the future of SAP is tied to the SAP HANA platform.

SAP HANA itself is developing at a fast pace to provide all the features required
for innovation. Many of the new areas that we see SAP working in, such as cloud
and mobile, are enabled because of SAP HANA’s many features. The best-known
SAP HANA feature is its fast response times. Both cloud and mobile can suffer
from latency issues, and they certainly improve with faster response times.

With the large role that SAP HANA now plays, the demand for experienced pro-
fessionals with SAP HANA knowledge has grown. By purchasing this book,
you’ve taken the first step toward meeting these demands and advancing your
career via knowledge of SAP HANA.

Note

There are six different certifications available for SAP HANA, and each focuses on
a different topic. The focus of this book is on the SAP Certified Application Asso-
ciate—SAP HANA certification, which is the most in demand SAP HANA certifi-
cation.

In this chapter, we’ll discuss the target demographic of this book before diving
into a discussion of the various SAP HANA certification exams available. We’ll
then look at the specific exam this book is based on before examining the struc-
ture of that exam.

Who This Book Is For
This book covers SAP HANA from a modeling and application perspective for the
C_HANAIMP_11 exam. As such, this book is meant for quite a large group of
people from various backgrounds and interests. In a broad sense, this book talks
about how to work with data and information—and more people work with
information now than ever before.

This book does not go into the more technical topics (e.g., installations, upgrades,
monitoring, updates, backups, and transports) addressed by some of the other
SAP HANA certifications.
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Let’s discuss who can benefit from this book:

� Information modelers are a core audience group for this book since the main
topic of this book is information modeling. This includes people who come
from an enterprise data warehouse (EDW) background.

� Developers need to create and use information models—whether for SAP
applications using ABAP, cloud applications using Java, web services, mobile
apps, or new SAP HANA applications using SAPUI5.

� Database administrators (DBAs) must understand how to use the new in-
memory and columnar database technologies of SAP HANA.

� Architects  want to understand SAP HANA concepts, get an overview of what
SAP HANA entails, and plan new landscapes and solutions using SAP HANA.

� Data integration and data provisioning specialists have to get data into SAP
HANA in an optimal manner.

� Report-writing professionals constantly create, find, and consume information
models. Often, the need for these information models arises from the report-
ing needs of business users. An understanding of how to create these infor-
mation models in SAP HANA will be of great benefit.

� Data scientists, or anyone working with big data and data mining, are always
looking for faster, smarter, and more efficient ways to get results that can help
businesses innovate. SAP HANA has proven that it can certainly contribute to
these areas.

� Technical performance tuning experts have to understand the intricacies of the
new in-memory and columnar database paradigm to fully utilize and leverage
the performance that SAP HANA can provide.

If you fit into one or more of these categories, excellent! You’re in the right place.
Regardless, if you’ve bought this book in preparation for the exam, our primary
goal is to help you succeed; all exam takers are welcome!

SAP HANA Certifications
There are currently six certification examinations available for SAP HANA, as
listed in Table 1.1.



Chapter 1 SAP HANA Certification Track—Overview26
In Table 1.1, you will see that the certifications have different prefixes. The C pre-
fix indicates full, core exams for SAP HANA data modeling, the E prefix indicates
certification exams for specialists, and the P prefix denotes a professional-level
certification exam.

Table 1.1 also lists the main SAP training courses available for each certification,
how many questions will be asked in each certification exam, and how much
time is available when taking the examination.

While not shown here, the exams for all certifications have a unique number at
the end of their names (e.g., C_HANATEC_11 is the technical certification exam
for SAP HANA SPS 11). We’ll discuss these different numbers in Table 1.2.

We can divide these different certifications into three categories: associate, pro-
fessional, and specialist (as shown in the Type of Certification column in Table
1.1). Let’s walk through these different categories.

Certification Type of 
Certification

Keyword SAP Training 
Courses

Number of 
Questions

Time in 
Minutes

C_HANAIMP Associate Modeling HA100 
HA300

80 180

C_HANATEC Associate Technical HA100 
HA200 
HA240 
HA250

80 180

P_HANAIMP Professional Modeling Experience 80 180

E_HANAINS Specialist Installation HA200 
Guides

40 90

E_HANAAW Specialist ABAP HA100 
HA300 
HA400

40 90

E_HANABW Specialist BW BW362 40 90

Table 1.1 SAP HANA Certifications
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Associate-Level Certification

The associate-level certification proves that you understand SAP HANA concepts
and can apply them in projects. The associate-level certifications are based in the-
ory and are meant for people who are new to SAP HANA.

The question we ask project members when setting up these certifications is:
"What would you want candidates to be able to do and understand when they
join your project immediately after passing the certification exam?" Understand-
ing the different concepts in SAP HANA and when to use them is important.

There are two types of SAP HANA certifications that fall under the associate-
level: C_HANAIMP (modeling) and C_HANATEC (technical).

C_HANAIMP Modeling Certification

As previous discussed, the C prefix indicates the full, core exams for SAP HANA
data modeling. IMP refers to the implementation of SAP HANA applications. This
examination consists of 80 questions, and you are given three hours to complete
the exam.

The certification does not have any prerequisites. The main SAP training courses
that help you prepare for this certification exam are HA100 and HA300. This
book and this certification exam is intended for information modelers, database
administrators, architects, developers of SAP HANA applications, ABAP and Java
developers, people who perform data integration and reporting, those who are
interested in technical performance tuning, SAP BW information modelers, data
scientists, and/or anyone who wants to understand basic SAP HANA modeling
concepts.

This certification exam tests your knowledge in SAP HANA subjects such as
architecture, deployment, information modeling, data provisioning (i.e., how to
get data into SAP HANA), using information models (e.g., through reporting),
security, optimization, administration, and SAP HANA Live.

C_HANATEC Technical Certification

The C_HANATEC certification exam is meant for technical people such as system
administrators, database administrators, SAP Basis people, technical support per-
sonnel, and hardware vendors. This certification does not have any prerequi-
sites. The main training course for this exam is HA200.
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This certification exam tests your knowledge of SAP HANA installations, up-
dates, upgrades, migrations, system monitoring, administration, configuration,
performance tuning, high availability, troubleshooting, backups, and security.

Professional-Level Certification

The professional certification (P_HANAIMP) proves that you are truly an SAP
HANA expert. For the professional exam, there are no official training materials.
This exam is more practical and assumes that you have a wealth of experience
working with SAP HANA. SAP recommends that you have worked with SAP
HANA and information modeling for at least three years prior to taking this
exam. Even though there are no training materials, reading this book and the
official documentation at http://help.sap.com/hana, going through the materials
at the links provided in this book, and helping other people solve problems will
certainly help you with this type of certification exam.

The latest version of the professional certification exam is P_HANAIMP142,
which came out in the second half of 2014. It focuses on SAP HANA SPS 8 and
earlier and is a professional version of P_HANAIMP, so the intended audience is
roughly the same as that of this book. This will be retired as of June 30th. The P_
HANAIMP exam has not been renewed to the latest releases of SAP HANA, and
is getting a bit outdated now.

This certification also does not have any prerequisites, so you don’t have to take
the associate-level certification exam before you take this one. However, we
encourage you to take the associate-level exam first as preparation for the pro-
fessional-level examination. The areas tested in the professional exam are similar
to those tested in the associate-level exam. However, where the associate-level
examination bases all the questions and answers on the SAP training course
materials, the professional certification is more based on practical and real-life
experience.

Specialist-Level Certification

The specialist exams prove that you can apply SAP HANA concepts in your cur-
rent specialist area. These are for people who are already certified in other areas
outside of SAP HANA and want to gain additional knowledge of SAP HANA and
how to apply it to their specialties. Such people might have backgrounds in SAP
BW or ABAP, for example.
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Each specialist exam includes 40 questions, and you have an hour an a half to
complete the exam. They all have prerequisites (i.e., you have to be certified in
a specialist area before you are allowed to take these SAP HANA certification
exams). There are three specialist exams:

� E_HANAINS Installation Certification
This exam is for technical people who perform installations of SAP HANA and
for hardware vendors. This exam requires that you are certified with C_HAN-
ATEC. The main training course for this exam is HA200.

� E_HANAAW ABAP Certification
This is a specialist exam for ABAP developers. It requires that you are certified
with ABAP. The main training course for this exam is HA400, in which you
learn how ABAP development is different in SAP HANA systems than in older
SAP NetWeaver systems.

� E_HANABW SAP BW on SAP HANA Certification
This is an exam for people specializing in SAP BW. It requires that you are
certified with SAP BW. The main training course for this exam is BW362.

SAP HANA Application Associate Certification Exam
Now, let’s focus on the objective and structure of the C_HANAIMP certification
that this book targets and look at the latest C_HANAIMP certification exam.

SAP is evolving fast and is constantly being updated. There is a new major SPS
update of SAP HANA released twice a year. Therefore, every six months, SAP
Education has to update all training materials and certification exams. All SAP
certifications remain valid for the last two versions. This means that your SAP
HANA certification, depending on when you received it, will be valid from some-
where between about six months and about a year and a half. This is regrettably
a much shorter timeframe than for most other SAP certifications, some of which
can remain valid for many years. In a sense, this is the cost of working in such a
fast-moving environment.

As previously mentioned, the SAP HANA Application Associate Certification exam
is named C_HANAIMP.
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Table 1.2 lists the exam names for the SAP Certified Application Associate—SAP
HANA certification through the years. The exam names are linked to the differ-
ent SPS release numbers, though originally referred to the year.

Note

This book deals specifically with the latest C_HANAIMP_11 certification exam.

You will notice in Table 1.2 that the C_HANAIMP_1 certification exam included
_1 at the end of the name, showing that it was the first certification exam. Over
time, SAP started including the year in the certification exam name—for exam-
ple, C_HANAIMP151. The first two numbers of 151 refer to the year, 2015, and
the last number, 1, refers to the first half of the year. In this case, this combina-
tion corresponds to SPS 09.

Recently, the naming convention was updated to refer directly to the SAP HANA
SPS number. That is, the exam is now called C_HANAIMP_11 instead of C_
HANAIMP161. The _11 suffix indicates SPS 11. 

SAP Education now also has started delivering delta exams for SAP HANA. This
will make it easier to extend the life of your SAP HANA certification. The D prefix
in Table 1.2 indicates a delta certification exam. You need to have passed the C_
HANAIMP151 certification exam before you can take the D_HANAIMP_10 delta
exam.

SAP HANA Application Certification Exam SAP HANA SPS Year

C_HANAIMP_1 First few releases 2012

C_HANAIMP131 SPS 05 2013

C_HANAIMP141 SPS 07 2014

C_HANAIMP142 SPS 08 2014

C_HANAIMP151 SPS 09 2015

D_HANAIMP_10 SPS 10 2015

C_HANAIMP_11 SPS 11 2016

Table 1.2 SAP Certified Application Associate—SAP HANA Exam Names
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Now that we’ve introduced the SAP Certified Application Associate—SAP HANA
certification, the next section will look at the exam as whole: its objective, struc-
ture, and general process.

Exam Objective

In Figure 1.1, in large letters, you can see the official name of the certification
examination. On the left, you can see that the Level is Associate.

On the right side, you can see that the exam has 80 questions. The Cut Score in
this example page is 59%, which means that you need to get 59% in this certifi-
cation examination in order to pass. The Duration of the exam is 180 minutes.
The exam is available in English, Japanese, and Chinese.

Note that there is a PDF link for sample questions. In this case, there are 10 sam-
ple questions you can look at to get an idea of what the actual examination ques-
tions look like. We normally recommend that you keep the sample questions in
reserve for later; don’t dive in right away. You can use the sample questions to
judge whether or not you’re ready for the certification examination.

Tip

I always joke with my students that if you say “Huh?” when you look at the sam-
ple questions, then you’re not ready for the exam.

The examination itself is focused on certain tasks.

Exam Structure

When you scroll down through the web page shown in Figure 1.1, you will see
how the exam is structured and scored. Each of the topic areas are mentioned
there, as well as the percentage that each area contributes towards your final
score in the certification exam.

The first area is Modeling Functions. When you expand this area, you can see
that the HA300 training course is available. More than 12% of the questions fall
into the Modeling Functions, which means that there are roughly 15 questions
in the certification exam on this topic.
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The SAP HANA Architecture, Deployment Scenarios and Use Cases topic is
roughly 10% (between 8% and 12%) of the exam, meaning that it covers about
eight questions. The HA100 training course is available for more information on
this topic. Other portions of the exam follow this same percentage determination
and provide short descriptions.

As you can see, SAP recommends two training courses: HA100 and HA300. As
of SPS 10, the HA300 training course has been expanded from three to five
days and now includes the relevant topics previously found only in HA360 and
HA900.

Table 1.3 lists the different topic areas you need to study for the C_HANAIMP_11
certification exam, the weighted percentage for each section, the estimated num-
ber of questions, and the chapters that correspond to these topics from the book.

Figure 1.1 An Example C_HANAIMP Certification Exam Information Page
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Exam Process

You can book the certification exam you want to take at https://training.sap.com/
shop/sap-search/certifications?q=C_HANAIMP_11.

On the SAP training website, choose the country you live in or the country that
you wish to take the exam in. The price of the certification exam and available
dates will appear in the right column on the web page. Currently, all SAP HANA
certification exams are administered in examination centers even though the
exam is an online exam.

Topic Percent of 
Exam

Estimated Number 
of Questions

Corresponding 
Chapters

SAP HANA architecture 
and deployment scenarios

8%–12% 8 3

Information views 8%–12% 8 4, 5, 6

Modeling functions 12% – 18% 12 7

SQL and SQLScript 8%–12% 8 8

Text, spatial, and 
predictive modeling

8%–12% 8 9

Optimization of models < 8% 4 10

Management and 
administration of models

8%–12% 8 11

SAP HANA Live 8%–12% 8 12

Security in SAP HANA 
modeling

< 8% 4 13

Overview of SAP HANA 
Data Provisioning

8%–12% 8 14

Consumption of 
SAP HANA models

< 8% 4 15

Table 1.3 C_HANAIMP_11 Exam Scoring Structure
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Note

In the future, all certification exams will be administered in the cloud. Cloud cer-
tifications use remote proctoring, in which an exam proctor watches you (the test
taker) remotely via your computer’s webcam. You have to show the proctor the
entire room before the exam begins by moving your webcam or your computer
around. These test proctors have been trained to identify possible cheating.

When you arrive at the examination center, you will need a form of identifica-
tion. During your certification exam, you will not have access to online materials,
books, your mobile phone, or the Internet.

As you mark answer options, the answers are immediately stored on a server to
ensure you do not lose any work. When you finish all your certification exam
questions and submit the entire exam, you receive the results immediately. If
you do not pass the certification exam, you can take it up to two more times. This
retake option hopefully will not be important to any of the readers of this book!

Normally, you will receive the printed certificate about a week later at your
examination center, or you can receive it by mail.

You can also see your certificate in the SAP Credentials Manager. You can find
more information on how to register yourself at https://training.sap.com/shop/
content/Credential-Manager. You can display your certification status here, and
allow potential customers or employers to verify your certifications.

At the same link, you can find the SAP Consultants Registry, which you can use
to promote your services with your certification credentials. Using this portal,
companies can search for SAP professionals who are certified in a specific topic
like SAP HANA.

Summary
You should now understand the various SAP HANA certification examinations and
be able to identify which exam is right for you. You know about the scoring struc-
ture of C_HANAIMP_11, and can focus your study time and energy accordingly.

As you work through this book, we will guide you through the questions and
content that can be expected.

Best wishes on your exam!



SAP HANA Training

Techniques You’ll Master

� Identify SAP Education training courses for SAP HANA

� Find related SAP courses

� Discover other sources of information and courses on 
the Internet

� Develop strategies for taking your SAP certification exam
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In this chapter, we will provide an overview of options for available resources
and training courses to prepare for your certification exam. We will look into
SAP Education, which makes SAP HANA training courses available for each cer-
tification and provides related courses that can enhance your skills and under-
standing. We also will discuss various sources on the Internet that provide SAP
HANA documentation, video tutorials, how to get hands-on expirience, and free
online courses. Finally, we will review some techniques for taking the certifica-
tion exam.

SAP Education Training Courses
You can attend SAP official training courses in a couple of different ways. These
training course options provide flexibility for learning and access to relevant
materials, so you can customize your studies to your lifestyle.

These different types of training courses include:

� Classroom training
The first and most obvious option is classroom training, in which you attend
SAP HANA courses in a classroom with a trainer for a few days. Classroom
training courses provide a printed manual and a system through which you
can practice and perform exercises. At the end of the week, you will walk
away with a better understanding of what is described in that training mate-
rial.

Classroom training is a popular option that allows individuals to focus on
learning in an environment in which they can ask questions, perform exer-
cises, discuss information with other students, and get away from their offices
and emails.

� Virtual classrooms
You can also attend SAP courses via virtual classrooms. The virtual approach
is similar to training in real-life classrooms, but you do not sit in a physical
classroom with a trainer. Instead, your trainer teaches you via the Internet in
a virtual classroom. You still have the ability to ask questions, chat online with
other students, and perform exercises.

� E-learning
You can participate in the same training courses via e-learning as well. In this
case, you are provided with a training manual and an audio recording of
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course presentations. However, you don’t have an instructor to ask questions
of, and there is no interaction with others who are learning the same topic.
Given that this type of training normally happens after hours, it requires
some discipline.

� SAP Learning Hub
The last training course option is to use the SAP Learning Hub, a service you sub-
scribe to yearly. Your subscription grants you access to the entire SAP portfolio
of e-learning courses across every topic in the cloud, training materials, some
vouchers for taking certification exams, learning rooms, hands-on training sys-
tems, and forums for asking questions. You can find further details about the SAP
Learning Hub at https://training.sap.com/shop/learninghub and www.sap.com/
training-education/learning-software-svc/learn/solutions/hub/index.html.

In the next two subsections, we’ll discuss SAP HANA training courses specific to
the certification exams and additional courses related to SAP HANA that may
prove useful in your learning.

Training Courses for SAP HANA Certifications

Table 2.1 lists the SAP HANA training courses for the latest C_HANAIMP certifi-
cation exams, the length of each course, and each course’s prerequisites, if any.

The HA100 training course is the two-day introductory course that everyone
must take, regardless of which direction you want to go with SAP HANA. HA100
provides a quick introduction to SAP HANA architecture, the different concepts
of in-memory computing, modeling, data provisioning (how to get data into SAP
HANA), and how to use SAP HANA information models in reports.

Certification SAP Training Course Length Prerequisites

C_HANAIMP151 
(SPS 10 courses)

HA100, collection 10 2 days N/A

HA300, collection 10 5 days HA100

D_HANAIMP_10 Delta materials provided Self-determined C_HANAIMP151

C_HANAIMP_11 HA100 collection 11 2 days N/A

HA300 collection 11 5 days HA100

Table 2.1 SAP Training Courses for C_HANAIMP Certification Exams

www.sap.com/training-education/learning-software-svc/learn/solutions/hub/index.html
www.sap.com/training-education/learning-software-svc/learn/solutions/hub/index.html
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The HA300 training course goes into more detail on the SAP HANA modeling
concepts and the security aspects of SAP HANA.

As of SPS 10, the HA300 training course has been expanded from three to five
days and now includes related topics previously found only in the HA360 and
HA900 courses. Now, you only need to take the HA100 and HA300 courses to
prepare for the certification exam.

Tip

All the answers to the associate-level SAP HANA certification exams are guaran-
teed to be (somewhere) in the official SAP training material.

Additional SAP HANA Training Courses

The following SAP training courses related to SAP HANA modeling can comple-
ment your skills and knowledge of SAP HANA:

� HA450
This three-day course merges SAP HANA modeling with the native applica-
tion development that you can perform from SAP HANA’s application server.
It teaches you how you can take an SAP HANA information model, expose it
as an OData or REST web service, and consume it in the JavaScript framework
called SAPUI5.

� SAPX05
This course complements the HA450 training course. It focuses on SAPUI5
development.

� HA215
If you want to learn about SAP HANA performance tuning, the two-day
HA215 course will complement the HA100 and HA300 courses.

� BW362
If you come from a SAP BW background, BW362 is a related course that
might help you. This course shows you how you can build information mod-
els with SAP BW on SAP HANA.

� HA400
If you come from an ABAP background, you should think about attending the
HA400 training course. It takes the knowledge that you gained in HA100 and
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HA300 and shows you how to apply that knowledge in your ABAP develop-
ment environment. You’ll learn that the ways in which you access the SAP
HANA information models and interface with the SAP HANA database are
completely different than ways to perform similar tasks in all the other data-
bases you’ve used through the years.

SAP Education offers a wide variety of courses to enhance your skills and further
your career. However, it’s important to know what resources are available out-
side the classroom as well. In the next section, we will look at additional
resources for continued learning.

Other Sources of Information
You will find that there is no shortage of information about SAP HANA. In fact,
there is so much information available that it’s almost impossible to get through
it all! To help focus your search, let’s look at some of the most popular sources
of information.

SAP Help

SAP Help (http://help.sap.com) is a valuable resource for your SAP and SAP HANA
education. There is a lot of great documentation provided on this website. At
http://help.sap.com/hana_platform, you will see all available documentation pro-
vided in PDF format (see Figure 2.1).

Useful PDF files include the following:

� What’s New in the SAP HANA Platform (Release Notes)
This document lists the new features in the SPSs of SAP HANA since SPS 5.

� SAP HANA Modeling Guide
We highly recommend this modeling guide, which provides the foundation
for working with and building SAP HANA information models.

� SAP HANA Interactive Education (SHINE)
This guide is a demo package that you can install into your own SAP HANA
system. It provides a lot of data and models, with examples of how to create
good information models. In the training course, you can gain access to a SAP
HANA system. You can also gain access using Amazon or Microsoft Azure
Cloud (see the Hands-On with Your SAP HANA Server section of this chapter).
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One whatever system you use, you can install the SHINE content. You can
then use the data, information models, and applications provided to enhance
your learning. The example screens in this book make use of the SHINE pack-
age.

� SAP HANA Security Guide
This guide tells you everything you need to know about security in more
detail. We will discuss what you need to know about security for the exam in
Chapter 14.

� SAP HANA Troubleshooting and Performance Analysis Guide
Learn how to properly troubleshoot your SAP HANA database and enhance
overall performance with this guide.

� SAP HANA reference guides
There is an entire section of reference guides that provide more specific and
focused discussions of particular SAP HANA topics:

� SAP HANA SQLScript Reference

� SAP HANA XS JavaScript Reference

Figure 2.1 SAP HANA Documentation on SAP Help
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� SAP HANA XS JavaScript API Reference

� SAP HANA XSUnit JavaScript API Reference

� SAP HANA XS DB Utilities JavaScript API Reference

� SAP HANA Business Function Library (BFL)

� SAP HANA Predictive Analysis Library (PAL) Reference

� SAP HANA Developer Quick Start Guide
This specific developer’s guide is presented as a set of tutorials.

� SAP HANA Developer Guide
We recommend reviewing this guide, especially because development and
information modeling are closely linked in SAP HANA. This guide teaches
you how to build applications in SAP HANA, write procedures, and more.

� SAPUI5 Developer Guide for SAP HANA
This guide provides insight into building SAPUI5 applications on SAP HANA.

For some of these documents, it might be helpful to have an actual system to play
with, because some guides provide step-by-step instructions for certain actions.
We discuss how to access a system in the Hands-On with SAP HANA section.

hana.sap.com and SAP Community Network

The main website for SAP HANA is http://hana.sap.com/, which offers the latest
news about SAP HANA and its different use cases. Startup companies that wish
to develop solutions on the SAP HANA platform can join the SAP HANA Startup
Forum here.

SAP Community Network (SCN) provides a central location for members of dif-
ferent SAP communities and solution users. At http://scn.sap.com/community/
hana-in-memory, you can ask questions about your own SAP HANA system.
Many SAP employees will answer questions posted on this website.

SAP HANA Academy

From http://hana.sap.com/, you can find a link to the SAP HANA Academy; click-
ing it takes you directly to YouTube. The SAP HANA Academy area of YouTube
provides hundreds of free video tutorials on all topic areas of SAP HANA. You

http://scn.sap.com/community/hana-in-memory
http://scn.sap.com/community/hana-in-memory
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can also access it directly via www.youtube.com/user/saphanaacademy/playlists?
view=1&flow=grid&sort=lad. Figure 2.2 shows the main screen for SAP HANA
Academy.

SAP employees who perform actual tasks on an SAP HANA system make these
videos. If you’ve never made a backup of an SAP HANA system, for example, you
can search for a video on how to do just that, with step-by-step instructions.

Because there are so many video clips available, we recommend that you select
the Playlists option from the YouTube menu. In the dropdown, just below this
menu, select Created Playlists. Then, from the dropdown menu on the right

Figure 2.2 SAP HANA Academy at YouTube

www.youtube.com/user/saphanaacademy/playlists?view=1&flow=grid&sort=lad
www.youtube.com/user/saphanaacademy/playlists?view=1&flow=grid&sort=lad
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side, select Last Added To. Alternately, go to the URL provided previously to see
the latest video clips at the top. This is useful when a new SAP HANA SPS is
released, for example, and you want to find out about the new features it brings
to SAP HANA.

With each new SAP HANA release, new videos are added to the SAP HANA Acad-
emy YouTube channel—so if you’re really bored this weekend and you don’t
know what to do with all your time, you can watch a few hours of SAP HANA
video clips!

You can also find videos on SAP HANA Academy for building solutions. On the
Playlists page, when you scroll down, you will see a section called Building

Solutions. This is shown in Figure 2.3.

You will now see about nine different series for building a solution. In Figure 2.4,
we have selected the Live2 series, which helps you to build a social network solu-
tion with SAP HANA.

Some of these series will be using older support packs of SAP HANA. You can
always adapt the learning to the latest techniques discussed in this book. For
example, instead of using analytic views, you will use calculation views of type
cube with star join.

As noted earlier, the http://help.sap.com website provides all the PDFs for you to
read, which is great if you like reading and you want the PDFs on your tablet or
phone, for example. On the other hand, the SAP HANA Academy YouTube chan-
nel is good if you prefer visual learning, and it may be more practical.

Figure 2.3 Playlists for Building Solutions



Chapter 2 SAP HANA Training44
openSAP and openHPI

The next websites for you to explore are https://open.sap.com/ (openSAP; see Fig-
ure 2.5) and https://open.hpi.de/ (openHPI). The openHPI website provides a
good training course on SAP HANA by Hasso Plattner, and the openSAP website
provides many free training courses on a large variety of SAP topics.

These websites frequently add new online training courses, of which some focus
on SAP HANA. When new training courses become available, you can enroll in
them. Every week, you will receive a few video clips. These courses are normally
four to six weeks long, and every week you will take a test. All the tests together
are worth 50% of your total score. In the last week, you take an exam, which is
worth the other 50% of your score. At the end of the course, you receive a cer-
tificate of attendance, and if you performed well, the certificate will show your
score. If appropriate, the certificate will also show that you were in the top 10%
or top 20% of your class.

Figure 2.4 Guided Learning on SAP HANA Academy
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Note

These openSAP certificates do not hold the same weight as the official SAP Edu-
cation certifications!

After you complete one of these free online courses, you cannot retake the tests
or exams, but you can still access all of the other course materials. You can always
download the video clips, the PowerPoint slides, and the transcripts for your
records.

Tip

We recommend a series of SAP HANA development courses presented by Tho-
mas Jung, including a new course available specifically for SAP HANA SPS 11.
You can find the Software Development on SAP HANA (Delta SPS 11) course at
https://open.sap.com/courses/hana4. Many of the courses on openSAP focus on
SAP HANA. While these courses do not focus on modeling, some of them are
excellent complementary training. At https://open.sap.com/courses you can see a
list of available courses.

Figure 2.5 openSAP Website
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Hands-On with SAP HANA
Everyone learns differently. Some people like visuals, others learn by listening,
and still others learn by doing. In this section, we look at how to gain some
hands-on experience with practice systems, projects, and data. We’ll begin with
the different ways you can personally access an SAP HANA system.

Where to Get an SAP HANA System

On the SAP HANA Developer Center site (http://go.sap.com/developer/hana.html)
you can get a free SAP HANA server for 30 days or create your own server in the
cloud (see Figure 2.6).

Figure 2.6 SAP HANA Developer Center Website
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When you scroll down through this page, you will find links to sign up for SAP

HANA Cloud Platform, Microsoft Azure Cloud, and Amazon Web Services

(see Figure 2.7).

You can view a tutorial on how to SAP HANA developer edition in the cloud at
http://go.sap.com/developer/tutorials/hana-setup-cloud.html.

Both the Amazon Web Services (AWS) and the Microsoft Azure Cloud offerings
are ideal for learning more about SAP HANA in a practical manner. They’re both
quite inexpensive, so long as you remember to switch things off when you’re fin-
ished—that is, essentially pressing a pause button on your SAP HANA system.
Otherwise, the cloud providers will continue charging you for the CPU, the
memory, the network, and the disk space being used. You can also put a limit on
your finances to ensure you don’t go over your budget.

Figure 2.7 SAP HANA Trial and Sign-Up Options
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In this section, we’ll look at these options in greater detail, whether you’re using
a free trial, paying a cloud provider for the hardware, or using your own server.

SAP HANA Cloud Platform—Free Trial

We can start with the cheapest and easiest way to get your own SAP HANA system.

Figure 2.8 shows https://account.hanatrial.ondemand.com/, where you can get an
SAP HANA system for free on SAP HANA Cloud Platform (SAP HCP). After a
quick registration process, you will gain access to SAP HCP.

To learn how to set up your own SAP HANA system in SAP HCP, you can read
the SAP HANA Getting Started information, as shown in Figure 2.9, on https:/
/help.hana.ondemand.com/help/frameset.htm.

The free account on the SAP HCP has some restrictions. You do not get a lot of
memory for loading large datasets. The cloud platform is shared with many other
users. User restrictions can prevent you from easily loading packages like SHINE.
You can load SHINE on SAP HCP, but it is not as straightforward and easy as on
other options.

SAP HCP is however an excellent choice to get going quickly, and does not cost
you anything.

Figure 2.8 SAP HCP Registration
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Developer Edition on Amazon Web Services and Microsoft Azure Cloud

The next option is to get your own SAP HANA system on the AWS cloud or the
Microsoft Azure Cloud. While the developer license for SAP HANA is free from
SAP, you still need to pay for the hosted solution on AWS or Microsoft. You can,
however, bring down the costs by pausing your SAP HANA system when you are
not using it.

The easiest way to create your own SAP HANA system on AWS or Microsoft
Azure Cloud is by using the SAP Cloud Appliance Library. You can find this at
https://cal.sap.com/. Figure 2.10 shows you what the home screen looks like.
Registration is also for free on this website.

Once you are registered you can select the SAP HANA system you want to create.
Figure 2.11 shows the Solutions tab. Here you can filter the solution by typing
“HANA Dev” in the text field on the top right of the screen.

On the next screen, you will be shown a list of possible solutions. In Figure 2.11,
you can see the SAP HANA developer edition 1.0 SPS 10 solution.

Figure 2.9 SAP HCP Help Documentation
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Once you select this, you can select the size of the SAP HANA server you require.
You can play around with the various options. Based on the options you select,
the cost per hour and the total monthly costs will be displayed.

Figure 2.10 SAP Cloud Appliance Library

Figure 2.11 SAP HANA Development System on SAP Cloud Applicance Library
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The SAP Cloud Appliance Library will also allow you to automatically switch
your SAP HANA system on and off at predefined times. The savings are also auto-
matically reflected in the monthly cost calculations.

Once you are satisfied with your choices, you can ask the SAP Cloud Appliance
Library to automatically create your SAP HANA system for you on AWS or
Microsoft Azure Cloud.

The steps to create your own SAP HANA system on AWS or Microsoft Azure are
found at http://scn.sap.com/docs/DOC-58418.

If you are a Microsoft MSDN subscriber, you get a certain amount of credit each
month for Microsoft Azure Cloud. We found some people use that credit to pay
for their SAP HANA systems.

Note

You can find more free trial offerings for the SAP Cloud Appliance Library at
http://scn.sap.com/docs/DOC-47930. If you want to work with an SAP BW on
SAP HANA system, or an SAP S/4HANA system, you will find links on this page
to the various offerings.

You can also find a list of frequently asked questions on the SAP Cloud Appliance
Library FAQ page at http://scn.sap.com/docs/DOC-33673.

Building Your Own SAP HANA System

You can also build your own server with SAP HANA. You will need some hard-
ware, an operating system, and the SAP HANA software.

The requirements for the hardware, and how to install the SAP HANA software,
can be found at http://help.sap.com/hana_platform/.

Note

It is recommended that you use a machine with a minimum of 24GB or 32GB of
memory. SAP HANA will not start on a machine with less than 16GB of memory.

The certified operating systems for SAP HANA are SUSE Linux Enterprise Server
for SAP Applications and Red Hat Enterprise Linux for SAP HANA. You can find
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the SUSE Linux Enterprise Server for SAP Applications at https://www.suse.com/
products/sles-for-sap/. Or, you can get a copy of Red Hat Enterprise Linux for SAP
HANA from https://www.redhat.com/en/resources/red-hat-enterprise-linux-sap-hana.

Tip

If you plan to use your own desktop or laptop, the SAP HANA software will warn
you about using non-certified hardware. However, if you install SAP HANA in a
VMware virtual machine, you will not get such a warning as this is seen as certified
“hardware.”

The VMware Workstation 12 Player is free for personal use and can be down-
loaded at https://www.vmware.com/go/downloadplayer/.

You will also need to download a copy of the SAP HANA software. You can
download this from https://support.sap.com/software/installations/a-z-index.html.

In the alphabetical list of products, select H, and then choose SAP HANA Plat-

form Edition.

Please note that you will need a registered S-user name and password before you
can download the software. If you are an existing SAP customer or SAP partner
you can ask your system administrator for a logon user.

Install SAP HANA Studio

Whether you get an SAP HANA system on the cloud somewhere, or build your
own SAP HANA server, you can easily connect to your SAP HANA system using
the SAP HANA web-based development workbench. You just need a HTML5-
compatible browser.

If you want to use SAP HANA studio, you will have to install a copy on your lap-
top (or desktop) computer. You can find instructions on how to install SAP
HANA studio at https://tools.hana.ondemand.com/#hanatools.

Project Examples

Once you have your own SAP HANA system, the next step will be to start using
it. In this section, we will discuss how to start working on SAP HANA projects,
and how you can use the SHINE demo package or create your own project.

https://www.suse.com/products/sles-for-sap/
https://www.suse.com/products/sles-for-sap/
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Using the SHINE Demo Package

One option to get some practice in SAP HANA is to explore the content available
in the SHINE demo package. We will use the SHINE demo throughout this book.
It is fully documented, and is used by SAP as an example for how to develop SAP
HANA applications.

The SHINE documentation can be found at http://help.sap.com/hana_platform/.

You can download the SHINE package from https://store.sap.com/. In Figure 2.12,
you can see the SAP Store. Type “SHINE” in the search bar to locate the package.

Alternatively, you can download the SHINE package from https://support.sap.com/
patches or from https://github.com/SAP/hana-shine.

You install SHINE like any other delivery unit (see Chapter 11 for more informa-
tion). In the File menu of SAP HANA studio, select Import � SAP HANA Content �
Delivery Unit.

Creating Your Own Project

You can also think up your own projects. You can start very simply by just learn-
ing to work with individual topics discussed in the book. Examples can include
things like fuzzy text search, currency conversion, input parameters, hierarchies,

Figure 2.12 SHINE Package on the SAP Store
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and spatial joins. You can also add some security on top of this, for example, to
limit the data for a single user to just one year.

The next step is to think about creating a report that can analyze the performance
of a particular dataset. This is a good exercise, as you will have to take end user
requirements and learn how to translate them into the required SAP HANA
information models. Then, you will design and create these models.

Finally, you can expand these information models into an application.

You can also look at incorporating something like SAP Lumira to easily create
attractive storyboards. You can download a free copy of SAP Lumira from http://
saplumira.com/.

Where to Get Data

SAP HANA can process large amounts of data. To get hands-on practice in the
SAP HANA system, you’ll want some sort of data to play with. There are a couple
of places where you can access data to play with:

� SHINE demo package
The SHINE demo package is a great place to get large datasets. To do this, in
the SHINE package, use the Generate Data option.

� Datahub
Datahub is website and free open data management system that can be used
to get, use, and share data. At https://datahub.io/en/dataset (Figure 2.13) you
can find many free datasets.

� United States Department of Transportation database
If you want a larger dataset to play with, you can use the United States Depart-
ment of Transportation database on flights in the United States. It has more
than 50 million records, with about 20 years of data.

You can find this at http://www.transtats.bts.gov/ (see Figure 2.14).

You can download this data from http://apps.bts.gov/xml/ontimesummarysta-
tistics/src/index.xml.

http://apps.bts.gov/xml/ontimesummarystatistics/src/index.xml
http://apps.bts.gov/xml/ontimesummarystatistics/src/index.xml
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Figure 2.13 Datahub

Figure 2.14 Flight Data from the United States Department of Transportation Website
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Exam Questions
Now, we’ll change gears a bit and look at the SAP certification exams and how
to approach them. Let’s look at the examination question types and some tips
and hints about how to complete the certification exam.

Types of Questions

An international team sets up the SAP HANA certification exams. All the ques-
tions are written in English, and all the communication is in English. Because the
exam teams are international, a lot of attention is focused on making sure that
everybody will understand what is meant by each question, avoiding possible
double meanings or ambiguities.

Figure 2.15 shows three types of questions that you will find in the certification
exam.

The first question is multiple choice. The radio buttons indicate that you can only
choose one of the four options. There always will be only four different options,
with only one correct answer.

The other two questions are called multiple response questions. There are two
types of multiple response questions:

� With the first type of multiple response question, there are four possible
answers, and there will always be two correct answers and two incorrect
answers. In the exam, this will be indicated by the words, “Note: There are
two correct answers to this question.”

Figure 2.15 Three Types of Certification Exam Questions

Note: There are 2 correct answers to this question. Note: There are 3 correct answers to this question.

What does SAP HANA smart data integration 
use for data provisioning?

Which of the following SAP data provisioning 
methods provide complex transformations? 

With which of the following do you build the 
vocabulary of a decision table?

Actions

Attributes

Conditions

Measures

�

�

SAP Data Services

SAP HANA smart data access

SAP Replication Server

SAP HANA smart data quality �

�

�

SAP HANA smart data access

SAP HANA smart data streaming

Database triggers

Database logs

Real-time adapters
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� The other type of multiple response question has five possible answers, of
which three will always be correct and two will be incorrect; you must select
three correct answers. Above the answers, you will see the words, “Note:
There are three correct answers to this question.”

Both types of multiple response questions use checkboxes, and you must select
however many answers are correct.

All three types of questions have exactly the same weight. You either get a ques-
tion right or you get it wrong. It’s a binary system: 0 or 1.

For a multiple response question with two correct and two incorrect answers,
you must select two answers. If you select three answers or one answer, you do
not receive any points. If you select two answers and they are the correct two
answers, then you earn a point.

Tip

Select as many answers as are required! If you are certain that an option is cor-
rect, then select it. If you are doubtful about an answer, at least select one
option. If you don’t select anything, you will not earn any points. Even if you
plan to come back to the question later, we still recommend that you select the
exact number of answers required.

Multiple choice questions normally make up the majority of the questions for
the associate-level core exams. More than half of the questions will have only
one correct answer and three incorrect answers. There are no true or false ques-
tions in the certification exam. However, we will use true or false questions in
this book, but only for training purposes.

Note

In the certification exam, there are no fill-in-the-blank questions.

The questions and the answers themselves appear randomly. In other words,
two people could be taking the same exam, sitting next to each other, and the
order in which the questions appear for each person would be different. Also,
for similar questions, the order of a, b, c, and d (the answer options) is different
for different people.
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Because answer options are randomized, you will never find any questions that
list “All of the above” or “None of the above” as a possible answer.

The questions in the SAP certification exams tend to be very short and to the
point. All extra words and descriptions have been cut away, ensuring that you
will have enough time to complete the exams. We’ve never heard anyone com-
plain about the time limits in the SAP HANA certification exams. Because the
questions are to the point, every word counts. Every word is there for a reason
and has a purpose, so don’t ignore any word—especially words like always, only,
and must.

Always indicates on every occasion. Only means that no other options are
allowed. Must indicates something that is mandatory. In the answer options, you
could see some optional actions that would be valid actions in normal circum-
stances, but if they are not mandatory, they are incorrect answers for questions
asking what you must do. Therefore, for questions using the word must, pay
attention to optional steps versus mandatory steps.

The certification exams use a minimum of negative words, which are only used
for troubleshooting questions. All negative words in a question are written in
capital letters—for example, “You did something and it is NOT working. What is
the reason?”

Now that we’ve looked at the general structure of SAP certification exam ques-
tions, let’s look at the strategy of elimination in the exam.

Elimination Technique

Experience has shown that the elimination technique can be useful for answering
exam questions. In this technique, you start by finding the wrong answers
instead of finding the right answers.

When creating exams, it is fairly easy to set up questions, but it’s hard to think
up wrong answers that still sound credible. Because it is so difficult to write cred-
ible wrong answers, it’s normally easier to eliminate the wrong answers first. As
Sherlock Holmes would say: Whatever remains, however improbable, must be
the truth.

To show how efficient this technique can be, look at the multiple response ques-
tion with five different options (Figure 2.15, right). There are three correct and
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two incorrect answers, so it saves you time to find the two incorrect ones, rather
than trying to find the three correct answers.

Bookmark Questions

In the certification exam, you can always bookmark questions and return to them
later. If you are not confident about a question, mark it. We still recommend that
you complete the right number of answer options: If two answers are required,
fill in two options. If three are required, select three options. Then, mark the
question so that you can review it later.

Tip

Watch out when you do the review; your initial choice tends to be the correct
one. Remember, don’t overanalyze the question.

Now, let’s turn our attention to some general exam strategies. Implementing
test-taking strategies will help you to succeed on the exam.

General Examination Strategies
The following are some good tips, tricks, and strategies to help you during an
exam:

� If you have the SAP training manuals, pay attention to pages with lots of bul-
let points; that means there are normally lots of options, and these are likely
good sources for questions.

� For the associate-level certification exams, in this book, read the entire chap-
ters and answer all the questions. If you do not get the answers right, or do
not understand the question, re-read that section. This is the equivalent of
reading the SAP training materials twice.

� Make sure you get a good night’s rest before the exam.

� Make sure that you’ve answered all the questions and that you've selected the
correct number of answer options. If the question says that three answers are
correct, then make sure that you’ve marked three—not four or two.
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� Occasionally, you will find answer options that are opposites—for example,
X is true, and X is NOT true. In that case, make sure you select one of the pair.

� In our experience with SAP HANA certification exams, the answers from one
question do not always provide answers to another question. SAP Education
is careful to make sure that this doesn’t happen in its exams.

� Watch out for certain trigger words. Alarm bells should go off when you see
words like only, must, and always.

� Look out for impossible combinations. For example, if a question is about
measures, then the answer cannot be something to do with dimension
(attribute) views, because you cannot find measures for such views.

� Some words can be different in different countries. For example, some peo-
ple talk about a right-click menu, but in other places in the world this same
feature is known as a context menu. This is the menu that pops up in a specific
context, and you access this menu by right-clicking.

Summary
You should now know which SAP Education training courses you can attend for
your certification examination and which related SAP courses will complement
your knowledge and skills, and where to get hands-on experience. In addition,
we introduced many free sources of information on the Internet, training videos
on YouTube, and online courses at openSAP.

You can now form a winning strategy for taking your SAP certification exam. In
the next chapter, we will begin looking at exam questions and concepts, focusing
first on the architecture and deployment scenarios of SAP HANA.



Architecture and Deployment 
Scenarios

Techniques You’ll Master

� Understand in-memory technologies and how SAP HANA 
uses them

� Get to know the internal architecture of SAP HANA

� Describe the SAP HANA persistence layer

� Learn the different ways that SAP HANA can be deployed

� Know when to use different deployment methods
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In this chapter, you’ll become familiar with the various deployment scenarios for
SAP HANA and evaluate appropriate system configurations, including cloud
deployments. We’ll provide an introduction to the new in-memory paradigm
and the thinking behind how SAP HANA uses in-memory technologies. By the
end, you’ll better understand how SAP HANA functions in all the types of solu-
tions you might require.

Real-World Scenario

You start a new project. The business users describe what they want and
expect you to suggest an appropriate architecture for how to deploy SAP
HANA. You have to decide between building something new in SAP HANA
or migrating the current SAP system to use SAP HANA. You also have to
decide if you should use SAP HANA in the cloud and, if so, which type of
service you will need.

When you understand the internal architecture of SAP HANA, it can lead
to unexpected benefits for the company. You can use the fact that SAP
HANA uses compression in memory combined with an understanding of
how SAP HANA uses disks and backups to provide a customer with an
excellent business case for moving their business solution to SAP HANA;
this can lead to dramatically lower operational costs and reduced risk.

Objectives of This Portion of the Test
The objective of this portion of the SAP HANA certification test is to evaluate
your basic understanding of the various SAP HANA deployment scenarios and
the corresponding system configurations. The certification exam expects SAP
HANA modelers to have a good understanding of the following topics:

� How SAP HANA uses in-memory technology, including elements such as col-
umns, tables, and compression

� The persistence layer in SAP HANA

� The various ways that SAP HANA can be deployed

� How SAP HANA can be deployed in the cloud
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Note

This portion contributes up to 10% of the total certification exam score.

Key Concepts Refresher
We’ll start with something that most people know very well: Moore’s Law. Even
if you have never heard of it, you have seen its effects on the technology around
you. Put simply, this means that the overall processing power for computers dou-
bles about every two years. Therefore, you can buy a computer for roughly the
same price as about two years ago, and it will be twice as fast as the older one.

Moore’s Law is useful for understanding system performance and response
times. If you have a report that is running slow, let’s say an hour long, you can
fix this by buying faster hardware. You can easily get the processing time of your
slow report from 1 hour to 30 minutes to 15 minutes by just waiting a while and
then buying faster computers. However, a few years ago that simple recipe
stopped working. Our easy upgrade path was no longer available, and we had to
approach the performance issues in new and innovate ways. Data volumes also
keep growing, adding to the problem. SAP realized these problems early, and
worked on the solution we now know as SAP HANA.

In this chapter, we will discuss SAP HANA’s in-memory technology and how it
addresses the aforementioned issues. We’ll then look at SAP HANA’s architec-
ture and new approaches. Finally, we’ll walk through the various deployment
options available, including cloud options.

In-Memory Technology

SAP HANA uses in-memory technology. But, just what is in-memory technology?

In-memory technology is an approach to querying data residing in RAM, as
opposed to physical disks. The results of doing so lead to shortened response
times. This enables enhanced analytics for business intelligence/analytic applica-
tions.

In this section, we’ll walk through the process that lead us to use in-memory
technology, which will illustrate the importance in new technology.
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Multicore CPU

When CPU speed reached about 3 GHz, we seemed to hit a wall. It became dif-
ficult to make a single CPU faster while keeping it cool enough. Therefore, chip
manufacturers moved from a single CPU per chip to multiple CPU cores per chip.

Instead of increasingly fast machines, machines now stay at roughly the same
speed but have more cores. If a specific report only runs on a single core, that
report will not run any faster thanks to more CPU cores. We can run multiple
reports simultaneously, but all of them will run for an hour. To speed up reports,
we need to rewrite software to take full advantage of new multicore CPU tech-
nology, a problem that has been faced by most software companies.

SAP addressed this problem in SAP HANA by making sure that all operations are
making full use of all available CPU cores.

Slow Disk

When talking about poor system performance, you can place a lot of blame on
slow hard disks. Table 3.1 shows how slow a disk can be compared to memory.

Operation Latency 
(In Nanoseconds)

Relative to 
Memory

Read from level 1 (L1) cache 0.5 ns 200 x faster

Read from level 2 (L2) cache 7 ns 14 x faster

Read from level 3 (L3) cache 15 ns 6.7 x faster

Read from memory 100 ns –

Send 1 KB over 1 Gbps network 10,000 ns 100 x slower

Read from solid state disk (SSD) 150,000 ns 1,500 x slower

Read from disk 10,000,000 ns 100,000 x slower

Send network packet from the US West 
Coast to Europe and back

150,000,000 ns 1,500,000 x slower

Table 3.1 Latency of Hardware Components and Performance of Components 
Shown Relative to RAM Memory
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To give you an idea of how slow a disk really is, think about this: If reading data
from RAM memory takes one minute, it will take more than two months to read
the same data from disk! In reality, there is less of a difference when we start
reading and streaming data sequentially from disks, but this example prompts
the idea that there must be better ways of writing systems.

The classic problem is that alternatives like RAM memory have been prohibi-
tively expensive, and there has not been enough RAM memory available to
replace disks.

Therefore, the way we have designed and built software systems for the last 30
or more years has been heavily influenced by the fact that disks are slow. This
affects the way everyone from technical architects to developers to auditors
thinks about system and application design. For example:

� SAP NetWeaver architecture uses one database server and multiple applica-
tion servers (Figure 3.1). Because the database stores data on disk and disks
are slow, the database becomes the bottleneck in the system. In any system,
you always try to minimize the impact of the bottlenecks and the load on it.
Therefore, we move the data into multiple application servers to work with
it there, using the database server as little as possible. In SAP systems, we use
it so little that we can be database independent. SAP systems even have their
own independent ABAP data dictionaries.

Figure 3.1 SAP NetWeaver Architecture: One Database Server, Many Application 
Servers

Database Server

Application
Server

Application
Server

Application
Server

Calculations Business Rules

DB Independent
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In the application servers, we run all the code, perform all the calculations,
and execute the business rules. We use memory buffers to store a working set
of data. In many SAP systems, 99.5% of all database reads come from these
memory buffers, thus minimizing the effects of the slow disk. SAP system
architecture was heavily influenced by the fact that disk is slow.

� Inside financial systems, we store data such as year-to-date data, month-to-
date data, balances, and aggregates. For reporting, we have cubes, dimen-
sions, and more aggregates. These values are all updated and stored in finan-
cial systems to improve performance.

Take the case of the year-to-date figure. We do not really need to store this
information, because we can calculate it from the data. The problem is that to
calculate the year-to-date figure, we need to read millions of records from the
database, which the database reads from the slow disk. Therefore, we could
calculate the current year-to-date figure, but doing so would be too slow.
Because disk storage is cheap and plentiful, we just add this value into the
database in another table. With every new transaction, we simply add the
new value to the current year-to-date value and update the database. Now
reports can run a lot faster on disk.

If the disk was fast, we would not need to store these values. Can you imagine
a financial system without these values? Ask accountants to imagine a finan-
cial system without balances! Why store balances when you can calculate
them? When you see the reaction on their faces, you will understand how
even their thinking has been influenced by the effects of slow disks.

We will return to this example in the next section.

� One of the many reasons we have data warehouses is that we need fast and
flexible reporting. We build large cubes with precalculated, stored aggregates
that we can use for reporting and to slice and dice the data. Building these
cubes takes time and processing power. Reading the masses of data from disk
for the reports can be slow. If we keep these cubes inside, for example, our
financial system, then a single user running a large report from these cubes
can pull the system’s performance down. That one user affects thousands of
users.

Therefore, SAP created separate data warehouses to reduce the impact of
reporting on operational and transactional systems. Those reporting users can
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now run their heavy, slow reports away from the operational and transac-
tional systems. The database world now is split into two parts: The online
transactional processing (OLTP) databases for the financial, transaction, and
operations systems, and the online analytical processing (OLAP) data ware-
houses (see Figure 3.2).

If disks were fast and we could create aggregates fast enough, we would be
able to perform most of our operational reporting directly in the operational
system, where the users expect and need it. We would not have separate
OLTP and OLAP systems. Again, slow disks influenced architectural design
principles.

These three examples prove that slow disks have influenced SAP system design,
architecture, and thinking for many years now. If we could eliminate the slow
disk bottleneck from our systems, we could then change our minds about how
to design and implement systems. Hence, SAP HANA represents a paradigm
shift.

Loading Data into Memory

In the first of the three examples in the previous section, you saw that we have
used memory where possible to speed things up with memory caching. Never-
theless, until a few years ago, memory was still very expensive. Then, memory

Figure 3.2 OLTP vs. OLAP: Operational Reporting Seperate from Operational Systems 
for Performance Reasons
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prices started coming down fast, and we asked, “Can we load all data into mem-
ory instead of just storing it on disk?”

Customer databases for business systems can easily be 10 TB (10,000 GB) in size.
The largest available hardware when SAP HANA was developed had only 512 GB
to 1 TB of memory, presenting a problem. SAP obviously needed to compress
data to fit it into the available memory. We’re not talking here about ZIP or RAR
compression, which needs to be decompressed again before it is usable, but dic-
tionary compression. Dictionary compression involves mapping distinct values to
consecutive numbers.

Column-Oriented Database

For years, it was common to store data in rows. Row-based databases work well
with spinning disks to read single records faster. However, when we start storing
data in memory, there is no longer a valid reason to use row-based storage. At
that point, we have to decide to use row-based or column-based storage.

Why would we use columns instead of rows? If we start looking at compressing
data, then row-oriented data does not work particularly well. This is because we
mix different types of data—like cities with salaries and employee numbers—in
every record. The average compression we get is about two times (that is, data is
stored in about 50% of the original space).

When we store the same data in columns, we now group similar data together.
By using dictionary compression, we can achieve excellent compression, and
thus column-based storage starts making more sense for in-memory databases.

Another way in which we can save space is via indices. If we look inside an SAP
system, we find that about half the data volume is taken up by indices. An index
is a sorted column; if we store the data in columns in memory, do we really need
indices? We can save that space. With such column-oriented database advan-
tages, we end up with 5 to 20 times compression.

Back to our original problem: 10 TB databases, but machines with only 1 TB of
memory. By using column-based storage, compression, and no indices, we can
fit a 10 TB database into the 1 TB of available memory. Even though we focused
on the column-oriented concept here, note that SAP HANA can handle both row-
and column-based tables.
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Removing Bottlenecks

When we manage to load the database entirely into memory, exciting things start
happening. We break free from the slow disk bottleneck that had a stranglehold
on system performance for many years. The architecture is designed to work
around this problem.

As always, even if our systems become thousands of times faster, at some stage
we will reach new constraints. These constraints will determine what the new
architecture will look like. The way we provide new business solutions will
depend on the characteristics of this new architecture.

Architecture and Approach

The new in-memory computing paradigm has changed the way we approach
solutions. Different architectures and deployment options are now possible with
SAP HANA.

Changing from a Database to a Platform

The biggest change in approach is how and where we work with the data. Disks
were always slow, causing the database to become a bottleneck. Thus, we moved
the processing of data to the application servers to minimize the pressure on this
disk bottleneck.

Now, data storage has moved from disk to memory, which is much faster. There-
fore, we needed to reexamine our assumptions about the database being the bot-
tleneck. In this new in-memory architecture, it makes no sense to move data
from the memory of the database server to the memory of the application servers
via a relatively slow network. In that case, the network will become the bottle-
neck, and we will duplicate functionality.

New bottlenecks require new architectures. Our new bottleneck arises because
we have many CPU cores that need to be fed as quickly as possible from memory.
Therefore, we put the CPUs close to the memory (i.e., the data). In doing so, the
first point that we realize is that SAP HANA can be sold as an appliance. As
shown in Figure 3.3, it doesn’t make sense to copy data from the memory of the
database server to the memory of the application server as we have always done
(left arrow). We instead now move the code to execute within the SAP HANA
server (right arrow).
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Our solution approach also needed to change. Instead of moving data away from
the database to the application servers, as we have done for many years, we now
want to keep it in the database. Many database administrators have done this for
years via stored procedures. Instead of stored procedures, in SAP HANA we use
graphical data models, as we will discuss in Chapter 4. You can also use stored
procedures and table functions if you need to do so. We will look at this process
in Chapter 8.

Note

Instead of moving data to the code, we now move the code to the data. We can
implement this process by way of SAP HANA graphical modeling techniques.

When you start running code inside the database, it is only a matter of time
before it changes from a database into a platform. When people tell you that SAP
HANA is “just another database,” ask them which other database incorporates
more than five programming languages, a web server, an application server, an
HTML5 framework, a development environment, replication and cleaning of
data, integration with most other databases, predictive analytics, and multi-
tenancy; the reactions can be interesting.

Figure 3.3 Moving Data In-Memory

Application Server

Database Server

Calculations

Calculations

Move data to the
application (code) 

The Old
Approach

Move code to the
database (data)

The New
Approach



Key Concepts Refresher Chapter 3 71
Parallelism in SAP HANA

In the Slow Disk section, we provided three examples of the wide-ranging effects
of slow disks on performance. In the second example, we looked at calculating
the year-to-date value. We do not really need to store a year-to-date value
because we can calculate it from the data. With slow disks, the problem is that
to calculate this value we need to read millions of records from the database,
which the database reads from the slow disk. Because disk storage is cheap and
plentiful, we just added this aggregate into the database in another table.

When we have millions of records in memory and many CPU cores available, we
can calculate the year-to-date value faster than an old system can read it from the
new table from a slow disk. Look at Figure 3.4: Even though we require a single
year-to-date value, we use memory and all the available CPU cores in parallel to
calculate it. We just divide the memory containing the millions of records into
several ranges and ask each available CPU core to calculate the value for its mem-
ory range. Finally, we add all the answers from each of the CPU cores to get the
final value. Even a single sum is run in parallel inside SAP HANA.

Figure 3.4 Single Year-to-Date Value Calculated in Parallel Using All Available 
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Although it’s relatively easy to understand this example, don’t overlook the
important consequences of this process: If we can calculate the value quickly, we
do not need to store it in another table. By applying this new approach, we start
to get rid of many tables in the system. This then leads to simpler systems. We
also have to write less code, because we do not need to maintain a particular
table, insert or update the data in that table, and so on. Our backups become
smaller and faster because we do not store unnecessary data. That is exactly what
has happened with SAP S/4HANA: Functional areas that had 37 tables, for exam-
ple, now have two or three tables remaining.

To get an idea of the compound effect that SAP HANA has on the system, Figure
3.5 shows how a system shrinks when you start applying this new approach.

Say that we start with an original database of 750 GB. Because of column-based
storage, compression, and the elimination of indices, the database size easily
comes down to 150 GB. When we then apply the techniques we just discussed
for calculating aggregates instead of storing them in separate tables, the database
goes down to about 50 GB. When we finally apply data aging, the database
shrinks to an impressive 10 GB. In addition, we are left with less code, faster
reporting response times, and smaller backups.

Figure 3.5 Database Shrinks with SAP HANA In-Memory Techniques
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Delta Buffer and Delta Merge

Before we start sounding like overeager sales people, let’s look at something that
column-based databases are not good at.

Row-based databases are  good at reading, inserting, and updating single records.
Row-based databases are not efficient when we have to add new columns (fields).

When we look at column-based databases, we find that these two sentences are
reversed. This is because data stored in columns instead of in rows is effectively
“rotated” by 90 degrees. Adding new columns in a column-based database is easy
and straightforward, but adding new records can be a problem. In short, column-
based databases tend to be very good at reading data, whereas row-based data-
bases are better at writing data.

Fortunately, SAP took a pragmatic rather than a purist approach and imple-
mented both column-based and row-based storage in SAP HANA. This allows
users to have the best of both worlds: Column storage for compressed data and
fast reading and row storage for fast writing of data. Because reading data hap-
pens more often than writing, the column-based store is obviously preferred.

Figure 3.6 shows how this is implemented in SAP HANA table data storage. The
main table area is using the column store as we just discussed. The data in here is
optimized for fast reading.

Figure 3.6 Column and Row Storage Used to Achieve Fast Reading and Writing of Data
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Next to the main table area, we also have an area called the delta buffer, some-
times called the delta store. When SAP HANA needs to insert new records, it
inserts them into this area. This is based on the row store and is optimized for
fast data writing. Records are appended at the end of the delta buffer. The data
in this delta buffer is therefore unsorted.

Some people believe the read queries are slowed down when the system has to
read both areas (for old and newly inserted data) to answer a query. Remember
that everything in SAP HANA runs in parallel and uses all available CPU cores.
For the query shown in Figure 3.6, 100 CPU cores can read the main table area
and another 20 CPU cores can read the buffer area. The cores then combine all
the data read to produce the result set.

We have looked at cases in which new data is inserted—but what about cases in
which data needs to be updated? Column-based databases can also be relatively
slow during updates. Therefore, in such a case, SAP HANA marks the old record
in the main storage as “updated at date and time” and inserts the new values of
the records in the delta buffer. The SAP HANA system effectively changes an
update into a flag and insert. This is called the insert-only technique.

When the delta buffer becomes too full or when you trigger it, the delta merge
process takes the values of the delta buffer and merges them into the main table
area. SAP HANA then starts with a clean delta buffer.

Column-based databases also do not handle SELECT * SQL statements well. We
will look at this in more detail in Chapter 10. For now, we encourage you to
avoid such statements in column-based databases.

In the next section, we will look at how the SAP HANA in-memory database per-
sists its data, even when we switch off the machine.

Persistence Layer

The most frequently asked question people hear about SAP HANA and its in-
memory concept is as follows: “Memory is volatile. That is, it loses its contents
when you switch off its power source. So, what happens to SAP HANA’s data
when you lose power or switch off the machine?”

The short answer is that SAP HANA still uses disks. However, whereas other
databases are disk-based and optionally load data into memory, SAP HANA is in-
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memory and merely uses disks to back up the data for when the power is
switched off. The focus is totally different.

The disk storage and the storing of data happens in the persistence layer, and stor-
ing data on disk is called persistence.

Let’s look at how SAP HANA uses disks and the persistence layer in the following
subsections.

SAP HANA as a Distributed Database
Just like many newer databases, SAP HANA can be deployed as a distributed
database. One of the advantages that SAP HANA has due to its in-memory archi-
tecture is that it is an ACID-compliant database. ACID (atomicity, consistency, iso-
lation, and durability) ensures that database transactions are reliably processed.
Most other distributed databases are disk-based, with the associated perfor-
mance limitations, and most of them—most notably NoSQL databases—are not
ACID-compliant. NoSQL databases use eventual consistency, meaning that they
cannot guarantee consistent answers to database queries. They might come back
with different answers to the same query on the same data. SAP HANA will
always give consistent answers to database queries. This detail is vital for finan-
cial and business systems.

Figure 3.7 shows an instance in which SAP HANA is running on three servers. A
fourth server can be added to facilitate high availability. Should any one of the
three active servers fail, the fourth standby server will instantly take over the
functions of the failed server.

SAP HANA can partition tables across active servers. This means that we can take
a table and split it to run on all three servers. This way, we don’t only use mul-
tiple CPU cores of one server with SAP HANA to execute queries in parallel, but
also use multiple servers. We can partition data in various ways—for example,
people whose surnames start with the letters A–M can be in one partition N–Z
in another.

In the case of SAP HANA as a distributed database, we use shared disk storage to
facilitate high availability. This configuration of SAP HANA is called the scale-out
solution.
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Data Volume and Data Backups
Figure 3.8 shows the various ways that SAP HANA uses disks. At the top left, you
can see that the SAP HANA database is in memory. If it is not in memory, it is
not a database. The primary storage for transactions is the memory. The disk is
used for secondary storage—to help when starting up after a power down or
hardware failure, with backups, and with disaster recovery.

Data is stored as blocks (also sometimes called pages) in memory. Every 10 min-
utes, a process called a savepoint runs that synchronizes these memory blocks to
disks in the data volume. Only the blocks that contain data that have changed in
the last 10 minutes are written to the data volume. This process is controlled by
the page manager. The savepoint process runs asynchronously in the back-
ground.

Data backups are made from the disks in the data volume. When you request a
backup, SAP HANA first runs a savepoint and ensures that the data in the data
volume is consistent, then starts the backup process.

Note

The backup reads the data from the disks in the data volume. This does not affect
the database operations, because the SAP HANA database continues working
from memory. Therefore, you do not have to wait for an after-hours time win-
dow to start a backup.

Figure 3.7 SAP HANA as a Distributed Database

Server 1
(active)

Server 4
(standby)

Server 2
(active)

Server 3
(active)

SAP HANA

(Distributed DB,
ACID compliant)

Common storage

Table partition 1 Table partition 2 Table partition 3

Failover

High
availability



Key Concepts Refresher Chapter 3 77
SAP HANA can unload (drop) data blocks from memory when it needs more
memory for certain operations. This unloading of data from memory is not a
problem, because SAP HANA knows that all the data is also safely stored in the
data volume. It will unload the least-used portions of the data. It does not unload
the least-used table, but only the columns or even portions of a column that were
not used recently. In a scale-out solution, it can unload parts of a table partition.

Log Volume and Log Backups
In the middle section of Figure 3.8, you can see the transaction manager writing
to the log volume. The page manager and transaction manager are subprocesses
of the SAP HANA index server process. This is the main SAP HANA process.
Should this process stop, then SAP HANA stops.

Figure 3.8 Persistence of Data with SAP HANA
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When you edit data in SAP HANA, the transaction manager manages these
changes. All changes are stored in a log buffer in memory. When you COMMIT the
transaction, the transaction manager does not commit the transaction to memory
unless it is also committed to the disks in the log volume, so this is a synchronous
operation. Because the system has to wait for a reply from a disk in this case, fast
SSD disks are used in the log volume. This synchronous writing operation also is
triggered if the log buffer becomes full.

The log files in the log volume are backed up regularly, using scheduled log back-
ups.

Note

SAP HANA does not lose transactions, even if a power failure should occur,
because it does not commit a transaction to the in-memory database unless it is
also written to the disks in the log volume.

Startup
The data in the data volume is not a “database.” Instead, think of it as a memory
dump—an organized and controlled one. If it was a database on disk, it would
have to convert the disk-based database format to an in-memory format each
time it started up. Now, it can just reload the memory dump from disk back into
memory as quickly as possible.

When you start up an SAP HANA system, it performs what is called a lazy load.
It first loads the system tables into memory and then the row store. Finally, it
loads any column tables that you have specified. Because the data volumes are
only updated by the savepoint every 10 minutes, some transactions might not be
in the data volume; SAP HANA loads those transactions from the log volume.
Any transaction that was committed stays committed, and any transaction that
was not committed is rolled back. This ensures a consistent database.

SAP HANA then reports that it is ready for work. This ensures that SAP HANA
systems can start up quickly. Any other data that is required for queries gets
loaded in the background. Again, SAP HANA does not have to load an entire
table into memory; it can load only certain columns or part of a column into
memory. In a scale-out system, it will load only the required partitions.

Disks are therefore useful for getting the data back into memory after system
maintenance or (potential) hardware failures.
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Disaster Recovery
At the bottom right of Figure 3.8, you can see that the data volume and logs also
are used to facilitate disaster recovery. In disaster recovery, you make a copy of
the SAP HANA system in another data center. Should your data center be flooded
or damaged in an earthquake, your business can continue working from the
disaster recovery copy.

The initial large copy of the system can be performed by replicating the data vol-
ume. Once the initial copy is made, only the changes are replicated as they are
written to the log volume. (In the older versions of SAP HANA, the changes are
continuously replicated in both the data and the log volumes.)

This replication can be performed by the SAP HANA system itself, or by the stor-
age vendor of the disks in the data and log volumes. The replication can happen
either synchronously or asynchronously. You can also choose whether to use dedi-
cated hardware for the disaster recovery copy, or shared hardware for develop-
ment and quality assurance purposes.

Disaster recovery is covered in more detail in the HA200 course, and in the SAP
HANA administration guide on http://help.sap.com/hana_platform.

Data Aging
The final piece of the persistence layer is found at the top right of Figure 3.8. This
is where disks are used for data aging.

SAP HANA has a feature called dynamic data tiering. You can specify data aging
rules inside SAP HANA to take, for example, all data older than five year and
write it to this area. All queries to the data still work perfectly, but are just slower
as they are read from disk instead of memory.

The data in the in-memory portion of SAP HANA is often referred to as the hot
data, while the data stored in the dynamic data tiering portion is referred to as
warm data. We can later expand this to include cold data, by using SAP HANA
smart data access (SDA) with Hadoop. We discuss this in Chapter 14.

Deployment Scenarios

People sometimes get confused about SAP HANA when it is only defined with a
single concept, such as SAP HANA is a database. After a while, they hear seem-
ingly conflicting information that does not fit into that simple description. In this
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section, we’ll look at the various ways that SAP HANA can be used and deployed:
as a database, as an accelerator, as a platform, or in the cloud.

When looking at SAP HANA’s in-memory technology, and especially the fact that
we should ideally move code away from the application servers to the database
server, it seems that SAP systems need to be rewritten completely. Because SAP
HANA does not need to store values like year-to-date, aggregates, or balances, we
should ideally remove them from the database. By doing so, we can get rid of a
significant percentage of the tables in, for example, a financial system. However,
that implies that we should also trim the code that calculated those aggregates
and inserted them into the tables we removed. In this way, we can also remove
a significant percentage of our application code.

Next, the slow parts of the remaining code that manipulates data should be
moved into graphical calculation views in SAP HANA, removing even more code
from our application. If we follow this logic, we obviously have to completely
rewrite our systems. This is not easy for SAP, which has millions of lines of code
in every system and an established client base. This approach can be very disrup-
tive. Disruptive innovation is great when you are disrupting other companies’
markets, but not so much when you disrupt your own markets. Ask an existing
SAP customer if he wants this new technology, and he probably will say, “Yes,
but not if it means a reimplementation that will require lots of time, money, peo-
ple, and effort.” Completely rewriting the system would lead to customers
replacing their systems with the new solution; that also means that customers
with the older systems would not benefit at all from this innovation.

If you look at the new SAP S/4HANA systems, you will see that they follow the
more disruptive approach we just described. However, there are other ways in
which we can implement this disruptive new technology in a nondisruptive
way—and this is how SAP approached the process when implementing SAP
HANA a few years ago. The following sections walk through the deployment sce-
narios for implementation.

SAP HANA as a Sidecar Solution

The first SAP HANA deployment scenario is a standalone, native, or “sidecar”
solution. Think of a motorcycle with a passenger on the side in their own little
car seat; that seat is the sidecar. Figure 3.9 illustrates SAP HANA as a sidecar solu-
tion.
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In this deployment scenario, the source systems stay as they are. No changes are
required. We add SAP HANA on the side to accelerate any transactions or
reports that have performance issues in the source systems and duplicate the rel-
evant data from the source system to SAP HANA. This duplication is normally
performed by the SAP LT Replication Server (SLT). (We’ll discuss SLT in more
detail in Chapter 14.) The copied data in SAP HANA is then used for analysis or
reporting.

The advantages of this deployment option include the following:

� Because we just copy data, we do not change the source system at all. There-
fore, everyone can use this innovation, but without the disruption (even
those who have very old SAP systems, such as SAP R/3 4.6C).

� We can use this option for all types of systems, not just the latest SAP systems.
In fact, a large percentage of the systems that use SAP HANA are non-SAP sys-
tems.

Figure 3.9 SAP HANA Deployed as Nondisruptive Sidecar Solution
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� We don’t have to copy the data for an entire system. If a report already runs
in three seconds, that’s good enough; it doesn’t have to run in three millisec-
onds. If a report runs for two hours, but runs only once a year and is sched-
uled to run overnight, that’s fine too. We only take the data into SAP HANA
that we need to accelerate.

� We can replicate data from a source system in real time. The reports running
on SAP HANA are always fully up-to-date.

Even though we make a copy of data, remember that SAP HANA compresses this
data and that we do not copy all the data. Therefore, the SAP HANA system is
always much smaller than the source system(s) in this deployment scenario.

However, the SAP HANA system in this scenario is blank. You will have to load
the data into SAP HANA, build your own information models, link them to your
reports and programs, and look after the security. Much of what we will discuss
in this book is focused on this type of work.

SAP HANA as a Database

When SAP released the sidecar solution, many people thought that it would
replace their data warehouses. However, this worry was alleviated when SAP
announced that SAP HANA would be used as the database under SAP Business
Warehouse (SAP BW). Figure 3.10 illustrates a typical (older) SAP landscape.

SAP HANA can now be used to replace the databases under SAP BW, SAP CRM,
and SAP ERP (which are part of the SAP Business Suite). There are well-estab-
lished database migration procedures to replace a current database with SAP
HANA. In each case, SAP HANA replaces the database only. The SAP systems still
use the SAP application servers as they did previously, and end users still access
the SAP systems as they always did, via the SAP application servers. All reports,
security, and transports are performed as before. Only the system and database
administrators have to learn SAP HANA and log into the SAP HANA systems.

Figure 3.11 looks very similar to Figure 3.10, except that the various databases
were replaced by SAP HANA.

By only replacing the database, SAP again managed to provide most of the ben-
efit of this new in-memory technology to businesses, but without the cost, time,
and effort of disruptive system replacements. The applications’ code was not
forked to produce different code for SAP BW on SAP HANA versus SAP BW on
older databases.
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Figure 3.10 Typical Current SAP Landscape Example

Figure 3.11 SAP HANA as Database Can Change Current Landscape
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SAP HANA as an Accelerator

Using SAP HANA in the sidecar deployment can be a lot of work because it is a
“blank” system. SAP quickly realized that special use cases occurred at a majority
of their customers where some common processes were slow; one of these pro-
cesses is profitability analysis. Profitability is something that any company needs
to focus on, but profitably analysis reports are slow running due to the large
amounts of data they have to process. By loading profitability data into SAP
HANA, the response times of these reports go from hours to mere seconds (see
Figure 3.12).

For these accelerators, SAP provides prebuilt models in SAP HANA. SAP also
slightly modified the ABAP code for SAP CO-PA to read the data from SAP HANA
instead of the original database. SLT replicates just the required profitability data
across from the SAP ERP system to the SAP HANA system.

The installation and configuration process is performed at a customer site over a
few days, instead of weeks and months. The only thing that changes for the end
users is that they have to get used to the increased processing speed, and no one
has a problem with that!

SAP HANA as a Platform

The next way we can deploy SAP HANA is by using it as a full development plat-
form. SAP HANA is more than just an in-memory database.

Figure 3.12 SAP HANA Used as an Accelerator for a Current SAP Solution
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Which other database has several different programming languages included and
has version control, code repositories, and a full application server built in?

SAP HANA has all of these. This makes SAP HANA not just a database, but a plat-
form. You can program in SQL, SQLScript (an SAP HANA-only enhancement that
we’ll look at in Chapter 8), R, and JavaScript.

However, the main feature we use inside SAP HANA when deploying SAP HANA
as a platform is the application server, called the  SAP HANA extended application
services (SAP HANA XS) engine, which is used via web services (see Figure 3.13).

The SAP HANA XS engine is a full web and application server built into SAP
HANA and is capable of serving and consuming web pages and web services.

When we deploy SAP HANA as a platform, we only need an HTML5 browser and
the SAP HANA XS engine. In this case, we still develop data models as we dis-
cussed previously with the sidecar and accelerator deployments, but we also
develop a full application in SAP HANA, using JavaScript and an HTML frame-
work called SAPUI5. All this functionality is built-in to SAP HANA.

The development paradigm that most frameworks use is called Model-View-
Controller (MVC). Model in this case refers to the information models that we
will build in SAP HANA and is the focus of this book. We expose these infor-
mation models in the controller by exposing them as OData or REST web ser-
vices. This functionality is available in SAP HANA and is easy to use. You can

Figure 3.13 SAP HANA as a Development Platform
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enhance these web services using server-side JavaScript. This means that SAP
HANA runs JavaScript as a programming language inside the server.

The last piece is the view, which is created using the SAPUI5 framework. The
screens are the same as the SAP Fiori screens seen in the new SAP S/4HANA sys-
tems, which are HTML5 screens. What is popularly referred to as HTML5 actu-
ally consists of HTML5, Cascading Style Sheets (CSS3), and client-side JavaScript.
In this case, the JavaScript runs in the browser of the end-user.

By using JavaScript for both the view and the controller, SAP HANA XS develop-
ers only have to learn one programming language to create powerful web appli-
cations and solutions that leverage the power and performance of SAP HANA.

We can even create native mobile applications for Apple iOS, Android, and other
mobile platforms. Some free applications such as Cordova take the SAP HANA
XS applications and compile them into native mobile applications, which can
then be distributed via mobile application stores. As a result, you can use SAP
HANA’s power directly from your mobile phone.

Multitenant Database Containers

Multitenant Database Containers (MDC) is a new deployment option that became
available as of SAP HANA SPS 09. We can now have multiple isolated databases
inside a single SAP HANA system, as shown in Figure 3.14. Each of these isolated
databases is referred to as a tenant.

Figure 3.14 Multitenancy with SAP HANA Multitenant Database Containers
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Think of tenants occupying an apartment building: Each tenant has his or her
own front door key and own furniture inside his or her apartment. Other tenants
cannot get into another tenant’s apartment without permission. However, the
maintenance of the entire apartment building is performed by a single team. If
the building needs repairs to the water pipes, all tenants will be without water
for a few minutes.

In the same way, tenants in MDC have their own unique business systems, data,
and business users. In Figure 3.14, you can see that each of the three tenants has
his own unique application installed and connected to their own tenant database
inside SAP HANA.

Each tenant can make its own backups if the user wishes. Tenants can also col-
laborate, so one tenant can use the SAP HANA models of another tenant if they
has been given the right security access.

However, all the tenants share the same technical server infrastructure and main-
tenance. The system administration team can make a backup for all the tenants.
(Any tenant can be restored individually, though.) SAP HANA upgrades and
maintenance schedules happen at the same time for all the tenants.

Cloud Deployments

We've now discussed various ways to deploy SAP HANA. Most of the time, we
think of these deployments as running on-premise on a local server, but all of
these scenarios can also be deployed in the cloud. In cloud deployments, virtual-
izations manage applications like SAP HANA. VMware vSphere virtual machine
deployments of SAP HANA are fully supported, both for development and pro-
duction instances.

With cloud deployments, you’ll be introduced to various new terms:

� Infrastructure as a Service (IaaS)
An infrastructure includes things like network, memory, CPU, and storage.
IaaS provides infrastructure in the cloud to support your deployments.

� Platform as a Service (PaaS)
PaaS uses solutions such as SAP HANA Cloud Platform (HCP). In this scenario,
you use not only the same infrastructure as IaaS, but also a platform—for
example, a Java application service or the SAP HANA platform.
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� Software as a Service (SaaS)
A cloud offering that provides certain software, such as SAP SuccessFactors or
SAP Hybris.

� Managed Cloud as a Service (MCaaS)
In MCaaS, SAP manages the entire environment for you, including backups,
disaster recovery, high availability, patches, and upgrades. An example of this
is the SAP HANA Enterprise Cloud (SAP HEC).

Public, Private, and Hybrid Cloud
Your cloud scenario could be a public, private, or hybrid cloud scenario. Let’s
look at what each of those terms means and when each scenario would apply.

The easiest and cheapest way for you to get an instance of SAP HANA for use
with this book is probably via Amazon Web Services (AWS). You can simply go
to http://aws.amazon.com and look for an SAP HANA development environment.
By using your Amazon account, you can have a 28 GB or larger SAP HANA sys-
tem up and running in minutes. This is available to everyone—the public—so
therefore this is a public cloud. In this example, AWS provides IaaS.

The reason this is called a public cloud is that the infrastructure is shared by
members of the public. You do not get your own dedicated machine at Amazon
or any other public cloud provider.

If you host SAP HANA in your own data center or in a hosted environment spe-
cifically for you only, then it is a private or hybrid cloud. A private cloud offers
the same features that you would find in a public cloud, but is dictated by differ-
ent forms of access. With a private cloud, the servers in the cloud provider’s data
center are dedicated for your company only. No other companies’ programs or
data are allowed on these servers.

A hybrid cloud involves either combining a public and private cloud offering, or
running a private and public cloud together. With a hybrid cloud, you connect
your private cloud’s server back to your own data center via a secure network
connection. In that case, the servers in the cloud act as if they are part of your
data center, even though they are actually in the cloud provider’s data center. An
example of a hybrid cloud would be if we used Amazon EC2 and operated
another private cloud together.
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SAP HANA works great as a cloud enabler because it accelerates applications,
providing users with fast response times—which we all expect from such envi-
ronments.

SAP HANA Enterprise Cloud
SAP HEC offers SAP applications as cloud offerings. You can choose to run SAP
HANA, SAP BW, SAP ERP, SAP CRM, SAP Business Suite, and many others as a
full service offering in the cloud. All the systems that you would normally run
on-premise are available in SAP HEC.

SAP provides the hardware, infrastructure, and all system administration ser-
vices to manage the solutions for the customer. The customer only has to provide
the license keys for these systems. This is referred to as bring your own license.

SAP HEC is seen as an MCaaS solution and a private cloud, but it can be deployed
in a hybrid cloud offering.

SAP HANA Cloud Platform
SAP HANA Cloud Platform (SAP HCP) is a PaaS that allows you to build, extend,
and run applications in the cloud. This includes SAPUI5, HTML5, SAP HANA XS,
Java applications, and more.

The SAP HCP Cockpit is at the core of this technology where you can manage and
create all of your applications.

Additional Resources

For more information on cloud deployments, including details on SAP HEC and
SAP HCP, check out the book Operating SAP in the Cloud: Landscapes and Infra-
structures (SAP PRESS, 2016) at https://www.sap-press.com/3841.

Important Terminology
The following important terminology was covered in this chapter:

� In-memory technology
In-memory technology is an approach to querying data residing in RAM, as
opposed to physical disks. The results of doing so lead to shortened response
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times. This enables enhanced analytics for business intelligence/analytic
applications.

� SAP HANA Architecture
No longer constrained by disks, solutions like column-based storage, com-
pression, no indices, delta merges, scale-out, partitioning, and parallelism
were added.

With the paradigm shift to in-memory technologies, various programming
languages and application development processes were added to SAP HANA.

SAP HANA still uses disks, but purely as secondary (backup) storage because
memory is volatile. With the data and log volumes, SAP HANA ensures that
no data ever gets lost. The data and log volumes are also used for backups,
when starting up the SAP HANA system, and for disaster recovery.

� Persistence layer
The disk storage and the storing of data happens in the persistence layer, and
storing data on disk is called persistence.

� SAP HANA as a sidecar
Source systems stay as they are, and SAP HANA is added on the side to accel-
erate any transactions or reports that have performance issues in the source
systems. The relevant data is duplicated from the source system to SAP
HANA. This duplication is normally performed by the SLT. The copied data
in SAP HANA is then used for analysis or reporting.

� SAP HANA as a database
Used to replace the databases under SAP BW, SAP CRM, and SAP ERP (which
are part of the SAP Business Suite). There are well-established database
migration procedures to replace the current database with SAP HANA. In
each case, SAP HANA replaces the database only.

� SAP HANA as an accelerator
SAP provides prebuilt models in SAP HANA to accelerator processes such as
profitability data. SLT replicates just the required profitability data across
from the SAP ERP system to the SAP HANA system.

� SAP HANA as a platform
SAP HANA is a development platform. By combining the SAP HANA infor-
mation models with development in the SAP HANA XS application server, we
can build powerful custom web applications.
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� Public cloud
A public cloud is available to anyone, offering any type of cloud service. The
infrastructure is shared by members of the public. You do not get your own
dedicated machine at Amazon or any other public cloud provider.

� Private cloud
Offers the same features that you would find in a public cloud, but is dictated
by different forms of access. With a private cloud, the servers in the cloud
provider’s data center are dedicated for your company only. No other com-
panies’ programs or data are allowed on these servers.

� Hybrid cloud
Involves either combining a public and private cloud offering, or running a
private and public cloud together. With a hybrid cloud, you connect your pri-
vate cloud’s server back to your own data center via a secure network connec-
tion. In that case, the servers in the cloud act as if they are part of your data
center, even though they are actually in the cloud provider’s data center.

� SAP HANA Enterprise Cloud (SAP HEC)
Offers all the SAP applications as cloud offerings. You can choose to run SAP
HANA, SAP BW, SAP ERP, SAP CRM, SAP Business Suite, and many others as
a full service offering in the cloud. All the systems that you would normally
run on-premise are available in the SAP HEC.

� SAP HANA Cloud Platform (SAP HCP)
A PaaS that allows you to build, extend, and run applications in the cloud.
This includes SAPUI5, HTML5, SAP HANA XS, Java applications, and more.

Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
exam you must select all correct answers and only correct answers to receive
credit for the question.
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1. Which technologies does SAP HANA use to load more data into memory?
(There are 3 correct answers.)

� A. Eliminate indices

� B. Use RAR compression

� C. Use dictionary compression

� D. Store data in column tables

� E. Use multicore CPU parallelism

2. True or False: With SAP HANA, you can run OLAP and OLTP together in one
system with good performance.

� A. True

� B. False

3. True or False: SAP HANA contains both row and column tables.

� A. True

� B. False

4. How do you move code to SAP HANA? (There are 2 correct answers.)

� A. Delete the application server

� B. Use stored procedures in SAP HANA

� C. Use graphical data models in SAP HANA

� D. Use row tables in SAP HANA

5. In which SAP HANA solution do you eliminate stored data, like year-to-date
figures?

� A. SAP BW on SAP HANA

� B. SAP CRM on SAP HANA

� C. SAP S/4HANA

� D. SAP HANA Enterprise Cloud
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6. Which deployment scenario can you use to accelerate reporting from an old
SAP R/3 4.6C system?

� A. SAP HANA as a database

� B. SAP HANA as a platform

� C. SAP HANA as a sidecar solution

� D. SAP HANA multitenant database containers

7. In which deployment scenarios does security stay in the application server,
and end users do not log into the SAP HANA system? (There are 2 correct
answers.)

� A. SAP HANA as a platform with an SAP HANA XS application

� B. SAP HANA as a database

� C. SAP HANA as a sidecar solution

� D. SAP HANA as an accelerator

8. For which deployment scenario does SAP deliver prebuilt data models?

� A. SAP HANA as a platform

� B. SAP HANA as a sidecar solution

� C. SAP HANA as an accelerator

� D. SAP HANA on the cloud

9. True or False: SAP HANA is just a database.

� A. True

� B. False

10. What is normally used to build SAP HANA XS applications inside SAP HANA?
(There are 2 correct answers.)

� A. Java

� B. JavaScript

� C. SAPUI5

� D. ABAP
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11. Which type of cloud solution is SAP HANA Enterprise Cloud (HEC) an exam-
ple of?

� A. Platform as a Service (PaaS)

� B. Infrastructure as a Service (IaaS)

� C. Software as a Service (SaaS)

� D. Managed Cloud as a Service (MCaaS)

12. Which type of cloud solution is Amazon Web Services (AWS) an example of?

� A. Hybrid cloud

� B. Public cloud

� C. Private cloud

� D. Community cloud

13. True or False: VMware vSphere virtual machines are fully supported for pro-
ductive SAP HANA instances.

� A. True

� B. False

14. You use parallelism to calculate a year-to-date value quickly, and you elimi-
nate a table from the database. What are some of the implications of this
action? (There are 3 correct answers)

� A. Smaller database backups

� B. Less code

� C. Better user interfaces

� D. Faster response times

� E. Faster inserts into the database

15. What enables the delta buffer technique to speed up both reads and inserts
in SAP HANA?

� A. Using column-based tables only

� B. Using row-based tables only

� C. Using both row-based and column-based tables

� D. Using only the insert-only technique



Practice Questions Chapter 3 95
16. What technique is used to convert record updates into insert statements in
the delta buffer?

� A. Unsorted inserts

� B. Insert-only

� C. Sorted inserts

� D. Parallelism

17. What phrase describes the main table area in the delta merge scenario?

� A. Read-optimized

� B. Write-optimized

� C. Unsorted inserts

� D. Row store

18. What does the C in ACID-compliant stand for?

� A. Complexity

� B. Consistency

� C. Complete

� D. Constant

19. Which of the following are results of deploying SAP HANA as a distributed
(scale-out) solution? (There are 3 correct answers.)

� A. Partitioning

� B. Disaster recovery

� C. High availability

� D. Failover

� E. Backups

20. Which words are associated with the log volume? (There are 2 correct answers.)

� A. Synchronous

� B. Transaction manager

� C. Page manager

� D. Savepoint
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21. Of which SAP HANA process are the transaction manager and page manager
a part?

� A. SAP HANA XS server

� B. Statistics server

� C. Index server

� D. Name server

22. What type of load does SAP HANA perform when starting up?

� A. Lazy load

� B. Complete load

� C. Fast load

� D. Log load

23. What does SAP HANA load when starting up and before indicating that it is
ready? (There are 3 correct answers.)

� A. All row tables

� B. All system tables

� C. All partitions

� D. Some column tables

� E. Some row tables

Practice Question Answers and Explanations
1. Correct answers: A, C, D

SAP HANA uses column tables, dictionary compression, and eliminating indi-
ces to load more data into memory. However, it does not use RAR compres-
sion, because RAR-compressed files would have to be uncompressed before
we can use the data.

Multicore CPU parallelism helps with the performance, but does not directly
address the data volume issue. It contributes indirectly, because by using it
we can eliminate things like year-to-date tables as in SAP S/4HANA.
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2. Correct answer: A

Yes, with SAP HANA we can run OLAP and OLTP together in one system
with good performance. This is normally not possible in the traditional data-
base system. Please note that there are no True-False questions in the actual
certification exam, but we use them here to help you check if you understood
this chapter.

3. Correct answer: A

Yes, SAP HANA contains both row and column tables.

4. Correct answers: B, C

Use stored procedures and graphical data models to execute the code in SAP
HANA. Deleting the application server will not help with running the code
in SAP HANA, unless we develop all that same functionality in the SAP
HANA XS server. Using row tables in SAP HANA has nothing to do with exe-
cuting code.

5. Correct answer: C

In SAP S/4HANA, many aggregate tables are removed and the solution is sim-
plified.

6. Correct answer: C

SAP HANA as a sidecar solution does not change the source systems.

7. Correct answers: B, D

With SAP HANA as a sidecar and platform, users have to log in to SAP HANA.
With SAP HANA as a database and accelerator, users log in via the application
server.

8. Correct answer: C

SAP delivers prebuilt data models for the accelerators.

9. Correct answer: B

SAP HANA can also be used as a platform. Databases do not normally have
application servers, version control, code repositories, and various program-
ming languages built in.

10. Correct answers: B, C

SAP HANA XS applications in SAP HANA are built using JavaScript and
SAPUI5. Java and ABAP are not part of SAP HANA. SAP HANA SPS 11
includes a new SAP HANA XS advanced server, in which it is now possible
to run other programming languages, like Java and C++.



Chapter 3 Architecture and Deployment Scenarios98
11. Correct answer: D

SAP HANA Enterprise Cloud is a Managed Cloud as a Service.

12. Correct answer: B

Amazon Web Services is a public cloud.

13. Correct answer: A

Productive SAP HANA is supported on VMware vSphere.

14. Correct answers: A, B, D

The implications of eliminating such tables from the database are smaller
database backups, less code, and faster response times. Doing so will not nec-
essarily improve user interfaces. It actually eliminates extra inserts into the
database, but does not make the current data inserts any faster. Techniques
such as removing indices will achieve that.

15. Correct answer: C

The delta buffer technique speeds up both reads and inserts in SAP HANA
because it uses both row-based and column-based tables. Using column-
based tables only speeds up reads, but not inserts. Using row-based tables
only speeds up inserts, but not reads. Using only the insert-only technique is
useless without having both row-based and column-based tables. Watch out
for the word “only.”

16. Correct answer: B

The insert-only technique is used to convert record updates into insert state-
ments in the delta buffer. Unsorted inserts are used in the delta buffer, but
it does not convert updates to insert statements. Sorted inserts are not used
in the delta buffer. Parallelism is not relevant in this case.

17. Correct answer: A

The main table area in the delta merge scenario is read-optimized. The delta
store is write-optimized, uses unsorted inserts, and is based on the row store.

18. Correct answer: B

ACID stands for Atomicity, Consistency, Isolation, and Durability.

19. Correct answers: A, C, D

Did you see the hidden hint here? The answers almost spell out ACID!
Deploying SAP HANA as a distributed (scale-out) solution results in partition-
ing, high availability, and failover capability. Disaster recovery and backups
work whether the SAP HANA system is distributed or on a single server.
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20. Correct answers: A, B

Synchronous and transaction manager are associated with the log volume.
Page manager and savepoint are associated with the data volume.

21. Correct answer: C

The transaction manager and page manager are part of the index server. The
other three services are also part of SAP HANA, but are not discussed in this
book.

22. Correct answer: A

SAP HANA performs a lazy load when starting up.

23. Correct answers: A, B, D

During the lazy load, SAP HANA loads all row tables, all system tables, and
some column tables.

Takeaway
You should now understand in-memory technologies such as column-based stor-
age, compression, no indices, delta merges, scale-out, partitioning, and parallel-
ism. You also know how SAP HANA uses disks for its persistence storage.

You can now describe the various SAP HANA deployment scenarios, how SAP
HANA uses in-memory technologies like columns, tables, and compression, and
the various ways that SAP HANA can be deployed. We looked at the different
advantages of each deployment method to help you decide which one fits your
requirements best. Finally, we looked at how SAP HANA can also be deployed
in the cloud and for multiple tenants.

Summary
You have learned the various ways you can deploy SAP HANA. With this knowl-
edge, you can make recommendations to business users for an appropriate sys-
tem architecture and landscape.

In the next chapter, we will discuss important information modeling concepts.





Information Modeling 
Concepts

Techniques You’ll Master

� Understand general data modeling concepts like views, cubes, 
fact tables, and hierarchies

� Know when to use the different types of joins in SAP HANA

� Examine the differences between attributes and measures

� Learn about the different types of information views that SAP 
HANA uses

� Get to know projections, aggregations, and unions used in SAP 
HANA information views

� Describe Core Data Services (CDS) in SAP HANA

� Get a glimpse of best practices and general guidelines for data 
modeling in SAP HANA
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Before moving onto the more advanced modeling concepts, it’s important to
understand the basics. In this chapter, we’ll discuss the general concepts of infor-
mation modeling in SAP HANA. We’ll start off by reviewing views, join types,
cubes, fact tables, hierarchies, the differences between attributes and measures,
the different types of information views that SAP HANA offers, and CDS views.
From there, we’ll take a deeper dive into SAP HANA’s information views, as well
as concepts like calculated columns, how to perform currency conversions, input
parameters, decision tables, and so on.

Real-World Scenario

You start a new project. Many of the project team members have some
knowledge of traditional data modeling concepts and describe what they
need in those terms. You need to know how to take those terms and ideas,
translate them into SAP HANA modeling concepts, and implement them in
SAP HANA in an optimal way.

Some of the new concepts in SAP HANA are quite different than what
you’re used to—for example, not storing the values of a cube, instead cal-
culating it when required. If you understand these modeling concepts, you
can quickly understand and create real-time applications and reports in
SAP HANA.

Objectives of This Portion of the Test
The objective of this portion of the SAP HANA certification is to test your under-
standing of basic SAP HANA modeling artifacts.

For the certification exam, SAP HANA modelers must have a good understanding
of the following topics:

� The different types of joins available in SAP HANA and when to use each one

� How the SAP HANA information views correspond to traditional modeling
artifacts

� The different types of SAP HANA views and when to use them

� The purpose of Core Data Services (CDS) in SAP HANA
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Note

This portion contributes up to 5% of the total certification exam score.

Key Concepts Refresher
This section looks at some of the core data modeling concepts used when work-
ing with SAP HANA and that will be covered on the exam. Let’s start from where
the data is stored in SAP HANA by looking at tables.

Tables

Tables allow you to store information in rows and columns. Inside SAP HANA,
there are different ways of storing data. We can either store it in a table as row-
oriented or column-oriented. In a normal disk-based database, we use row-ori-
ented storage because it works faster with transactions in which we are reading
and updating single records. However, because SAP HANA works in memory,
we prefer the column-oriented method of storing data in the tables, with which
we can make use of compression in memory, remove the storage overhead of
indexes, save a lot of space, and optimize for performance by loading com-
pressed data into computer processors.

Once we have our tables, we can begin combining them in SAP HANA informa-
tion models.

Views

The first step in building information models is building views. A view is a data-
base entity that is not persistent and is defined as the projection of other entities,
like tables.

For a view, we take two or more tables, link these different tables together on
matching columns, and select certain output fields. Figure 4.1 illustrates this pro-
cess.
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There are four steps when creating database views:

1. Select the tables
Select two or more tables that have related information—for example, two
tables listing the groceries you bought. One table contains the shop where
you bought each item, the date, the total amount, and how you paid for your
groceries. The other table contains the various grocery items you bought.

2. Link the tables
Next, link the selected tables on matching columns. In our example, perhaps
our two tables both have shopping spree numbers, should ideally a unique
number for every shopping trip you took. We call this a key field.
We can link the tables together with joins or unions.

Figure 4.1 Database View

Selected field 1
Join

Left Table Right Table

Foreign key

Primary key

Selected field 2

Selected field 3

View

Selected field 1

Selected field 2

Selected field 3

Result of the view
“looks” like a table
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3. Select the output fields
We want to show a certain number of columns that are of interest to us—for
example, to use in our grocery analytics. Normally, you don’t want all the
available columns as part of the output.

4. Save the view
Finally, save your view, and it’s created in the database. These views are
sometimes called SQL views. We can even add some filters on our data in the
view—for example, to show only the shopping trips in 2015 or all the shop-
ping trips in which we bought apples.

When we call this view, the database gathers the data. The database view pulls
the tables out, links them together, chooses the selected output fields, reads the
data in the combined fields, and returns the result set. After this, the view “dis-
appears” until we call it again. Then, the database deletes all of the output from
the view. It does not store this data from the view inside the database storage.

Tip

It’s important to realize that database views don’t store the result data. Each
time you call a view, it performs the full process again.

You might have also heard about materialized views, in which people store the
output created by a view in another table. However, in our definition of views,
we stated that a view is a database entity that is not persistent; that is the way we
use the term view in SAP HANA.

The data stays in the database tables. When we call the view, the database gathers
the subset of data, showing us only the data that we asked for. If we ask a data-
base view for that same data a few minutes later, the database will regather and
recalculate the data again.

This concept is quite important going forward, because you make extensive use
of views in SAP HANA. SAP HANA creates a cube-like view, for example, sends
the results back to us, and “disappears” again. SAP HANA performs this process
fast, and we avoid consuming a lot of extra memory by not storing static results.
What really makes this concept important is the way it enables us to perform
real-time reporting.
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In the few minutes between running the same view twice, our data in the table
might have changed. If we use the same output from the view every time, we
will not get the benefit of seeing the effect of the updated data. Extensive caching
of result sets does not help when we want real-time reporting.

Note

Real-time reporting requires recalculating results, because the data can keep
changing. Views are designed to handle this requirement elegantly.

We have discussed the basic type of database views here, but SAP HANA takes
the concept of views to an entirely new level!

Before we get there, we’ll look at a few more concepts that we will need for our
information modeling journey.

Cardinality

When we join tables together, we need to define how much data we expect to
get from the various joined tables. This part of the relationship is called the car-
dinality.

There are four basic cardinalities that you will typically work with. The cardinal-
ity is expressed in terms of how many records on the left side join to how many
records on the right side.

� One-to-one
Each record on the left side matches with one record on the right side. For
example, say that you have a lookup table of country codes and country
names. In your left table, you have a country code called ZA. In the right table
(the lookup table), this matches with exactly one record, showing that the
country name of South Africa is associated with ZA.

� One-to-many
In this case, each record on the left side matches with many records on the
right side. For example, say you have a list of publishers in the left table. For
one publisher—such as SAP PRESS—we find many published books.



Key Concepts Refresher Chapter 4 107
� Many-to-one
This is the inverse of one-to-many. For example, this case may apply when
we have many people in a small village all buying items at the local corner
shop.

� Many-to-many
For example, this case may apply when many people read many web pages.

Joins

Before we look at the different types of joins, let’s quickly discuss the idea of
“left” and “right” tables. Sometimes, it does not make much of difference which
table is on the left of the join and which table is on the right, because some join
types are symmetrical. However, with a few join types it does make a difference.

We recommend putting the most important table, seen as the main table, on the
left of the join. An easy way to remember which table should be the table on the
right side of the join is to determine which table can be used for a lookup or for
a dropdown list in an application (see Figure 4.2).

Figure 4.2 Table Used for Dropdown List on Right-Hand Side of a Join

Left Table—Invoices 

Right Table—Customers 

Field 1 Field n Customers

Invoice 1 Customer 1

Invoice 2 Customer 1

Invoice 3 Customer 2

Customers Field 1 … Field n

Customer 1

Customer 2

Customers

Customer 1

Customer 2

Customers lookup
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This does not always mean that this table has to be physically positioned on the
left of the screen in our graphical modeling tools. When we create a join in SAP
HANA, the table we start the join from (by dragging and dropping) becomes the
“left table” of the join.

Databases are highly optimized to work with joins; they are much better at it
than you can hope to be in your application server or reporting tool. SAP HANA
takes this to the next level with its new in-memory and parallelization tech-
niques.

In SAP HANA, there are a number of different types of joins. Some of these are
the same as what you would find in traditional databases, but others are unique
to SAP HANA. Let’s start by looking at the basic join types.

Basic Join Types

The first basic join types that you will find in most databases are inner joins, left
outer joins, right outer joins, and full outer joins. We will discuss SQL in more
detail in Chapter 8.

The easiest way to visualize these join types is to use circles, as shown in Figure
4.3. This is a simplified illustration of what these join types do. (The assumption
is that the tables illustrated here contain unique rows; that is, we join the tables
via primary and foreign keys, as illustrated in Figure 4.1. If the tables contain
duplicate records, this visualization does not hold.)

The left circle represents the table on the left side of the join. In Figure 4.3, the
left table contains the two values A and B. The right circle represents the table
on the right side of the join and contains the values B and C.

Inner Join
The inner join is the most widely used join type in most databases. When in
doubt and working with a non-SAP HANA database, try an inner join first.

The inner join returns the results from the area where the two circles overlap. In
effect, this means that a value is shown only if it is found to be present in both
the left and the right tables. In our case, in Figure 4.3, you can see that the value
B is found in both tables.

Because we are only working with the “overlap” area, it does not matter for this
join type which table is on the left or on the right side of the join.
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Left Outer Join
When using an inner join you may find that you’re not getting all the data back
that you require. To retrieve the data that was left out, you would use a left outer
join. You will only use this join type when this need arises.

With a left outer join, everything in the table on the left side is shown (first
table). If there are matching values in the right table, these are shown. If there
are any “missing” values in the right hand table, these are shown with a NULL
value.

For this join type, it is important to know which tables are on the left and the
right side of the join.

Figure 4.3 Basic Join Types and Their Result Sets
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Right Outer Join
The inverse of the left outer join is the right outer join, This shows everything
from the right table (second table). If there are matching values in the left table,
these are shown. If there are any “missing” values in the left hand table, these
are shown with a NULL value.

Full Outer Join
As of SAP HANA SPS 11, we now have the full outer join. Many other databases
also have this join type, so it is still regarded as one of the four basic join types.

This join type combines the results sets of both the left outer join and right outer
join into a single result set.

Self-Joins

There isn’t really a join type called a self-join; the term refers to special cases in
which a table is joined to itself. The same table is both the left table and the right
table in the join relationship. The actual join type would still be something like
an inner join.

This configuration is used mostly in recursive tables—that is, tables that refer
back to themselves, such as in HR organizational structures. All employee team
members have a manager, but managers are also employees of their companies
and have someone else as their manager. In this case, team members and man-
agers are all employees of the same company and are stored in the same table.
Other examples include cost and profit center hierarchies or bills of materials
(BOMs).

We return to this concept when we look at the Hierarchies section later in this
chapter.

SAP HANA Join Types

The join types on the right side of Figure 4.4 are unique to SAP HANA: referen-
tial join, text join, and temporal join.
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Referential Join
The referential join type normally returns exactly the same results as an inner
join. So, what’s the difference? There are many areas SAP HANA tries to optimize
the performance of queries and result sets. In this case, even though a referential
join gives the same results as an inner join, it provides a performance optimiza-
tion under certain circumstances.

The referential join uses referential integrity between the tables in the join. Ref-
erential integrity is used in a business system to ensure that data in the left and
right tables match. For example, we can’t have an invoice that isn’t linked to a
customer, and the customer must be inserted into the database before we are
allowed to create an invoice for that customer. Note that you do not need a value

Figure 4.4 Basic Join Types and Some SAP HANA-Specific Join Types
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on both sides of the join: You may have a customer without an invoice, but you
may not have an invoice without a customer.

If we can prove that the data in our tables has referential integrity, which most
data in financial business systems has, then we can use a referential join. In this
case, if we’re not reading any data from the right table, then SAP HANA can quite
happily ignore the entire right table and the join itself, and it doesn't have to do
any checking, which speeds up the whole process.

Tip

A referential join is the optimal join type in SAP HANA.

Text Join
Another SAP HANA-specific joint type is a text join. The name gives a clue as to
when we will use this type of join.

The right-hand table, as shown in Figure 4.5, would be something like a text
lookup table—for example, a list of country names. On one side, we would have
a country code such as US or DE, and in the text lookup table we would have the
same country code and would link it with the key, and also would have the actual
name of the country (e.g., United States or Germany).

SAP sells software in many countries, and SAP business systems are available in
multiple languages, and the name of the country and be translated into different
languages. The fourth column in the text lookup table, called the language code,
indicates into which language the country name has been translated. For exam-
ple, for the country called DE and a language code of EN, the name of the country
is in English and thus would be Germany. If the language code was DE (for Ger-
man), the name of the country would be Deutschland, and if the language code
was ES (for Español, indicating Spanish) then the name of the country would be
Alemania.

Therefore, the same country can have totally different names depending on what
language you speak.

In such a case, SAP HANA does something clever: By looking at the browser, the
application server, or the machine that you are working on, it determines the lan-
guage that you are logged on in. If you are logged in using English, it knows to
use the name Germany. If you are logged on using German, it provides the Ger-
man country name Deutschland for you.
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The text join behaves like a left outer join but always has a cardinality of one-to-
one (1:1). In other words, it only returns a single country name based on the lan-
guage you’re logged on with. Even if you’re logged in via mobile phone, your
mobile phone has a certain language setting.

Temporal Join
We use the temporal join when we’ve got FROM and TO date and time fields, or
integers.

For example, say that you’re storing the fuel price for gasoline in a specific table.
From the beginning of this month to the end of this month, gasoline sells for a cer-
tain price. Next month, the price differs, and maybe two weeks later, it’s adjusted
again. Later, you’ll have a list of all the different gasoline prices over time.

As a car owner, you now want to perform calculations for how much you’ve paid
for your gasoline each time you filled up your tank. However, you just have the
number of gallons and the dates of when you filled up.

Figure 4.5 Text Join
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You can say, “OK, on this date, I filled up the tank.” You then have to look up
which date range your filling-up date falls within and find the price for that spe-
cific date. You can then calculate what you paid to fill your tank for each of your
dates. Figure 4.6 illustrates this example.

This date range lookup can be a little more complicated in a database. Some-
times, programmers read the data into an application server and then loop
through the different records. In this case, a temporal join makes it easy, because
SAP HANA will perform the date lookups in the FROM and the TO fields automat-
ically for you, compare it to the date you’ve supplied, and get you the right fuel
price at that specific date. It will perform all the calculations automatically for
you—a great time and effort saver.

A temporal join uses either  a referential join; or an inner join to do the work. A
temporal join requires valid to and from dates (in the gasoline price table) and a
valid date-time column (in your car log book table).

Figure 4.6 Temporal Join for Gasoline Prices
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Spatial Join
Spatial joins became available in SAP HANA SPS 09. SAP HANA provides spatial
data types, which we can use, for example, with maps. These all have the prefix
ST_. A location on a map, with longitude and latitude, would be an ST_POINT data
type. (We will discuss spatial data and analytics further in Chapter 9.)

We can use special spatial joins between tables in SAP HANA (see Figure 4.7).
Say that you have a map location stored in a ST_POINT data type in one table. In
the other table, you have a list of suburbs described in a ST_POLYGON data type.
You can now join these two tables with a spatial join and define the spatial join
to use the ST_CONTAINS method. This will calculate for each of the locations (ST_
POINT) in which suburb (ST_POLYGON) they are located (ST_CONTAINS).

There are about a dozen methods like ST_CONTAINS available for spatial joins. For
example, you can test if a road crosses a river, if one area overlaps another (e.g.,
mobile phone tower reception areas), or how close certain objects are to each
other.

Figure 4.7 Spatial Join
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We have only mentioned the two-dimensional aspects in relation to maps, but
many of these spatial functions can be used in three dimensions.

Dynamic Joins

A dynamic join is not really a join type; it’s a join property. It is also a perfor-
mance enhancement available for SAP HANA. Once you have defined a join, you
can mark it as a dynamic join. For this to work, you have to join the tables on
multiple columns.

Let’s assume you define a static (normal) join on columns A, B, and C between
two tables, as shown in Figure 4.8. In this case, the join criteria on all three col-
umns will be evaluated every time the view is called in a query.

If you now mark the join as dynamic, the join criteria will only be evaluated on
the columns involved in the query to the view. If you only ask for column A in
your query of the view, then only column A’s join criteria will be evaluated. The

Figure 4.8 Dynamic Join on Multiple Columns
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join criteria on columns B and C will not be evaluated, and your system perfor-
mance improves.

Tip

If your query does not request any of the join columns in the dynamic join, it will
produce a runtime error.

Core Data Services Views

CDS is a modeling concept that is becoming more important with every new
release of SAP HANA. To understand why we need CDS, it is important to
remember the wider context of how SAP HANA systems are deployed.

While learning SAP HANA, you work with a single system, but productive envi-
ronments normally include development, quality assurance, and production sys-
tems. You perform development in the development environment, in which you
have special modeling and development privileges. Your models and code then
enter the quality assurance system for testing. When everyone is satisfied with
the results, the models and code move to the production system. You do not have
any modeling and development privileges in the quality assurance and produc-
tion systems; you need a way to create views and other database objects in the
production system, ideally without giving people special privileges.

An SAP HANA system can be deployed as the database for an SAP business sys-
tem. In such a case, ABAP developers do not have any modeling and develop-
ment privileges, even in the development system. We need a way to allow ABAP
developers to create views and other database objects in the production system
without these special privileges.

With that in mind, let’s look at why CDS is a good idea with the following exam-
ple:

You need to create a new schema in your SAP HANA database. It’s easy to use a
short SQL statement to do this, but remember the wider context. Someone will
need the same create privileges in the production system! We want to avoid this,
because giving anyone too much authorization in a production system can
weaken security and encourage hackers.

CDS allows for a better way to create such a schema: Specify the schema creation
statement once by creating a CDS (text) file with the schema_name="DEMO";
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instruction. When we take this CDS file to the production system, the SAP HANA
system automatically creates the schema for us. In the background, SAP HANA
automatically converts the CDS file into the equivalent schema creation SQL
statement and executes this statement.

The system administrators do not get privileges to create any schemas in the pro-
duction system. They have rights to import CDS files, but they have no control
over the contents of the CDS files; that’s decided by the business. CDS thus gives
us a nice way to separate what the business needs from what database adminis-
tration can do.

There’s much more to CDS. You can specify table structures (metadata) and asso-
ciations (relationships) between tables with CDS, and taking this CDS file to pro-
duction creates a new table. Even more impressive, if you want to modify the
table structure later, SAP HANA does not delete the existing tables and recreate
them; it automatically generates and executes the correct SQL statements to mod-
ify only the minimal changes to the existing table structures—for example, add-
ing only a new column. CDS does not replace SQL statements, because it
ultimately translates back into SQL statements. CDS adds the awareness to use a
table creation SQL statement the first time it’s run but a table modification SQL
statement the second time it’s run.

We can also create views using CDS. These CDS views can be used as data sources
in our SAP HANA information views. Please note that these CDS views do not
replace the more powerful information views we can create in SAP HANA.

ABAP developers can also use CDS inside ABAP. When a CDS view is sent to the
SAP HANA system, it creates the necessary SAP HANA database objects without
the ABAP developer having to log into the SAP HANA database. Because ABAP
is database-independent, the same CDS file sent to another database will create
the database objects relevant to that database. Because of this database indepen-
dence, the versions of CDS for ABAP and for SAP HANA have slight differences.

The example screens in this book make use of the SHINE demo package
described in Chapter 2. SHINE is a good example of CDS in action. You do not
have to create a schema, create tables, or import data into these tables. When
SHINE is imported into your SAP HANA system, it automatically creates all that
content for you by using CDS statements.

Now, let’s take our knowledge of these concepts to the next “dimension.”
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Cube

One of the most important modeling concepts we will cover is the cube. We’ll
expand on this concept when we discuss the information views available in SAP
HANA. In this section, we’ll use a very simplistic approach to describing cubes
to give you an understanding of the important concepts.

When you look at a cube the first time, it looks like multiple tables that are joined
together—and at a database level, that might be true. What makes a cube a cube
are the “rules” for joining these tables together.

The tables you join together contain two types of data: transactional data and
master data. As shown in Figure 4.9, we have a main table in the middle called
a fact table. This is where our transactional data is stored. The transactional data
stored in the fact table is referred to as either key figures or measures. In SAP
HANA, we just use the term measures.

The side tables are called dimension tables, and this is where our master data is
stored. The master data that is stored in the dimension table are referred to as

Figure 4.9 Cube Features
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characteristics or attributes, or sometimes even facets. In SAP HANA, we just use
the term attributes.

To clear up these statements, let’s walk through an example. Our cube example
will be simplified to communicate the most basic principles.

In our example, we’ll work with the sentence “Laura buys 10 apples.” You will
agree that this sentence describes a financial transaction: Laura went to the shop
to buy some apples, she paid for them, and the shop owner made some profit.

Where will we will store this transaction’s data in the cube? There are a couple
of “rules” that we have to follow. The simplest rule is that you store the data with
which you can perform calculations on in the fact table, and you store everything
else that you can’t perform calculations on in the dimension tables.

In our transaction of “Laura buys 10 apples,” we first look at Laura. Can we per-
form a calculation on Laura? No, we can’t. Therefore, we should put her name
into one of the dimension tables. We put her name in the top dimension table
in Figure 4.10. Laura is not the only customer of that shop; her name is stored
with those of many other people in this dimension table. We will call this table
the Customer dimension table.

Figure 4.10 Financial Transaction Data Stored in a Cube
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Next, let’s look at the apples. Can we perform calculations on apples? No, we
can’t, so again this data goes into a dimension table. The shop doesn’t sell only
apples; it also sells a lots of other products. The second dimension table is there-
fore called the Product dimension table.

In an enterprise data warehouse, we would normally limit the number of dimen-
sion tables that we link to the fact table for performance reasons. Typically, in an
SAP BW system, we limit the number of dimension tables to a maximum of 16
or 18.

Finally, let’s look at the number of apples, 10. Can we perform a calculation on
that? Yes, because it’s a number. We therefore store that number in the fact table.

To complete the picture, if Laura buys more apples, then she is a top customer;
let’s say she’s customer number 2. Apples are something the store keeps in stock,
so apples are product number 7.

If we store a link (join) to customer 2 and another link (join) to product 7 and
the number 10 (number of apples), we would say that that constitutes a complete
transaction. We can abbreviate the transaction “Laura buys ten apples” to 2, 10,
and 7 in our specific cube.

Laura and apples are part of our master data. The transaction itself is stored in
the fact table. We’ve now put a real-life transaction into the cube.

Hopefully, this gives you a better idea of what a cube is, and how to use it. Let’s
complete this short tour of cubes by clarifying a few terms ahead.

Attributes and Measures

As previously shown in Figure 4.9, attributes are stored in dimension tables, and
measures are stored in fact tables. Let’s define attributes and measures:

� Attributes
Attributes describe a transaction, like the customer Laura or the product
apples. This is also referred to as master data. We cannot perform calculations
on attributes.

� Measures
Measures are something we can measure and perform calculations on. Mea-
surable (transactional) information goes into the fact table.
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Fact Tables in the Data Foundation

Figure 4.10 showed only a single fact table, but sometimes we have more com-
plex cubes that include multiple fact tables. In SAP HANA, we call a group of fact
tables (or the single fact table) the data foundation.

When we join the data foundation (fact tables) to the dimension tables, we
always put the data foundation on the left side of the join.

Star Joins

The join between the data foundation and the dimension tables is normally a ref-
erential join in SAP HANA. We refer to this as a star join, which indicates that
this is not just a normal referential join between low-level tables, but a join
between a data foundation and dimension tables. This is seen as a join at a higher
level.

Originally, we called these logical joins in SAP HANA, however they were
renamed star joins as of SAP HANA SPS 10.

With all the building blocks in place, let’s start examining SAP HANA informa-
tion views.

Information Views

Let’s start our introduction to SAP HANA information views by looking back at
what we learned when we discussed cubes.

Dimension Views

The first thing we need to build cubes is the master data. Master data is stored in
dimension tables. Sometimes, these dimension tables are created for the cubes.
In SAP HANA, we do not create dimension tables as separate tables; instead we
build them as views.

We join all the low-level database tables that contain the specific master data we
are interested in into a view. For example, we might join two tables in a view to
build a new Products dimension in SAP HANA, and maybe another three tables
to build a new Customers dimension.
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In this book, we will refer to these type of views simply as dimension views. In
SAP HANA, there are currently two types of dimension views available:

� Attribute views
The older version of dimension views are called attribute views. This name
refers to the data, called attributes, stored in dimension tables. Attribute
views are still used in exceptional cases in SAP HANA SPS 11.

� Calculation views of type dimension (dimension calculation views)
As of SAP HANA SPS 10, we now use calculation views of type dimension, also
called dimension calculation views. In SAP HANA SPS 11, a new migration tool
is available to help migrate your old attribute views to the new dimension cal-
culation views.

Just as the same master data is used in many cubes, so will we reuse dimension
views in many of the other SAP HANA information views. You can even build
your own “library” of dimension views.

Star Join Views

In the same way, instead of storing data in cubes, we can create another type of
view in SAP HANA that produces the same results as a traditional cube. There are
currently two types of SAP HANA views that produce the same results as an old-
fashioned, traditional cube:

� Analytic views
We still have an older version of these SAP HANA views called analytic views.
This name refers to the fact that we use cubes for analytics. Analytic views are
still used in some cases in SAP HANA SPS 11.

� Calculation views of type cube with star join
As of SAP HANA SPS 10, we now use calculation views of type cube with star
join. In SAP HANA SPS 11, a new migration tool is available to help you to
migrate your old analytic views to the new calculation views of type cube
with star join.

Terminology

In this book, we will simply refer to these types of views as star join views, not as
cube views, which would lead to confusion. This is because the third type of SAP
HANA views is called calculation view of type cube.
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The results created by the star join views in SAP HANA are the same as that of a
cube in an enterprise data warehouse, except that in a data warehouse, the data
is stored in a cube. With SAP HANA, the data is not stored in a cube, but is cal-
culated when required.

Calculation Views of Type Cube

This view type, provides even more powerful capabilities. For example, you can
combine multiple star join views (“cubes”) to produce a combined result set. In
SAP Business Warehouse (BW), we call this combined result set a MultiProvider.

In SAP HANA, we call these calculation views of type cube. Use cases for this type
of view include:

� In your holding company, you want to combine the financial data from mul-
tiple subsidiary companies.

� You want to compare your actual expenses for 2015 with your planned bud-
get for 2015.

� You have archived data in an archive database that you want to combine with
current data in SAP HANA’s memory to compare sales periods over a number
of years.

Using Information Views

Let’s examine how to use the different types of SAP HANA information views
together in information modeling. Figure 4.11 provides an overview of every-
thing you’ve learned in this chapter and how each topic fits together.

On the top left-hand side, you can see our source systems: an SAP source system
and a non-SAP source system. SAP HANA doesn’t care from which system the
data comes. In many projects, we have more non-SAP systems that we get data
from than SAP systems. We extract the data from these systems using various
data provisioning tools, which we’ll look at in Chapter 14.

The data is stored in row tables in these source systems. When we use our data
provisioning methods and tools, the data is put into column tables in the SAP
HANA database. This is illustrated in the bottom-left corner of Figure 4.11.
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Building the Information Model

Now, let’s start building our information models on top of these tables.

If we want to build something like a cube for our analytics or reporting, we use
SAP HANA information views. First, we need the equivalent of a dimension
table, such as our Product or Customer dimension table. How would we build
this?

We will build a dimension view (a calculation view of type dimension, or an
attribute view). This is indicated in Figure 4.11 by Laura and Apples, which rep-
resent the Customer and Product dimension views. We create these dimension
views the same way we create any other view: Take two tables, join them
together, select certain output fields, and save it.

Figure 4.11 Different SAP HANA Information Views Working Together
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Once we have our dimension views, we build a data foundation for the cube. The
data foundation is for all our transactional data. The data foundation stores mea-
sures, like the number 10 for the 10 apples that Laura bought. We build a data
foundation in a similar fashion to building a dimension view: We take multiple
tables or a single table. If using multiple tables, we join them together, select the
output fields, and build our data foundation.

To complete the cube, we have to link our data foundation (fact tables) to the
dimensions with a star join. Finally, to complete our star join view, we also select
the output fields for our cube. The created star join view will produce the same
result as a cube, but in this case no data is stored and it performs much better.

In the next step, we can create calculation view of type cube, in which we com-
bine two star join views (cubes). We can combine the star join views using a join
or a union. We recommend a union in this case, because it leads to better per-
formance than a join.

Finally, we can build reports, analytics, or applications on our calculation view.
This is shown in the top right of Figure 4.11.

Using the Information Model

In the previous section, we looked at how to build an information model from
the bottom up. Let’s now think about the process from the other side and look
at what happens when we call our report or application that built on the calcula-
tion view. This is the top-down view of Figure 4.11.

The calculation view does not store the data: It has to gather and calculate all the
data required by the report. SAP HANA looks at the calculation view’s descrip-
tion and says, “Oh, I’ve got to build two star join views and union them together.
How do I build these star join views?”

SAP HANA then goes down one level and says, “OK, how do I build the first star
join view? I need a data foundation, and I need two dimension views, and I join
them together with a star join.”

Then, it goes down another level: “How do I build the dimension view? I’ll read
two different tables, join them together, and select the output fields.” SAP HANA
then builds the two dimension views.
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Going back up one level, SAP HANA needs to combine these two dimension
tables with a data foundation. It creates the data foundation and joins it with the
two dimension tables. It also builds the second star join view in the same way.
Going up to the level of the calculation view, it combines the two star join views
with a union. Finally, SAP HANA sends the result set out to the report, and then
cleans out the memory again. (It does not store this data!) If someone else asks
for the exact same data five minutes later, SAP HANA happily performs the same
calculations all over again.

At first, this can seem very wasteful. Often we’re asked “Why don’t you use some
kind of caching?” However, caching means that we store data in memory. In SAP
HANA the entire database is already in memory. We don’t need caching because
everything is in memory already.

The reason people ask this question is that in their traditional data warehouses,
data normally doesn’t change until the next evening when the data is refreshed.
Inside SAP HANA, the data can be updated continuously, and we always want to
use the latest data in our applications, reports, and analytics. That means we have
to recalculate the values each time; caching static result sets will not work.

In summary, to use real-time data, you have to continuously recalculate.

Other Modeling Artifacts

We will now discuss some of the other modeling concepts we will use when
building our information views.

The power of calculation views of type cube is that you can build them up in
many layers. In the bottom layer, you can perhaps have a union of two star join
views (cubes), as shown in Figure 4.12. In the next (higher) layer, we sum up all
the values from the union. In the level above that, we rank the summed results
to show the top 10 most profitable customers.

Projection

A projection is used to change an output result set. For example, we can get a
result set from a star join view (cube) and find that it has too many output fields
for what we need in the next layers. Therefore, we use a projection as an addi-
tional in-between layer to create a subset of the results.



Chapter 4 Information Modeling Concepts128
We can also use the projection to calculate additional fields—for example, sales
tax—or we can rename fields to give them more meaningful names for our ana-
lytics and reporting users.

Ranking

As illustrated in the top node of Figure 4.12, we can use ranking to create useful
top-N or bottom-N reports and analytics. This normally returns a filtered list
(e.g., only the top 10 companies) and is sorted in the order we specify.

Figure 4.12 Calculation View of Type Cube Built in Various Layers
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Aggregation

The word aggregation means a collection of things. In SQL, we use aggregations
to calculate values such as the sum of a list of values. Aggregations in databases
provide the following functions:

� Sum
Adds up all the values in the list

� Count
Counts how many values (records) there are in the list

� Minimum
Finds the smallest value in the list

� Maximum
Finds the largest value in the list

� Average
Calculates the arithmetical mean of all the values in the list

� Standard deviation
Calculates the standard deviation of all the values in the list

� Variance
Calculates the variance of all the values in the list

Normally, we would only calculate aggregations of measures. (Remember that
measures are values we can perform calculations on, which usually means our
transactional data.) For example, we could calculate the total number of apples a
shop sold in 2015. However, in the latest versions of SAP HANA, we can also cre-
ate aggregations of attributes, essentially creating a list of unique values.

Union

A union combines two result sets. Figure 4.12 illustrates this by combining the
results of two star join views.

In SAP HANA graphical calculation views, we’re not restricted to combining two
result sets; we can combine multiple result sets. SAP HANA merges these multi-
ple result sets into a single result set.

Let’s say we have four result sets—A, B, C, and D—that we union together.
Although we union multiple result sets, that doesn’t mean the performance will
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be bad. If SAP HANA detects that you are not asking for data from A and D, it
will not even generate the result sets for A and D; it will only work with B and C.

Note

The union expects the two result sets to have the same number of columns, in
the same order, and the matching columns from each result set must have similar
data types.

You can have variations in unions, such as the following:

� Union all
Will merge the result sets and return all records

� Union
Will merge the results and only give you the unique results back

� Union with constant values
Lets you “pivot” your merged results to help get the data ready for reporting
output

Figure 4.13 compares the output generated by a union to that of a union with
constant values.

Figure 4.13 Standard Union Compared to Union with Constant Values
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Often, we want a report that looks like the top right of the figure. If we’re given
the output from the standard union, it takes more work to create a report with
sales for 2015 and 2016 in separate columns. With the output from the union
with constant values, writing the report is easy.

In Figure 4.11, we showed that you should use a union rather than a join for per-
formance reasons—but what happens if the two star join views that you want to
union together do not have the same outputs? In that case, the union will return
an error. How do we solve this problem?

Figure 4.14 illustrates an example. On top, we have the ideal case in which both
star join views have matching columns. In the middle, we have a case in which
only column B matches. Normally, we would use a join, as shown.

We solve this problem by creating a projection for each of the two star join
views. We add the missing columns and assign a NULL value to those columns.
We then perform the union on the two projections, because they now have
matching columns.

Figure 4.14 Standard Union, Join, and Join Converted to Union
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Semantics

An important step that many modelers skip is to add more meaning to the output
of their information models. Semantics, as a general term, is the study of mean-
ing. We can use semantics in SAP HANA to, for example, rename fields in a sys-
tem so they are more clear. Some database fields have really horrible names.
Using semantics, you can change the name of these fields to be more meaningful
for your end users. This is especially useful when they create reports. If you have
a reporting background, you will know that a reporting universe can fulfill a sim-
ilar function.

We can also show that certain fields are related to each other—for example, a
customer number and a customer name field.

One example that is used often is that of building a hierarchy. By using a hierar-
chy, you can see how fields are related to each other with regards to “drilling
down” for reports.

Hierarchies

Hierarchies are used in reporting to enable intelligent drilldown. Figure 4.15
illustrates two examples: Users can start with a list of sales for all the different
countries; they can then drill down to the sales of the provinces (or states) of a
specific country, and finally down to the sales of a city.

End users can see the sales figures for just the country, state, or province or for
a specific city. Even though countries and cities are two different fields, they’re
related to each other by use of a hierarchy. This extra relationship enhances the
data and gives it more meaning (semantic value).

There are two different types of hierarchies: level hierarchies and parent–child
hierarchies. The hierarchy we just described is the level hierarchy; level 1 is the
country, level 2 is the state or province, and level 3 is the city or town.

Another example of a level hierarchy is a time-based hierarchy that goes from a
year to a month to a day. You can even keep going deeper, down to seconds. This
is illustrated on the right side of Figure 4.15.

HR employee organizational charts or a cost center structures are examples of
parent–child hierarchy, as illustrated in Figure 4.16. In this case, we join a table
to itself, as described in the Self-Joins section.
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Figure 4.15 Examples of Level Hierarchies

Figure 4.16 Parent–Child Hierarchy Example
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Table 4.1 provides a quick summary of the differences between the two types of
hierarchies and when you should use which one.

Best Practices and Modeling Guidelines

Let’s end our tour of modeling concepts with a summary of best practices for
modeling views in SAP HANA. Many of the basic modeling guidelines that we
find in traditional data modeling and reporting environments are still applicable
in SAP HANA. We can summarize the basic principles as follows:

� Limit (filter) the data as early as possible
It’s wasteful to send millions of data records across a slow network to a
reporting tool when the report only uses a few of these data records. It makes
a lot more sense to send only the data records that the report requires, so we
want to filter the data before it hits the network.

In the same way, we don’t want to send data to a star join view when we can
filter it in the earlier dimension view. Hence, the rule to filter as early as pos-
sible.

� Perform calculations as late as possible
Assume you have column A and column B in a table. The table contains bil-
lions of records. We can use the values of column A and column B in a for-
mula for every data record, which means the server performs billions of cal-
culations, and finally add up the sum total of the calculated fields.

Level Hierarchies Parent–Child Hierarchies

Fixed (rigid) number of levels in the hier-
archy.

Variable hierarchy depth.

Different data fields on every level of the 
hierarchy (e.g., country, state, city).

The same (two) fields used on every level 
of the hierarchy.

The fields on each level of the hierarchy 
can be different data types (e.g., country 
can be text, while zip/postal code can be 
numeric).

The parent and child fields have the same 
data type.

Table 4.1 Comparing Level Hierarchies and Parent–Child Hierarchies
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It would be much faster to add up the sum total for column A and the sum
total for column B and then calculate the formula. In that case, we perform
the calculation once instead of billions of times. We delay the calculation as
long as possible for performance reasons.

Important Terminology
In this chapter, we focused on various modeling concepts and how they’re used
in SAP HANA. We introduced the following important terms:

� Views
We started at by looking at views and realized that we can leverage the fact
that SAP HANA already has all the data in memory, that the servers have lots
of CPU cores available, and that SAP HANA runs everything in parallel. We
therefore do not need to store the information in cubes and dimension tables,
but can use views to generate the information when we need it. This also
gives us the advantage of real-time results.

� Joins
We have both normal database join types, like inner and left outer joins, and
SAP HANA-specific types, like referential, text, temporal, and spatial joins. In
the process, we also looked at the special case of self-joins and at dynamic
joins as an optimization technique.

� Core Data Services (CDS)
CDS  provides a way to separate business semantics and intent from database
operations.

� Cubes
A cube consists of a data foundation with fact tables that contain the transac-
tional data, linked to dimension tables that contain master data. The data
foundation is linked to the dimension tables with star joins.

� Attributes and measures
Attributes describe elements involved in a transaction. Transactional data that
we can perform calculations on is called a measure and stored in the fact
tables.

� Information views
In SAP HANA, we take the concept of views to higher levels. We can create
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dimension tables and cubes as dimension views and star join views. Dimen-
sion views are attribute views and calculation views of type dimension. Star
join views are analytic views and calculation views of type cube with star join.
The final type of information view is the calculation view of type cube, which
we can use to perform even more powerful processes.

� Modeling artifacts
Inside our views, we can use unions, projections, aggregations, and ranking.
Unions are quite flexible and can be used for a direct merge of result sets, or
we can use a union with constant values to create report-ready result sets.

Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
exam you must select all correct answers and only correct answers to receive
credit for the question.

In this section, we have a few questions with graphics attached. In the certifica-
tion exam, you might also see a few questions that include graphics.

1. In which SAP HANA views will you find measures? (There are 2 correct
answers.)

� A. Attribute views

� B. Calculation view of type cube with star join

� C. Calculation view of type cube

� D. Database views

2. True or False: A database view stores data in the database.

� A. True

� B. False
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3. A traditional cube is represented by which SAP HANA view type? (There are
2 correct answers.)

� A. Attribute view

� B. Analytic view

� C. Calculation view of type cube with star join

� D. Calculation view of type dimension

4. A referential join gives the same results as which other join type?

� A. Inner join

� B. Left outer join

� C. Spatial join

� D. Star join

5. Which join type makes use of date ranges?

� A. Spatial join

� B. Text join

� C. Temporal join

� D. Inner join

6. If we change the transaction “Laura buys 10 apples” to “Laura buys 10 green
apples,” how would we store the color green?

� A. Store green as an attribute

� B. Store green as a measure

� C. Store green as a spatial data type

� D. Store green as a CDS view

7. True or False: A view always shows all the available columns of the under-
lying tables.

� A. True

� B. False
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8. You have a view with two tables, joined by a left outer join. If you redesign
the view and accidently swap the two tables around, what should you do to
the join?

� A. Keep the left outer join.

� B. Change the join to a text join.

� C. Change the join to a right outer join.

� D. Change the join to a referential join.

9. What do you call the data displayed in the data foundation of an SAP HANA
information view?

� A. Facets

� B. Measures

� C. Characteristics

� D. Key figures

10. You are writing a mobile application for the World Series. You have details
about all the baseball players and the baseball scores for all the previous
matches. How do you use the data of the player information and the scores?

� A. Both the player information and the scores are used as master data.

� B. Both the player information and the scores are used as transactional data.

� C. The player information is used as master data, and the scores are used as
transactional data.

� D. The player information is used as transactional data, and the scores are
used as master data.

11. Look at Figure 4.17. You are selling books that have been translated into var-
ious languages. What join type should you use?

� A. Left outer join

� B. Text join

� C. Temporal join

� D. Referential join
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12. Which of the following are reasons you should use Core Data Services (CDS)
to create a schema? (There are 2 correct answers.)

� A. The database administrator might type the name wrong.

� B. The database administrator should not get those privileges in the produc-
tion system.

� C. The focus is on the business requirements.

� D. The focus is on the database administration requirements.

13. Look at Figure 4.18. A company sends out a lot of quotes. Some customers
accept the quotes, and they’re invoiced. The company asks you to find a list
of the customers that did NOT accept the quotes. How do you find the cus-
tomers that received quotes but did NOT receive invoices?

� A.

� Use a right outer join.

� Filter to show only the NULL values on the right table.

� B.

� Use a left outer join.

� Filter to show only customers on the right table.

Figure 4.17 What Type of Join Should You Use?
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Right Table
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Field 1 Field n Book ID

Field 1 Field nBook ID
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� C.

� Use a left outer join.

� Filter to show only the NULL values on the right table.

� D.

� Use a right outer join.

� Filter to show only customers on the left table.

14. True or False: When you use a parent–child hierarchy, the depth in your
hierarchy levels can vary.

� A. True

� B. False

15. Look at Figure 4.19. What type of join should you use? (Hint: Watch out for
distractors.)

� A. Temporal join

� B. Text join

Figure 4.18 Find the Customers That Received Quotes but Not Invoices

What join should you use here?
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� C. Referential join

� D. Inner join

16. You have a list of map locations for clinics. The government wants to build
a new clinic, but wants to build it where there is the greatest need. You need
to find the largest distance between any two clinics. With your current
knowledge, how do you do this?

� A.

� Use a temporal join to find the distance between clinics.

� Use a union with constant values to “pivot” the values.

� B.

� Use a spatial join to find the distance between clinics.

� Use a level hierarchy for drilldown.

Figure 4.19 What Type of Join Should You Use?
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� C.

� Use a dynamic join to find the longest distance between clinics.

� Use a ranking to find the top 10 values.

� D.

� Use a spatial join to find the distance between clinics.

� Use an aggregation with the maximum option.

17. Look at Figure 4.20. What are the values for X, Y, and Z? (Note: You will not
see a question like this on the certification exam; it’s only added here to test
your understanding.)

� A. X = Customer 2, Y = 400, Z = 800.

� B. X = Customer 1, Y = 400, Z = 400.

� C. X = Customer 1, Y = 800, Z = 800.

� D. X = Customer 2, Y = 200, Z = 400.

Figure 4.20 Find Values for X, Y, and Z
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18. You have to build a parent–child hierarchy. What type of join do you expect
to use?

� A. Relational join

� B. Temporal join

� C. Dynamic join

� D. Self-join

19. Look at Figure 4.21. What join type should you use to see all the suppliers?

� A. Left outer join

� B. Right outer join

� C. Inner join

� D. Referential join

Figure 4.21 What Join Should You Use to See All Suppliers?
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Practice Question Answers and Explanations
1. Correct answers: B, C

You find measures in analytic views, calculation views of type cube with star
join (the new type of analytic view), and calculation views of type cube.
Attribute views do not contain measures—only attributes!

2. Correct answer: B

False. A database view does not store data in the database.

3. Correct answers: B, C

A traditional cube is represented by an analytic view or a calculation view of
type cube with star join. Both are different from a cube in that they do not
store any data like a cube does. An attribute view and a calculation view of
type dimension are similar to a dimension table.

4. Correct answer: A

A referential join gives the same results as an inner join but speeds up the
calculations in some cases by assuming referential integrity of the data. It is
the optimal join type in SAP HANA.

5. Correct answer: C

A temporal join requires FROM and TO fields in the table on the right side of
the join and a date-time column in the table on the left side of the join.

6. Correct answer: A

We cannot “measure” or perform calculations on the color green. Green is
not a spatial data type. CDS views are not relevant in this context.

7. Correct answer: B

False. A view does NOT always show all the available columns of the under-
lying tables. You have to select the output fields of a view. The word always
in the statement is what makes it false.

8. Correct answer: C

A right outer join is the inverse of the left outer join. Therefore, if you
reverse the order of the tables, you can “reverse” the join type. It is impor-
tant to note that this does not work for a text join. A text join is only equiv-
alent to a left outer join. For a text join, you have to be careful about the
order of the tables.
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9. Correct answer: B

The data displayed in the data foundation of an SAP HANA information view
is called measures. In SAP HANA, we talk about attributes and measures. The
other names might be used in other data modeling environments, but not in
SAP HANA.

10. Correct answer: C

The player information is used as master data, and the scores are used as
transactional data. You cannot perform calculations on the players. There-
fore, this data is used in the dimensions and is seen as master data. You def-
initely perform calculations on the scores, so these are used in the fact tables,
which means they are transactional data.

11. Correct answer: B

Figure 4.17 shows the SPRAS column and shows a list of languages. The need
for a translation is also hinted at in the question, meaning this should be a
text join. There is not enough information to select any of the other answer
options.

12. Correct answers: B, C

You should use CDS to create a schema because the database administrator
should not get those privileges in the production system and the focus
should be on the business requirements.

13. Correct answer: C

Look carefully at Figure 4.18. The question asks you to find all the customers
that received quotes but did NOT receive invoices.

The answer only gives us left outer or right outer as options. Because the
question states they want all customers from the quotes tables, you might try
a left outer join first.

Now look at Figure 4.3 to see the difference between the left and right outer
joins. Look especially at the where the NULL values are shown. With a left
outer join, the NULL values are found in the right table. With a right outer
join, the NULL values are found in the left table.

We want to find the customers that did not get invoices. With a left outer
join, the NULL values are found on the right side: That group is the one we
are looking for. Therefore, filter for the NULL values on the right table.
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Note

Any time that a negative phrase or word is used in the certification exam, it is
shown in capital letters to bring attention to the fact that it is a negative word.

14. Correct answer: A

True. Yes, the depth of your hierarchy levels can vary when you use a parent–
child hierarchy.

15. Correct answer: C

You should use a referential join.

There are two distractors to try and throw you off track:

� A temporal join uses FROM and TO fields, but only for date-time fields. This
example is for airports.

� The second distractor was to try to get you to select the text join: The lan-
guage code has nothing to do with translations, but has to do with the air-
line’s primary language.

Choose a referential join because you can see the same people traveling in
both tables, so it seems that these two tables have referential integrity.

If the tables did not have referential integrity, you would have chosen an
inner join.

16. Correct answer: D

A spatial join can give the distance between different points on a map.

There are two ways you can find the largest distance between any two clinics:

� Use a ranking to find the top 10 values.

� Use an aggregation with the maximum option.

17. Correct answer: B

See the full solution in Figure 4.22.

X = Customer 1, Y = 400, Z = 400.

Note that we are using average in the aggregation node, not sum.

In the ranking node, we are asking for the bottom 10, not the top 10.

18. Correct answer: D

You expect to use a self-join when you build a parent–child hierarchy. See
Figure 4.16 for an illustration.
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19. Correct answer: B

To see everything on the right table, use a right outer join.

Note that these tables do not have referential integrity. If we had asked the
question a little differently, this could have been important.

Takeaway
You should now have a general understanding of information modeling con-
cepts: views, joins, cubes, star joins, data foundations, dimension tables, and so
on. In this chapter, you learned about the differences between attributes and
measures and the value of CDS in the development cycle. You have seen the var-
ious types of views that SAP HANA uses, how to use them together, and what
options you have available for your information modeling. Finally, we examined
a few best practices and guidelines for modeling in SAP HANA in general.

Figure 4.22 Full Solution: X = Customer 1, Y = 400, Z = 400
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Summary
You have learned about many modeling concepts and how they are applied and
implemented in SAP HANA.

You’re now ready to go into the practical details of learning how to use all the
SAP HANA information views and how to enhance these views with the various
modeling artifacts that we have available to us in each of these different views.
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Techniques You’ll Master

� Get to know the SAP HANA modeling tools in more detail

� Identify the different working areas in SAP HANA studio

� Learn how to work with tables and data

� Know how to create new information models

� Understand the developer perspective

� Get a working knowledge of best practices and guidelines for 
modeling with the SAP HANA modeling tools
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There are two development environments used for SAP HANA modeling. The
first is SAP HANA studio, a Java-based development environment for laptops and
desktops. The second, more recent development environment is a web-based
development environment that you run from your browser: the SAP HANA web-
based development workbench.

We will look at both of these environments and how you can use them to create
your information models. Because SAP HANA studio is the most complete tool
and has been around the longest, we’ll look at it in greater detail. We’ll then
show you the web-based development environment, how to use it, and how it
differs from SAP HANA studio.

Real-World Scenario

You’re working on a project that requires you to create calculation views.
To do so, you use SAP HANA studio to create and edit these views graphi-
cally.

Sometimes you reach for the other tool in your toolkit, the SAP HANA web-
based development workbench, because you can use this tool from any-
where, even using your tablet.

When working on a project with SAP HANA, you will use modeling tools
all the time. You have to be familiar with the SAP HANA modeling tools,
know when to use which one, and be able to find your way around the var-
ious screens. SAP HANA has grown over the last few years, and the mod-
eling tools now have a wide variety of tasks you can accomplish with them.
The features have also grown to provide rich functionality. It therefore
takes some time to learn how to find your way around the various menus,
options, and screens.

Objectives of This Portion of the Test
The purpose of this portion of the SAP HANA certification exam is to test your
general knowledge of the SAP HANA modeling tools.

The certification exam expects you to have a good understanding of the follow-
ing topics:
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� Overview of SAP HANA studio

� Differences between the catalog and the content areas

� Table definitions and runtime information

� Preview result sets, with all the preview options

� The development perspective and how to create SAP HANA development objects

� Overview of the SAP HANA web-based development workbench

Note

This portion contributes up to 3% of the total certification exam score.

Key Concepts Refresher
As noted, there are two modeling tools available in SAP HANA. We will now
look at both tools and how you can use them to create your SAP HANA informa-
tion models.

We will start by looking at SAP HANA studio.

SAP HANA Studio

SAP HANA studio is built in a development environment based on Eclipse, an
open-source framework by IBM. (For more information about Eclipse, visit
http://www.eclipse.org.) This development environment is written in Java, so it
only runs on your desktop or laptop.

Eclipse originally started out as a Java development environment, but was later
adapted into other programming languages, such as JavaScript, PHP, HTML, Cas-
cading Style Sheets (CSS), Ruby, and many others.

That IBM called the product Eclipse proves that IBM has a good sense of humor.
During the time of the Eclipse release, IBM was in competition with Sun over
their respective Java Virtual Machines. We all know what happens to the sun
during an eclipse!

Figure 5.1 shows an overview screen of SAP HANA studio in an Eclipse environ-
ment, with the different work areas indicated.
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On the top right is an area called perspectives. On the left of the screen is an area
in which you can see the different SAP HANA systems you work with, and the
components for each system. In the middle is the main working area. On the
right-hand side, you’ll see a tab called Quick View, which is specifically used in
the modeler perspective.

In this section, we will look at the different working areas of SAP HANA studio,
including the SAP HANA studio perspectives, main workspace, system views,
two primary consoles (the SQL Console and Administration Console), and the
application function modeler (AFM). Finally, we’ll discuss the steps to set up the
session client.

Perspectives

The Eclipse environment uses different perspectives to give you different layouts
for different development tasks. In SAP HANA studio, there are perspectives for

Figure 5.1 SAP HANA Studio

Working area Quick view

Select perspectives

Systems view
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information modeling, administrators, plan visualization, and SAP HANA devel-
opment. When you select another perspective, it changes the screen layout,
menu options, and so on. In Eclipse, you can even create your own perspectives
or change the available perspectives to suit your requirements.

To select or change to another perspective, simply click the name of that perspec-
tive in the top right-hand side of the SAP HANA studio screen, as shown in Fig-
ure 5.1. If you want to select a perspective that is not on that list, click the 
button to the left side of these names. This will open a menu from which you can
select the perspective that you want to use.

To get a better idea of how these perspectives vary in look and available options,
Figure 5.2 shows the differences between the modeler and development per-
spectives.

The left-hand side of Figure 5.2 shows the development perspective. In this per-
spective, three different tabs appear: Systems, Repositories, and Project Explorer.

Figure 5.2 Development vs. Modeler Perspective

Development perspective Modeler perspectivep p
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When you select the modeler perspective (right-hand side), you only have one
tab: Systems. This means that you cannot access the repositories or projects from
the modeler perspective.

Tip

In SAP HANA, we prefer the development perspective, even when performing
modeling tasks, because it has a lot more features than the modeler perspective.

The only thing that the modeler perspective has that the development perspec-
tive does not is the Quick View tab shown on the right-hand side. We will dis-
cuss the functionality available in the Quick View tab throughout this book.

Main Workspace

In the middle of Figure 5.1, the main workspace is displayed. In this case, you
can see a calculation view with a union. You can see the mapping of the different
fields in the union.

When you open table definitions, stored procedures, or different views, or just
preview the output of an information model, you will see the results in this main
workspace. Each of the SAP HANA objects that you open will be displayed inside
its own tab.

Systems View

You can see the systems view on the left side of Figure 5.1. Figure 5.3 provides
a more detailed look.

All your different SAP HANA systems are shown this area. From SAP HANA stu-
dio, you can work with multiple SAP HANA systems—for example, with both a
development and production system.

Within each SAP HANA system, you will find different areas shown as folders in
the systems view. The following areas are found in the systems view:

� Backup folder
The Backup folder is used by administrators to manage the backups and
recovery of SAP HANA databases. Depending on your security settings, you
might not even see this folder, because it is meant for administrators only.
We will not discuss this folder in this book.
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� Catalog area
The Catalog area is used, for example, for schemas and tables. You can see
your tables, their definitions, and data in the Catalog area.

� Content area
The Content area is used for information modeling. This is where all your
SAP HANA models are created and stored.

� Provisioning area
The Provisioning area is used by SAP HANA smart data access (SDA; dis-
cussed in Chapter 14). This area is used for creating virtual tables, to get data
from other databases into SAP HANA.

Figure 5.3 Systems View
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� Security folder
The Security folder, which we will discuss in more detail in Chapter 13, is
where you can create SAP HANA users and assign them privileges to work
with your information models.

In this chapter, we will focus on the Catalog and Content areas.

Catalog Area
The Catalog area houses most of the artifacts for the SAP HANA database. It is
divided into schemas. SAP HANA schemas are groupings of tables and other arti-
facts. The main database objects we find here are tables. Inside SAP HANA, we
can also find items such as column views, functions, indexes, procedures, syn-
onyms, and triggers.

If you have an SAP BW on SAP HANA system or an SAP ERP on SAP HANA sys-
tem, you will find a schema inside the Catalog area of the SAP HANA database
that corresponds to the system identity (SID) of the SAP system. For example, if
the SID of your SAP BW system is BW1, you will find a schema inside the SAP
HANA database called BW1 that contains all the SAP BW system’s tables.

When you open the tree structure—for example, down to the tables—you’ll find
a list of all the tables inside that schema. Check the icon in front of each table to
determine if it’s a column or a row table. The  icon indicates that this table is
a row-based table, the  icon indicates a column-based table, and the  icon
indicates a virtual table. In SAP HANA, column-based tables are the preferred
table type. They compress much better than row-based tables and do not need
indexes.

When you right-click on a table, a context menu appears (sometimes referred to
as a right-click menu) for that table. Through that menu, you can look at the table
definition, table contents, or open a data preview for that specific table. In the
Catalog area, you can also delete tables, import more tables, and export tables.

Let’s look more closely at table definitions and the data preview:

� Table definitions
Figure 5.4 shows the definition of a table. On the top right-hand side of the
screen, you can see the table Type—whether it is Column Store or Row

Store.
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When you click the Runtime Information tab, as shown at the bottom in Fig-
ure 5.4, you can see the memory consumption of a specific table and whether
it is loaded into memory. From the table context menu, you can load the table
into memory or unload it from memory.

� Data preview
When you run a data preview of a table, you’ll see three different tabs with
quite a lot of functionality:

� Raw Data

The Raw Data tab (Figure 5.5) displays the table contents. You will notice
in the top right-hand corner that there is a Sort option available. You can

Figure 5.4 Definition of a Column Table
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either sort and display the top records of the entire dataset, or sort the cur-
rent dataset, which by default would be the top 200 records. You can also
export that dataset. This data preview is available not only for tables, but
also for SAP HANA models. You can view the output from any of the infor-
mation models and export the output of these information models.

Data Preview: Sorting and Export

The sorting and data export features were introduced in SAP HANA SPS 10. You
can change the default of 200 records shown in the top-right field (Max Rows),
and you select what sorting behavior you want from the dropdown menu (see
Figure 5.5). There are two options here:

� Sort Entire Data Set

This sorts all the records in the table, view or information model, even if there
are, for example, 5 million records. It then gives you the top 200 records from
that large sorted list.

� Sort Current Data Set

This only shows the sorted result set of the first 200 records that are returned.

Figure 5.5 Raw Data in Data Preview in SAP HANA Studio

Data preview—Raw data Data preview—Sorting the data set
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� Distinct values

In the Distinct values tab (Figure 5.6), you can see the quantities sold for
every product. It graphically shows the number of unique values for your
selection of fields.

� Analysis

In the Analysis tab (Figure 5.7), you can perform a full analysis of table
outputs or information model outputs. This works the same as a Microsoft
Excel pivot table. You can show the data using many different types of
graphs—for example, the tree map graph shown in Figure 5.5.

Content Area
The Content area is where you perform all your SAP HANA modeling. This area
is divided into packages, which can again be divided into subpackages, up to as
many levels as you want. These packages and subpackages are then used to trans-
port your information models from the development system to testing and pro-
duction systems. (We discuss this in Chapter 12.)

Figure 5.6 Uniques Values in Data Preview in SAP HANA Studio

Data preview—Distinct values 
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As an example, let’s say you’re working on a project, and you create a main pack-
age for your project. In this package, you create three subpackages: one for finan-
cial modeling, one for HR modeling, and one for logistics modeling. You will
assign your financial modelers to work in the financial subpackage, HR modelers
to work in the HR subpackage, and logistics modelers to work in the logistics sub-
package. Your project lead will have access to the main package, including the
three subpackages. You can then take the main project package and transport all
of your project’s models from the development system to the production system
with just a few clicks.

Figure 5.8 shows an example of SAP HANA models created inside a subpackage.
Here, you can see attribute views, analytic views, and calculation views. This
example is from the SHINE package of SAP HANA SPS 09. (The newer versions
of SHINE do not have any attribute views and analytic views.) We discussed
SHINE in Chapter 2.

Figure 5.7 Data Analysis in Data Preview in SAP HANA Studio

Data preview—Analysis 
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SHINE Package

When possible, we will use examples from the SHINE package in this book. This
package is freely available, and you can easily use it in your own SAP HANA sys-
tem.

When you right-click on a package or a subpackage, you will see a context menu,
as illustrated in Figure 5.9.

At the top of the menu, click New to display all the SAP HANA model types that
you can create. You can create another subpackage, attribute views, analytic
views, calculation views, analytic privileges, procedures, and decision tables via
this option.

Figure 5.8 Content Area
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Now that we’ve looked at the available system views, in the next two sections
we will discuss the two primary consoles in SAP HANA studio.

SQL Console

As with any other database, you can use SQL statements when working with the
SAP HANA database. Figure 5.10 shows the different ways to open the SQL Con-
sole: You can either use the context menu of a schema, or click the SQL button

 in the top menu of the Systems view. This will open the SQL Console in your
main work space. You can now enter different SQL statements to perform tasks
such as creating tables, inserting data, maintaining data, creating a schema,
assigning authorizations, and more.

Enabling line numbers in your editor is helpful if, for example, you’re trouble-
shooting and an error message tells you that the error is in line 35. With line
numbers enabled, you can see where line 35 is instead of having to count down
35 lines.

To enable this functionality, go to the Window menu at the top of the screen,
and then to Preferences. Go to General • Editors • Text Editors, and then
enable Show Line Numbers.

There’s another method to view line numbers, too. Something not everyone
knows is that when you right-click on the little gray line to the left of the SQL
statements, a menu appears from which you can select Show Line Numbers.

Figure 5.9 Context Menu to Create New Modeling Objects



Key Concepts Refresher Chapter 5 163
Tip

Pressing (Ctrl) + (Spacebar) in SAP HANA studio automatically completes your
typing for you. This autocomplete feature saves you time and minimizes typing
errors.

We recommend that you only use the SQL Console for one-off SQL statements.
If you want to create functions or procedures, instead use the steps we discuss in
the Development Perspective section.

We will look at SQL and stored procedures in more detail in Chapter 8.

Administration Console

The Administration Console is used primarily by data administrators (see Figure
5.11). From here, admins can get a good view of all the technical aspects of an
SAP HANA system.

As an information modeler, there are two subtabs that might be helpful to you:
the Performance tab and the Diagnosis Files tab. These tabs will help you with
troubleshooting, which we will look at in more detail in Chapter 10.

Figure 5.10 SQL Console

Open the SQL Console

Show line numbers

Show line numbers



Chapter 5 Information Modeling Tools164
In Figure 5.11, you can see that this SAP HANA system seems to be healthy as
everything is shown in green. The bars are only partly filled, which means this
system has plenty of spare capacity. You can also see information such as the cur-
rent status, when the system was started, what version number is installed, what
operating system is used, and what is happening with the memory and CPU
inside the system. This is all shown on the Overview screen of the Administra-
tion Console.

Next, we will look at the developer perspective and how to create your own
repository for SAP HANA modeling work.

Development Perspective

We mentioned earlier that we prefer the development perspective, even when
modeling in SAP HANA. This perspective has a lot more functionality available
than the modeler perspective. In this perspective, you can create repositories as
well as projects and SAP HANA development objects that simply are not avail-
able in the modeler perspective.

Let’s look at one of these objects—namely, a flowgraph model. Flowgraph mod-
els are used in a number of places in SAP HANA. We will quickly go through the
steps to build a flowgraph model and then look at where it is used.

Figure 5.11 Administration Console
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Creating a Repository
Before you can create any SAP HANA development objects, you first have to cre-
ate a repository, also called a repository workspace or a workspace. This is an area
in which your objects will be stored. Figure 5.12 illustrates the three steps of cre-
ating a repository workspace in SAP HANA studio:

1. First, select the Repositories tab, and click on the Repository icon . Note
that the system shows that no repository has been created yet via the  icon.

2. The Create New Repository Workspace window will open. Here, specify the
SAP HANA system, whether this is the default workspace, and the Work-

space Root. When you’re done, click Finish.

3. Once you have created the repository workspace, the system now shows the
 icon, indicating that a repository exists. You only have to do this once. You

can now use the workspace.

Figure 5.12 Creating a New Repository Workspace in SAP HANA Studio
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Creating a Project
Next, you have to create an SAP HANA XS project. You can think of an SAP HANA
XS project as a folder in which your development objects will be created. The
three steps to create the project are illustrated in Figure 5.13:

1. Start by right-clicking in the Project Explorer tab, and select New • Other.

2. In the New window, under the Application Development folder, select XS

Project.

3. In the New XS Project window, enter the Project name, Location, and so
on. Upon completion, click Finish.

You only have to create the SAP HANA XS project once. You can now create your
SAP HANA development objects in this project.

Figure 5.13 Creating a New Project in SAP HANA Studio
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Creating an SAP HANA Development Object
Finally, create the SAP HANA development object (flowgraph model) via the fol-
lowing steps:

1. In the Project Explorer tab, right-click your project, as shown in Figure 5.14.
Select the New menu option from the context menu, and then select Other.

2. In the next dialog box, choose which type of SAP HANA development object
you want to create. There are two main subareas to choose from: An Appli-

cation Development area, as shown in step two of Figure 5.13, and a Data-

base Development area, as shown in step two of Figure 5.14. For this exam-
ple, select the Flowgraph Model object type.

3. As shown in Figure 5.15, the New Flowgraph Model window appears, pro-
viding options for naming and selecting the type of flowgraph model that you
require. Click Finish after you’ve selected the correct settings.

At this point, SAP HANA studio will place you into the editor for creating and
editing the appropriate type of SAP HANA development object you’ve created.

Figure 5.14 Creating a New SAP HANA Development Object

Step 1—New Step 2—Select object type 
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For a flowgraph model, you are placed in the SAP HANA AFM. Note that a file
with the extension .hdbflowgraph was created (see the top tab of the right-side
screen in Figure 5.15). In the AFM graphical editor, you can create several nodes
with inputs and outputs. You can, for example, connect a table to the input of a
node, and then connect the output to another node.

There are a few places where we will use the AFM in the course of this text:

� In Chapter 9, we use the AFM for modeling predictive analytics using an SAP
HANA predictive library called Predictive Analysis Library (PAL).

� In Chapter 14, we use AFM for SAP HANA smart data integration (SDI) to
help ensure data quality in SAP HANA and also for SAP HANA smart data
streaming (SDS) to model streaming projects.

Session Client

In SAP systems, we work with the concept of different clients. This use of client
does not have the same meaning as the word client used to mean customer or as
in client server. In this case, we are talking about an SAP system database being
subdivided into different so-called clients. When you log in to an SAP system, it
asks not only for your user name and password but also for a client number. You
then are logged into the corresponding client. You can only see the data in that

Figure 5.15 Creating and Editing a New Flowgraph in the AFM
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client—not everything inside the SAP database. You can think of a client in SAP
systems as a “filter” that prevents you from seeing all the data.

Because SAP HANA is used as the database for many different SAP systems, SAP
HANA must also allow for this concept of limiting data to a specific client. By set-
ting the session client, you can say what the default client number is for your SAP
HANA studio.

There are several ways to set the session client. One option in SAP HANA studio
is to go to the Window menu at the top of the screen, and go to Preferences.
Figure 5.16 shows you what the Preferences screen looks like. By drilling down
into SAP HANA and then Modeler, you will reach a screen called Default

Model Parameters where you can set the default client.

Where it now says Session Client on the screen, you just type the client num-
ber—for example, 100.

In this section, we looked at the different aspects of SAP HANA studio as a mod-
eling tool. In the next section, we will look at the other tool available in SAP
HANA for modeling.

Figure 5.16 Session Client Settings in SAP HANA Studio
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SAP HANA Web-Based Development Workbench

The second main modeling tool for SAP HANA is a web-based development envi-
ronment. Today, SAP is focusing more on cloud and mobile technologies. Tablets
can’t run desktop Java and therefore can’t use SAP HANA studio. In addition,
some people don’t like to use desktop Java Virtual Machines due to various secu-
rity issues.

To address these issues, SAP introduced the SAP HANA web-based development
workbench, which runs from inside SAP HANA and only requires the use of a
browser.

HTML5 Browser

You have to use an HTML5 browser for the development workbench to work
properly. All newer browsers, including all mobile browsers, are acceptable: Just
avoid Internet Explorer 8 and earlier.

Based on the current trends at SAP, this modeling environment is getting a lot of
attention and development effort. Already, you can do almost everything in this
web-based environment that you can currently do in SAP HANA studio.

Figure 5.17 shows how to open the SAP HANA web-based development work-
bench in your browser. The URL you use looks like http://server:8000/sap/hana/
ide/.

Figure 5.17 SAP HANA Web-Based Development Workbench

http://server:8000/sap/hana/ide/
http://server:8000/sap/hana/ide/
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You start with the server’s host name or IP address, a colon, and then a port num-
ber. This port number is 8000 plus whatever the instance number is of your spe-
cific system. For example, if your system is using instance number 10, then the
port number should be 8010. You then type in “/sap/hana/ide/” as a web server
path.

You can see a part of this path in Figure 5.8, looking at the subpackages. You will
notice that there is an sap subpackage with a hana subpackage underneath. This
means you can actually see the code used for this development environment in
your SAP HANA system.

Once you have logged on, you will see the main screen (as shown in Figure 5.17),
which has four different areas:

� Editor

The Editor area corresponds to the Content area in SAP HANA studio.

� Catalog

This is the same as the Catalog area in SAP HANA studio.

� Security

The Security area allows you to manage security settings, create users and
roles, and assign objects.

� Traces

In this area, you can download traces and set trace levels for SAP HANA appli-
cations.

Clicking on any of these four blocks will open another tab in your browser and
allow you to work in the selected area.

In this chapter, we will look primarily at the Catalog area and the Editor area
as security and traces are discussed in Chapter 13.

Catalog Area

In the Catalog area, your browser-based screen will look fairly similar to the
same functionality we saw in SAP HANA studio (see Figure 5.18).

The layout of the screen is similar as well. For example, you will find that you
can right-click to access menus with the same options, such as to open the defi-
nition of a table, to run a data preview, or to view the content of a table’s data.
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Figure 5.18 shows a table and the data contents being previewed. In this case,
you will notice something that you can do in the web-based development envi-
ronment that you cannot do in SAP HANA studio. By clicking on the menu, you
have the option of creating a schema. In SAP HANA studio, there is no such
menu option. You can only create a schema there using a SQL command.

Maintain Table Data

As of SAP HANA SPS 10, you can maintain table data when you view the table
data in the SAP HANA web-based development workbench. You can insert data
and update data while you preview the table contents, as illustrated in Figure
5.18. This obviously can be dangerous in a production system: It can be pre-
vented through security settings.

Figure 5.18 Catalog Area, with Table Preview
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Editor Area

Compare Figure 5.19 to Figure 5.1 at the start of this chapter and you’ll notice
that the screen layout and functionality are similar. Both figures present a graph-
ical calculation view with a union mapping.

However, there is one big difference between SAP HANA studio and the SAP
HANA web-based development workbench: In SAP HANA studio, you can
graphically create and edit attribute views and analytic views. When you look at
the context menu (right-click menu) in Figure 5.19, you will notice that you can
only create and edit calculation views graphically in the SAP HANA web-based
development workbench.

Tip

Modeling in SAP HANA is geared towards doing everything with graphical cal-
culation views. Attribute views and analytic views are fading quickly and are not
even available in the newer SAP HANA web-based development workbench. We
will discuss this in more detail in Chapter 6.

Figure 5.19 Editor Area
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When you try to edit existing attribute views and analytic views that you previ-
ously created in SAP HANA studio in the SAP HANA web-based development
workbench, the workbench only shows them as XML files (see Figure 5.20).

As of SAP HANA SPS 10, the web-based development environment can also use
the new Performance Analysis Mode option for graphical calculation views. In
this mode, SAP HANA suggests ways that you can improve your model.

Please note that this mode is only available for graphical calculation views. When
you select a graphical calculation view, the  icon will appear in the menu at
the top, as illustrated in Figure 5.19.

Important Terminology
It’s important to understand the differences between the two SAP HANA mod-
eling tools. Table 5.1 provides a quick summary of the differences between SAP
HANA studio and the SAP HANA web-based development workbench.

Figure 5.20 Analytic Views Not Shown Graphically in SAP HANA Web-Based Develop-
ment Workbench
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Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
exam you must select all correct answers, and only correct answers, to receive
credit for the question.

1. Which development tools are available for creating SAP HANA information
models? (There are 2 correct answers)

� A. Java-based Eclipse tool

� B. Web-based development tool

� C. iPad app for development

� D. Java applet in the browser

SAP HANA Studio SAP HANA Web-Based Development 
Workbench

Java-based. Web-based, using an HTML5 browser.

Attribute views, analytic views, and 
graphical calculation views are created 
and edited graphically.

Only graphical calculation views are cre-
ated and edited graphically.

Can only create a schema via SQL or Core 
Data Services (CDS).

Can create a schema via SQL, Core Data 
Services (CDS), or via a context menu.

Security roles are created as runtime 
(nontransportable) objects.

Security roles are created as design-time 
(transportable) objects.

Table 5.1 Key Differences between SAP HANA Modeling Tools
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2. In which SAP HANA studio perspective do you find the Quick View tab
options?

� A. Administration perspective

� B. Developer perspective

� C. Modeler perspective

� D. Plan visualizer perspective

3. In which subarea (folder) in the Systems view of SAP HANA studio can you
find the SAP HANA database schemas?

� A. Security area

� B. Content area

� C. Catalog area

� D. Provisioning area

4. Where in SAP HANA studio can you unload a table’s data from memory?

� A. The context menu of the table

� B. The list of export destinations

� C. The data preview of the table

� D. The table definition

5. Where in SAP HANA studio can you see if a table is row-based or column-
based? (There are 2 correct answers.)

� A. The tooltip that appears on mouse hover over the table title

� B. The table definition

� C. The context menu of a table

� D. The table’s icon

6. What can you do in the Raw tab of the data preview in SAP HANA studio?
(There are 2 correct answers.)

� A. Sort the entire data result set and show the top 200 records.

� B. Show all distinct values in the entire data result set.
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� C. Create a graph while analyzing the entire data result set.

� D. Export the entire data result set to your local machine.

7. Where in the Systems view of SAP HANA studio can you create new SAP
HANA models?

� A. In the schemas of the Catalog area

� B. In the packages of the Catalog area

� C. In the packages of the Content area

� D. In the schemas of the Content area

8. Which modeling objects can you create in a package in SAP HANA studio?
(There are 2 correct answers.)

� A. Calculation views

� B. Procedures

� C. Triggers

� D. Schemas

9. Which modeling views are fading out and are not available in the SAP HANA
web-based development workbench? (There are 2 correct answers.)

� A. Analytic views

� B. Scripted calculation views

� C. Graphical calculation views

� D. Attribute views

10. Which steps do you have to perform once before you can create SAP HANA
development objects? (There are 2 correct answers.)

� A. Create a dataflow model in the AFM.

� B. Create a predictive model using PAL.

� C. Create a repository workspace

� D. Create an SAP HANA XS project.
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11. True or False: The performance analysis mode is available for graphical cal-
culation views in the SAP HANA web-based development workbench.

� A. True

� B. False

Practice Question Answers and Explanations
1. Correct answers: A, B

We have SAP HANA studio, which is a Java-based Eclipse tool, and the SAP
HANA web-based development workbench. There are no Java applets or iPad
apps for modeling.

2. Correct answer: C

The Quick View tab is located in the modeler perspective (see Figure 5.2).

3. Correct answer: C

The SAP HANA database schemas are housed in the Catalog area of SAP
HANA studio (see Figure 5.3).

4. Correct answer: A

You can unload a table’s data from memory in the context menu of the table
(see Figure 5.3).

5. Correct answers: B, D

The table definition (see Figure 5.4) and the table icon in the Catalog area
both show if a table is row-based or column-based.

6. Correct answers: A, D

Although all of the options are possible in the data preview, you can only 1)
sort all the data result sets and show the top 200 records and then 2) export
that data result set to your local machine from the Raw tab of the data pre-
view. The other two actions are available in the other tabs.

7. Correct answer: C

You can only create models in the Content area, so any reference to the Cat-

alog area is invalid. There are no schemas in the Content area. Schemas are
only found in the Catalog area. (See Figure 5.9.)
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8. Correct answers: A, B

Calculation views and procedures are created in the Content area. Triggers
and schemas are created in the Catalog area. (See Figure 5.9.)

9. Correct answers: A, D

Attribute and analytic views are fading out. We recommend using graphical
calculation views going forward.

10. Correct answers: C, D

You have to create a repository workspace an SAP HANA XS project once. A
flowgraph model (in AFM) is an SAP HANA development object, and you
create it many times once you have performed the correct setup. A predictive
model using PAL is an example of a flowgraph model. Answers A and B are
therefore basically the same.

11. Correct answer: A

As of SAP HANA SPS 10, the web-based development environment can use
the Performance Analysis Mode option for graphical calculation views.
Please note that there are no true–false questions in the actual certification
exam.

Takeaway
You should now understand the two main SAP HANA modeling tools in more
detail. They have many similarities, and a few subtle differences. After reading
this chapter, you should be able to identify the different workspaces in SAP
HANA studio, know how to work with tables and data, and know how to create
new information models. You also learned how to set up and use the (preferred)
development perspective for SAP HANA modeling.

In addition, you now should have a working knowledge of best practices and
guidelines for modeling with the SAP HANA modeling tools in general.
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Summary
In this chapter, we discussed the SAP HANA modeling tools: SAP HANA studio
and the SAP HANA web-based development workbench. You know how they
work, their similarities, and their differences, and you have learned how to use
them.

We will now use this knowledge for the modeling chapters ahead. The next chap-
ter will teach you how to create and work with SAP HANA views using these
modeling tools.



Information Views

Techniques You’ll Master

� Learn to create SAP HANA information views

� Identify which type of SAP HANA information view to use

� Explore the various types of calculation views

� Know how to select the correct joins and nodes

� Know when you should still use attribute and analytic views

� Learn to migrate older types of SAP HANA information views
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In the last two chapters, we discussed the modeling concepts and tools required
for building SAP HANA information views. In this chapter and the next, we will
build on that foundation. We’ll focus on how to create information views in the
SAP HANA system and how to enhance these views with additional functional-
ity.

In this chapter, you’ll learn to create the different types of calculation views,
select the correct nodes for what you want to achieve, and use the semantics
node to add additional value for business users.

We’ll also discuss the older attribute and analytic views, when you would still
use them in SAP HANA SPS 11, and how to migrate them to the equivalent cal-
culation views.

Real-World Scenario

You start a new project in which a business wants to expand the range of
services it offers its customers. You’re responsible for building the informa-
tion models in SAP HANA.

You have to build about fifty new SAP HANA information views. As you
plan your information views, you notice several master data tables that you
will use. By creating a few well-designed dimension views, you cater not
only for the needs of this project, but also for future requirements. You see
this as a “library” of reusable dimension views.

While you’re busy designing these dimension views, you also gather some
analytics and reporting requirements. Most of the analytic requirements
are addressed by building star join views and calculation views of type
cube. You address some of the reporting requirements by delivering
semantically enhanced information models that are easier for your col-
leagues and the end users to work with.

Objectives of This Portion of the Test
The purpose of this portion of the SAP HANA certification exam is to test your
knowledge of modeling SAP HANA information views.

The certification exam expects you to have a good understanding of the follow-
ing topics:
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� How to create SAP HANA information views

� Calculation views of type dimension

� Calculation views of type cube with star join

� Calculation views of type cube

� Selecting the correct joins and nodes to produce accurate results

� Choosing the correct type of SAP HANA information view

� Understanding the older attribute and analytic views

� Migration of the older information views

Note

This portion contributes up to 10% of the total certification exam score.

Key Concepts Refresher
In Chapter 4, we looked at modeling concepts, and in Chapter 5, we examined
SAP HANA modeling tools. Now, it’s time to put them together, implementing
the modeling concepts with the tools to create SAP HANA information views.

There are three types of SAP HANA information views, which we briefly covered
in Chapter 4. First are dimension views, the master data in the system. Second,
star join views let you build cube-like information models. Third, calculation
views of type cube let you build enhanced multidimensional data structures and
information models.

Reminder!

We refer to calculation views of type dimension as dimension views and to calcu-
lation views of type cube with star join as star join views. The last category is
called calculation views of type cube.

The older SAP HANA systems had attribute views (for dimension views), analytic
views (for star join views), and calculation views.

The last category can cause some confusion, because many people and web
pages still refer to the last category simply as calculation views.
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In this book, we use the latest official name—calculation views of type cube—
because that’s what they’re referred to in the SAP HANA SPS 11 certification
exam. We use the name calculation views to refer to all three types of calculation
views.

In this chapter, we start by briefly reviewing the different types of data sources
that can be used be information views. We then dive into the creation process
for the different calculation views before discussing the various types of nodes
you’ll encounter, including the semantic node. We then review and compare
attribute views and calculation views of type dimension and analytic views and
calculation views of type cube with star join. We round out the section by walk-
ing through the migration tools available in SAP HANA SPS 11 for attribute and
analytic views.

Data Sources for Information Views

SAP HANA information views can use data from a wide variety of sources. We
will discuss some of the data sources in later chapters, so don’t worry if you don’t
yet know what all of them are. The main data sources are as follows:

� Tables in the SAP HANA system; both row-based and column-based tables are
supported. The different types of column tables—for example, history col-
umn tables and temporary tables—are all supported.

� SAP HANA information views in the SAP HANA system. We can build new
information views on top of other existing views.

� Decision tables.

� SQL views.

� Table functions.

� Virtual tables with data from other databases.

� Core Data Services (CDS) data sources—for example, CDS views. You can use
these source to deploy table definitions together with the information view
to the production system.

� Data sources from another tenant in the SAP HANA system, if SAP HANA is
set up as a multitenant database container (MDC) system. These can include
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tables, SQL views, and calculation views from another tenant, provided that
the proper authorizations are in place.

Calculation Views: Type Dimension, Type Cube, and Type Cube 
with Star Join

As of SAP HANA SPS 10, you’ll mostly create calculation views. Attribute and
analytic views are only used in a few exceptional cases for functionality that is
not yet available in the calculation views.

Existing attribute and analytic views will still work as they always did, but it is
not recommended to use them in any new SAP HANA modeling work. As you’ve
seen, the SAP HANA web-based development workbench only supports graphi-
cal editing of calculation views.

The aim is to do as much modeling work as possible with graphical calculation
views. As SAP HANA has matured, there has been less emphasis on writing code
when creating information models. The new focus typically is on keeping the
entire modeling process graphical.

As previous discussed in Chapter 4, there are now three different types of calcu-
lation views:

� Calculation view of type dimension (dimension calculation views)
As of SAP HANA SPS 10, attribute views and calculation views of type dimen-
sion are both types of dimension views. In SAP HANA SPS 11, a new migra-
tion tool is available to help migrate your old attribute views to the new
dimension calculation views. We’ll discuss the migration tool in the Migrat-
ing Attribute and Analytic Views section.

� Calculation view of type cube with star join
As of SAP HANA SPS 10, analytic views and calculation views of type cube
with star join are star join views. In SAP HANA SPS 11, a new migration tool
is available to help you to migrate your old analytic views to the new calcula-
tion views of type cube with star join. Again, refer to the Migrating Attribute
and Analytic Views section for instructions on migration.

� Calculation view of type cube
This view type provides even more powerful capabilities. For example, you
can combine multiple star join views (“cubes”) to produce a composite result
set.
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In this section, we will walk through the steps for creating these calculation
views.

Creating Calculation Views

You create calculation views in the Content area of the Systems tab in SAP
HANA studio. Select the package or subpackage in which you want to create the
calculation view and right-click it. You’ll see a context menu like the one shown
in Figure 6.1.

Click New and select Calculation View.

Note

You can create attribute views and analytic views via the same context menu if
needed.

The options for creating different types of calculation views appear in the popup
dialog box, as shown in Figure 6.2.

At the top of the dialog box, give the calculation view a Name and a Label

(description). You can choose to make a copy of another calculation view with
the Copy From selection.

From SAP HANA SPS 10 on, always select the Graphical option in the Type drop-
down list. The SQLScript option is no longer used, and in SAP HANA SPS 11 any
existing SQLScript calculation views can be migrated to table functions, as will
be discussed in Chapter 8.

Figure 6.1 Context Menu for Creating SAP HANA Calculation View
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Script-based vs. Graphical Calculation Views

Script-based calculation views are used to create views using SQLScript. Graph-
ical calculation views avoid the need for code by creating views graphically.

Use the Data Category dropdown list and the With Star Join checkbox to cre-
ate the different types of calculation views. (Note the information below these
dropdown selection lists, which indicates the default view node for each type of
calculation view. We’ll discuss default nodes shortly.)

The following instructions explain how to create each type of calculation view:

� Calculation view of type dimension
Select the Dimension option in the Data Category dropdown list. The
default view node will be a Projection node. These views do not support

Figure 6.2 Creating Calculation View in SAP HANA Studio
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multidimensional reporting and data analysis. You can use these information
views as data sources for other calculation views.

� Calculation view of type cube with star join
Select the Cube option in the Data Category dropdown list, and select the
With Star Join checkbox. The default view node will be a Star Join node.
These views can be used for multidimensional reporting and data analysis
purposes.

� Calculation view of type cube
Select the Cube option in the Data Category dropdown list. The default view
node will be an Aggregation node. These views can be used for multidimen-
sional reporting and data analysis purposes.

If you select the Blank option in the Data Category dropdown list, you will cre-
ate a dimension view. This type of calculation view can only be used internally
in SAP HANA. An external client tool—for example, a reporting tool—will not
be able to see this calculation view.

Click the Finish button to create the calculation view.

Creating Time Dimensions

You can also change the Subtype of the calculation view (in the middle of the dia-
log screen) to create a time-based calculation view. When you set the Subtype to
Time, the dialog screen changes as shown in Figure 6.3.

The time-based calculation view adds a time dimension to information views.
Remember that dimensions contain attributes that describe a transaction. If we
add a time and date when the transaction happens, we have added another (time)
attribute. These time attributes are stored in a time dimension.

You can set the calendar to the standard Gregorian calendar or to the Fiscal

(financial) calendar. You can also set the Granularity to Year, Month, and all
the way down to Second.

If you use this option, you will need to generate time data in SAP HANA. You can
do this from the Quick View menu in the Modeler perspective.

If you have tables T009 and T009B from your SAP ERP system available in SAP
HANA, you can use these tables to define the Fiscal calendar.
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Working with a Calculation View

A calculation view includes different working areas. A calculation view of type
dimension is shown in Figure 6.4 in SAP HANA studio. Work from left to right
in this layout.

In the left work area, called the Scenario area, you’ll see different nodes. The top
node is always the Semantics node. In the semantics node, you can rename fields
to give them more meaning (i.e., semantics). You can also create hierarchies in
the semantic node. (In Chapter 7, we’ll discuss adding hierarchies to SAP HANA
views.)

Figure 6.3 Creating Time-Based Calculation Views in SAP HANA Studio
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The node below the semantics node is called the default view node. The default
node is the top-most node used for modeling in the view. Figure 6.5 illustrates
the default nodes for the different types of calculation views. You can add other
types of nodes below the default node; for example, Figure 6.4 shows two join
nodes below the default Projection node of the dimension view.

Figure 6.4 Working with Calculation Views

Output fieldsNodes, with Semantics node on top

Details of the selected node,
for example tables and joins

Select nodes

Properties

Figure 6.5 Default View Nodes for Different Types of Calculation Views

Default node of calculation view
of type dimension

Default node of calculation view
of type cube with star join

Default node of calculation view
of type cube
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Tip

Always work bottom-up when building SAP HANA information views: Start at
the nodes at the bottom and work your way up to the default node. The output
of each node becomes the input of the node above it. The final output of the
view, which is the output of the default node, is shown in the semantics node.

When you select a node in the Scenario section, the information for the selected
node is shown in the Details area in the middle. In Figure 6.4, we selected the
second join node. In the Details area, you can see the tables in this join node
and how they are joined together.

On the right-hand side of the screen in Figure 6.4, you can see all the selected
Output fields, and directly below that, the Properties of whatever field or join
you have currently selected from the Details or Output area. You can also see
the properties in the bottom working area, in the Properties tab.

Adding Nodes

You can add new nodes to the SAP HANA information view by selecting a node
type from the Palette on the left side and dropping it onto the Scenario work
area. Drag the node around on the work area to align it with other nodes. When
the node lines up with another node, an orange line indicates that the node is
aligned (see Figure 6.6). Link the nodes by dragging from the circle on top of the
node block to the circle at the bottom of the node above it.

Figure 6.6 Adding and Aligning Join Node to the Dimension View
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Adding Data Sources

Once you’ve added a node to the work area, you can add data sources to it. There
are two ways of adding data sources:

1. Hover the mouse cursor over the node. A popup overlay menu with a green
plus sign  and a tooltip (Add Objects) will appear. Click on the plus sign.
A dialog box will appear and ask you which data source(s) you want to add to
the data foundation. Type a few characters of the table’s name to search for
any data sources in the entire SAP HANA system that match those characters.
Then, select the data source(s), and click on OK to add them to the node.

2. Drag and drop tables from the Systems tab. Open the Tables folder in the
schema in the Catalog area, then simply drag and drop the name of the table
or data source onto the node.

Both methods are shown in Figure 6.7.

Figure 6.7 Two Methods of Adding Data Sources to Nodes

Drag and drop tables

Add tables
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Creating Joins

After you’ve added the data sources to the data foundation, you’ll want to join
the data sources together. Create a join by taking the field from one table and
dropping it onto a related field of another table. Figure 6.8 shows what this looks
like in SAP HANA studio.

Go to the Properties area to select the Join Type from the dropdown, and set the
Cardinality. Make sure you have the join (the line between the tables) selected
as illustrated; otherwise, the properties will not show the correct information.

Tip

When you create a join, get into the habit of always dropping the field from the
main table onto the related field of the (smaller) lookup table.

For some join types, it makes no difference in which direction you do the drag
and drop. With a text join, however, it matters.

Figure 6.8 Creating a Join in SAP HANA Studio and Setting Its Properties

Join types Cardinality

Drag and drop field to create a join
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The join types that are available in calculation views are as follows:

� Referential join

� Inner join

� Left outer join

� Right outer join

� Full outer join

� Text join

� Dynamic join

� Spatial join

Referential joins and full outer joins are available in join nodes as of SAP HANA
SPS 11. Previously, referential joins were only available in star join nodes.

Selecting Output Fields

The next step is to select output fields. There are two ways to do this:

1. In the context menu of a field name in the table, select the Add to Output

option.

2. A quicker way is clicking the round dot next to the field name. The dot will
turn orange when the field appears as an output column.

Both methods are shown in Figure 6.9.

Figure 6.10 shows what a list of output fields looks like in SAP HANA studio.

When you select one of the fields in the output columns, you can see the prop-
erties of that field in the Properties tab underneath the Output area. (See the
overview screen in Figure 6.4.) You can see the name of the column in Figure
6.11. You can change column names to make them more meaningful for end
users. The Mapping property ensures that SAP HANA knows what the original
field is. 

You can also change the data type and specify whether the attribute is a key
attribute or if the field should be hidden or not.
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Figure 6.9 Selecting Fields for Node Output

Figure 6.10 List of Output Fields for Selected Node

Figure 6.11 Properties of Output Field
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Tip

Even though you can set the different properties in the Property area in the
node, we find it easier to set many of these in the Semantics node. Changing the
name or the label, setting a key attribute, and setting an attribute as hidden are
much easier to do in the Semantics node. We will discuss the Semantics node
later in the chapter.

Often, you’ll want to select all the fields coming from a lower node as the output
fields of the node. In this case, right-click the top bar of the data source and select
the Add All to Output, as shown in Figure 6.12.

Finalizing the Calculation View

In Chapter 4, we discussed how to build SAP HANA information views in layers,
with each node building on the previous ones.

Once you’ve finished building the calculation view, there are two final steps to
follow:

1. Click the Save and Activate  button on the toolbar above the Output area
(see Figure 6.13). We’ll discuss the activation process in Chapter 11, but for
now, just think of it as a step you need to take before you can run your cal-
culation view.

Figure 6.12 Selecting All Fields from Lower Node as Output Fields
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2. Preview your data by clicking the  button on the toolbar. We discussed the
preview functionality in Chapter 5.

Congratulations! You now know how to create calculation views in SAP HANA.

Working with Nodes

In Chapter 4, we looked at the modeling concepts of joins, star joins, projection,
ranking, aggregation, and union.

All of these options are available in calculation views as nodes. You can add these
nodes from the Palette on the left of the Scenario work area, as shown in Figure
6.6. These are the basic building blocks to use in the different layers of calcula-
tion views.

Let’s take a quick look at the available nodes, working in alphabetical order.

Aggregation Node

The aggregation node in calculation views can calculate single summary values
from a large list of values; for example, you can create a sum (single summary
value) of all the values in a table column. These summary values are useful for
high-level reporting, dashboards, and analytics. (The functionality is similar to
the GROUP BY statement in SQL.) The aggregation node in calculation views also
supports all the usual functions: sum, count, minimum, maximum, average, stan-
dard deviation, and variance.

The last three functions (average, standard deviation, and variance) are new as of
SAP HANA SPS 11. For performance reasons, we recommend not using these
three functions when you have very large stacked calculation views.

Figure 6.13 Save and Activate the Information View
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You normally calculate aggregates of measures, but in the latest versions of SAP
HANA you also can create aggregates of attributes, which basically creates a list
of unique values.

Join Node

The earlier examples shown in Figure 6.4 and Figure 6.12 used a join node. Join
nodes are used at the bottom layers to get data sources in to the view. Join nodes
have only two inputs, so if you want to add five tables in the calculation view,
you’ll need four join nodes. Because of this, joins tend to be highly stacked. (You
can see an example in Figure 6.21.)

Projection Node

Projection nodes can be used to remove some fields from a calculation view. If you
do not send all the input fields to the output area, the fields that are not in the
output area will not appear to client tools.

You can also use projection nodes to rename fields, filter data, and add new cal-
culated columns to a calculation view. (We’ll discuss filter expressions and calcu-
lated columns in Chapter 7.)

Rank Node

We can use rank nodes to create top N or bottom N lists of values to sort results.
In the Details area of a rank node, you can access extra properties to specify the
rank node behavior.

Figure 6.14 shows the Rank Node area. The Sort Direction field specifies if you
want a top N or bottom N list. The Order By field specifies what you want to sort
the list by.

The Threshold field specifies how many entries you want in the list. If you spec-
ify a Fixed value of 10, you’ll produce a top 10 or bottom 10 list. You can also
choose to set this value from an Input Parameter, which means that the calcu-
lation view will ask for a value each time it’s run. (We’ll discuss input parameters
in Chapter 7.)
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You can tell the rank node to create an additional generated field with the rank
values. By setting the Generate Rank Column flag, the additional field is gener-
ated with the name provided in the field. You can use this generated field to sort
the results in ranking order—for example, in a reporting tool. The generated
field is created with a BIGINT data type.

Star Join Node

The star join node is used only to join a data foundation with fact tables to dimen-
sion views. The join types available in the star join node are the same as the nor-
mal joins in a join node. It’s what they’re joining that differs.

Figure 6.15 shows a star join node. The left data source in the Details area is the
data foundation, which comes from a join node with two fact tables. The right
data source is a calculation view of type dimension.

Figure 6.14 Rank Node
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Note

Only calculation views of type dimension are supported as the dimension data
sources in the star join node of a calculation view.

The star join node is the default node of calculation views of type cube with star
join. Use join nodes, as shown in Figure 6.15, to join all the transactional tables
together. The upper-most join node contains all the measures. The output from
this last join node becomes the data foundation for the star join node. Figure
6.15 only has one join node for the data foundation.

Then, drag and drop the required dimension views (which have to be calculation
views of type dimension) into the star join node and join them to the data foun-
dation.

Union Node

In Chapter 4, we explained the difference between a standard union and a union
with constant values. Figure 6.16 shows a standard union with two data sources
in the Source area. These sources are combined into a list of output fields on the
right side.

Figure 6.15 Star Join Node
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Tip

Union nodes in SAP HANA can have more than two data sources.

From the context menu of a field in the list of Target fields on the right, you can
select the Manage Mappings option to open the Manage Mappings dialog
screen, where you can edit the current mappings. You can also set up a Constant

Value for one of the data sources. In this case, we’ll change the standard union
to a union with constant values.

SAP HANA SPS 11 includes some performance enhancements for the union
node. You can make unions run even faster by using a pruning configuration
table. In this table, you can specify pruning conditions (like filters) to be applied
to some columns. For example, a pruning condition can specify that the year
must be 2016 or later. This filters the data and complies with our first modeling
guideline: Limit (filter) the data as early as possible. You can specify the Pruning

Figure 6.16 Union Node
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Configuration Table in the Advanced area of the Semantics node. (An exam-
ple is shown in Figure 6.19.)

Semantics Node

Semantics is the study of meaning. In the semantics node, you can give more
meaning to the data itself. One basic example is renaming fields: Some database
fields have really horrible names—but in the semantics node, you can change the
names of these fields to make them more meaningful for end users. This is espe-
cially useful when users have to create reports. If you have a reporting back-
ground, you’ll know that a reporting universe can fulfill a similar function.

The semantics node includes four different tabs, as shown in Figure 6.17. We’ll
only discuss the first two tabs in this chapter; the other two tabs will be discussed
in Chapter 7.

Columns Tab

The first tab in the semantics node is the Columns tab (see Figure 6.18).

Renaming fields is easy. In the Columns tab, click the Name of the field and type
the new name. The same rule applies for the Label. The label is used, for exam-
ple, when creating SAP HANA XS (HTML5) applications, or in some reporting

Figure 6.17 Tabs in Semantics Node

Figure 6.18 Columns Tab in Semantics Node
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tools. Next to the name of the field, you’ll see a checkbox indicating whether this
is a Key field or not.

You might want to hide fields if you don’t want to show the original field to the
end user. Even if a field is hidden, it can be still used in a formula or a calculation;
the field will still be available internally in SAP HANA for the calculation view,
but will not be shown to the end users.

View Properties Tab

The next tab in the semantic node is the View Properties tab. Here, as shown in
Figure 6.19, you can change the properties of the entire calculation view.

You’ve seen that when working with SAP data you sometimes have to set the
default client. In Chapter 5, we explained how to set the default client for SAP
HANA studio. You can also specify a default client for this calculation view, as
shown in the Default Client dropdown list in Figure 6.19. If you select the
Cross Client option, data from all the SAP clients will be shown; it will not filter

Figure 6.19 View Properties Tab in Semantics Node
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the data to a specific client. The Session Client option will filter the data to dis-
play only data from a specific SAP client. Instead of using one of these two
options, you can also enter the SAP client number that you want to display data
for—for example, “800”. This setting takes precedence over the SAP HANA stu-
dio preferences.

Many of the features in the View Properties tab are new as of SAP HANA SPS
10, including new security options, the Deprecate checkbox, the Translate

checkbox, and the ability to add comments. The Pruning Configuration Table

field is new as of SAP HANA SPS 11. (We discussed this feature in the Union
Node section.)

For the security settings, you can choose between Classical Analytic Privileges

or SQL Analytic Privileges. (We’ll discuss these options in more detail in Chap-
ter 13 when discussing security.) We recommend always using SQL Analytic

Privileges. In SAP HANA SPS 11, there is a migration tool that migrates older
classical analytic privileges to SQL analytic privileges.

Setting the Deprecate checkbox doesn’t mean that the calculation view will not
work any longer; it will merely warn people that this calculation view has now
been succeeded by a newer version somewhere in the system and that they
should use the newer version, because this one will disappear someday in the
future. When you add this calculation view in another data model, you’ll see a
warning in SAP HANA studio that says, This model is deprecated. The calcula-
tion view will still work as usual, however. 

When you select the new Translate checkbox, more functionality opens up in
the tab’s work area. You can translate field names and labels into different lan-
guages. This is useful if you need to create an SAP HANA HTML5 (XS) application
for users in different countries.

Finally, take note of the Comments feature. By clicking on any of the Comments

icons  scattered throughout the calculation view, you can create comments
about the calculation view. Use this functionality for internal notes to yourself,
for notes to your modeling team members, or to remind yourself why you
changed something.

In the Advanced section, you can set the Execution In to SQL Engine. You’ll only
set this preference when developing SAP HANA Live calculation views. More
information on SAP HANA Live calculation views can be found in Chapter 12.
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Attribute Views and Calculation Views of Type Dimension

Currently, you can access two types of dimension views in SAP HANA. The older
dimension views are called attribute views, and the newer dimension views are
calculation views of type dimension. SAP HANA SPS 11 provides a migration tool
to convert attribute views to calculation views of type dimension. You can use
these information views as data sources for other calculation views.

In Figure 6.20, you can compare the same information model created as an
attribute view (left) to the equivalent calculation view of type dimension (right).

The attribute view always contains only one node (except for the semantics
node). The data foundation node is always the bottom node. You can join multi-
ple tables in the data foundation.

The calculation view of type dimension has a default projection node at the top
(below the semantics node). However, you have the flexibility to add any of the
calculation view nodes below it. In this case, we used a join node with the same
tables to achieve the equivalent of the “data foundation.”

The disadvantage of a join node is that it accepts only two inputs. The impact of
this is illustrated in Figure 6.21, in which you can see the highly stacked model
on the right.

Figure 6.20 Comparing an Attribute View with the Equivalent Calculation View of Type 
Dimension

An attribute view
A calculation view of type
dimension
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Tip

Attribute views have a single data foundation node because dimension views
only work with attributes. Even numeric values will be treated as attributes. You
also do not use fact tables with attribute views, so you don’t need an additional
star join node.

Calculation views of type dimension have many advantages over attribute
views—for example:

� A flexible layout in which you can use any node. You’re not restricted to the
single data foundation node. For example, you can use union nodes, which
are not available in attribute views.

Figure 6.21 Disadvantage of a Join Node

An attribute view A calculation view of type dimension
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� Attribute views do not have full outer and spatial joins.

� Time-dependent hierarchies. (For more information, see Chapter 7.)

There are some reasons to use attribute views, however, such as the following:

� Attribute views can use fuzzy text search directly in the view. (See Chapter 9
for more information.) Currently, these are the only views for which this is
true. When this functionality has been incorporated into calculation views of
type dimension, we can get rid of attribute views.

� Derived attribute views.

Let’s look a little closer at the concept of derived attribute views. Think about
shortcuts on your Windows or Mac desktop, or even the icons on the home
screen of your phone or tablet. These shortcuts point to a program somewhere
else on your computer or mobile device. When you tap the shortcut, the machine
knows how to access the actual program. You can even rename the shortcut to
something more meaningful for you; the program that it points to stays the same.

Derived attribute views are like shortcuts to attribute views. You create a derived
attribute view when you want to reuse the same attribute view multiple times in
an analytic view, but each time for slightly different purposes.

For example, think about business partners in a contact management system. In
our company, we have two groups of people with contact details: customers and
suppliers. All these people are in a certain city, are in a certain country, and have
a specific zip or postal code. It doesn’t make sense to store these addresses and
contact details in two separate attribute views, so the contact details are in one
attribute view called Contact Details.

We can now create two derived attribute views. Both will behave like shortcuts
to the original Contact Details attribute view. We’ll name one derived attribute
view Customer Contact Details and the other Supplier Contact Details.

In our data model, we can then use the (derived) Customer Contact Details
attribute view when we work with customers and the (derived) Supplier Contact
Details attribute view when we work with suppliers.

Just as with shortcuts on your desktop computer or mobile device, the derived
attributed views are dependent on the existence of the attribute view they are
based on: If you delete a program, the shortcuts to that program become useless.
In the same way, derived attribute views need the base attribute view to function
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properly. When you update the base attribute view, the derived attribute views
point to the updated version and also provide the updated functionality.

Calculation views of type dimension do not yet have this functionality.

Analytic Views and Calculation Views of Type Cube with Star Join

There are two types of star join views in SAP HANA: the older star join views,
called analytic views, and the newer calculation views of type cube with star join.
SAP HANA SPS 11 provides a tool to migrate analytic views to calculation views
of type cube with star join.

Similar to the attribute view example, in Figure 6.22 you can compare the same
information model created as an analytic view (left) to the equivalent calculation
view of type cube with star join (right).

Analytic views always have two nodes (excluding the semantics node). The data
foundation node is always the bottom node, and the star join node is the top
node. Analytic views are built in the same bottom-up approach that you use for

Figure 6.22 Comparing an Analytic View with the Equivalent Calculation View of Type 
Cube with Star Join

A calculation view of type
cube with star joinAn analytic view
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calculation views: First join multiple transactional tables (with measures) in the
data foundation, then, in the star join node, join the data foundation to several
attribute views.

The calculation view of type cube with star join has a default star join node at the
top (below the semantics node). Again, you have the flexibility to add any of the
calculation view nodes below it. In Figure 6.22, we used a join node with the
same tables to achieve the equivalent of the data foundation.

Calculation views of type cube with star join have many advantages over analytic
views—for example:

� You can use any nodes, have a flexible layout, and build up layers as you
require. You’re not restricted to two fixed nodes.

� Analytic views cannot use full outer and spatial joins.

� You can’t create any hierarchies in analytic views; analytic views can only
show the hierarchies they inherit from included attribute views. Because
attribute views don’t have time-dependent hierarchies, analytic views don’t
have them either.

� A star join in an analytic view can’t point to multiple physical tables used in
a single attribute view. For example, say an attribute view uses tables A and
B. When you join the fact table in the analytic view to the attribute view and
create a join to one field from table A and another field from table B, the ana-
lytic view will produce an activation error.

There is only one reason to still use analytic views: Analytic views are the only
type of SAP HANA information view that can use temporal joins. (The temporal
joins in analytic views are only available in the star join node, and only when
you use inner or referential joins.)

Migrating Attribute and Analytic Views

In SAP HANA SPS 11, you can migrate attribute and analytic views to calculation
views. As you’ve seen, calculation views offer far more flexibility and function-
ality than these older types of views. There are still two cases for which attribute
and analytic views cannot be migrated yet, because calculation views do not have
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certain functionality yet: attribute views with fuzzy text search and analytic
views with temporal joins.

To migrate your old attribute and analytic views to calculation views of type
dimension and calculation views of type cube with star join, follow these steps:

1. Start the migration tool from the Quick View menu in the Modeler perspec-
tive, as shown in Figure 6.23. Select the Migrate option. In the dialog box,
select the option to migrate Attribute views and analytic views to calcu-

lation views.

2. Next, select the attribute and analytic views you want to convert to calcula-
tion views (see Figure 6.24).

3. Hidden columns have to be made visible during migration; otherwise, the
migration tool will not include these fields as outputs in the calculation view
that it will create. Therefore, enable the Make hidden columns visible

option.

Figure 6.23 Selecting Migration Options
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4. You can simulate the migration by enabling the Copy and migrate option.
The migration tool will not adjust or modify the original attribute and analytic
views and will generate the calculation views in a package that you specify for
the simulation. This is useful in order to understand the impact of the migra-
tion before you proceed with the actual migration.

5. Next, an overview screen displays a list of the views that will be impacted
(Figure 6.25). Confirm the list of impacted objects by clicking Finish.

6. When you start the migration, it runs as a background job. When the migra-
tion has finished, you can check the log file in the Job Log View or in the
folder specified in the Migration Log Path (as shown in Figure 6.23).

Figure 6.24 Selecting Attribute and Analytic Views to Migrate



Chapter 6 Information Views212
There are three points to note about the migration of attribute and analytic views
to equivalent calculation views:

� Filters are handled differently in SAP HANA SPS 11. You now use projection
nodes with filter expressions. Column filters in the attribute and analytic
views will be converted to additional projection nodes with filter expres-
sions. (We’ll discuss filter expressions in Chapter 7.)

� Calculation views do not currently have derived attribute view functionality.
The migration tools will migrate each of the derived attribute views as a fully
independent copy of the base attribute view. There is no dependency to a
base (attribute) view once the derived attribute views have been migrated. If
you only choose to migrate the derived attribute view, the base attribute view
is not migrated, because the new migrated view is now fully independent and
does not need the base attribute view any longer.

� Analytic views just need a single analytic privilege for the analytic views and any
joined attribute views. After the migration, the calculation view of type cube
with star join and any joined calculation views of type dimension will each need
an analytic privilege. (We’ll discuss analytic privileges in Chapter 13.)

Figure 6.25 Selected Attribute and Analytic Views
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Important Terminology
In this chapter, the following terminology was used:

� Data sources
SAP HANA information views can use data from a wide variety of sources.
The main data sources are as follows:

� Row-based and column-based tables

� SAP HANA information views in the SAP HANA system

� Decision tables

� SQL views

� Table functions

� Virtual tables with data from other databases

� CDS

� Data sources from another tenant in the SAP HANA system, if SAP HANA
is set up as a multitenant database container (MDC) system

� Aggregation node
Used to calculate single summary values from a large list of values; supports
sum, count, minimum, maximum, average, standard deviation, and variance.

� Join node
Used to get data sources into information views.

� Projection node
Used to remove some fields from a calculation view, rename fields, filter data,
and add new calculated columns to a calculation view.

� Rank node
We can use rank nodes to create top N or bottom N lists of values to sort
results.

� Star join node
Used to join a data foundation with fact tables to dimension views. The join
types available in the star join node are the same as the normal joins in a join
node. It’s what they’re joining that differs.



Chapter 6 Information Views214
� Union node
Used to combine multiple data sources. You can make unions run even faster
by using a pruning configuration table.

� Semantics node
Used to give meaning to the data in information views.

� Calculation view of type dimension/attribute views
You can use these information views for master data.

� Calculation view of type cube with star join/analytic view
These views can be used for multidimensional reporting and data analysis
purposes.

� Calculation view of type cube
These views can be used for more powerful multidimensional reporting and
data analysis purposes.

Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found on
the certification examination. Although none of these questions will be found on the
exam itself, they will allow you to review your knowledge of the subject. Select the
correct answers and then check the completeness of your answers in the Practice
Question Answers and Explanations section. Remember that on the exam you must
select all correct answers and only correct answers to receive credit for the question.

1. For what type of data are SAP HANA calculation views of type dimension
used?

� A. Transactional data

� B. Master data

� C. Materialized cube data

� D. Calculated data
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2. Which of the following node types can you use to build an analytic view?
(There are 3 correct answers.)

� A. Star join node

� B. Aggregation node

� C. Data foundation node

� D. Semantics node

� E. Union node

3. Which types of calculation views can you create? (There are 2 correct answers.)

� A. Standard

� B. Derived

� C. Materialized

� D. Time-based

4. In which direction do you build calculation views when including the source
tables in join nodes?

� A. From the join nodes up to the semantic node

� B. From the semantic node up to the default node

� C. From the join node down to the default node

� D. From the semantic node down to the join nodes

5. You rename a field in the semantics node to add clarity for end users. What
does SAP HANA use to keep track of what the original field name is?

� A. The label column property

� B. The mapping property

� C. The label property

� D. The name property

6. You want to use a field in a formula but do not want to expose the values of
the original field to the end users. What do you do?

� A. Make the field a key column

� B. Change the data type of the field
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� C. Rename the field

� D. Mark the field as hidden

7. Where can you set the default value for the SAP client for the entire calcula-
tion view?

� A. In the join node of the calculation view

� B. In the semantic layer of the calculation view

� C. In the default node of the calculation view

� D. In the Window menu of SAP HANA studio

8. True or False: When you mark a calculation view as deprecated, that view
no longer works.

� A. True

� B. False

9. What node can you use to generate a column for use in sorting results?

� A. Aggregation node

� B. Projection node

� C. Rank node

� D. Union node

10. For what SQL keyword is the aggregation node the equivalent?

� A. ORDER BY

� B. GROUP BY

� C. DISTINCT

� D. UNIQUE

11. What is the default node for a calculation view of type cube?

� A. Aggregation node

� B. Projection node

� C. Star join node

� D. Join node
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12. What node is used to link dimension views to a data foundation (fact tables)?

� A. Join node

� B. Projection node

� C. Union node

� D. Star join node

13. What data source is available for join nodes in calculation views?

� A. All procedures in the current SAP HANA system

� B. Scalar functions from all SAP HANA systems

� C. Calculation views from other tenants in an MDC system

� D. Web services from the Internet

14. What feature is similar between an attribute view and a calculation view of
type dimension?

� A. Full outer join

� B. Fuzzy text search attributes

� C. Derived views

� D. Left outer join

15. Which join types are available in a join node of a calculation view? (There
are 2 correct answers.)

� A. Referential joins

� B. Spatial joins

� C. Cross joins

� D. Temporal joins

16. What issue do you have to address after you have migrated your old views
to calculation views?

� A. Change filters on table columns to filter expressions

� B. Unhide the hidden fields in the semantics node

� C. Manually migrate the base view for derived views

� D. Check the analytic privileges for star join situations
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17. What node uses a special configuration table to optimize performance?

� A. Union node

� B. Aggregation node

� C. Join node

� D. Projection node

18. Which features are similar between an analytic view and a calculation view
of type cube with star join? (There are 3 correct answers.)

� A. Fact tables

� B. Spatial joins

� C. Temporal joins

� D. Referential joins

� E. Star join nodes

Practice Question Answers and Explanations
1. Correct answer: B

You use SAP HANA calculation views of type dimension for master data.

Transactional data needs a calculation view marked as Cube. SAP HANA does
not store or use materialized cube data. You cannot calculate data when you
only work with attributes; you need measures to do that.

2. Correct answers: A, C, D

You use a data foundation, a star join node, and a semantics node to build an
analytic view. Aggregation nodes and union nodes are not available in ana-
lytic views.

3. Correct answers: A, D

You can create standard and time-based calculation views. Derived views are
only available for attribute views. SAP HANA does not use materialized
views.

4. Correct answer: A

You build calculation views (when including the source tables in join nodes)
from the join nodes up to the semantic node. The semantic node is above the
default node, which is above the join nodes. You always start from the bot-
tom and work upwards.
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5. Correct answer: B

SAP HANA uses the mapping property to keep track of what the original field
name is when you rename a field in the semantic node.

6. Correct answer: D

Mark a field as hidden when you want to use a field in a formula, but don’t
want to expose the values of the original field to end users.

7. Correct answer: B

You set the default value for the SAP client for the entire calculation view in
the semantic layer of the calculation view. You cannot set properties for the
entire view in the join or default nodes of the calculation view. The Window

menu of SAP HANA studio is used for user-specific system-wide settings, not
for a specific calculation view.

8. Correct answer: B

False. When you mark a calculation view as deprecated, that view will still
work.

9. Correct answer: C

You use a rank node to generate a rank column for use in sorting results.
Aggregation and projection nodes have calculated columns (which we’ll dis-
cuss in Chapter 7), but not generated columns.

10. Correct answer: B

Aggregation nodes are equivalent to the GROUP BY keyword.

11. Correct answer: A

The default node for a calculation view of type cube is an aggregation node.
A projection node is the default node of a calculation view of type dimen-
sion. A star join node is the default node of a calculation view of type cube
with star join.

12. Correct answer: D

A star join node is used to link dimension views to a data foundation (fact
tables).

13. Correct answer: C

Calculation views from other tenants in an MDC system are available as data
sources for join nodes in calculation views.

Scalar functions do not return table result sets, and procedures do not have
to generate any result sets. (For more information, see Chapter 8.)
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14. Correct answer: D

An attribute view and a calculation view of type dimension both have left
outer joins. Only calculation views of type dimension have full outer joins.
Only attribute views have fuzzy text search attributes and derived views.

15. Correct answers: A, B

Referential joins and spatial joins are available in a join node of a calculation
view. Temporal joins are only available in analytic views.

16. Correct answer: D

After you have migrated your old views to calculation views, you have to
check the analytic privileges for star join situations. Revealing the hidden
fields is done during the migration, not afterwards. The migration automat-
ically changes filters on table columns to filter expressions. You do not have
to manually migrate the base view of derived views.

17. Correct answer: A

Union nodes can use a special configuration table to optimize performance
for union pruning.

18. Correct answers: A, D, E

An analytic view and a calculation view of type cube with star join both use
fact tables, referential joins, and star join nodes. Only calculation views of
type cube with star join have spatial joins. Only analytic views have temporal
joins.

Takeaway
You should now know how to create SAP HANA information views and when to
create each type of calculation view based on your business requirements. You
have learned how to add data sources, create joins, add nodes, and select output
fields.

In Table 6.1, we define our different information views and provide a list of their
individual features.
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Summary
You learned how to create calculation views, and add data sources, joins, nodes,
and output columns. You added meaning to the output columns in the semantics
node and set the properties for the view.

We explained when to use attribute and analytic views and how to migrate exist-
ing attribute and analytic views to equivalent calculation views.

In the next chapter, we’ll discuss how to further enhance our information views
with additional functionality, like filter expressions, calculated columns, cur-
rency conversions, and hierarchies.

Calculation Views of 
Type Dimension

Calculation View of Type 
Cube with Star Join

Calculation View of Type 
Cube

Purpose: Create a dimen-
sion for our analytic mod-
eling needs

Purpose: Create a cube for 
our analytic requirements

Purpose: Create more 
advanced information 
models

� Replacing attribute 
views

� Treats all data as 
attributes

� Uses mostly joins

� Replacing analytic views

� Combines fact tables 
with dimensions

� Adds extra functionality 
like aggregations, joins, 
projections, ranking, 
and unions.

Table 6.1 Information View Features





Advanced Information 
Modeling

Techniques You’ll Master

� Learn how to define calculated and restricted columns

� Examine filter operations and filter expressions

� Identify when to create variables and input parameters

� Understand currency and currency conversions

� Describe decision tables

� Know how to create hierarchies
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In previous chapter we learned how to build SAP HANA information views. In
this chapter, we will see how to enhance calculation views with additional func-
tionality, including adding output fields, methods for filtering data, how to con-
vert currencies, how to add business rules, and how to implement hierarchies.

Real-World Scenario

You are working on an SAP HANA modeling project, and are asked to help
with publishing the company’s financial results for the year.

You copy some of the calculations views that you have created before, and
start adding additional features to them. First, you filter the data to the last
financial year, and to the required company code. You then implement cur-
rency conversions on all the financial transactions, so that the results can
be published in a single currency.

The board members aren’t sure if they want the results in US dollars, or in
euros, so they ask you to give them a choice when they run their queries
on the SAP HANA information views. They also ask you to create a dash-
board for them, where they can drill down into the results. They want to
see where there might be any missing data or issues.

In addition, the CFO wants to use this opportunity to run some what-if
analysis scenarios on the data to see where he can improve the company’s
bottom-line for the new financial year.

Finally, you create an overview report for them, showing the last few years
of financial results side-by-side.

Objectives of this Portion of the Test
The purpose of this portion of the SAP HANA certification exam is to test your
knowledge of SAP HANA modeling and information views, and how to enhance
and refine these views with additional functionality.

The certification exam expects you to have a good understanding of the follow-
ing topics:

� Calculated columns

� Restricted columns
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� Filter operations

� Variables

� Input parameters

� Currency and currency conversions

� Decision tables

� Hierarchies

Note

This portion contributes up to 15% of the total certification exam score. This is
larger than any other portion of the certification exam.

Key Concepts Refresher
In the previous chapter, we saw how a generated rank column can be added to
the list of output fields in a calculation view. In this chapter, we will learn about
four more such additional output fields. We will see how to add calculated col-
umns, restricted columns, counters, and currency conversion columns to the list
of output fields in our calculation views.

In our discussions on these topics, see if you can identity which feature solves
each problem described in the real-world scenario described above.

Let’s start with the first of our eight topics on how to enhance our SAP HANA
information views.

Calculated Columns

Up to this point, we have created information views using available data sources.
However, quite often, we’ll want SAP HANA to do some calculations for us on
that data to, for example, calculate the sales tax on a transaction.

In the past, this was usually done using reporting tools. Now, SAP HANA has all
the data available, and can do the calculations without having to send all the data
to the reporting tool. It does the calculations faster than reporting tools, and
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sends only the results to reporting tools, saving calculation time, bandwidth, and
network time.

Figure 7.1 illustrates how calculated columns work. When we create calculated
columns in SAP HANA, it adds additional output columns to our information
views. The calculated results are displayed in these calculated columns.

On the left side of Figure 7.1 is our source data from a table. We added two cal-
culated columns on the right. The first calculated column calculates discounts
and the second one calculates the sales tax.

Note

The calculated columns are part of the information view. The results are not
stored anywhere, but are calculated and displayed each time the view is called.

Calculated columns are available in the join, star join, projection, and aggrega-
tion nodes. They are not available in the rank and union nodes.

Creating Calculated Columns

In the SAP HANA studio, we create Calculated Columns in the Output area. In
the context menu of the Calculated Columns, we select the New option, as
shown in Figure 7.2.

In the Create a Calculated Column dialog screen, shown in Figure 7.3, we first
specify the name and data type of the calculated column.

Figure 7.1 Calculated Columns Added as Additional Output

Item Quantity Price Total

Device 2 $200 $400

Plug 500 $5 $2500

Cable 200 $10 $2000

Connector 7 $20 $140

Adapter 3 $50 $150

Discount Sales Tax (VAT)

$380 $57

$2250 $338

$1800 $270

$133 $20

$143 $21

Calculated columns

5% discount, but
10% if more than

100 items

15% Sales Tax
(VAT)

Table



Key Concepts Refresher Chapter 7 227
The Expression Editor takes up the rest of the space in the dialog screen. The
focus is the formula (called the expression) in the middle.

Figure 7.2 Create a New Calculated Column in the Output Area

Figure 7.3 Use the Expression Editor to Create the Formula for Calculated Columns
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The three areas at the bottom help us to create the expression:

� Elements

The Elements area contains all available columns, previously created calcu-
lated columns, and input parameters (see the Input Parameters section). We
can build our new calculated column on previous calculations, to build up
more complex calculations.

� Operators

The Operators area contains operators, for example, for adding, multiplying,
comparing, or combining columns.

� Functions

The Functions area contain various useful functions, like converting data
types, working with strings, doing the basic mathematical calculations, and
working with dates. We also have some extra functions, for example the if()
function for if-then-else calculations.

All the examples here were using measures. However, we can also create calcu-
lated columns for attributes as well. The functions allow us to work with strings
and dates as well, so we can create expressions using attributes.

The Language selection allows us to either use a normal expression, which SAP
HANA will translate to SQL for us, or directly use SQL syntax.

Tip

We recommend that you use the mouse to click on the various components.
You can type the expression directly in the text area, but we found that many
people either mistype a column name, or forget that SAP HANA column names
can be case-sensitive. By using the mouse, SAP HANA studio assists you with
the typing.

The Expression Editor also helps us with on-the-fly syntax checking. In Figure
7.4, we see an example of this. In the top example, the Expression Editor high-
lights the error, even with a tooltip. When we inserted the missing “>” sign, the
Expression Editor displays the formula in green text to show that it contains no
errors.

With most, if not all, of the enhanced features we discuss in this chapter, we have
the ability to add comments. In Figure 7.4 we commented what the formula
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meant. This will remind us later what we did, or inform our team members why
we wrote the expression the way we did.

Calculate before Aggregation in Analytic Views

In analytic views we have an additional flag (tick box) in the Expression Editor
called Calculate Before Aggregation, as shown in Figure 7.5. The Calculate

Before Aggregation flag is only applicable for measures, and by default this is
switched off.

As you know, one of our main modeling rules is “Calculate as late as possible.”
With addition and subtraction we can delay the calculations to as late as possible.
There are cases, for example, with multiplication and division, where we have to
do calculations earlier than normal. An example would be when we want to
aggregate totals for quantities and price per unit. If we add all the prices first, and
all the prices per unit, and then multiply these two sums, we will get totally inac-
curate results. In this case we have to do the quantity multiplied by price per unit

Figure 7.4 On-the-Fly Syntax Checking in the Expression Editor
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calculations first for each record, and then we can add up the total costs. To do
this, we need to manually enable the Calculate Before Aggregation flag under
the Client Aggregation field (see Figure 7.5).

The Calculate Before Aggregation flag is only in the Expression Editor for
analytic views. In calculation views, SAP HANA knows when to do the calcula-
tions earlier for accuracy, and does not require us to set a flag.

Counters

In aggregation and star join nodes we sometimes want to know how many times
in the result set a certain item occurs for an attribute. For example, we might
want to know how many unique items were sold in each shop to find the shops
with the largest variety. We do this using counters.

The New Counter option is found in the calculated column’s context menu in
the Output area of aggregation and star join nodes (see Figure 7.6). In our exam-
ple, we will put the counter on items sold.

We can also use multiple columns to expand our example to add item categories,
for example, to show which shop had the largest variety of items for meats, the
largest variety of items for the bakery section, etc.

Figure 7.5 Calculate Before Aggregation Flag
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Restricted Columns

The easiest way to explain restricted columns is to think of a reporting require-
ment that you frequently encounter. For example, let’s say we have a website
where we work with the data of who visited the website. We use a view like the
one shown in Figure 7.7. Our data from the source table is in the two columns
on the left. We can see how many users connected with which type of device,
organized per row.

We would like our report to be like the bottom right of the screen in Figure 7.7,
where we have a column for each device, with the total number of users for each

Figure 7.6 Create a New Counter



Chapter 7 Advanced Information Modeling232
device. You might know this as a pivot table. We already saw in Chapter 4 that
we could use a union with constant values to achieve a similar result.

We can also achieve this by creating a restricted column for each device. This
adds a new additional output column to our view. When we create a restricted
column for the mobile phones, we restrict our column to only show mobile
phone data. Everything else in that column is NULL. When we now aggregate
the restricted column, we get the total number of users visiting the website on
mobile phones. We create a restricted field for each device to create our report.

Because we need aggregation for this to work properly, restricted columns are
only available in the aggregation and star join nodes.

Note

We create restricted columns on attributes. For example, it doesn’t make sense
to create a Reporting column with a heading of ‘25’ (measure). However, a
Mobile phone column (attribute) provides more useful information.

Figure 7.7 Creating Four Restricted Columns and Aggregating the Result Sets

Device Number of users

Mobile phone 20

Tablet 10

Desktop 10

Mobile phone 10

Mobile phone 40

Laptop 20

Tablet 20

Laptop 30

Mobile phone 50

Mobile phone 40

Laptop 20

Desktop 20

Mobile phone Tablet Laptop Desktop

160 30 70 30

Mobile phone Tablet Laptop Desktop

20

10

10

10

40

20

20
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40

20

20

Aggregated results

Restricted columnsTable
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Creating Restricted Columns

Creating a restricted column is similar to creating a calculated column. In the con-
text menu, as shown in Figure 7.8, we choose the New option.

In the dialog screen for creating the restricted column, we specify the name of
the restricted column and what data we want to display in the column.

In the Restrictions area, we can add one or more restrictions, for example, the
year has to be 2016, the device has to be a mobile phone, or, as shown in Figure
7.9, if we only want to see the financial information for invoices.

If we add multiple restrictions, SAP HANA automatically creates the relevant AND
and OR operators. For example if we have two restriction for the year 2015 and
2016, the Expression Editor will use year = 2015 OR year = 2016.

When we enter a value, like 2016 for the year, we can ask the Expression Editor
to give us a list of existing values currently stored in the system. In Figure 7.10
we asked for a list of invoice statuses. In the list, we see I for Invoices, and D for
Delivery notes. This popup list is called the value help list. You will find these
value help lists in all the modeling screens.

In the restricted column creation dialog, in the Restrictions area, we can choose
to use an Expression rather than specify individual Column values. We can then
use the Expression Editor to generate the relevant portion of the SQL WHERE state-
ment directly.

Figure 7.8 Create a Restricted Column
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If you first filled in the values in the Column view, and then change to the
Expression view, the Expression Editor automatically convert this for you, as
shown in Figure 7.11.

Figure 7.9 Create a Restricted Column for the Net Amount of Invoices

Figure 7.10 Choosing a Restriction Value from a Predefined List of Values
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Creating Restricted Columns Using Calculated Columns

You can also create a restricted column using a calculated column. Just use the
expression if(“Device”=’Mobile phone’, “Number of users”, NULL). The if()
function in the Expression Editor works similarly as the IF function in Microsoft
Excel. If the condition (first part with the equal sign) is true, then show the sec-
ond part, otherwise show the last part.

Just like with a calculated column, a restricted column does not store data. Each
time an information view is used, the restricted column is created and aggre-
gated.

Tip

A restricted column differs from a filter or a SQL WHERE condition.

If you filter on the year 2016, all the data in the view will be trimmed to only
show the data for 2016. When you create a restricted column for the year 2016,
only the data in that column is trimmed for 2016.

Figure 7.11 Use the Expression Editor to Create Restrictions on Restricted Columns
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Filters

Sometimes we do not want to show all the data from a specific table. For exam-
ple, we might only want to show data for the year 2016. In this case, we can
apply a filter. Filters restrict the data for the entire data source.

When we apply filters, SAP HANA can work a lot faster because it doesn't have
to work with/sift through all the data. In the Scenario area, select the projection
node of your view. Then, in the Details area, select the data source, select the
field, and right-click for the context menu. From the context menu, select Apply

Filter, as shown in Figure 7.12.

In the popup dialog box, we can select the Operator from the dropdown. Nor-
mally, it would be Equal, but there is a whole list of other operators available in
the dropdown list. We then add the filter value by either selecting it from the
dropdown or typing it in.

When the filter has been applied, you will see a Filter icon  next to the field
name in the table.

Filter Expressions

In the Output area, we also see a Filter icon  next to the output field, as shown
in Figure 7.13. At the bottom of the Output area we find the filter Expression

option.

Figure 7.12 Apply a Filter to a Field in the Projection Node
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When we open the filter expression, we see the dialog screen shown in Figure
7.14. Just as with the Expression Editor for calculated and restricted columns, we
can set the value for the columns, or use the SQL syntax.

Filters and filter expressions are only available in projection nodes.

Filtering for SAP Clients

Filtering of data can be implemented more widely than the examples we have
just seen. In Chapter 5, of the Session Client section, we already discussed how

Figure 7.13 Open Filter Expression Dialog from the Output Area

Figure 7.14 Edit a Filter Expression.
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to set the SAP HANA studio preferences to only show data coming from an SAP
ERP system for a specific SAP client. In Chapter 6, of the Semantics Node section,
we saw how to set an option for filtering to an SAP client in the semantics node.
Chapter 8 and Chapter 13 also provide further details on filtering for an SAP cli-
ent.

Domain Fix Values

SAP ERP uses the ABAP programming language, which has some powerful data
dictionary features. In ABAP, we can define re-usable data elements (like data
types). We can use these data elements in our table definitions.

Sometime we want these data elements to only allow a range of values. We
define a domain with the range of values, and use this domain with the data ele-
ment. In all the tables where that specific data element is used, the users can now
only enter values that are in the specified range.

Instead of a range, we can also specify fixed values for the domain. This is known
as the domain fix values. These are values that will not change, and the users can
only choose from the available list when they enter data into the fields.

Let’s look at some examples: Maybe the users need to enter a gender. The
domain values are fixed to male and female. This is very similar to the value help
shown in Figure 7.10. Another example could be the possible statuses of a sales
order. The sales order statuses could be quoted, sold, delivered, invoiced, and paid.

The lists of fixed values are stored in the DD07L and DD07T tables in the SAP ERP
system. Because these tables are so valuable for business systems, many times we
replicate (or import) these tables to SAP HANA. We can then use these values in
SAP HANA for the value help dialog screens, similar to Figure 7.10.

These domain fixed values can now also be used to filter business data, for exam-
ple we can filter the sales data to the domain fixed value of paid to see only the
sales that are already paid.

Variables

In the previous section, we looked at filtering. These filters were all static, in the
sense that we could not change them once we specified them. Each time you
query the view, the same filters are used.



Key Concepts Refresher Chapter 7 239
Frequently, however, we’ll want the system to ask us at runtime what we would
like to filter on. Instead of always filtering the view on the year 2016, we can
specify which year’s data we want to see. If we query the view from a reporting
tool, we even expect the reporting tool to pop up a dialog box and ask us what
we would like to filter on.

This dynamic type of filtering is done with variables.

We define variables in the Semantics node of a calculation view. In Chapter 6,
we discussed the first two tabs available in the Semantics node. Now we will
look at one of the remaining two tabs, called Parameters/Variables.

In Figure 7.15 we see the Semantics node. In the Parameters/Variables tab, we
select the Create Variable option by clicking the plus icon  to reveal the drop-
down menu.

In the Create a Variable dialog screen (Figure 7.16) we start by specifying the
Name of the variable.

We have to specify the Attribute on which we want to create our variable. This
is the field on which we want to implement our “dynamic filter.”

In the Selection Type we can choose what type of variable we want to create.
There are three types of variables:

� Single value

The variable only asks one (single) value, for example, the year is 2016.

� Interval

The variable asks for from and to values, for example, the years from 2012 to
2015.

� Range

The variable asks a single value, but combines it with another operator, for
example, the year is greater and equal to 2012.

Figure 7.15 Create a Variable in the Semantics Node
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We can specify a Default Value. If the user selects Cancel or presses (Esc) in
the Value Help Dialog, like the one in Figure 7.18, the variable will then use
this default value.

When the Multiple Entries flag is enabled, we can use the (Ctrl) key when
selecting (multiple) entries. We can select, for example, the years 2011, 2014,
and 2015 from the value help dialog.

By default the variable uses the view or table that it is based on to display a list
of available values in the value help dialog. Changing the View/Table for value

help option allows us to specify a different view or table for the list of available
values in the value help dialog.

Figure 7.16 Create a Variable
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Ideally, the data source we specify should be in sync with the view we are using
the variable on, else the users might choose a value from value help dialog which
is not available in the current view, and therefore will not be shown any infor-
mation. The reason we do this is to ensure we have consistent value help lists for
all our different views by specifying the same value help data source for all the
views. Sometimes this can also help to speed up the display of the value help.

With the Hierarchy option we can link a hierarchy to our variable. Users can
then drill down using this hierarchy when they want to select a value from the
value help dialog. We will learn to set up hierarchies later in this chapter.

Once we have created the variable, it will show up in the Columns tab of the
Semantics node, next to the name of the attribute we selected. You can see an
example in Figure 7.17.

When we preview our calculation view, a Variable/Input Parameters Values

dialog screen will appear in the SAP HANA studio. We have to supply these val-
ues before SAP will run our view, and return the results.

When we select the ellipsis (…) menu button, the Value Help Dialog will appear
with a list of available values that we can choose from (see Figure 7.18).

Figure 7.17 Variable Shown in the Columns Tab of the Semantics Node
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Input Parameters

Input parameters are very similar to variables. However, while variables are spe-
cifically created for “dynamic filtering,” input parameters are more generic. For
example, we can use them in formulas or expressions.

Let’s look at an example: An outstanding payments report asks you for how
many months outstanding you want to see the results. This time period can then
be used in a calculated column’s expression to calculate the results we asked for.
The same report can be used by the debt collecting department for payments out-
standing longer than two months, while the legal department will ask for pay-
ments outstanding longer than six months.

Input parameters are created in the semantics node (see Figure 7.19). We can
also create input parameters in all the nodes types, except in a union node.

Figure 7.18 Variable Value Help Dialog
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The Create an Input Parameter dialog screen is shown in Figure 7.20. The var-
ious dropdown menu options are shown on the right side of the screen.

We start with the Name of the input parameter. The Parameter Type specifies
what type of data we expect to use this input parameter for.

There are five types of input parameters we can create:

� Direct

The end users directly type in the value. We can specify the Data Type of the
expected value. There are three data types we can use for Direct, namely
Currency, Unit of measure, and Date.

� Column

The end users can choose a value from all the possible values in a specified
column in the current view.

� Derived From Table

The end users can choose a value from data in another table.

� Static List

The end users can choose a value from a pre-defined (static) list of values.

� Derived From Procedure/Scalar Function

The end users can choose a value from a list of values generated by a scalar
function or a procedure.

The Default Value can be typed in as a single value, or it can be an expression.
Similar to variables, if the user selects Cancel or presses (Esc) in the value help
dialog, the input parameter will use this default value.

Figure 7.19 Create an Input Parameter
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In Figure 7.20, we created an input parameter called DEMO_INPUT_PARAM. We can
now use this input parameter, for example, in a calculated column. When we use
the input parameter in an expression, we add a $$ at the start and end of the
name of the input parameter. This makes it very clear that we are referring to an
input parameter. The name of our input parameter will become $$DEMO_INPUT_
PARAM$$.

In Figure 7.21 we use the input parameter in an expression. The expression,

daysbetween(“DELIVERYDATE”, $$DEMO_INPUT_PARAM$$)

calculates the number of days between the date that the end user supplies and
the delivery date.

In this case, the input parameter has a Parameter Type of Direct, and a Data

Type of Date.

Figure 7.20 Create an Input Parameter with the Dropdown Menu Options
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Tip

We have $$CLIENT$$ and $$LANGUAGE$$ built into SAP HANA. These do not ask
for values at runtime, but instead give the SAP client number filter currently in
use, and the log-on language of the end user.

When we preview the calculation view in SAP HANA studio, and the input
parameter has a Data Type of Date, a calendar is displayed where you can choose
the date you want (see Figure 7.22).

Figure 7.21 Use an Input Parameter in an Expression for a Calculated Column
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Currency

SAP is well-known for its business systems. An important part of financial and
business information models is their ability to work with currencies.

In Figure 7.23 we can see the Output area of a calculation view. We have a few
output fields that are currency fields, for example, GROSSAMOUNT, NETA-

MOUNT, and TAXAMOUNT.

When we look at the Properties of these fields, they are treated as numeric fields
(measures). We can improve on that by changing the Semantic Type property to
Amount with Currency Code.

When we change the Semantic Type of a field to currency, an Assign Semantics

dialog screen like Figure 7.24 appears.

Figure 7.22 Date Input Parameter
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Most of this dialog screen is focused on currency conversion. Via the Internet,
even small companies can do business internationally. Or a company can buy
parts from different suppliers world-wide. Their taxes and financial reporting
however happen in their home country.

When converting from one currency to another, we have a source currency and a
target currency. Something else as equally important is the date, because exchange
rates fluctuate all the time

But what date do we use? Do we use the date of the quote, the date of the invoice,
the date of the delivery, the date the customer paid, the end of that month, or
the financial year-end? All of the mentioned dates are valid. It depends on the
business requirements.

In SAP systems, the exchange rate data gets stored in some tables prefixed with
the TCUR name. There are many programs from banks and other financial insti-
tutions that help update the TCUR tables in SAP systems. These TCUR tables are

Figure 7.23 Assign an Output Field to the Semantic Type “Amount with Currency Code”
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used by the SAP business systems for currency conversions. SAP HANA also
knows how to use the TCUR tables. You can easily get a copy of these tables by
installing the SHINE package. It will create these TCUR tables for you to demon-
strate currency conversions in its information models.

By default, most of the options in the Assign Semantics dialog screen of Figure
7.24 are unavailable. Enabling the Conversion flag opens up the entire dialog
screen.

Let’s go through some of the options in this dialog screen to learn more about
currency fields and currency conversions in SAP HANA:

� Currency

We can specify in what currency the current field is.

� Decimal Shift

Some currencies require more than two decimal places. This is indicated with
this flag.

Figure 7.24 Output Field Setup for Currency Conversion
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� Decimal Shift Back

ABAP programs automatically do a decimal shift. When these ABAP programs
work with SAP HANA information views, they might receive currency data from
SAP HANA that has already been shifted, and a double decimal shift occurs. In
those cases, we need to set this flag to “undo” the extra Decimal Shift.

Some of the currency conversion-specific options in the dialog screen include:

� Schema for currency conversion

You have to specify in which schema the SAP HANA system can find the TCUR
tables. SHINE automatically installs these tables in the SAP_HANA_DEMO schema.

� Source Currency and Target Currency

We can specify the specific currencies codes, for example, EUR for euros and
USD for United States dollars, directly in these fields. There are two other
options as well:

� Column: If we are storing multiple currencies in the same column, we will
have another column that specifies what currency each record is in. We can
tell SAP HANA to read the currency codes from that column, and automat-
ically convert each of the individual records.

� Input parameters: We can choose the currency code to use for the cur-
rency conversion at runtime using an input parameter. We can get a finan-
cial report to ask an end user if they want the report in euros or dollars, or
pick any currency from the list of available currency codes in the value help
dialog.

We have to specify the input parameter as a VARCHAR data type with a
length of 5 (see Figure 7.20 for an example).

� Conversion Date

The date of the conversion is used to read the exchange rate information for
that date from the TCUR tables.

� Generate result currency column

The converted currency value is shown in a new additional output column
with the specified name.

Some of the remaining options specify what type of currency conversion you
want to retrieve from the TCUR tables, for example, are you using the buying rate
or the selling rate.
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Decision Tables

Decision tables enable us to easily implement business rules in SAP HANA.

The top table in Figure 7.25 shows what a typical business rule might look like:
If the region is EMEA, and one of the following four conditions are true, for
example, more than 100 orders are placed, then the discount is 5%.

The traditional way to implement business rules in business systems has been to
hard-code the business rules into the application. This is very laborious, and has
some disadvantages, including the following:

� Business users cannot update the business rules themselves. They have to
always find a developer, and explain the new business rules.

The developer then codes lots of IF statements into the application.

� New rules get tested in the development and quality assurance systems, and
after a week or two finally gets deployed into the production system.

� Business users cannot do what-if analysis on production data because the pro-
cess is very lengthy.

Decision tables in SAP HANA simplify and speed up the entire process. The pro-
cess then becomes as follows:

1. Business users see a table with the business rules, as in Figure 7.25. They can
update this table using Microsoft Excel.

2. In the background, SAP HANA converts the decision table to a procedure,
with all the necessary IF statements.

3. The decision table can be used directly in a graphical calculation view. The
users can immediately preview the data, and do a what-if analysis. They can
tweak the business rules, using different values, and see the results very
quickly in SAP HANA.

4. Once they are satisfied, they can deploy the final values for the decision table
to the production system. They will need the correct authorizations in the
SAP HANA system to allow them to update values in the decision table.

The entire process becomes business-driven, rather than slowed down by the
need for a developer and a database administrator. Payroll users can, for exam-
ple, simulate the effects of changes in the tax rules for a new tax year in a few
minutes.
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We create decision tables in the same context menu where we create calculation
views. From the context menu of a package, choose New, and select the Decision

Table option.

A new decision table information view is created. In the Scenario area, we will
see two nodes—a Data Foundation node and a Decision Table node. This is
shown at the bottom left of Figure 7.25.

As always, we start working from the bottom up. In the data foundation we add
any data sources that we need (the bottom right of Figure 7.25). These data
sources are normally tables, but can also be calculation views, virtual tables, table
functions, or table types.

The ability to use table functions or table types gives us great flexibility. We
could have, for example, stores in the company that sell different products. These
stores would have their own product inventory tables. Because the product
tables have a similar structure, we can decide to re-use the same decision table
on all the various product inventory tables. The same discount rules will thus
apply to all our stores. At runtime, using the table function or table type, we can
decide which of the store’s tables to send to the decision table.

Another example could be that we have moved our older 2012 data to an exter-
nal database like SAP IQ. Using a virtual table, we can use the 2012 data from
SAP IQ. At runtime, using the table function or table type, we can decide

Figure 7.25 Create a Decision Table
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whether we want to use the latest data from SAP HANA, or the older data from
SAP IQ. The table structures for the tables in SAP HANA and SAP IQ are the same,
so we can re-use the decision table.

In the Decision Table node, we build the decision table as shown in the top part
of Figure 7.25. We build this table in the Output area of the Decision Table

node.

In the Data Foundation node we have selected our data sources and our output
fields. These fields are available in our Decision Table node as Vocabulary

Attributes. These are the five columns on the left in our example in Figure 7.25.

We want to use these attributes to decide what the discount should be for our
customers. We have to create the discount column as a Vocabulary Parameter.

We can use the Vocabulary, which consists of the attributes and the parameters,
to build Conditions and Actions.

From the context menu, as shown in Figure 7.26, we can choose to add the
attributes as conditions and the parameter as an action.

Once our output area is built, SAP HANA can generate a Microsoft Excel file for
us. This spreadsheet will have exactly the same layout and column headings as
the decision table shown in Figure 7.25. Business users can then fill in the

Figure 7.26 Decision Table Node Output Fields
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Microsoft Excel spreadsheet, and upload it back into the SAP HANA system.
When we activate the decision table, SAP HANA will automatically create a pro-
cedure for us.

We can use the decision table in a graphical calculation view, for example, in a
join node, to add the discount field with all our business rules to our information
view.

We can also call the generated procedure directly in SQLScript. We will look at
SQLScript and procedures in Chapter 8. We pass all the conditions to the proce-
dure using the SQLScript procedure’s input parameters.

Note

Unfortunately, the phrase input parameters have two meanings in SAP HANA.
The first meaning is for the input parameters we discussed in this chapter. The
second meaning is that SQLScript procedures and functions can have input
parameters and output parameters. In the above paragraph we specified the sec-
ond meaning when consuming the decision table via SQLScript.

Hierarchies

Hierarchies are important modeling artifacts that are often used in reporting to
enable intelligent drilldown. In Figure 7.27, we can see an example in Microsoft
Excel. Users can start with a list of sales for different countries. They can then
drill down to the sales of the provinces (regions or states) of a specific country,
and finally down to the sales of a city.

Figure 7.27 Hierarchy of Sales Data from SAP HANA in Microsoft Excel
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We have discussed the concepts of hierarchies in Chapter 4 already. We saw that
we have two types of hierarchies, namely level hierarchies and parent-child hier-
archies. We saw when we should use each type of hierarchy, and what the differ-
ences are between these two types of hierarchies.

You can use multidimensional expression (MDX) queries to use these hierar-
chies. Just like SQL has become a standard for querying relational databases,
MDX is a standard for querying OLAP data. SAP uses BICS instead of MDX when
communicating between SAP systems. BICS is a proprietary connection, so SAP
can only use it for SAP systems. We use it because it is a lot faster than MDX.

Creating a Hierarchy

We create a hierarchy in the third tab of the Semantics node in a calculation
view, as shown in Figure 7.28. Select the plus icon  in the top-right menu on
the Hierarchies tab. A Create new Hierarchy dialog box will appear.

After specifying the Name of the hierarchy, you can choose the Hierarchy Type.
We have level hierarchies and parent-child hierarchies available (see Figure
7.29).

To create a level hierarchy in SAP HANA, you specify the Hierarchy Type as
Level Hierarchy, and then you add the different levels. On each level you select
a specific field name in the dropdown. Each level uses a different column in a
level hierarchy. You can also specify the sorting order, and on which column it
has to sort.

In Figure 7.30, we can see an example of a level hierarchy, using geographic
attributes. Level 1 is the country, level 2 is the state or province, and level 3 is
the city or town.

Figure 7.28 Create a Hierarchy
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Figure 7.29 Hierarchy Type

Figure 7.30 Level Hierarchy
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In Figure 7.31 you can see an example of a parent-child hierarchy. We have an
HR organizational structure, with managers and employees. In this case, the
manager has the “parent” role, and the employee has the “child” role.

We can also use parent-child hierarchies for cost and profit centers, or for a bill
of materials (BOM).

Time-Dependent Hierarchies

As of SAP HANA SPS 10, we can now create time-dependent hierarchies in calcu-
lation views. In the Create new Hierarchy dialog box we have another tab avail-
able for Time dependency, as shown in Figure 7.32.

The fields in the tab are grayed out, until we enable the Enable time dependency

option. Once the rest of the fields become available, we supply the required
Valid From and Valid To columns for the time periods.

Figure 7.31 Parent-Child Hierarchy
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Note

Time-dependent hierarchies are only available for parent-child hierarchies. With
level hierarchies, the Enable time dependency option is grayed out.

Hierarchies in Value Help

As shown in Figure 7.16, we can use hierarchies in variables to drilldown into
the list of available values in a value help dialog. In this case, the variable has to
be created on the deepest level of the hierarchy, for example, in Figure 7.30 the
variable has to be created at the city level.

Value help hierarchies can also be time-dependent hierarchies.

Figure 7.32 Time-Dependency for Parent-Child Hierarchies
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Important Terminology
In this chapter we touched on different ways to enhance our SAP HANA infor-
mation views, and enrich our information models. The following list describes
the important terms covered in this chapter:

� Calculated columns
Adds additional output columns to our calculation views, and allows us to cal-
culate new values.

� Counters
Used to understand how many times something has occurred within a result
set.

� Restricted columns
Restricts the data shown in a particular column or field and outputs the
restricted values in an additional output field.

� Filters
Used if we do not want to show all the data from a specific table or to only
show specific data. Can use both static and dynamic filtering.

� Domain fix values
These are values that will not change, and the users can only choose from the
available list when they enter data into the fields.

� Variables
There are three types of variables:

� Single value: The variable only asks one (single) value, for example, the
year is 2016.

� Interval: The variable asks for from and to values, for example, the years
from 2012 to 2015.

� Range: The variable asks a single value, but combines it with another oper-
ator, for example, the year is greater and equal to 2012.

� Input parameters
There are five types of input parameters we can create:

� Direct: Directly type in the value. We can specify the Data Type of the
expected value. There are three data types we can use for Direct, namely
Currency, Unit of measure, and Date.
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� Column: Choose a value from all the possible values in a specified column
in the current view.

� Derived From Table: Choose a value from data in another table.

� Static List: Choose a value from a pre-defined (static) list of values.

� Derived From Procedure/Scalar Function: Choose a value from a list of
values generated by a scalar function or procedure.

� Currency conversion
Used when converting from source currency to target currency. A date for the
conversion also has to be supplied.

� Decision tables
Enable you to implement business rules in SAP HANA.

� Hierarchies
Used in reporting to enable intelligent drilldown.

� Time-dependent hierarchies
Hierarchies that change over time, for example, before and after a restructur-
ing of the HR organizational structure, and is dependent on the time period
of your query.

Table 7.1 shows in which node each feature is available. For example, filter
expressions are only in projection nodes.

Node Type Calculated 
Columns

Columns Restricted 
Columns

Input 
Parameters

Filter 
Expressions

Generated 
Rank 
Columns

Join Yes – – Yes – –

Star Join Yes Yes Yes Yes – –

Projection Yes – – Yes Yes –

Aggregation Yes Yes Yes Yes – –

Rank – – – Yes - Yes

Union – – – – – –

Table 7.1 Features per Node
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Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
exam you must select all correct answers and only correct answers to receive
credit for the question.

1. In which type of node can you create calculated columns? (There are 2 cor-
rect answers.)

� A. Rank node

� B. Union node

� C. Join node

� D. Projection node

2. You want to build a hierarchy on a time-based data structure. What type of
hierarchy do you use?

� A. Parent-child hierarchy

� B. Level hierarchy

� C. Ragged hierarchy

� D. Unbalanced hierarchy

3. Which are features of a calculated column? (There are 2 correct answers.)

� A. It is a column in the result set

� B. Its calculations are persisted

� C. It is created in the output area

� D. It is created in the semantics node

4. You want to show a male and female option to users. What feature do you
use? (There are 3 correct answers.)

� A. Domain fix values

� B. Value help
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� C. Variables

� D. Expressions

� E. Input parameters

5. You are creating a currency conversion. What options do you have for the
Target Currency field? (There are 3 correct answers.)

� A. Select a fixed currency

� B. Select a column

� C. Use the Derived from Table option

� D. Use an input parameter

� E. Select a table type

6. What can you use as data sources for a decision table? (There are 2 correct
answers.)

� A. Table types

� B. Scalar functions

� C. CDS views

� D. Calculation views

7. Where do you create a variable?

� A. In the context menu of a package

� B. In the semantics node

� C. In the output area of a join node

� D. In the scenario area of an aggregate node

8. You have logs from a website. How do you show the total number of website
visitors that used a mobile phone? (There are 2 correct answers.)

� A. Create a restricted column

� B. Create an action

� C. Create a filter expression

� D. Create a rank column
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9. Which can a level hierarchy do?

� A. Have time-dependency

� B. Be used for a bill of materials structure

� C. Enable drill-down in a value help list

� D. Show variable deepness in the data

10. What can a variable be used for?

� A. Currency conversion

� B. Calculated column expression

� C. Call decision table in SQLScript

� D. Filtering

11. You are working with a currency measure. What is decimal shift used for?

� A. Increase the accuracy of the currency conversion

� B. To undo the decimal adjustment for ABAP

� C. For currencies with more than two decimal places

� D. Avoid rounding errors during the conversion

12. What variable type do you use if you want to allow the user to choose dates
from 2011 to 2014?

� A. Single value

� B. Interval

� C. Range

� D. Multiple entries

13. What do you create to find the number of unique items sold per shop?

� A. A calculation view with a restricted column in an aggregation node

� B. A calculation view with a counter in a projection node

� C. A calculation view with a counter in an aggregation node

� D. An analytic view with a calculated column in an star join node
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14. What artifacts do you use in the output area of a decision table node? (There
are 2 correct answers.)

� A. Input parameters

� B. Restrictions

� C. Actions

� D. Conditions

15. What can you use to limit the number of records produced by a calculation
view? (There are 3 correct answers.)

� A. SAP client restrictions

� B. Domain fix values

� C. Filter expressions

� D. Restricted columns

� E. Generated columns

16. You created a calculated column in an analytic view for a table containing
the number of units ordered, the price per unit, and the number of units in
stock. You get the wrong results in your results. What could be the problem?

� A. You mistyped the calculated column expression

� B. You chose the SQL expression syntax

� C. You did NOT enable calculate before aggregation

� D. You did NOT enable the currency conversion

17. Where can you create a filter expression?

� A. In an aggregation node

� B. In a data foundation node

� C. In a projection node

� D. In the semantics node

18. The company’s board members want to run simulations on the year-end
financial data. What do you use to build this for them?

� A. A parent-child hierarchy

� B. A variable
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� C. An expression

� D. A decision table

19. Which tables do you need for currency conversion?

� A. DD07*

� B. TCUR*

� C. BICS*

� D. SHINE*

20. You build a financial report for the company’s board members that allows
them to choose if they want the report to be in euros or dollars. What do
you use?

� A. An input parameter from an aggregation node

� B. A variable from the semantics node

� C. A variable from a projection node

� D. An input parameter from the semantics node

21. What type of input parameters do you use to choose the data from a field in
the current table?

� A. Direct

� B. Derived from table

� C. Value help

� D. Column

Practice Question Answers and Explanations
1. Correct answers: C, D

You can create calculated columns in a join node and a projection node.

2. Correct answer: B

You use a level hierarchy to build a hierarchy on a time-based data structure.
Time-based means you have year on level 1, months on level 2, days on level 3,
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and hours on level 4. A parent-child hierarchy can be time-dependent. (The
words are confusing, so watch out.)

Ragged and unbalanced hierarchies are not mentioned in SAP HANA.

3. Correct answers: A, C

Features of a calculated column:

� It is a column in the result set.

� It is created in the output area.

� Its calculations are NOT persisted! It is NOT created in the semantics nodes.

4. Correct answers: B, C, E

You can show a male and female option to users with either variables or input
parameters, and then opening the value help.

Domain fix values can be used for filtering. Male and female got mentioned
in this section, but the context was completely different.

5. Correct answers: A, B, D

The options you have for the target currency field in a currency conversion
are:

� Select a fixed currency

� Select a column

� Use an input parameter

6. Correct answers: A, D

You can use table types and calculation views as data sources for a decision
table. Scalar functions do not return table-type data. More information will
be available in the next chapter.

7. Correct answer: B

You create a variable in the semantics node.

8. Correct answers: A, C

You show the total number of website visitors that used a mobile phone by
creating either a restricted column or a filter expression. An action is part of
decision tables. A rank column will rank then by numbers, not show the total
number. (You could perhaps rank all the data, rank the data, and then search
for the total number in the rankings. So technically it is possible, but requires
that you still manually search the correct output.)
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9. Correct answer: C

A level hierarchy can enable drill-down in a value help list. Only parent-child
hierarchies have time-dependency, variable deepness in the data, and can be
used for a bill of materials structure.

10. Correct answer: D

A variable can be used for filtering. You will use input parameters for cur-
rency conversion, and in calculated column expression. The input parame-
ters when calling a decision table in SQLScript is different from the input
parameters discussed in this chapter.

11. Correct answer: C

Decimal shift is used for currencies with more than two decimal places. Dec-
imal shift back is used to undo the decimal adjustment for ABAP.

12. Correct answer: B

You use an interval variable type if you want to allow the user to choose dates
from 2011 to 2014. Range would allow for year > 2011. Do not confuse the
range type with the interval type.

13. Correct answer: C

You create a calculation view with a counter in an aggregation node to find
the number of unique items sold per shop. You need a counter for this, so
two answers are eliminated. A calculation view with a counter in a projection
node is not valid because a counter cannot be created in a projection node.

14. Correct answers: C, D

You use actions and conditions in the output area of a decision table node.
Input parameters are not the same as vocabulary parameters.

15. Correct answers: A, B, C

You can use SAP client restrictions, domain fix values, and filter expressions
to limit the number of records produced by a calculation view. Restricted col-
umns do not restrict the number of records.

16. Correct answer: C

If you get errors in a calculated column in an analytic view, you must enable
the Calculate Before Aggregation flag.

17. Correct answer: C

You can only create a filter expression in a projection node.
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18. Correct answer: D

You use a decision table to run simulations on the year-end financial data.

19. Correct answer: B

You need the TCUR* tables for currency conversion. You need the DD07*
tables for domain fix values.

20. Correct answer: D

You use an input parameter from the semantics node (that is where it gets
created) to build a financial report for the company’s board members that
allows them to choose if they want the report to be in euros or dollars. You
just reference the already created input parameter in the currency conver-
sion.

21. Correct answer: D

You use a Column type of input parameter to choose the data from a field in
the current table. The Direct type is used to directly type in values. The
Derived From Table type is used to get data from another table.

Takeaway
You should now know how to enhance SAP HANA information views with the
eight different modeling features we’ve discussed in this chapter.

You have learned how to create calculated and restricted columns to add addi-
tional output fields to your information views. You have looked at filters and filter
expressions, and learned how to limit the data early in your modeling process.

You can now identify when to create variables and input parameters to allow
business users to specify what outputs they want to see in the result sets of your
information views at runtime.

Working with currency, you now understand how to add currency conversions
to your financial reports. You can now describe decision tables, how to create
them, use them, and what value they can add to your business users.

Finally, your now know how to create hierarchies to provide powerful drilldown
capabilities for your end users.
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Summary
We learned how to work with calculated columns, restricted columns, and filters
in our information views. We added variables and input parameters to add a new
level of dynamic interaction to our modeling by allowing the end users to specify
what they are looking for in each query of the SAP HANA information views. We
also saw how to enrich our information models with currency conversions, deci-
sion tables, and hierarchies.

In the next chapter, we will discuss how to use SQL and SQLScript to provide the
advanced features that you (occasionally) might not be able to do with the graph-
ical calculation views we discussed in previous chapters.



SQL and SQLScript

Techniques You’ll Master

� Get a basic understanding of SQL and how to use it with your 
SAP HANA information models

� Learn SQLScript in SAP HANA and find out how it extends and 
complements SQL

� Understand how the SAP HANA modeling environment with 
SQL and SQLScript has changed over the last few years

� Create and use table and scalar functions with your graphical 
SAP HANA information views

� Develop procedures in SAP HANA using SQL and SQLScript
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In many large SAP HANA projects, you’ll reach a point at which you need to do
something more than what is offered by the graphical information views. Infor-
mation modeling using SQL and SQLScript offer more powerful options. You
lose the productivity and simplicity of working graphically with information
views, but you gain flexibility and control.

As SAP HANA has matured, the graphical modeling tools have grown such that
the requirements for SQL and SQLScript have been reduced. In the past, once
you started working with SQL and SQLScript, you had to continue in that envi-
ronment (or choose to create any subsequent layers in your information models
there as well). This issue has been addressed in the latest versions of SAP HANA.

You can now work graphically with your SAP HANA information views, address
the occasional constraint with SQL and SQLScript, and bring this development
back into the graphical SAP HANA modeling environment. You can then con-
tinue building the remaining layers of your information models using the graph-
ical information views. The focus has therefore dramatically shifted towards the
graphical modeling environment.

Note

There is definitely less focus now on SQL and SQLScript in the average modeling
workflow than there was in the past.

To enable this shift, many of the SAP HANA modeling constructs and objects
have changed. If you haven’t looked at SQL and SQLScript in SAP HANA in the
last two years, you will probably find that everything you knew has changed!

In this chapter, we will get you up to speed quickly on the new SAP HANA infor-
mation views, how to convert the old information views, and how to integrate
all SQL/SQLScript back into the graphical modeling environment.

Real-World Scenario

You have been working on a large SAP HANA project for a few months
when you get a request from business users: They love working with the
decision tables and updating the values via a Microsoft Excel spreadsheet,
but many of their decision tables use exactly the same rules and are based
on similar tables. They want to know if there is a way to reuse the same
decision table rules and dynamically change the tables used. A few months
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ago, you would probably have said this was impossible, but you now know
that you can base the decision tables on table types, and so you can help
these business users.

Soon after, another group of business users asks you if you can help to
make security access more powerful and sync it to automatically use their
hierarchal organizational structures. You base the analytic privileges on a
procedure that easily exploits these structures.

The company is quickly moving into the area of mobile business services.
They plan to deliver some new, real-time business dashboards to execu-
tives and managers. SAP HANA is an obvious choice, and your modeling
and development skills are required to build the link to the mobile screens.

Objectives of This Portion of the Test
The purpose of this portion of the SAP HANA certification exam is to test your
knowledge of modeling using SQL and SQLScript.

The certification exam expects you to have a good understanding of the follow-
ing topics:

� Standard SQL and how it relates to SAP HANA

� SQLScript in SAP HANA

� How to create and use user-defined functions, especially table functions

� Procedures in SAP HANA using SQL and SQLScript

Note

This portion contributes up to 10% of the total certification exam score.

Key Concepts Refresher
Structured Query Language (SQL) is a widely used database programming language
standardized by the American National Standards Institute (ANSI) and the Inter-
national Organization for Standardization (ISO). The standard is often referred to
as ANSI SQL.
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Despite the existence of these standards, most SQL vendors extend ANSI SQL to
provide enhanced capabilities for their individual database products. Microsoft
uses an extended version called Transact-SQL (T-SQL), and Oracle uses PL/SQL.

SAP HANA provides SQLScript, which is an extension of ANSI SQL, to provide
extra capabilities for the unique in-memory components that SAP deliver. We
have already seen many of these features—for example, column tables, parame-
terized information views, delta buffers, working with multiple result sets in par-
allel, and built-in currency conversions. The ANSI SQL standard does not provide
these features. However, SAP HANA supports ANSI SQL statements.

In this chapter, we provide only a short introduction to SQL and SQLScript, and
we do assume some knowledge of SQL.

You can find the full SAP HANA SQL and SQLScript reference guides at http://
help.sap.com/hana_platform.

SQL

SQL uses a set-oriented approach for working with data.

Tip

Rather than working with individual records, you should focus on working with
the entire result set that consists of many data records.

You specify what should happen to all the data records in the result set at once.
This allows databases to be efficient when processing data, because they can par-
allelize the processing of these records. Databases are faster at processing data
than application servers, becacause SQL is a set-oriented declarative language,
whereas application servers typically use procedural or object-oriented lan-
guages that process records one at a time.

SQL Language

SQL is used to define, manipulate, and control database objects. These actions
are specified by various subsets of the language:
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� Data Definition Language (DDL)
This is used, for example, to CREATE, ALTER (modify), RENAME, or DROP (delete)
table definitions.

� Data Manipulation Language (DML)
This is used to manipulate data—for example, insert new data into a table or
update the data in a table. Examples in SQL include INSERT, UPDATE, and
DELETE.

� Data Query Language (DQL)
This is used to SELECT (access) data. It does not modify any data.

� Data Control Language (DCL)
This is used for data security—for example, to GRANT privileges to a database
user.

� Transaction Control Language (TCL)
This is used to control database transactions—for example, to COMMIT or
ROLLBACK database transactions.

SQL is also subdivided into several language elements, as listed in Table 8.1.

Element Short Description

Identifiers Names of database objects—for example, a table called BOOKS.

Data types Specify the characteristics of the data stored in the database; for 
example, a string can be stored as a NVARCHAR data type.

Operators Use to assign, compare, or calculate values—for example, =, >=, + 
(add), * (multiply), AND, and UNION ALL.

Expressions Clauses that produce result sets consisting of either scalar values or 
tables consisting of columns and rows of data. Examples include 
aggregations like SUM, or IF…THEN…ELSE logic using CASE.

Predicates Specify conditions that can be evaluated to TRUE, FALSE, or UNKNOWN. 
Can be used to filter statement and query results or to change pro-
gram flow. Typically used in the WHERE conditions of the SELECT 
statement—for example, A >= 100.

Table 8.1 Elements of SQL Language
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There are a few important points to remember about SQL when working with
SAP HANA:

� Identifiers can be delimited or undelimited, meaning the names of database
objects are enclosed in double quotes or not. If you do not enclose identifiers
with quotes, they are treated as uppercase. Therefore, BOOKS, Books, and
books all reference the same table name.

Delimited identifiers are treated as case-sensitive and can include characters
in the name that would be forbidden by undelimited identifiers. SAP HANA
uses Unicode, so the range of characters in a name can be wide. In this case,
table "BOOKS" and table "books" are treated as two separate tables.

� NULL is a special indicator used by SQL to show that there is no value.

� The LIKE predicate can be used for SQL searches. SELECT author FROM books
WHERE title LIKE ‘%HANA%’; will search for all books with the word HANA
in the title. We will look at this in more detail in Chapter 10.

� Statements in SQL include the semicolon (;) statement terminator. This is a
standard part of SQL grammar. Insignificant whitespace is generally ignored
in SQL statements and queries and can be used to make such statements and
queries more readable.

We’ll now look at some SQL statements that correspond to SAP HANA modeling
constructs that you’re already familiar with.

Queries Retrieve data from the database based on specific criteria. Use the 
SELECT statement—for example, SELECT * from BOOKS.

Statements Commands to create persistent effects on schemas or data and con-
trol transactions, program flow, connections, and sessions.

Functions Provide methods to evaluate expressions. Can be used anywhere an 
expression is allowed. Various functions are built into SQL—for 
example, LENGTH(BOOKNAME).

Element Short Description

Table 8.1 Elements of SQL Language (Cont.)
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Creating Tables

The short version of the SQL syntax to a create a table is as follows:

CREATE [<table_type>] TABLE <table_name>;
<table_type> ::= COLUMN | ROW | HISTORY COLUMN | GLOBAL TEMPORARY |
GLOBAL TEMPORARY COLUMN | LOCAL TEMPORARY | LOCAL TEMPORARY COLUMN |
VIRTUAL

This means that you have to type “CREATE TABLE BOOKS;” to create an empty
table called BOOKS. In this example, <tablename> is BOOKS. You can choose what
to type in place of the <tablename> placeholder.

Anything in square brackets, like [<table_type>], is optional. If you want to
type something there, choose from the following list. If you want your table to
be a column table, type “CREATE COLUMN TABLE BOOKS;”, for example. If you
do not specify the type of table, the system will create a row table, because that’s
what ANSI SQL expects. The following are important table types to keep in mind:

� HISTORY COLUMN
The HISTORY COLUMN table is a special SAP HANA table that stores historical
database states. You can execute special SELECT statements with a “time-travel
clause” on these types of tables to restore to a certain point in time. We can
therefore read a table as it was at any point in time. This can be useful for
tables that refer to financial transactions and can completely change the way
that systems perform period closings.

� GLOBAL TEMPORARY and GLOBAL TEMPORARY COLUMN
These are temporary tables that are persisted in the database, even between
sessions. Any user with the right privileges can read the table definition
(metadata). The data in the GLOBAL TEMPORARY table can only be inserted and
read by the owner of the table. When the session ends, the table is truncated
(emptied).

� LOCAL TEMPORARY and LOCAL TEMPORARY COLUMN
These are temporary tables that are only available for the current session. No
other user can read the table definition (metadata) or the data in this table.
The data in the local temporary table can only be inserted and read by the
owner of the table. When the session ends, the table is dropped (deleted).
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Reading Data

The query—the most common operation in SQL—uses the SELECT statement—
for example:

SELECT [TOP <unsigned_integer>] [ ALL | DISTINCT ]
<select_list> <from_clause> [(<subquery>)] [<where_clause>]
[<group_by_clause>] [<having_clause>] [<order_by_clause>]
[<limit_clause>] [<for_update_clause>] [<time_travel_clause>];

One of the shortest statements that can be used to read data from table BOOKS is
SELECT * FROM BOOKS;. This returns all the fields and data from table BOOKS, in
effect putting the entire table in the result set. However, we recommend never
using SELECT * especially not with column tables. Because SAP HANA uses pri-
marily column tables, this type of SELECT statement should be avoided.

A better way is to specify the <select_list>—for example, SELECT author,
title, price FROM BOOKS;. In this case, you only read the author, title, and price
columns for all the books.

Note the [<time_travel_clause>] for use with HISTORY COLUMN tables.

Filtering Data

In SAP HANA, we sometimes use a filter, by using the WHERE clause as part of a
SELECT statement—for example:

SELECT author, title, price FROM BOOKS WHERE title LIKE ‘%HANA%’;

Creating Projections

Inside a projection node in SAP HANA views, you can rename fields. This is eas-
ily achieved via the AS keyword in SQL—for example:

SELECT author, title AS bookname, price FROM BOOKS;

The title field is now renamed to bookname in the result set.

Creating Calculated Columns

Creating calculated columns looks almost the same as renaming fields, but there
is an added formula, as shown:

SELECT author, title, price * discount AS discount_price FROM BOOKS;
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In this case, we added a new calculated column called discount_price.

Created Nested Reads and Aggregates

In SAP HANA views, we often have many layers; in SQL, we use nested SELECT
statements. These nested queries are also known as subqueries. An example
would be as follows:

SELECT author, title, price FROM BOOKS
WHERE price > (SELECT AVG(price) FROM BOOKS);

The SELECT AVG(price) FROM BOOKS statement returns the average price of all the
books in table BOOKS. This helps return the books that are more expensive than
the average price.

You can create aggregates, like with an aggregation node in a calculation view,
using standard aggregation functions in SQL. We discussed aggregation in Chap-
ter 4.

Creating Joins

SAP HANA views normally have many joins. Here is an example of how to create
an inner join between two tables:

SELECT BOOKS.author, BOOKS.title, BOOKS.price,
BOOK_SALES.total_sold FROM BOOKS
INNER JOIN BOOK_SALES
ON BOOKS.book_number = BOOK_SALES.booknumber;

The field on which both tables are joined is the book_number field.

Creating Unions

Union nodes in calculation views can be performed by using the UNION opera-
tor—for example:

SELECT author, title, price FROM BOOKS
UNION
SELECT author, title, price FROM BOOKS_OUT_OF_PRINT;

You can also use the UNION ALL operator instead of UNION. The UNION operator
returns only distinct values, whereas UNION ALL will return all records, including
duplicate records.
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Conditional Statements

You can use the if() function in an expression in which you create a calculated
column in SAP HANA. You can also handle if-then logic in SQL via the CASE state-
ment—for example:

SELECT author, title, price,
CASE WHEN title LIKE '%HANA'%' then 'Yes' ELSE 'No' END
AS interested_in_book FROM BOOKS

Here, we have added a calculated column called interested_in_book to our
query. If the book’s title contains the word HANA, we indicate that we are inter-
ested in it.

SQLScript

SQLScript exposes many of the memory features of SAP HANA to SQL develop-
ers. Column tables, parameterized information views, delta buffers, working
with multiple result sets in parallel, built-in currency conversions at the database
level, fuzzy text searching, spatial data types, and predictive analysis libraries
makes SAP HANA unique. The only way to make this functionality available via
SQL queries, even from other applications, is to provide it via SQL extensions.

We’ve come across many of these features in earlier chapters. In the next chapter
(Chapter 9), we will look in more detail at the fuzzy text search, spatial functions,
and predictive libraries in SAP HANA. We also will learn more about the Appli-
cation Function Library (AFL) that include predictive and business functions that
can be used with SQLScript.

In Chapter 4, we saw the spatial join type, used between a ST_POINT data type
(like a location) and an ST_POLYGON (like a suburb). The spatial functions can be
called from SQLScript to access and manipulate spatial data.

SAP HANA also has to cater for SAP-specific requirements—for example, limiting
data to a specific “client” (e.g., 100) in the SAP business systems. In SAP HANA,
you can use a SESSION_CONTEXT(CLIENT) function in the WHERE clause of a query
to limit data in a session to a specific client.

In this section, we will look at the various features of SQLScript.
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Note

In traditional client-server approaches, business logic is executed in the applica-
tion server. With SAP HANA, much of this logic and the executions are pushed
down into the SAP HANA database. This approach is different than the standard
SQL way of working. SQLScript caters for these requirements.

Separate Statements

One of the unique approaches of SQLScript is the use of variables to break a
large, complex SQL statement into smaller, simpler statements. This makes the
code much easier to understand and it also helps with SAP HANA’s performance,
because many of these smaller statements can be run in parallel.

Let’s look at an example:

books_per_publisher = SELECT publisher, COUNT (*) AS
num_books FROM BOOKS GROUP BY publisher;

publisher_with_most_books = SELECT * FROM
:books_per_publisher WHERE num_books >=
(SELECT MAX (num_books) FROM :books_per_publisher);

We would normally write this as a single SQL statement using a temporary table,
or by repeating a subquery multiple times. In our example, we’ve broken this
into two smaller SQL statements by using table variables.

The first statement calculates the number of books each publisher has and stores
the entire result set into the table variable called books_per_publisher. This
variable containing the entire result set is used twice in the second statement.

Tip

Notice that the table variable is prepended in SQLScript with a colon (:) to indi-
cate that this is used as an input variable. All output variables use only the name,
and all input variables have a colon prepended.

The second statement uses :books_per_publisher as input and uses a nested
SELECT statement.

The SQLScript compiler and optimizer will determine how to best execute these
statements, whether by using a common subquery expression with database
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hints or by combining them into a single complex query. The code becomes eas-
ier to write and understand and is more maintainable.

By breaking the SQL statement into smaller statements, we also mirror the way
in which we have learned to build graphical information views in SAP HANA.
Look at the calculation view in Figure 8.1; if you had to write all of this in SQL,
it would be quite difficult to create optimal code.

Just like we start building graphical information views from the bottom up, we
do the same with our SQLScript code. We will not write all the SQLScript code
here, but just some pseudocode to illustrate the point. We start with a union
node in Figure 8.1:

union_output = SELECT * FROM AT_PROD UNION SELECT * FROM PROD;

The next node is a join node. It uses the output from the union node as the
source for one side of the join:

join_output = SELECT * FROM :union_output
INNER JOIN SELECT * FROM get_employees_by_name_filter('Jones');

Figure 8.1 SAP HANA Calculation View in Layers



Key Concepts Refresher Chapter 8 281
Each time, the output from the lower node becomes the input for the next higher
node. As you can see, this is easy to write in SQLScript!

Imperative Logic

Most of the SQL and SQLScript we have worked with to this point has used
declarative logic. In other words, we have used the set-oriented paradigm that
contributes to SQL’s performance. We have asked the database to hand us back
all of the results immediately when the query has completed. Occasionally, you
might prefer to receive the answers to a query one record at a time. This is most
often the case when running SQL queries from application servers. In these
cases, you will use imperative logic, meaning you’ll “loop” through the results one
at a time. You can also use conditionals, such as in if-then logic.

Imperative logic is (mostly) not available in ANSI SQL, and therefore SAP HANA
provides it as part of SQLScript.

Hint

Remember that imperative logic does not perform as well as declarative logic. If
you require the best performance, try to avoid imperative logic.

There are different ways to implement imperative logic in SQLScript:

� WHILE loop
The WHILE loop will execute some SQLScript statements as long as the condi-
tion of the loop evaluates to TRUE:

WHILE <condition> DO
… some SQLScript statements…
END WHILE

� FOR loop
The FOR loop will iterate a number of times, beginning with a loop counter
starting value and incrementing the counter by one each time, until the
counter is greater than the end value:

FOR <loop-var> IN [REVERSE] <start_value> .. <end_value> DO
… some SQLScript statements…
END FOR
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Dynamic SQL and Security

Another powerful feature in SQLScript is the ability to create and execute
dynamic SQL. Let’s illustrate this via an example. Figure 8.2 shows a web form
asking for the user’s mobile telephone number at the top of the figure. We insert
this mobile number into a partially prepared SQL statement, and then execute
this SQL statement using the EXEC statement.

Each user gets a unique SQL statement created especially for him or her. The per-
formance is not as good as static SQL statements, but this is more powerful and
flexible.

There is one problem: If you’re not careful, hackers can use this setup to break
into your system, which has been one of the top security vulnerabilities in web
applications for many years now.

Let’s look at the web form again. This time, in Figure 8.3, hackers enter more
information than just the mobile telephone number. They add a closing quote
and a semicolon. When this is inserted into our prepared SQL statement, it closes
the current statement. (Remember that SQL statements are terminated by a semi-
colon.)

Figure 8.2 Dynamic SQL with Values from Web Form

Mobile number: +86 139-1234-5678

“SELECT col1, col2, col2 FROM employees WHERE mobile_num =‘“ 
& mobile_number & “’;” 

EXEC  “SELECT col1, col2, col2 FROM employees WHERE
mobile_num =‘+86 139-1234-5678’;” �
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Anything after this is executed as another SQL statement—so the hackers can
enter something like DROP DATABASE that might delete the entire database. Or
they can try various SQL statements to read or modify data values in the data-
base.

SAP HANA SPS 11 includes some new features related to this problem, such as
the new IS_SQL_INJECTION_SAFE function, which helps prevent such attacks.

If you remember to prevent security vulnerabilities like SQL injection, dynamic
SQL can enable you to write some powerful applications. You can change data
sources at any time, create new tables in real time and link them to applications,
and build adaptive user interfaces.

User-Defined (Table and Scalar) Functions

User-defined functions (UDFs) are custom read-only functions in SAP HANA. You
write your own functions that can be called in a similar fashion as SQL functions.

There are two types of UDFs: scalar functions and table functions. The main dif-
ference is whether you want a function to return values as simple data types (like
an integer) or in complete “table-like” result sets. A scalar function can return

Figure 8.3 Dynamic SQL with SQL Injection from Web Form

Mobile number: +86 139-1234-5678’;DROP DATABASE;‘

“SELECT col1, col2, col2 FROM employees WHERE mobile_num =‘“
& mobile_number & “’;” 

EXEC   “SELECT col1, col2, col2 FROM employees WHERE
mobile_num =‘+86 139-1234-5678’;DROP DATABASE;’’” �
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one or more values, but these values have to be single data types. A table func-
tion returns a set of data.

Both types of UDFs are read-only. You may not execute any DDL or DML state-
ments inside these functions.

We create functions as shown in Listing 8.1.

CREATE FUNCTION <func_name> [(<parameter_clause>)]
RETURNS <return_type>
[LANGUAGE SQLSCRIPT]
[SQL SECURITY <DEFINER | INVOKER>]
[DEFAULT SCHEMA <default_schema_name>] AS

{ BEGIN
<function_body>

END }

Listing 8.1 Creating User-Defined Function

Here are a few important points to note with regards to UDFs:

� RETURNS

Depending on the type of data we return, RETURNS will be a scalar or a table
function.

� LANGUAGE

We can only write UDFs in SQLScript.

� SQL SECURITY
Indicates against which user’s security privileges this function will be exe-
cuted:

� If we choose the DEFINER option, this function will be executed by the _
SYS_REPO system user.

� If we choose the INVOKER option, this function will be executed by the end
user calling the function and all security privileges will be limited to that
user’s assigned authorizations.

� The default for scalar functions is INVOKER, and the default for table func-
tions is DEFINER.

� DEFAULT SCHEMA
When we specify the default schema for this function, we do not have to
prepend the schema name before every table name used. We can just write
SELECT FROM table instead of SELECT from schema.table.
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In the SAP HANA system, you can create UDFs as discussed in Chapter 5 (see also
Figure 5.14).

We create .hdbscalarfunction objects for scalar functions,  and ,hdbtable-
function objects for table functions. Figure 8.4 shows a newly created table
function in SAP HANA studio.

The following two subsections look at examples of both scalar functions and
table functions.

Scalar Functions
Scalar UDF supports primitive SQL types as an input. Let’s walk through an
example to better understand their usage:

Start by creating a scalar function as in Listing 8.2 that takes the price of a book
and a discount percentage as the two inputs and creates two output values. The
first output value is the price of the book after the discount is applied, and the
second is the discount amount.

FUNCTION apply_discount (book_price decimal(15,2),
book_discount decimal(15,2))

RETURNS discounted_price decimal(15,2)
LANGUAGE SQLSCRIPT
SQL SECURITY INVOKER AS

BEGIN
discounted_price := :book_price – ( :book_price * :book_discount);
discount = :book_price * :book_discount;

END;

Listing 8.2 Scalar Function that Returns Two Values

Figure 8.4 Newly Created (Blank) Table Function in SAP HANA Studio
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You can call the scalar function with the following code:

SELECT apply_discount (59.50, 0.1). discounted_price as
your_book_price, apply_discount (59.50, 0.1).
discount as discount_amount from DUMMY;

In this case, you get two values back: 53.55 and 5.95.

Figure 8.5 shows a similar example of a scalar function from the SHINE demo
content, as shown in SAP HANA studio.

Table Functions
Table UDF supports table types as an input. Let’s walk through an example to
better under their usage:

Listing 8.3 shows a modified version of a table function found in the SHINE con-
tent. This code performs an inner join between an employee table and an address
table to find the employee’s email address. The neat trick here is in the WHERE
clause: SAP HANA performs a fuzzy text search on the employee’s last name. You
will still get an email address, even if you mistyped the person’s last name.

Figure 8.5 Example of Scalar Function Found in SHINE Content
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FUNCTION get_employees_by_name_filter" (lastNameFilter NVARCHAR(40))
RETURNS table (EMPLOYEEID NVARCHAR(10),

"NAME.FIRST" NVARCHAR(40),
"NAME.LAST" NVARCHAR(40),
EMAILADDR NVARCHAR(255))

LANGUAGE SQLSCRIPT
SQL SECURITY INVOKER AS

BEGIN
RETURN

SELECT a.EMPLOYEEID, a."NAME.FIRST", a."NAME.LAST", b.EMAILADDR,
FROM Employees AS a INNER JOIN Addresses AS b
ON a.EMPLOYEEID = b. EMPLOYEEID
WHERE contains("NAME.LAST", :lastNameFilter, FUZZY(0.9));

END;

Listing 8.3 Table Function that Performs Fuzzy Text Search on Last Name 
to Find Email Addresses

Figure 8.6 shows the table function from the SHINE demo content in SAP HANA
studio.

Figure 8.6 Example of Table Function Found in SHINE Content
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We can use the table function from Figure 8.6 in a graphical calculation view. An
example is shown in Figure 8.7, in which this table function is used in a join with
the result set from a union node. (This is not really a good example—we should
really join on the key field—but is used here purely to illustrate the point.)

Procedures

A procedure is a subroutine consisting of SQL statements. Procedures can be
called or invoked by applications that access the database. Procedures are some-
times also known as stored procedures.

Procedures are more powerful than UDFs. Whereas UDFs are read-only and can-
not change any data in the system, procedures can insert, change, and delete
data. You can execute any DDL or DML statements inside a procedure. Whereas
a table function can only return one result set, procedures can return many result
sets.

Listing 8.4 illustrates how to create procedures.

CREATE PROCEDURE <proc_name> [(<parameter_clause>)]
[LANGUAGE <SQLSCRIPT | R>]
[SQL SECURITY <DEFINER | INVOKER>]
[DEFAULT SCHEMA <default_schema_name>]
[READS SQL DATA [WITH RESULTS VIEW <view_name>]] AS

Figure 8.7 Using Table Function in Graphical Calculation View
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{ BEGIN [SEQUENTIAL EXECUTION]
<procedure_body>

END }

Listing 8.4 Creating Procedures

The following syntax are used in Listing 8.4:

� LANGUAGE

We can write procedures in SQLScript or in R. R is a popular open-source pro-
gramming language and data analysis software environment for statistical
computing.

� SQL SECURITY
Indicates against which user’s security privileges this function will be exe-
cuted:

� If we choose the DEFINER option, this function will be executed by the _
SYS_REPO system user.

� If we choose the INVOKER option, this function will be executed by the end
user calling the function, and all security privileges will be limited to that
user’s assigned authorizations.

� The default for procedures is DEFINER (i.e., the _SYS_REPO user).

� DEFAULT SCHEMA
When we specify the default schema for this function, we do not have to
prepend the schema name before every table name you use.

� READS SQL DATA
Marks the procedure as being read-only. The procedure then cannot change
data or database object, and cannot contain DDL or DML statements. If we
try to activate a read-only procedure that contains DDL or DML statements,
we will get activation errors.

� WITH RESULTS VIEW
Specifies that a view (that we have to supply) can be used as the output of a
read-only procedure. When a result view is defined for a procedure, it can be
called by an SQL statement in the same way as a table or view!

� SEQUENTIAL EXECUTION
Forces sequential execution of the procedure logic; no parallelism is allowed.
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Some important points to note with regards to these procedures:

� A procedure does not require any input and output parameters. Input and
output parameters must be explicitly typed. The input and output parameters
of a procedure can have any of the primitive SQL types or a table type. (Table
types will be discussed in the next section.)

� If we require table outputs from a procedure, we have to use table types.

� Any read-only procedure may only call other read-only procedures. The
advantage of using a read-only procedure is that certain optimizations are
available for read-only procedures, such as not having to check for database
locks; this is one of the performance enhancements in SAP HANA.

� Note that WITH RESULTS VIEW is a sub-clause of the READS SQL clause, so the
same restrictions apply to it as those for read-only procedures.

We mentioned that if we require table outputs from a procedure, we have to use
table types. In SQLScript, we can also define table types. Table types are similar
to database tables, but do not have an instance. They are like a template for
future use. They are used to define parameters for a procedure that needs to use
tabular results.

Table types are created with the CREATE TYPE statement. The statement used to
be CREATE TABLE TYPE, but this syntax has been deprecated. The definition is as
follows:

CREATE TYPE <type_name> AS TABLE (<column_list_definition>)

The SQL syntax for defining table types is the same as that for defining new
tables.

Let’s switch gears. Similar to UDFs, we can create procedures as discussed in
Chapter 5, illustrated by Figure 5.14. In this case, we create a .hdbprocedure
object.

Figure 8.8 shows a newly created table function in SAP HANA studio.

Procedures are called with the CALL statement. You can call the procedure shown
in Figure 8.8 with the following statement:

CALL "get_product_sales_price" ('HT-1000', ?);

The results of this call statement, as executed in the SQL Console in SAP HANA
studio, are shown in Figure 8.9.
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You can call procedure with multiple result sets, which reads and writes transac-
tional data from an SAP HANA XS application using server-side JavaScript. The
REST-style web services created will use HTTP GET for reading data and HTTP PUT
for writing data.

Figure 8.8 Example Procedure Found in SHINE Content

Figure 8.9 Results of Calling a Procedure Directly from SQL Console
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You will notice that how we use procedures is quite different from how we use
UDFs. We can use procedures in a similar way as functions if we specify the read-
only and result view clauses.

In Listing 8.5, we create a procedure that uses a precreated result view called
View4BookProc, and a table type called BOOKS_TABLE_TYPE.

CREATE PROCEDURE ProcWithResultView(IN book_num VARCHAR(13),
OUT output1 BOOKS_TABLE_TYPE)
LANGUAGE SQLSCRIPT
READS SQL DATA WITH RESULT VIEW View4BookProc AS

BEGIN
output1 = SELECT author, title, price FROM BOOKS WHERE
isbn_num = :book_num;

END;

Listing 8.5 Read-Only Procedure Using Result View

We can now call this procedure from a SQL statement, just like a table function:

SELECT * FROM View4BookProc (PLACEHOLDER."$$book_num$$"=>'978-1-4932-
1230-9');

Multilevel Aggregation

Sometimes, you may need to return multiple result sets with a single SQL state-
ment. In normal SQL, this might not always be possible—but we can use multi-
level aggregation with grouping sets to achieve this in SQLScript.

Let’s start by looking at an example (Listing 8.6) in SQLScript of how we would
create two result sets.

-- Create result set 1
books_pub_title_year = SELECT publisher, name, year, SUM(price)
FROM BOOKS WHERE publisher = pubisher_id
GROUP BY publisher, name, year;
-- Create result set 2
books_year = SELECT year, SUM(price) FROM BOOKS
GROUP BY year;

Listing 8.6 Creating Two Result Sets in SQLScript



Key Concepts Refresher Chapter 8 293
You can create both of these result sets from a single SQL statement using GROUP-
ING SETS, as shown in Listing 8.7.

SELECT publisher, name, year, SUM(price)
FROM BOOKS WHERE publisher = pubisher_id
GROUP BY GROUPING SETS ((publisher, name, year), (year))

Listing 8.7 Creating Multiple Result Sets from Single SQL Statement with 
Grouping Sets

You now have a good understanding of SQLScript and the powerful capabilities
it brings to your modeling toolbox. Let’s now look at when you should use this
functionality and how to ensure that you use the latest variations of these fea-
tures.

Views, Functions, and Procedures 

Taking a step back, let’s look at how to best address our modeling requirements.
In SAP HANA SPS 11 and later we have three main approaches: views, UDFs, and
procedures.

Let’s first discuss each of these options, and then we’ll discuss when you should
use each one.

Information Views

We have discussed SAP HANA information views in detail in preceding chapters.
You have built these views using the graphical environment, and you have now
also learned how to also create these view using SQLScript.

Some of the characteristics of views include the following:

� Views are treated like tables. You can use SELECT, WHERE, GROUP BY, and ORDER
BY statements on views.

� Views are static. They always return the same columns, and you look at a sets
of data in the same way.

� They always return one result set.

� Views are mostly used for reading data.
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User-Defined Functions

After learning about UDFs, you should be familiar with their characteristics, such
as the following:

� Functions always return results. A table function returns a set, and a scalar
function returns one or more values.

� Functions require input parameters.

� The code in UDFs is read-only. Functions cannot change, update, or delete
data or database objects. You cannot insert data with functions, so you cannot
use transactions or COMMIT and ROLLBACK in functions.

� Functions cannot call EXEC statements; otherwise, you could build a dynamic
statement to change data and execute it.

� You can call the results of functions in SELECT statements and in WHERE and
HAVING clauses.

� Functions can be used in a join.

� Table functions cannot call procedures, because procedures can change data.
You have to hold to the read-only paradigm of functions.

� Functions use SQLScript code. This can include imperative logic in which you
loop through results or apply an if-then logic flow to the results.

Procedures

Procedures are the most powerful of the three approaches. Some of the charac-
teristics of procedures include the following:

� Procedures can use transactions, with COMMIT and ROLLBACK. They can modify
tables and data, unless they are marked as read-only. Read-only procedures
may only call other read-only procedures.

� Procedures can call UDFs, but UDFs cannot call procedures.

� Procedures do not have to return any values but may return multiple result
sets. Procedures also do not need to specify any input parameters.

� Procedures provide full control, because all code functionality is allowed in
procedures.



Key Concepts Refresher Chapter 8 295
� Procedures can use try-catch blocks for errors.

� Procedures can also use dynamic SQL—but be aware of security vulnerabili-
ties such as SQL injection when using dynamic SQL.

When to Use What Approach

After all that detail, the recommendation of when to use each of the three
approaches is quite easy to make.

In order of functionality, we have views, then UDFs, and then procedures; that
is, procedures have the most functionality.

In order of performance, we have the reverse. Views give the best performance,
then UDFs (because they are permanently read-only), and then procedures.

Use the minimal approach to get the results you require.

If you can do it with views, then use views. If you cannot do it with views, then
try using user-defined functions. If that still does not meet the requirements, cre-
ate a procedure.

Catching Up with SAP HANA SPS 11

Figure 8.7 illustrated how to use a table function in a graphical calculation view.
This options changes how we approach modeling in SAP HANA projects. The
emphasis has moved completely to the graphical modeling environment.

We can work graphically with our SAP HANA views, create UDFs or procedures
for the occasional constraint, and bring these back into the graphical SAP HANA
modeling environment. We can then continue building the remainder of our
SAP HANA information models using the graphical information views.

Many of the SAP HANA modeling constructs and objects in SQLScript have
changed to accommodate this shift in emphasis to the graphical environment. In
the last few years, almost everything has changed!

Table 8.2 contrasts the old with the new.
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Using the Latest Modeling Practices

To move from the old SQL and SQLScript modeling approaches to the newer
techniques, use the following guidelines:

� Many modelers and developers used the SQL Console to create procedures.
This created runtime objects, which cannot be transported to the production
system. The recommended way is to create design-time objects—for example,
.hdbprocedure objects—instead of using the CREATE PROCEDURE statement.

� In the early days of SAP HANA, there was a huge emphasis on using certain
calculation engine functions (called CE-functions). The performance of these
CE-functions was much better (back then) than using standard SQL syntax;
you would use CE_UNION_ALL(:A, :B) instead of A UNION ALL B to improve
performance. This has now changed, and the new recommendation is to for-
get about CE-functions and use the SQL syntax.

� There were two different ways to create procedures before—namely, in the
context menu of a package (where we also create graphical views) and by

Action The Old Method The New Method

Create procedures Create run-time objects

� Example:
CREATE PROCEDURE

Create design-time objects

� Example:
Create .hdbprocedure

Write SQLScript 
code

Use SQLScript “CE_” functions

� Example:
CE_UNION_ALL(:A, :B)

Use SQL syntax

� Example:
A UNION ALL B

Use SQLScript SQLScript (scripted) 
calculation views

Table functions 
(.hdbtablefunction)

Create procedures Create a procedure in the 
Content area

or

Create a .procedure file

Create a .hdbprocedure file

Create table types CREATE TABLE TYPE CREATE TYPE

Table 8.2 Changes in SQL and SQLScript
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using a .procedure file. Both of these methods are deprecated. You should
now use a .hdbprocedure file to create procedures in SAP HANA.

� The old CREATE TABLE TYPE syntax to create a table type is now deprecated
and replaced by the new CREATE TYPE syntax.

� When creating calculation views, there is still a dropdown option to create
SQLScript calculation views. These are also known as scripted calculation
views or script-based calculation views. We recommend not using this type
of calculation view; instead, use table functions. In fact, as of SAP HANA SPS
11, the migration tool now migrates script-based calculation views to table
functions for you.

We will now see how to use the migration tool to convert script-based calcula-
tion views to table functions.

Migrating Scripted Calculation Views

Start the migration tool from the Quick View tab in the Modeler perspective. On
the next screen (Figure 8.10), you’ll see the migration tool dialog.

Here, we chose the option to migrate script-based calculation views to table func-
tions. Figure 8.11 shows the next step, in which you select all the calculation
views you want to migrate.

Figure 8.10 Migration Tool
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Figure 8.12 shows a script-based calculation view before migration.

The same script-based calculation view was converted to a table function. In Fig-
ure 8.13, you can see that both a table function (top part of the figure) and a
graphical calculation view that uses this table function (bottom part of the figure)
were created.

In this case, we did not have to create the table function manually; the migration
tool created it for us.

Figure 8.11 Selecting Scripted Calculation Views to Convert to Table Functions

Figure 8.12 Script-Based Calculation View before Migration
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Important Terminology
The following important terminology was used in this chapter:

� SQL
Structured Query Language (SQL) is a database programming language  used
to enhance your modeling process when you have requirements graphical
views cannot fulfill.

� SQLScript
SQLScript exposes many of the memory features of SAP HANA to SQL devel-
opers. This includes working with column tables, parameterized information
views, delta buffers, working with multiple result sets in parallel, built-in cur-
rency conversions at the database level, fuzzy text searching, spatial data

Figure 8.13 Scripted Calculation View Migrated to Table Function and Graphical 
Calculation View



Chapter 8 SQL and SQLScript300
types, and predictive analysis libraries. The only way to make this functional-
ity available via SQL queries, even from other applications, is to provide it via
SQL extensions.

� User-defined functions (UDF)
UDFs are custom read-only functions in SAP HANA.

� Procedures (stored procedures)
A procedure is a subroutine consisting of SQL statements. Procedures can be
called or invoked by applications that access the database. 

� Imperative logic
Occasionally, you might prefer to receive the answers to a query one record
at a time. This is most often the case when running SQL queries from appli-
cation servers. In these cases, you will use imperative logic, meaning you’ll
“loop” through the results one at a time

� Dynamic SQL
Dynamic SQL is when you build up SQL strings on the fly using code, and
then execute them.

Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
exam you must select all correct answers and only correct answers to receive
credit for the question.

1. What paradigm describes the SQL language?

� A. Set-oriented

� B. Object-oriented

� C. Procedural

� D. Application-focused
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2. To what subset of SQL does the SELECT statement belong?

� A. DML

� B. DDL

� C. DCL

� D. DQL

3. True or False: Delimited identifiers are treated as case-sensitive.

� A. True

� B. False

4. What is used in SQL to indicate that there is no value?

� A. Zero

� B. Empty quotes

� C. NULL

� D. Spaces

5. You want to use a table to store results for each session but do not want to
recreate the table for every session. What type of table should you create?

� A. History column table

� B. Global temporary table

� C. Local temporary table

� D. Virtual table

6. What character is used to terminate SQL statements?

� A. ? (question mark)

� B. : (colon)

� C. ; (semicolon)

� D. . (period)

7. What SELECT statement is not recommended for use with column tables?

� A. SELECT *

� B. SELECT with a time-travel clause
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� C. SELECT ALL

� D. SELECT in a subquery

8. True or False: A union returns all values in a result set, even duplicate
records.

� A. True

� B. False

9. What character is prepended to a SQLScript variable when it is used as an
input variable?

� A. ! (exclamation mark)

� B. : (colon)

� C. _ (underscore)

� D. & (ampersand)

10. What should you keep in mind when using imperative logic in SQLScript?

� A. It delivers the best possible performance.

� B. You can only use if-then logic.

� C. You can loop through records.

� D. It matches SQL’s set-oriented paradigm.

11. What should you keep in mind when using dynamic SQL? (There are 2 cor-
rect answers.)

� A. It is always bad for security.

� B. It could be used for SQL injection.

� C. You can dynamically change your data sources.

� D. It delivers the best possible performance.

12. You created a user-defined function with a return type of BIGINT. What type
of function have you created?

� A. SQL function

� B. Scalar function
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� C. Table function

� D. Window function

13. In which programming languages can you create procedures in SAP HANA?
(There are 2 correct answers.)

� A. SQLScript

� B. L

� C. JavaScript

� D. R

14. You created a user-defined function with the INVOKER security option.
Which user’s authorizations are checked when the function is executed?

� A. The owner of the function

� B. The _SYS_REPO user

� C. The SYSTEM user

� D. The user calling the function

15. You created a procedure without defining the security option. Which user’s
authorizations are checked when the procedure is executed in production?

� A. The user calling the function

� B. The system administrator that transported the procedure

� C. The _SYS_REPO user

� D. The developer that created the procedure

16. What is the preferred way to create a procedure?

� A. Use the CREATE PROCEDURE statement in the SQL Console.

� B. Create a .procedure file.

� C. Create a .hdbprocedure file.

� D. Use the context menu of a package.
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17. With which statement can you call a table function? (There are 2 correct
answers.)

� A. CALL

� B. INSERT INTO

� C. SELECT

� D. EXEC

18. What statement is allowed in a user-defined function?

� A. COMMIT

� B. EXEC

� C. INSERT

� D. JOIN

19. You want to call a procedure in a SELECT statement (like a table function).
Which clauses do you have to specify? (There are 2 correct answers.)

� A. LANGUAGE SQLSCRIPT

� B. WITH RESULTS VIEW

� C. SEQUENTIAL EXECUTION

� D. READS SQL DATA

20. What statement do you have to run before you can return table results from
a procedure?

� A. CREATE TABLE TYPE

� B. CREATE TYPE

� C. CREATE TABLE

� D. CREATE VIEW

21. What SQL construct do you use to return multiple result sets from a single
SQL statement?

� A. GROUPING SETS

� B. SELECT subquery

� C. JOIN

� D. UNION
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22. What can be used to return multiple result sets?

� A. Scalar function

� B. Table function

� C. Procedure

� D. View

23. What should you keep in mind about user-defined functions?

� A. They can use imperative logic.

� B. They can commit transactions.

� C. They can use dynamic SQL.

� D. They can call procedures.

24. What should you keep in mind about procedures? (There are 3 correct
answers.)

� A. They can call views.

� B. They are NOT open to SQL injection.

� C. They must return values.

� D. They may have input parameters.

� E. They can call table functions.

25. What is a new and recommended way to work with SQL and SQLScript?

� A. Use CE-functions rather than SQL syntax.

� B. Use .procedure files rather than creating SQL and SQLScript via the pack-
age context menu.

� C. Use table functions rather than scripted calculation views.

� D. Create runtime objects rather than design-time objects.

26. Which tasks are part of the migration tool workflow? (There are 2 correct
answers.)

� A. The tool requires a graphical calculation view as input.

� B. The tool requires a script-based calculation view as input.

� C. The tool produces only a table function.

� D. The tool produces a table function linked to a graphical calculation view.
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Practice Question Answers and Explanations
1. Correct answer: A

SQL language uses a set-oriented paradigm. Object-oriented and procedural
paradigms are used for application-level programming languages. SQL is data-
base-focused rather than application-focused. (Imperative logic is more appli-
cation-focused.)

2. Correct answer: D

The SELECT statement belongs to the Data Query Language (DQL) subset of
SQL. Data Manipulation Language (DML) refers to SQL statements like INSERT
and UPDATE. Data Definition Language (DDL) refers to creating tables and so on.
Data Control Language (DCL) refers to security.

3. Correct answer: A

True. Yes, delimited identifiers are treated as case-sensitive. Undelimited
(without quotes) identifiers are treated as if they were written in uppercase.

4. Correct answer: C

NULL is used in SQL to indicate that there is no value.

5. Correct answer: B

A GLOBAL TEMPORARY table stores results for each session, but you do not have
to recreate the table for every session. It is persisted. History column and vir-
tual tables are not related to sessions. A local temporary table deletes the table
after each session.

6. Correct answer: C

A semicolon (;) is used to terminate SQL statements.

7. Correct answer: A

A SELECT * statement is not recommended for use with column tables. Col-
umn tables are stored per column, and SELECT * forces the database to read
every column. It becomes much faster when it can ignore entire columns.

8. Correct answer: B

False. A UNION ALL statement returns all values in a result set, even duplicate
records. UNION only returns the unique records.

9. Correct answer: B

A colon (:) is prepended to a SQLScript variable when it is used as an input
variable.
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10. Correct answer: C

You can loop through records using imperative logic in SQLScript. It does
NOT deliver the best possible performance. Declarative logic (the set-ori-
ented paradigm) is much faster. The word only makes this statement “You can
only use if-then logic” false, because we can also use loop logic with impera-
tive logic.

11. Correct answers: B, C

Dynamic SQL can be used for SQL injection, and you can dynamically change
your data sources. The word always makes the “It is always bad for security”
statement false. Dynamic SQL does NOT deliver the best possible perfor-
mance.

12. Correct answer: B

You create a scalar function when it has a return type of BIGINT. This returns
a single value, and not a table-like result set. SQL functions and window
functions are not user-defined functions.

13. Correct answers: A, D

You can create procedures in SQLScript and R in SAP HANA.

14. Correct answer: D

A user-defined function with the INVOKER security option checks the autho-
rizations of the user calling the function when this function is executed. The
_SYS_REPO user is used if the DEFINER security option is used. The owner of
the function is no longer applicable once the function has been transported
to the production system. The SYSTEM user is never used in this context.

15. Correct answer: C

You first have to know that the default security option for a procedure is the
DEFINER security option.

The _SYS_REPO user is used if the DEFINER security option is used. The user
calling the function is used for the INVOKER security option. The developer of
the procedure is no longer applicable once the function has been transported
to the production system.

16. Correct answer: C

The preferred way to create a procedure is to create a .hdbprocedure file. All
the other methods are deprecated! (This shows how much things have
changed over the last few years.)
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17. Correct answers: C, D

You can call a table function with SELECT and EXEC statements. EXEC can be
used to build a dynamic SQL statement that contains a SELECT statement, for
example. You CANNOT use a function to INSERT INTO, because it’s read-only.
CALL is how procedures are called.

18. Correct answers: C, D

JOIN is allowed in a user-defined function. COMMIT, EXEC, and INSERT are not
read-only statements. A UDF will not even activate when you have these in
the function.

19. Correct answers: B, D

You need the WITH RESULTS VIEW and READS SQL DATA clauses to call a proce-
dure in a SELECT statement.

20. Correct answer: B

You have to run a CREATE TYPE statement before you can return table results
from a procedure.

CREATE TABLE TYPE is deprecated.

21. Correct answers: C, D

GROUPING SETS can return multiple result sets from a single SQL statement.
All the other statements use multiple sources, but return a single result set.

22. Correct answers: C, D

Procedures can return multiple result sets. Table functions and views can
only return single result sets. Scalar functions return (multiple) single values,
not sets.

23. Correct answer: A

UDFs can use imperative logic. They cannot commit transactions or use
dynamic SQL (because they are read-only), and they cannot call procedures.
(However, procedures can call UDFs.)

24. Correct answers: A, D, E

Procedures can call views and table functions, and they may have input
parameters. They may, but not must, return values. Because they can use
dynamic SQL, they are open to SQL injection.

25. Correct answer: C

We recommend using table functions rather than scripted calculation views.



Takeaway Chapter 8 309
26. Correct answers: B, D

The migration tool workflow requires a script-based calculation view as
input, and it produces a table function linked to a graphical calculation view.
Graphical calculation views do not need to be migrated. It produces not only
a table function, but also a graphical calculation view.

Takeaway
You have new tools and approaches in your modeling toolbox! We started by
providing a basic understanding of SQL and how to use it with your SAP HANA
information models. You learned about SQLScript in SAP HANA and discovered
how it extends and complements SQL, especially by creating and using UDFs and
procedures with your graphical SAP HANA information views.

We also discussed how the SAP HANA modeling environment with SQL and
SQLScript has changed over the last few years and how to work with the new
and recommended approaches.

Summary
There is now less focus on SQL and SQLScript in our modeling workflow than in
the past. We have new tools and approaches to accommodate the changes that
have happened in SAP HANA over the last few years as it has matured. You
should now be up-to-date with the SQL and SQLScript working environments
and know how to use them in your SAP HANA information modeling.

In the next chapter, we will start using exciting features in SAP HANA for search-
ing and analyzing text, utilizing spatial features, and leveraging predictive library
functions.





Text, Spatial, and 
Predictive Modeling

Techniques You’ll Master

� Know how to create a text search index

� Discover fuzzy text search, text analysis, and text mining

� Understand the key components of spatial processing

� Get to know the types of prediction algorithms

� Learn how to create a predictive analysis model
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Now that you understand the basics of SAP HANA information modeling, it’s
time to take your knowledge to the next level. In this chapter, we will cover three
different topics: text, spatial, and predictive modeling. These three topics are
independent from each other but can be combined in projects; for an example,
see the Real-World Scenario box.

We’ll begin our discussion with text modeling—specifically, how to search and
find text even if the user misspells it, how to analyze text to find sentiment, and
how to mine text in documents. Next, we’ll discuss spatial processing and how
to combine business data with maps. Finally, we’ll look at how to build a predic-
tive analysis model for business users.

Real-World Scenario

You are working on an SAP HANA project at a pharmaceutical company. The
company has created a mobile web application with SAP HANA for its sales
representatives. However, users are struggling to find products on their
mobile phones, because the keyboard is small and the names of the pharma-
ceutical products are quite difficult to type correctly. Therefore, you imple-
ment a fuzzy text search, via which users type roughly what they want, and
the SAP HANA system finds the correct products. The company later tells you
that this also helped users avoid adding duplicate entries into the system.

You improve this mobile application by suggesting products to the sales
reps. You create a predictive analysis model in SAP HANA to help with
their sales forecasting by looking at the seasonal patterns to determine
when people use certain products more—for example, in the winter.

You also notice that there were many comments about the company’s
products on Facebook and Twitter. You process these comments in SAP
HANA and can quickly tell the marketing department which products peo-
ple are talking about—and alert the company if people are making negative
comments about any product. You provide special alerts to the sales reps
to inform the customers about these products.

You finally add some what-if map-based analytics to the mobile app so that
sales reps can change the areas where they are working and see the impact
on their projected sales figures.

And of course, you win the “Best Employee” award for the year!
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Objectives of This Portion of the Test
The purpose of this portion of the SAP HANA certification exam is to test your
knowledge of the SAP HANA modeling tools.

The certification exam expects you to have a good understanding of the follow-
ing topics:

� How to create a text search index

� Fuzzy text search, text analysis, and text mining

� The key components of spatial processing

� The types of prediction algorithms

� How to create a predictive analysis model

Note

This portion contributes up to 10% of the total certification exam score.

Key Concepts Refresher
We’ve all heard of the website Google: You type in a few words, and the Google
search engine returns a list of web pages that best meet your search query,
ranked to your preferences. It is also used to indicate when you type a word
incorrectly and suggests another spelling, with the question, Did you mean…?

Now, however, the Google search engine has become so confident that it no
longer suggests the correction with a qualifying question, but instead says Show-

ing results for…. If you’re convinced you’re original entry is correct, it will
allow you to Search instead for [whatever you entered]. Even more revolution-
ary is the search engine’s ability to predict what you want as you type.

Google search is a good example of what we can do with SAP HANA in informa-
tion models: We can perform fuzzy text searches, like the “Did you mean” exam-
ple; we can perform text mining to find the best document out of a large
collection for a user; and we can perform predictive analysis.

In this chapter, we will also look at text and sentiment analysis and spatial and
geo-spatial processing.
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Text

First, let’s look at working with the text features in SAP HANA—namely, fault-
tolerant text searches, text analysis, and text mining. However, before we can dis-
cuss each of these topics in more detail, you first need to create a full-text index.

Text Index

To enable the text features in SAP HANA, you need a full-text index. Depending
on what you specify when you create the full-text index, it gives access to one or
more text features. The full-text index will use additional memory to provide the
requested text features.

Listing 9.1 provides an example of a SQL statement to create a full-text index. In
this case, we create a full-text index with the name DEMO_TEXT_INDEX on a col-
umn called SOME_TEXT in a column table.

CREATE FULLTEXT INDEX DEMO_TEXT_INDEX ON
"TEXT_INDEX"."DEMO_TEXT" ("SOME_TEXT")
LANGUAGE DETECTION ('EN')
SEARCH ONLY ON
FUZZY SEARCH INDEX ON
TEXT ANALYSIS ON

CONFIGURATION 'EXTRACTION_CORE_VOICEOFCUSTOMER'
TEXT MINING OFF;

Listing 9.1 SQL Statement to Create a Full-Text Index

Let’s examine the different text elements of the SQL statement in Listing 9.1:

� CREATE FULLTEXT INDEX
The first line creates a full-text index from the SOME_TEXT column in the DEMO_
TEXT table.

� LANGUAGE DETECTION
SAP HANA will attempt to detect the language of your text. You can specify
on what languages it should focus with this clause. In this case, we indicated
that our text is all in English.

� SEARCH ONLY ON
This clause saves some memory by not copying the source text into the full-
text index.
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� FUZZY SEARCH INDEX ON
Enables or disables the fault-tolerant search feature. This feature is also called
fuzzy text search.

� TEXT ANALYSIS ON
Enables or disables the text analysis feature.

� CONFIGURATION

Name of the configuration. The text analysis feature needs a configuration
file. Some standard configurations ship with SAP HANA, and you can also cre-
ate your own.

� TEXT MINING OFF
Enables or disables the text-mining feature.

Note

You normally put the SQL statement in Listing 9.1 in a procedure (using a .hdb-
procedure file). This way, you can deploy it later on the production system. The
recommended way to create full-text indexes going forward is using Core Data
Services (CDS). You can find the CDS syntax in the SAP HANA Search Developer
Guide at http://help.sap.com/hana_options_adp.

You now can open the definition of the column table by double-clicking the
table’s name in the Catalog area. In the Indexes tab, you’ll see the full-text index
named DEMO_TEXT_INDEX that you just created. When you select this index, you’ll
see the details of the full-text index as shown in Figure 9.1.

You can see from the checkboxes that we enabled Fuzzy Search and Text Anal-

ysis and disabled Text Mining in this index.

When fuzzy search is enabled for text-type columns, the full-text index increases
the memory size of the columns by approximately an additional 10 percent.
When text analysis is enabled, the increase in the memory size due to the full-
text index depends on many factors, but it can be as large as that of the column
itself.

SAP HANA will automatically create full-text indexes for columns with data types
TEXT, BINTEXT, and SHORTTEXT.
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For other column types, you must manually create the full-text index. You can
only manually create a full-text index for columns with the VARCHAR, NVARCHAR,
ALPHANUM, CLOB, NCLOB, and BLOB data types.

When you manually create an index, SAP HANA attaches a hidden column to the
column you indexed. This hidden column contains extracted textual data from
the source column; the original source column remains unchanged. Search que-
ries are performed on the hidden column, but the data returned is from the
source column.

Tip

Remember that a full-text index is created for a specific column, not for the
entire table. You will have to create a full-text index for every column that you
wish to search or analyze.

Text Search

When you’ve created a full-text index with the FUZZY SEARCH option enabled, you
can do fault-tolerant searches on your text data. (These are also called fuzzy
searches.) This means we can misspell words, and SAP HANA will still find the
text for us. The real-world scenario at the beginning of the chapter illustrates this
point in a somewhat exaggerated manner.

Figure 9.1 Full-Text Index Details
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SAP HANA will find alternative (US and UK) spellings for words like color/colour,
artifact/artefact, utilize/utilise, and check/cheque. Incorrectly entered words such
as typing coat, will still return the correct word, which was probably cost.

In Chapter 8, we discussed the LIKE operator in SQL. You can search for a ran-
dom pharmaceutical product name (like Guaiphenesin) via the following SQL
statement:

SELECT productname, price from Products where productname LIKE
‘%UAIPH%’;

This will find the name if you type the first few characters correctly. If you search
for “%AUIPH%” instead, you won’t find anything.

CONTAINS Predicate
In SAP HANA, you can use the CONTAINS predicate to use the fuzzy text search
feature. In this case, you use the following SQL statement:

SELECT SCORE(), productname, price from Products where
CONTAINS(productname, ‘AUIPH’, FUZZY(0.8)) ORDER BY SCORE() DESC;

Tip

Remember that your users will not type SQL statements; you’ll create these
statements in a user-defined function (UDF) or a procedure and call them from
your graphical calculation view or your SAP HANA XS application.

The CONTAINS predicate uses the column name you want to search on, the search
string itself (even if misspelled), and how “fuzzy” you want the search to be. The
fuzziness factor can range from zero (everything matches) to one (requires an
exact match).

The SCORE() function helps sort the results from the most relevant to the least
relevant.

If you want to search on all columns with a full-text search index, you can specify
the CONTAINS predicate as follows:

CONTAINS (*,‘AUIPH’, FUZZY(0.8))

When you search on multiple columns at once, it’s called a freestyle search. In this
case, the asterisk (*) includes all columns. However, you also can specify which
columns you want to include or exclude in the list.
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There are some special characters you can use in the search string:

� Double quotes (")
Everything between the double quotes is searched for exactly as it appears.

� Asterisk (*)
Replaces zero or more characters in the search string; for example, cat*
matches cats, catalogues, and so on.

� Question mark (?)
Replaces a single character in the search string; for example, cat? matches cats,
but not catalogue.

SAP HANA Simple Info Access API
The SAP HANA simple info access (SINA) API is a client-side JavaScript API for
developing your own web-based search interfaces. Figure 9.2 shows a demo text
search application created with the SINA toolkit.

Figure 9.2 SAP HANA Simple Info Access Demo Search Application
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Note

SAP HANA now includes an embedded search via the built-in sys.esh_
search()procedure. With this procedure, you can use an existing ABAP SQL
connection instead of an XS OData service for fuzzy text searches in SAP HANA
from SAP business applications.

For more information on this new API, see the SAP HANA Search Developer
Guide at http://help.sap.com/hana_options_adp.

Fuzzy Text Search in Attribute Views
To date, you can only use fuzzy text searches directly in attribute views; this is
one of the few reasons that SAP HANA SPS 11 still uses attributes.

Figure 9.3 shows the Search Properties tab in which you can see an output col-
umn’s properties. Here, you can enable fuzzy text search for a column and with
a particular Fuzziness Threshold.

Figure 9.3 Output Column Fuzzy Text Search Properties in an Attribute View
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Text Analysis

Once you’ve created a full-text index with the TEXT ANALYSIS option enabled,
you can analyze text with the SAP HANA text analysis feature, both via entity
analysis and sentiment analysis.

Working with Text Analysis
You create text analysis via the full-text index. The abbreviated statement is as
follows:

CREATE FULLTEXT INDEX INDEX_NAME ON TABLE_NAME ("COLUMN_NAME")
TEXT ANALYSIS ON

CONFIGURATION 'CONFIG_NAME';

You need the TEXT ANALYSIS ON clause and a CONFIGURATION NAME; there are a
few built-in configurations, but you can also create your own industry-specific
configuration files.

In the earlier example shown in Figure 9.1, we created the full-text index (called
DEMO_TEXT_INDEX) on the DEMO_TEXT table. When you look at the table in the
Catalog area, you’ll notice that SAP HANA has created an additional table: $TA_

DEMO_TEXT_INDEX (see Figure 9.4). This is the name of the full-text index we
created, prepended with $TA_.

You’d expect $TA_ to denote text analysis—and that’s exactly right. You get the
text analysis request results back in table $TA.

Hint

Table $TA is not the full-text index; it contains the results of the text analysis.

Figure 9.4 Source Table (DEMO_TEXT) and $TA_ Text Analysis Results Table
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The original table included the following values in the SOME_TEXT column:

� Laura likes apples. Laura dislikes chocolate.

� Colin loves running.

� Danie works for SAP.

Figure 9.5 shows the text analysis request results.

The text analysis determined the following points:

� It identified Laura, Colin, and Danie as people.

� It classified SAP as an organization.

� It identified apples, chocolate, and running as topics.

� It rated Laura liking apples as a weak positive sentiment.

� It rated Laura disliking chocolate as a weak negative sentiment.

� It determined that Colin loving running is a strong positive sentiment.

With a different text analysis configuration file, we would have received differ-
ent results.

Using the standard configuration files, you will be able to identify many of the
attributes (master data) in your text data. Identifying measures is not always that
easy, however.

Figure 9.5 $TA_ Text Analysis Results Table Content
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SAP HANA Text Analysis XS JavaScript API
From SAP HANA SPS 10 on, the SAP HANA Text Analysis XS JavaScript API is
available. With this API, you can call text analysis without creating a full-text
index or reading the results in the $TA table.

Grammatical Role Analysis
SAP HANA SPS 11 makes the optional Grammatical Role Analysis (GRA) analyzer
for English available. It identifies groups of three in the form of subject–verb–
object expressions.

For an example, let’s look at a well-known phrase:

The [SUBJECT]quick brown fox[/SUBJECT] [VERB]jumps[/VERB]
over the [DIRECTOBJECT]lazy dog[/DIRECTOBJECT]

Text Mining

Fuzzy searches and text analysis work with a word, sentence, or paragraph—but
with text mining, you can work with entire documents. These documents can be
web pages, Microsoft Word documents, or PDF files that are loaded into SAP
HANA.

Text mining uses the full-text indexing and text analysis processes. When using
text mining in SAP HANA, you can perform the following tasks:

� Categorize documents

� Find top-ranked terms related to a particular term

� Analyze a document to find key phrases that describe the document

� See a list of documents related to the one you ask about

� Access documents that best match your search terms

You can call the text mining features from SQL functions or from web applica-
tions that can use the SAP HANA Text Mining XS JavaScript API.

Tip

Remember that users will not work at the lower level that we have described in
this chapter: They will want to use text features from a browser-based applica-
tion interface. This is why SAP has focused on supplying various SAP HANA XS
JavaScript APIs for SAP HANA modelers and developers.
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Now that you know how to work with text data in SAP HANA and can use fault-
tolerant text searches, text analysis, and text mining in SAP HANA modeling
work, let’s move on to spatial processing.

Spatial

The next topic we’ll discuss is understanding spatial processing in SAP HANA.

Tip

Geospatial processing is a subset of spatial processing related to geography. Spa-
tial processing can include CAD models or even the human body and uses a
three-dimensional coordinate system that differs from the geospatial coordi-
nates of longitude, latitude, and height above sea level.

We first mentioned spatial processing in Chapter 4 when we discussed spatial
joins. Now, let’s take a closer look at spatial joins in an SAP HANA system.

Spatial Data Types and Joins

Figure 9.6 shows two tables that contain spatial data. One table contains shop
locations, and the other table contains city suburb shapes.

Here, we stored the shop locations in table GEO_SHOP, using the ST_POINT data type.

Figure 9.6 Two Tables Containing Spatial Data, with a Spatial Join
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The following spatial data types are available:

� ST_Geometry

This the supertype for all the other spatial data types; you can store objects
like linestrings, polygons, and circles in this data type. Then you can use the
TREAT expression to specify which data type you want to work with. For
example, TREAT( geometry1 AS ST_Polygon ).ST_Area() will take a geome-
try, treat it like a polygon, and ask the size of the polygon’s area.

� ST_Point

A point is a single location in space with X and Y coordinates at a minimum.
It can also have a Z coordinate for three-dimensional spatial data. Points are
often used to represent addresses, as in the shop example in Figure 9.6.

� ST_MultiPoint

A multipoint is a collection of points. For example, it could represent all the
different locations (addresses) where a company has shops.

� ST_LineString

A linestring is a line, which can be used to represent rivers, railroads, and
roads. In the shop example, it could represent a delivery route.

� ST_MultiLineString

A multilinestring is a collection of linestrings. In the shop example, this collec-
tion could include all the deliveries that a shop has to make on a certain day
for which the driver goes to different customers or suppliers.

� ST_Polygon

A polygon defines an area. In the shop example, this is used to represent the
suburbs in the second table (Figure 9.6; most suburbs do not have regular
square shapes).

� ST_MultiPolygon

A multipolygon is a collection of polygons; for example, the suburbs could be
combined to indicate the area of the city or town.

� ST_CircularString

A circularstring is a connected sequence of circular arc segments, much like a
linestring with circular arcs between points.

You can join different data spatial types together in a spatial join. Figure 9.7
shows the details of a spatial join. Notice that the Spatial Properties tab is



Key Concepts Refresher Chapter 9 325
available for this join type. The Predicate dropdown list in this tab allows you
to specify how to join the fields.

In the shop example, we will use the Contains option, because we want to see
which suburb contains which shop addresses (locations).

Tip

Please don’t confuse the Contains option in the spatial joins with the CONTAINS
predicate we used when executing a fuzzy text search.

Importing and Exporting Spatial Data

In SAP HANA, you can import and export spatial data in the Well-Known Text
(WKT) and the Well-Known Binary (WKB) formats. These formats are part of the
Open Geospatial Consortium (OGC) standards. You can also import and export
the extended versions of these formats, which are used by PostGIS.

Figure 9.7 Spatial Join Details



Chapter 9 Text, Spatial, and Predictive Modeling326
In addition, SAP HANA can import ESRI shapefiles and export spatial data in the
GeoJSON and Scalable Vector Graphic (SVG) file formats. The SVG file format is
maintained by World Wide Web Consortium (W3C) and supported by all mod-
ern browsers.

Spatial Functions

You saw an example of a spatial function earlier when we asked for the area of a
polygon to be calculated—for example, geometry1.ST_Area().

Referring back to Figure 9.7, you can ask if a shop’s location is in a suburb as fol-
lows:

SUBURB_SHAPE.ST_CONTAINS(SHOP_LOCATION1)

You can also see how far two shops are from each other as follows:

SHOP_LOCATION1. ST_WITHINDISTANCE(SHOP_LOCATION2)

Additional Resources

To learn more about spatial processing in SAP HANA, look at the examples in the
SHINE demo content. Here, you can find examples like the one in Figure 9.8, in
which you can work with shops on a map on the left of the screen and see their
details in the area on the right.

Figure 9.8 Spatial Data Used in a Business Application (SHINE Demo Content)
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You can find more information about spatial data in the SAP HANA Spatial Ref-
erence Guide at http://help.sap.com/hana_options_spatial.

Predictive

Now, let’s discuss predictive analysis. We’ll look at the SAP HANA predictive
analysis libraries and how to use them to create a predictive analysis model.

In this section, we’ll look at predicting future probabilities and trends and how
you can use this functionality in business. In the real-world scenario at the begin-
ning of the chapter, we described a use case in which you might create a predic-
tive model in SAP HANA to help sales reps with their sales forecasting by looking
at seasonal patterns; for example, people use more pharmaceuticals for allergies
in the spring.

There are many use cases for the predictive analysis libraries built into SAP
HANA: For financial institutions such as banks, you can detect fraud by looking
at abnormal transactions. For fleet management and car rental companies, you
can predict which parts will break soon in a vehicle and replace them before they
actually break.

Predictive Analysis Library

In SAP HANA, the predictive analysis functions are grouped together in the Pre-
dictive Analysis Library (PAL). PAL defines functions that you can call from SQL-
Script and use to perform various predictive analysis algorithms. The algorithms
were chosen by looking at what SAP HANA applications need, what people com-
monly use, and what the market requests.

In PAL, predictive analysis algorithms are grouped in nine categories; we’ll take
a quick look at the nine categories and discuss a few popular algorithms in some
of these categories. Figure 9.9 provides an overview. The categories are as fol-
lows:

� Clustering
With clustering, you divide data into groups (clusters) of items that have sim-
ilar properties. For example, you can group servers with similar usage char-
acteristics, like email servers that all have a lot of network traffic on port 25
during the day. You might use the popular K-means algorithm for this pur-
pose. Another example is computer vision, in which you cluster pictures of
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human faces using the affinity propagation algorithm. Clustering is sometimes
also called segmentation. The focus of clustering is the algorithm figuring out
by itself what is the best way to group existing data together.

� Classification
The process of classification takes historical data and trains predictive mod-
els—using, for example, decision trees. You can then send new data to the pre-
dictive model you’ve trained, and the model will attempt to predict which
class the new data belongs to. This process is often referred to as supervised
learning. The focus here is on getting accurate predictions for unknown data.

� Regression
Regression plots the best possible line or curve through the historical data.
You can then use that line or curve to predict future values. This could be used
by the previously mentioned car rental company. The company has had 5,000
of these vehicles before, and so it has good information available to predict
when certain parts in a similar vehicle will break.

� Association
For an example of an association, think of Amazon’s suggestions: People who

bought this item also bought the following items. The apriori algorithm
can be used to analyze shopping baskets. It can identify products that are
commonly purchased together and group them together in the shop—for
example, flashlights and batteries. You could even offer a discount on the
flashlights because you know that people will need to buy batteries for them,
and you can make enough profit on the batteries. (Notice however that the
inverse is not necessarily true; a discount on the batteries will not encourage
people to buy flashlights.)

� Time series
For an example of a time series, think of the real-life scenario at the beginning
of the chapter, in which we built a predictive model to forecast sales by look-
ing at seasonal patterns. You might also see, for example, a monthly pattern
in shops of higher sales after paydays.

� Preprocessing
This category of algorithms is used to prepare data before further processing.
These algorithms may improve the accuracy of the predictive models by
reducing the noise. You can also identify outliers, or invalid and missing val-
ues.
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� Statistics
This category includes some statistical algorithms to find out how closely vari-
ables are related to—or independent they are from—each other. One example
is the Grubbs’ test algorithm, which is used to detect outliers. This could be
used in the fraud detection use case we mentioned earlier, in which certain
transactions are different from the others. (Often, we first use a clustering
algorithm to group transactions together, and then detect outliers for each
group/cluster after.)

� Social network analysis
Currently, the only algorithm in this category is the link prediction algorithm,
used to predict the likelihood of a future association between two people who
have no association yet. This is used by companies like Facebook and Linke-
dIn.

� Miscellaneous
Two algorithms fall under this category: The ABC analysis algorithm can be
used to identify which 20 percent of our customers account for 80 percent of
the revenue, and weighted score tables can be used to help you decide what to
buy when some criteria are more important than others—for example, if you
want to buy an SAP HANA server. The speed of the memory weighs more
heavily in that decision than disk speeds.

Figure 9.9 shows the PAL algorithms, per category, that are available in SAP
HANA SPS 11.

You can find information about each of the PAL predictive functions in the SAP
HANA Predictive Analysis Library (PAL) Reference Guide at http://help.sap.com/
hana_platform/.

Installing PAL

PAL is part of the Application Function Library (AFL) that ships with all SAP
HANA systems. AFL is an optional component; if you want to use the predictive
analysis algorithms in PAL, you have to install AFL via SAP HANA Application
Lifecycle Management. AFL also includes a Business Function Library (BFL).

After the installation, you have to ensure that the script server is started and
make sure you have the AFL_SYS_AFL_AFLPAL_EXECUTE role assigned to your SAP
HANA user. (Roles, and how to assign them, are discussed in Chapter 13.)

http://help.sap.com/hana_platform/
http://help.sap.com/hana_platform/
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You can check if AFL is installed on a system by opening the AFL_FUNCTIONS view
in the SYS schema. If you see lots of entries in this view, then AFL has been
installed on that system.

Creating a Predictive Model

Once PAL is installed, you can create predictive models graphically via the appli-
cation function modeler (AFM). In Chapter 5, we discussed the steps to create a
flowgraph model:

1. Create a .hdbflowgraph file in your project in the developer perspective.

2. Give your predictive model a name, and choose Flowgraph for Activation

as Stored Procedure.

Note

You can also create a predictive model using SQLScript, which is the traditional
way to build such models. Building the models graphically using the AFM only
became available in the last few releases of SAP HANA.

Figure 9.9 Predictive Functions Available in SAP HANA SPS 11, Grouped by Category
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If you find .aflpmml files, which are AFL models, you will have to convert these
to AFM flowgraphs. SAP HANA SPS 11 can still run these files, but you cannot
edit them in the AFM.

In the AFM, build a flowgraph model. Start on the left side and work towards
the right side, as shown in Figure 9.10. First, drag a table with data into the left
side of the work area. Next, select a PAL function from the palette on the right
and drag it to the work area. Then, connect the table to the PAL function; the PAL
functions are grouped into the categories that we discussed earlier.

In Figure 9.10, we started building the end-to-end scenario to predict segmenta-
tion of new customers for a supermarket, as described in the PAL reference
guide. The guide describes how to do this by using SQLScript, but it’s a good
exercise to try to do it via a graphical flowgraph model.

Sometimes, you might want to train your model, and then use it later to make
predictions. Figure 9.11 shows such a model: It starts with some training data
that you feed into a C4.5 decision tree. The data is used to train the classification

Figure 9.10 Creating a Flowgraph Model in the AFM Tool
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model. You then feed the trained classification model into a prediction function
and also give the prediction function some new data. The prediction function
applies the trained model to the new data and provides the predicted results in
an output table.

SAP HANA automatically converts the graphical flowgraph model into a SQL-
Script procedure, and you can then call this procedure when you want to use the
predictive model as part of your other SAP HANA information models.

Important Terminology
In this chapter, we looked at the following important terms:

� Full-text index
Depending on what you specify when you create the full-text index, it gives
access to one or more text features. The full-text index will use additional
memory to provide the requested text features.

� Fuzzy text search
Enables or disables the fault-tolerant search feature.

Figure 9.11 Predictive Model Created in AFM
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� SAP HANA simple info access (SINA)
The SINA API is a client-side JavaScript API for developing your own web-
based search interfaces.

� Text analysis
Text analysis provides a vast number of possible entity types and analysis
rules for many industries in many languages.

� SAP HANA Text Analysis XS JavaScript
With this API, you can call text analysis without creating a full-text index or
reading the results in the $TA table.

� Text mining
When using text mining in SAP HANA, you can perform the following tasks:

� Categorize documents

� Find top-ranked terms related to a particular term

� Analyze a document to find key phrases that describe the document

� See a list of documents related to the one you ask about

� Access documents that best match your search terms

� Spatial processing
Simply put, spatial processing uses data to describe, manipulate, and calculate
the position, shape, and orientation of objects in a defined space.

� Predictive Analysis Library (PAL)
Defines functions that you can use to perform various predictive analysis
algorithms.

Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers, and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
exam you must select all correct answers and only correct answers to receive
credit for the question.
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1. Which text feature do you use to find sentiment in textual data?

� A. Full-text index

� B. Fuzzy text search

� C. Text analysis

� D. Text mining

2. You create a full-text index. For what text feature clause do you need to spec-
ify a configuration?

� A. SEARCH ONLY

� B. FUZZY SEARCH INDEX

� C. TEXT MINING

� D. TEXT ANALYSIS

3. What is the recommended way to create full-text indexes going forward?

� A. User-defined functions

� B. Procedures

� C. Core Data Services

� D. SQL statements in the SQL Console

4. For which data types does SAP HANA automatically create full-text indexes?
(There are 3 correct answers.)

� A. NVARCHAR

� B. SHORTTEXT

� C. BINTEXT

� D. CLOB

� E. TEXT

5. What predicate do you use for fuzzy text search in the WHERE clause of a SQL
statement?

� A. LIKE

� B. ANY
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� C. IN

� D. CONTAINS

6. What do you use in a SQL query to sort fuzzy text search results by rele-
vance?

� A. RANK()

� B. SCORE()

� C. SORT BY

� D. TOP

7. What API would you use in SAP HANA SPS 11 to display search results in
an ABAP system?

� A. The esh_search procedure

� B. SAP HANA Simple Info Access API (SINA)

� C. SAP HANA Text Mining XS JavaScript API

� D. SAP HANA Text Analysis XS JavaScript API

8. In what type of view can you use fuzzy text search directly?

� A. Analytic views

� B. Calculation views of type dimension

� C. Calculation views of type cube

� D. Attribute views

9. True or False: The full-text index is stored in table $TA.

� A. True

� B. False

10. What spatial data type would you use to store multiple shop locations?

� A. ST_Point

� B. ST_MultiPoint

� C. ST_Polygon

� D. ST_MultiLineString



Chapter 9 Text, Spatial, and Predictive Modeling336
11. Which spatial data formats can you import into SAP HANA? (There are 2 cor-
rect answers.)

� A. Scalable Vector Graphic (SVG)

� B. Well Known Text (WKT)

� C. ESRI shapefiles

� D. GeoJSON

12. What PAL algorithm category can you use for supervised learning?

� A. Classification

� B. Clustering

� C. Association

� D. Social network analysis

13. What PAL algorithm would you use to analyze shopping baskets?

� A. K-means

� B. Decision tree

� C. Apriori

� D. Link prediction

14. What must be installed for PAL to work?

� A. SAP HANA BFL

� B. SAP HANA AFL

� C. SAP HANA AFM

� D. SAP HANA SINA

15. What SAP HANA information object does AFM create?

� A. Attribute view

� B. Calculation view

� C. Table function

� D. Procedure
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Practice Question Answers and Explanations
1. Correct answer: C

You use to text analysis (also called sentiment analysis) to find sentiment in
textual data.

2. Correct answer: D

You need to specify a configuration with the TEXT ANALYSIS clause when you
create a full-text index.

3. Correct answer: C

The recommended way going forward to create full-text indexes is using CDS.
We never recommend using SQL statements in the SQL Console, because you
will have to retype everything again in the production system. Procedures are
acceptable and usable, but CDS is the recommended way going forward.

4. Correct answers: B, C, E

SAP HANA automatically creates full-text indexes for TEXT, BINTEXT, and
SHORTTEXT. For NVARCHAR and CLOB, you have to create full-text indexes man-
ually.

5. Correct answer: D

You use the CONTAINS predicate for fuzzy text search in the WHERE clause of a
SQL statement. The LIKE predicate only uses exact matching, not fuzzy text
search.

6. Correct answer: B

You use the SCORE() function in a SQL query to sort fuzzy text search results
by relevance. RANK, SORT BY, and TOP cannot be used to sort SAP HANA fuzzy
text search results.

7. Correct answer: A

You use the sys.esh_search procedure in SAP HANA SPS 11 to display
search results in an ABAP system. You can use the current ABAP SQL connec-
tion rather than having to use XS JavaScript. SAP HANA SINA is the older SAP
HANA XS-based API.

8. Correct answer: D

You use fuzzy text search directly in attribute views; this is currently the only
way to use it. This is one of the few reasons to still use attribute views in SAP
HANA SPS 11.
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9. Correct answer: B

False. The full-text index is NOT stored in the $TA table.

10. Correct answer: B

Use a ST_MultiPoint data type to store multiple shop locations. ST_Point
can only store a single shop location, and ST_Polygon and ST_Multi-
LineString cannot be used for shop locations.

11. Correct answers: B, C

You can import Well Known Text (WKT) and ESRI shapefiles into SAP HANA.
You can only export Scalable Vector Graphic (SVG) and GeoJSON file for-
mats.

12. Correct answer: A

You can use the algorithms in the PAL classification category for supervised
learning. Clustering is sometimes also called unsupervised learning.

13. Correct answer: C

Use the apriori PAL algorithm to analyze shopping baskets.

14. Correct answer: B

You must install AFL for PAL to work. BFL is part of AFL, but completely sep-
arate from PAL. AFM is the modeling tool used for graphically designing pre-
dictive models, and SAP HANA SINA is the API used for text search.

15. Correct answer: D

AFM creates a procedure.

Takeaway
You now know how to create a text search index for use with the fuzzy text
search, text analysis, and text mining features in SAP HANA. You can use these
features to provide fault-tolerant searches, sentiment analysis, and document ref-
erences for the users of your information models.

You should now also understand the key components of spatial processing,
which spatial data types are available, and how to perform spatial joins in SAP
HANA information views.

Finally, we also discussed the categories and some of the algorithms in PAL and
learned how to create a predictive analysis model.



Summary Chapter 9 339
Summary
We discussed a few aspects of text analysis: how to search and find text even if
the user misspells it, how to analyze text to find sentiment, and how to mine text
in documents. We explained how to use spatial processing and how to combine
business data with maps, and you learned how to build a predictive analysis
model for business users.

In the next chapter, we’ll look at how to improve SAP HANA information models
to achieve optimal performance.





Optimization of Information 
Models

Techniques You’ll Master

� Understand the performance enhancements in SAP HANA

� Get to know techniques for optimizing performance

� Learn how to use the SAP HANA optimization tools

� Implement good modeling practices for optimal performance

� Create optimal SQL and SQLScript
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During our exploration of SAP HANA, we’ve frequently come across the topic of
performance. SAP HANA is well-known for the improvements it brings to busi-
ness process runtimes and its real-time computing abilities.

In this chapter, we’ll discuss some of these performance enhancements built into
SAP HANA and review the techniques you’ve learned previously. We’ll then look
into new ways of pinpointing performance issues and discuss how to use the
optimization tools built into SAP HANA.

Finally, we’ll examine some guidelines and best practices when modeling and
writing SQL and SQLScript code.

Real-World Scenario

The CEO of your company reads a 2009 study by Akamai that says that 40
percent of online shoppers will abandon a website that takes longer than
three seconds to load.

Therefore, you are tasked to help achieve a response time of less than three
seconds for most reports and analytics that sales representatives use. Many
such users work on tablets, especially when they are visiting customers.
You decide to use a mobile-first approach, creating interactive analytics and
reports to reduce network requirements.

Some of the reports currently take more than two minutes to run on SAP
HANA. Using your knowledge of optimization, you manage to bring these
times down to just a few seconds.

Objectives of This Portion of the Test
The purpose of this portion of the SAP HANA certification exam is to test your
knowledge of the SAP HANA modeling tools.

The certification exam expects you to have a good understanding of the follow-
ing topics:

� Performance enhancements in SAP HANA

� Techniques for optimizing performance
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� Using the Explain Plan tool, the Visualize Plan tool, the Administration Con-
sole, and the Performance Analysis Mode

� Good modeling practices for optimal performance

� Creating optimal SQL and SQLScript

Note

This portion contributes up to 10% of the total certification exam score.

Key Concepts Refresher
In the preceding chapters, we’ve discussed many performance enhancements
that are built into the design of SAP HANA; in this chapter, we’ll walk through
various optimization topics in SAP HANA.

Architecture and Performance

The largest and most fundamental change that comes with SAP HANA technol-
ogy is the move from disks to memory. The in-memory technology that SAP
HANA is built on has been one of the biggest contributors of performance
improvements. The decision to break with the legacy of disk-based systems and
use in-memory systems as the central focus point (and everything that comes
with this) has led to significant changes in performance.

The next step was to combine memory and multicore CPUs. If we store everything
in memory and have plenty of processing power, we do not have to store calcu-
lated results. We just recalculate them when we need them—which opens the
door to real-time computing. Real-time computing requires that results be recal-
culated each time they’re needed, because the data might have changed since the
last query.

This combination of memory and CPU processing power led to new innovations.
Now, you can combine OLTP and OLAP together in the same system: The OLAP
components don’t need the storage of precalculated cubes and can be recalcu-
lated without impacting the performance of the OLTP system.

Another innovations prompted by combining memory and CPU is data compres-
sion. This both reduces memory requirements and helps to better utilize CPUs by
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loading more data in the level 1 CPU cache. Loading more data into CPUs once
again improved performance.

To improve compression, SAP HANA prefers columnar storage. Along with many
advantages, columnar storage also has a few disadvantages: Inserting new
records and updating existing records are not handled as efficiently in column
tables as in row tables. To solve this, SAP HANA implemented the insert-only
principle with delta buffers. We use row storage for delta buffers to improve
insert speeds and then use delta merges to bring the data back to columnar stor-
age, which leads to better read performance.

Tip

The performance improvements in SAP HANA do not mean that we can be neg-
ligent in modeling. For example, you should not use SELECT * statements or
choose any unnecessary fields in queries, because doing so decreases the effi-
ciency of the column storage.

Using multicore processors, everything in SAP HANA was designed from the
ground up to run in parallel. Even a single aggregation value is calculated using
parallelism. This led to SAP HANA growing from a single hardware appliance to
a distributed scale-out system that can work across multiple server nodes and
finally to multitenant database containers. Tables can now also be partitioned
across multiple servers. With more servers, the scale and performance of SAP
HANA systems has vastly advanced.

Redesigned and Optimized Applications

While combining memory and processors, we also saw that moving data from
memory to application servers is not the optimal way to work with an in-mem-
ory database. It makes more sense to push down some of the application logic to
the SAP HANA system for fast access to the data in memory and plenty of com-
puting resources for calculations.

SAP started by making SAP HANA available as an accelerator and sidecar solution
to improve issues with long-running processes in current systems. Over time,
SAP business applications were migrated to SAP HANA and re-engineered to
make use of the advantages it offers.
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With SAP S/4HANA, we now have a system that uses views instead of material-
ized aggregates in lookup tables, significantly reducing the size of the system,
simplifying the code, and enriching the user experience.

Information Modeling Techniques

In previous chapters, we discussed some techniques that can help optimize infor-
mation models, such as the following:

� Limit data as quickly as possible. Do this by defining filters on the source data,
applying variables in your SAP HANA views, and selecting only the fields that
you require in your query results. Also, let SAP HANA perform the calcula-
tions and send only the results to a business application, instead of sending
lots of data to the application and performing the calculations there.

� Perform calculations as late as possible. For example, perform aggregation
before calculation in analytic views.

� Use referential joins when your data has referential integrity. When working
with referential integrity, you do not have to evaluate the join for all queries.

� Similarly, use dynamic joins to optimize the join performance for certain que-
ries.

� Join tables on key fields.

� Use a union instead of a join for combining large sets of data; make unions
even more efficient by using union pruning.

� Only use a single fact table in a data foundation of a star join view.

� Build up your information views in layers.

If you use these techniques, you will avoid many optimization hazards. These
techniques should be part of your everyday workflow.

Tip

The best optimization is no optimization. If you avoid the pitfalls in this chapter,
you will not need to optimize later.

In spite of your best efforts, sometimes you need to optimize an information
model.
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Optimization Tools

When optimizing an SAP HANA information model, a number of tools are at
your disposal. You need to know when to pick which optimization tool and how
to use it.

SAP HANA Engines

SAP HANA has several internal components called engines. Each of these engines
is optimized to provide specific functionality for the processing of SAP HANA
information models:

� Row engine
The row engine is used for processing data from row tables and certain fea-
tures that are traditionally expected from relational databases.

� Column engine
This engine processes data from the column table and associated features.

� Join engine
Dimension views almost exclusively use joins between tables and therefore
send most of their processing to the join engine.

� OLAP engine
Star join views are OLAP “cubes.” The OLAP engine specializes in handling
cube-type processes and is traditionally associated with analytic views.

� Calculation engine
Calculation views and calculated columns use the calculation engine. The spa-
tial engine is added functionality in the calculation engine that provides the
spatial capabilities of SAP HANA.

� SQL engine
This engine is used for processing the SAP HANA Live models, which are
mostly focused on relational processes.

These engines work together to process information models. However, transfer-
ring information from one engine to another can affect performance.

Tip

Reduce the amount of data transferred between the engines.
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A better idea of how this process between engine works can be seen when using
a star join view with calculated columns. In this case, SAP HANA might use the
OLAP engine for processing the star join view and the calculation engine for pro-
cessing the calculated columns. If you plan to use a calculation view of type cube
on top of the star join view later, it might make sense to move the calculated col-
umns to the calculation view of type cube. This is in line with our general recom-
mendation to calculate as late as possible.

Note

As SAP HANA improves and matures, there will be less emphasis on the engines
and the transfer between engines. With SAP HANA now providing a migration
tool to help move to calculation views, this implies less emphasis on knowing
about and compensating for the transfer between engines.

Now that you have a better understanding of SAP HANA’s engines, in the next
section we’ll begin discussing the tools available for optimizing performance.

Explain Plan

One of the purposes of the Explain Plan tool is to show which engines are used
when processing an information model and if there is a transfer between engines
involved. It also shows what operators are processed—for example, a join, a col-
umn table, a column search, or a filter. This tool does not provide any informa-
tion about the actual processing, such as how many records were processed or
how long it took.

You can access the Explain Plan tool from the context menu of the SQL Console.

Tip

There is a quick way to reach any SAP HANA view from the SQL Console win-
dow: Right-click the name of the view in the Content area and select the Gen-

erate Select SQL option from the context menu. This will open a SQL editor
with an equivalent SQL query for the selected information view.

Figure 10.1 shows the Purchase Overview calculation view, opened from the
SHINE content. From the context menu in the SQL Console, choose the Explain

Plan option to launch the tool for this SQL query.
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Figure 10.2 shows the Explain Plan with the SQL query on the top and the exe-
cution engines and the names of the operators used when running the SQL
query. In the Operator Details column, you can see which tables are used here.

Visualize Plan

From the same context menu in the SQL Console, you can also launch the Visu-
alize Plan tool. The Visualize Plan tool has two options, as shown in Figure 10.3:
Prepare and Execute.

Figure 10.1 Open Explain Plan from Context Menu
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Figure 10.2 Explain Plan

Figure 10.3 Visualize Plan Context Menu Options in SQL Console
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The Visualize Plan tool visually shows how the SQL query will be prepared and
executed. Figure 10.4 illustrates the prepared execution plan. The bottom row
shows the various column tables that will be read, and the lines going to the next
block up (a join node) show how many records will be read from each table. The
join node output again shows the number of rows.

This information is helpful when you want to reduce the data transferred
between layers as quickly as possible or filter as early as possible, as recom-
mended. You can view the prepared plan and find out how many records will be
generated in the result set. Then, you can apply a filter, for example, and rerun
the prepared plan to see the difference.

Once you’ve viewed the prepared execution plan, you can execute the SAP
HANA information model and call the Visualize Plan tool for the executed plan.
You will see the Overview tab (Figure 10.5).

From the Overview tab, you can see how long the query took, how much mem-
ory it used, the number of tables that were used, and how many records were
returned in the result set.

Figure 10.4 Prepared Execution Plan Visualized
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Next to the Overview tab is the Executed Plan tab, which shows the executed
plan visually, with the execution times for each operator block. You can expand
an operator block by clicking on the small triangle at the top-right of the block
(see Figure 10.6). Here, you can see the execution time for every block and how
many records are passed between the operations.

Figure 10.6 also shows the timeline view, which presents timelines for various
operations. The top and bottom portions of the screen are linked, so if you select

Figure 10.5 Executed Plan Overview Tab

Figure 10.6 Executed Plan Visualization and Timeline View
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a line on the timeline view, the corresponding operations block in the top graph
is selected as well.

Next to the Timeline tab, you’ll see the Operator list tab (Figure 10.7), which
provides more detail on every operator used when executing the query.

As you can see, the Visualize Plan is a powerful tool that can help you optimize
SAP HANA information models.

Administration Console

We briefly mentioned the Administration Console in Chapter 5. There are three
tabs that are especially relevant to optimization:

� Performance

The Performance tab has several subtabs. The SQL Plan Cache subtab
(shown in Figure 10.8) contains a list of all the SQL statements executed in
the SAP HANA system. You can sort this list according to certain criteria, such
as the amount of memory used, the number of rows returned, and execution
time. That way, you can find the 10 statements that took the most memory

Figure 10.7 Executed Plan Visualization and Operator List
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quickly and discover where the memory in your SAP HANA system disap-
peared to.

You can open any of the SQL statements in the Visualize Plan or in the SQL
Console, where you can test variations and measure the impact of your
changes.

� Diagnosis Files

Next is the Diagnosis Files tab. Figure 10.9 shows a list of trace and log files.
We filtered this list to the “xs” search string, meaning that it only shows files
that have “xs” in the file name. You can read these files in SAP HANA studio,
or if they’re too large, you can download them. You can download them as-
is or compressed in a ZIP file.

Figure 10.8 SQL Plan Cache Subtab in Administrator Console

Figure 10.9 Filtered List of Trace and Log Files in Diagnosis Files Tab
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These trace and log files can provide detailed process information, and SAP
HANA can trace very specific events; for example, you can limit a trace file to
a specific user or application.

� Trace Configuration

To set up specific traces, use the Trace Configuration tab, shown in Figure
10.10. This tab allows you to set up various trace configurations. We won’t
go into any detail about available trace configurations here; this information
is discussed in SAP HANA technical training, because these traces are nor-
mally executed by SAP HANA database or system administrators. You’ll need
to work with your SAP HANA administrator if you want to run any traces.

Performance Analysis Mode

The last tool that we will look at in this chapter is Performance Analysis Mode,
available from the top-right toolbar when you build SAP HANA information
views.

You can switch this mode on or off when designing information views. The tool
will analyze your view and suggest possible improvements.

Figure 10.11 shows the dropdown menu for Performance Analysis Mode. The
first menu option allows you to switch this mode on or off.

Figure 10.10 The Trace Configuration tab of the Administration Console.
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Before we discuss the main features of Performance Analysis Mode, let’s briefly
detour to look at the last option on the menu shown in Figure 10.11. The Visu-

alize View in Planviz Editor option opens a simplified graphical flow of the
information view (Figure 10.12).

When you select a node, you can see the attributes and measures on the left of
the graphical flow and the input and output fields on the right.

Go back to the Performance Analysis Mode and you will notice that a new tab,
Performance Analysis, has been added to the View Editor in which you design
the information view. When you select a node—for example, the join node—in
your view, and then then open the Performance Analysis tab (top middle), you
will now see improvement recommendations from the SAP HANA system.

Figure 10.13 returns to the Purchase Overview calculation view from the SHINE
content.

Figure 10.11 Performance Analysis Mode Menu

Figure 10.12 Visualize View Called from Performance Analysis Mode Menu
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As shown in Figure 10.13, we’ve highlighted three possible improvement sug-
gestions:

� Recommended join type or cardinality is different from what you have
selected.
In this case, we did not specify any cardinality on the join. SAP HANA ana-
lyzed the data and view and suggested that a 1..n cardinality should be set.
Setting the cardinality will allow SAP HANA to execute the view faster,
because it won’t have to calculate what the cardinality is first.

� Recommended: Referential join type.
SAP HANA looked at the data to see if referential integrity was ensured.
Because there is referential integrity in this case, SAP HANA suggested that a
referential join would be better in the join node of this view.

� Threshold value exceeded. Check performance workbench preferences.
Here, SAP HANA looked at how many records will be returned by the join. If
the number of records exceeds a threshold, SAP HANA suggests that parti-
tioning the table could speed up the join. The system shows us information
about the number of rows and the partitions.

Figure 10.14 shows additional information for when you’re joining tables from
remote sources using SAP HANA smart data access (SDA). (We will discuss SDA
in Chapter 14.)

Figure 10.13 Performance Analysis Mode Optimization Suggestions

Threshold value exceeded. Check performance workbench preferences.

Recommended: Referential Join TypeRecommended join type or cardinality is
different from what you have selected.
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You can set validation rules related to performance in the SAP HANA studio pref-
erences. From the Window menu, select Preferences � SAP HANA � Modeler �

Validation Rules. Figure 10.15 shows validation rules related to performance.

Figure 10.14 Performance Analysis Mode Suggestions to Optimize SAP HANA 
Information View Built on Virtual Tables

Figure 10.15 Validation Rules Related to Performance in SAP HANA Studio
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Best Practices for Optimization

Performance Analysis Mode suggested some improvements we could make to
our information view with regards to specifying the cardinality, using a referen-
tial join, and potentially partitioning our tables. In this last section, we will dis-
cuss some additional best practices for modeling in SAP HANA. Remember that
we mentioned a few earlier in the chapter when we summarized concepts you’ve
learned previously in the book.

We can divide these best practices into two areas—namely, those related to the
graphical view design and those related to SQL and SQLScript.

Graphic Information Modeling Best Practices

The following are some additional best practices to optimize graphical informa-
tion models:

� Minimize data transfer between SAP HANA execution engines.

� Reduce data transfer between information views.

� Implement filters at a table level.

� Don’t send all information to the analytics and reporting tools; instead, make
your reports more interactive and make multiple smaller requests from SAP
HANA. The SAP HANA system will use less memory, be more efficient, and
respond faster. With less data moving across the network, the user experi-
ence improves. In addition, by sending less information to the analytics and
reporting tools, you make these tools more mobile-friendly.

� Select only the fields you require; columnar databases don’t like working
with all the columns.

� Specify the cardinality in a join.

� Use left outer rather than right outer joins.

� Investigate whether partitioning your tables is a valid option.

� Let SAP HANA do hard work like aggregations and calculations.



Important Terminology Chapter 10 359
Tip

Remember that SAP HANA uses authorizations as a filter. If a user is only
allowed to see one cost center, then SAP HANA will use that as a filter to speed
up the query. In this case, security is not an overhead as in many other systems
but an optimization technique.

SQL and SQLScript Guidelines

We mentioned several best practices for optimizing SQL and SQLScript in Chap-
ter 8, including the following:

� Do not use SELECT * statements.

� Try to avoid imperative logic with a loop or branch logic. SQL uses a set-ori-
ented approach for best performance.

� Break large, complex SQL statements into smaller independent steps using
SQLScript variables. This can improve the parallelization of the execution of
the query.

� Use procedures or GROUPING SETS to return multiple results sets.

Tip

For more optimization and performance tips, watch Werner Steyn’s excellent one-
hour session, named DMM208, from SAP TechEd 2015 at http://events.sap.com/
teched/en/session/26543.

You can also attend the HA215 training course. You can find more information
about this course at https://training.sap.com/shop/course/ha215-sap-hana-
monitoring-and-performance-tuning-classroom-010-g-en/.

Important Terminology
In this chapter, we covered the following important topics:

� Architecture and performance
We started this chapter by reviewing the architecture design principles of SAP
HANA and how everything contributes to optimal system performance. We

http://events.sap.com/teched/en/session/26543
http://events.sap.com/teched/en/session/26543
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also summarized some of the best practices you’ve already learned in your
information modeling journey.

� Explain Plan
The Explain Plan tool shows the different engines used by SAP HANA to exe-
cute a query, along with a list of operators.

� Visualize Plan
The Visualize Plan tool shows graphical flows for both the prepared and the
executed plans. We can see the number of records returned per operator in
the prepared plan and the number of records along with the time each step
of the query took in the executed plan. We can also combine the graphical
flow with a timeline and an operator list.

� Administration Console
The Administration Console provides access to the SQL cache of all SQL state-
ments previously run in the SAP HANA system. We can also create and read
trace files for identifying exactly what happens in the SAP HANA system
when a query is executed.

� Performance Analysis Mode
The Performance Analysis Mode provides suggestions while we are designing
a view to potentially improve performance. This tool looks, for example, at
join types, referential integrity, cardinality, and partitioning.

� Best practices
Finally, we looked at some best practices for ensuring that SAP HANA infor-
mation models perform optimally.

Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
exam you must select all correct answers and only correct answers to receive
credit for the question.
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1. What combination enabled real-time computing?

� A. In-memory technology with solid-state disks

� B. In-memory technology and multicore CPUs

� C. Multicore CPUs and solid-state disks

� D. Multicore CPUs with large level 1 caches

2. What are the advantages of columnar storage? (There are 2 correct answers.)

� A. Improved compression

� B. Improved data reading performance

� C. Improved data writing performance

� D. Improved performance when all fields are selected

Tip

The following five items list almost exactly the same question, but the answers
are different each time.

3. What performance technique should you implement to improve join perfor-
mance?

� A. Use joins instead of unions for combining large data sets.

� B. Join on key fields between tables in a dimension view.

� C. Do NOT use dynamic joins if you require optimal performance.

� D. Always use referential joins in star join views.

4. What performance techniques should you implement to improve join per-
formance? (There are 3 correct answers.)

� A. Use unions instead of joins for combining large data sets.

� B. Always specify the cardinality of a join.

� C. Join as many tables as possible in an analytic view’s data foundation.

� D. Use left outer joins instead of right outer joins.

� E. Always mark joins as dynamic to improve performance.
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5. What performance technique should you implement to improve the perfor-
mance of SAP HANA information views?

� A. Build single large views.

� B. Implement union pruning conditions.

� C. Output as many fields as possible.

� D. Supply reporting tools with all the data in one transfer.

6. What performance technique should you implement to improve the perfor-
mance of SAP HANA information views that include SQLScript?

� A. Use imperative logic.

� B. Use SELECT *.

� C. Break large statements into smaller steps.

� D. Use dynamic SQL.

7. What performance techniques should you implement to improve the perfor-
mance of SAP HANA information views? (There are 3 correct answers.)

� A. Perform calculation before aggregation in your analytic views.

� B. Minimize the transfer of data between the execution engines.

� C. Investigate partitioning of large tables.

� D. Apply filters as late as possible.

� E. Push down aggregations to SAP HANA.

8. What engine executes the spatial queries?

� A. Calculation

� B. OLAP

� C. Join

� D. SQL

9. What information can you find in the Explain Plan tool? (There are 2 correct
answers.)

� A. The execution engines used

� B. The number of records returned in each step
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� C. The time taken for each step

� D. The list of operators

10. What information can you find in the Visualize Plan tool? (There are 2 cor-
rect answers.)

� A. The execution engines used

� B. The number of records returned in each step

� C. The time taken for each step

� D. The SQL Plan Cache

11. What information can you find in the Administration Console? (There are 2
correct answers.)

� A. The execution engines used

� B. The trace and log files

� C. The list of operators

� D. The SQL Plan Cache

12. What information can you find in Performance Analysis Mode when you
view the analysis for a join node? (There are 2 correct answers.)

� A. The suggested filter for the tables in the join node

� B. The total number of records returned by the node

� C. The time taken by the join

� D. The tables used by the join in the node

Practice Question Answers and Explanations
1. Correct answer: B

The combination of in-memory technology and multicore CPUs enabled real-
time computing. Solid-state disks are still disks and relatively slow compared
to memory. Multicore CPUs with large level 1 caches help, but also need in-
memory technology.
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2. Correct answers: A, B

The advantages of columnar storage include improved compression and data-
reading performance. (Because data is compressed, you can read more data at
the same IO speed.) Improved data-writing performance is for row storage.
Neither column nor row has improved performance when all fields are
selected via SELECT *.

3. Correct answer: B

Joining on key fields between tables in a dimension view will improve join
performance. The answer “Use joins instead of unions for combining large
data sets” has joins and unions swapped around: You should use unions
rather than joins. Dynamic joins are created to improve performance. The
word always makes the “Always use referential joins” answer wrong.

4. Correct answers: A, B, D

The following are the correct performance techniques to improve join perfor-
mance:

� Use unions instead of joins for combining large data sets.

� Always specify the cardinality of a join.

� Use left outer joins instead of right outer joins.

You should try to use only one table in an analytic view’s data foundation.
The word always makes the “Always mark joins as dynamic” answer wrong.

5. Correct answer: B

Implementing union pruning conditions will improve the performance of
SAP HANA information views. You should not build a single large view;
instead, build views up in layers. Use SAP HANA Live as an example. “Output
as many fields as possible” is another way of saying “Use SELECT *”; don’t do
it. Instead, supply reporting tools with only the data they need right now,
make them interactive, and use multiple small requests.

6. Correct answer: C

Breaking large statements into smaller steps will improve the performance of
SAP HANA information views that include SQLScript. Do NOT use impera-
tive logic, SELECT *, or dynamic SQL if you need optimal performance.

7. Correct answers: B, C, E

The following are the performance techniques you can implement to
improve the performance of SAP HANA information views:
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� Minimize the transfer of data between execution engines.

� Investigate partitioning of large tables.

� Push down aggregations to SAP HANA.

“Calculation before aggregation” is reversed; to be correct, it should say
“aggregation before calculation.” Filters should be applied as early as possi-
ble.

8. Correct answer: A

The calculation engine executes the spatial queries.

9. Correct answers: A, D

The Explain Plan tool shows the execution engines used and the list of oper-
ators.

10. Correct answers: B, C

The Visualize Plan tool shows the number of records returned and the time
taken in each step.

The Explain Plan tool shows the execution engines used, and the Adminis-
tration Console shows the SQL Plan Cache.

11. Correct answers: B, D

The Administration Console shows the SQL Plan Cache and the trace and log
files. The Explain Plan tool shows the execution engines used. The Explain
Plan and Visualize Plan tools show the operators used.

12. Correct answers: B, D

Performance Analysis Mode shows the total number of records returned and
the tables used.

Takeaway
You now have a checklist of modeling practices to ensure optimal performance
for SAP HANA information models, including guidelines for creating optimal
SQL and SQLScript.

You have learned how to use the Explain Plan tool to identify the execution
engines used and the Visualize Plan tool to find the time taken and number of
records returned for every step in a query.
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You can use the Administration Console to identify long-running and expensive
statements and to perform traces of specific queries and user activities. Perfor-
mance Analysis Mode helps improve your SAP HANA information models by
providing optimization suggestions.

Summary
You’ve seen that SAP HANA has been built from the ground up with many per-
formance enhancements to enable high-performing processes. However, you
still have to do your part if you expect the best results.

You’ve now created SAP HANA information models with graphical views and
with SQL and SQLScript. You’ve also learned how to optimize your information
models.

In the next chapter, we’ll look at how to deploy your finished SAP HANA infor-
mation models to a production environment.



Administration of 
Information Models

Techniques You’ll Master

� Learn how to validate information models

� Understand the activation process

� Explain the difference between design-time and runtime 
objects

� Learn the transport process for importing and exporting 
objects

� Understand schema mapping

� Describe delivery units

� Perform refactoring techniques on information models

� Document modeling work

� Translate information models into other languages
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Up to this point, we provided overviews of and instructions for creating infor-
mation models. In this chapter, we’ll look at the steps you need to take to ensure
your models are valid. In addition, we’ll walk through how to bring these models
into a production environment so end users can utilize them. You’ll learn how
to validate, activate, transport, refactor, document, and translate your informa-
tion models.

Real-World Scenario

You have created new information models for your project. All the model-
ing work was performed in your development system. You feel confident
about the work you have delivered, so now it’s time to take it to the pro-
duction system. You need to transport your information models through
the SAP HANA landscape. Before end users can use your information mod-
els in the production system, your models need to be activated in the pro-
duction system.

As the project progresses, new customer requirements arise. Your informa-
tion models need to adapt to changing business conditions. You ensure
they do so by using the refactoring tools built into the SAP HANA modeling
tools. Also, because your end users are scattered across the globe, you have
to translate your information models into various languages.

As your project approaches the final go-live date, you must ensure that
your information models are properly documented.

Objectives of This Portion of the Test
The objective of this portion of the SAP HANA certification is to test your under-
standing of how to administrate the information models you have built.

The certification exam expects SAP HANA data modelers to have a good under-
standing of the following topics:

� Validating and activating models

� The difference between design-time and runtime objects

� The transport process, exporting and importing information objects, delivery
units, and schema mapping
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� Refactoring information models

� Documenting and translating information models

Note

This portion contributes up to 10% of the total certification exam score.

Key Concepts Refresher
Many of the concepts in this chapter will help you deploy the solutions you build
into a live environment for end users. As such, you will start working more
closely with an SAP HANA system administrator at this point. Typically, export
and import duties are performed mostly by the system administrator.

Some other concepts, like refactoring, are used in larger projects to ensure your
modeling work stays fresh and useful. The idea is similar to gardening: You need
to mow the lawn, pull weeds, and prune the roses to maintain a beautiful garden.
This idea of upkeep can be applied to the administration of your data models.

Validating and Activating Information Models

Before end users can use your information models, you need to ensure that they
are both valid and available to the users. In SAP HANA, validation rules are used
to check for possible errors that may affect the usability of your models. Once
you’ve worked out all the kinks, you’ll need to activate the models to make them
available.

Validation Rules

SAP HANA has built-in validation rules for the different types of information
models and modeling objects. These validation rules check for possible syntax
errors and missing properties. When you request a validation run, SAP HANA
applies the relevant validation rules to your information model.

Here are some example validation checks:

� That a language column is specified when you use a text join (without a spec-
ified language column, the text join will not have a 1:1 cardinality)
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� That a dimension view has at least one attribute specified as the key attribute

� If filter values are valid

� That a calculation view does not have any floating (orphan) nodes

� That there there are no unjoined (orphan) tables in a view

� If attributes or measures are defined for large object data types (e.g., BLOB or
CLOB)

You can access the validation rules (see Figure 11.1) in SAP HANA studio by
selecting Preferences from the Window menu. Drill down the tree to SAP

HANA � Modeler � Validation Rules.

When your information model is ready, you can validate it by clicking the Save

and Validate button on the toolbar, as shown in Figure 11.2. You can also Save

the model and then use the model’s context menu to Validate it.

If the system finds an error during validation, you will see a message in the Job

Log tab in SAP HANA studio (Figure 11.3). Double-click the error message to
open the dialog box shown in Figure 11.4. Read the message carefully to under-
stand why SAP HANA does not accept the model as valid. (In this case, you did
not specify one of the attributes as a key attribute. To fix this, you will specify
one of your attributes as a key attribute in the semantic layer.)

Figure 11.1 Validation Rules in SAP HANA Studio
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Figure 11.2 Validating an Information Model

Figure 11.3 Error Found When Validating an Information Model

Figure 11.4 Validation Error Dialog Box
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Tip

With complex data models, the problem often lies in the way you created the
joins, so recheck your joins. Often, the easiest way to fix a problem with joins is
to delete and recreate the joins.

Activation

The next step to get your information models ready for use is to activate them.
When you click the Save and Activate button on the toolbar (Figure 11.5), SAP
HANA creates an “active” copy of the information model. This active copy is then
used by end users.

Tip

We recommend that you get into the habit of using the Save and Activate but-
ton. It saves the information model, checks it against the relevant validation
rules, and creates an active version. You do not need to perform a Save and Val-

idate action first.

We have seen modelers become confused when using the Activate menu option
alone. They try to activate their model and get errors. After solving the errors,
they try to activate again, but keep getting the same errors. This is because they
forget to click the Save button before activating the model again. Therefore, SAP
HANA activated the last saved copy on the server, which still has the same error.
Only when they save their changes to the server will SAP HANA activate the lat-
est version that includes the corrections.

By using the Save and Activate button as we recommend, you can avoid this
kind of situation.

Let’s dive a little deeper into this activation process.

When you create and validate an information model, it is saved in the Content

area of the Systems view. The objects stored here are called repository objects or
design-time objects. These objects are merely definitions (metadata) for what SAP

Figure 11.5 Activating an Information Model
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HANA should create when running the information models. They are seen as the
“inactive” versions, and end users cannot run them.

When you activate an information model, SAP HANA first checks the model
against the validation rules. It then creates an “active copy” of the model in the
_SYS_BIC schema. When you activate the calculation view CV_CALCVIEW_DEMO,
you will find the “active copy” of that model in the Column Views folder of the
_SYS_BIC schema, as shown in Figure 11.6.

This “active copy” is referred to as the runtime version of the object. End users
can only run the active versions of objects. All runtime versions are stored in the
Catalog area of the Systems view.

Note

Design-time definitions generate runtime objects when activated.

Figure 11.6 Active Copy of Information Models in _SYS_BIC Schema

Design-time object

Run-time object
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If you edit and save (without activating) this information model, you will have
two copies of the object on the server: An active runtime version, which users
can still use, and a new inactive design-time version that you are busy modifying.

You can switch between the active and the inactive versions in the SAP HANA
modeling tools via the dropdown menu (see Figure 11.7). If your new model
won’t activate or contains any sort of similar error, you can compare the two ver-
sions to see what was changed and adjust accordingly.

If you do not want to keep changes to the information model, choose the Revert

to Active option (see Figure 11.7). SAP HANA then discards your changes and
resets the design-time version back to the runtime version. You can only revert
to a changed version you saved, but have not yet activated. Once you’ve acti-
vated the new version, you cannot revert to a previous version any longer.

If you are happy with your changes, you can activate the new version with the
changes made. The existing runtime version is replaced by the newer version of
the information model, provided your model passes the validation rules.

SAP HANA uses the _SYS_REPO user to execute activated models. To do this, the
_SYS_REPO user must be able to read the tables in your schema. Otherwise, your
information views cannot be activated. We discuss how to do this in Chapter 13.

Transporting Information Models

When working with SAP systems, you will have to deal with transports. SAP sys-
tems are used by many of the largest corporations in the world and for mission-
critical systems. These corporations expect the SAP production (live) systems to
be exceptionally stable and robust. If someone frequently makes changes directly
to a running production system, the chance of making a mistake becomes quite
large. For this reason, SAP established a standard way to deploy SAP systems and
update them to increase stability.

Figure 11.7 Switching between Active and Inactive Information Model Versions
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In a standard SAP environment, you will find three systems instead of just a sin-
gle production system, as shown in Figure 11.8:

� Development system
This is where all of your modeling and development work is done. Once the
development work is finished, it is copied (“transported”) to the quality assur-
ance system.

� Quality assurance system
This is where all testing is done before moving to the production system. The
quality assurance system is normally a recent copy of the production system.
Any errors created in this system would also create errors in the production
system. By catching them here, we can ensure an error-free production envi-
ronment. When all errors have been fixed, the error-free development and
modeling work is finally transported to the production system. This setup is
important for ensuring stable business systems.

� Production system
This is the area where companies’ business activities occur and where end
users perform functions for their daily work.

You can copy all your SAP HANA packages, information models, and objects to
quality assurance and production systems using transports. You can also use
transports to update the sandbox (“playpen”) and training systems.

In SAP HANA, you can combine several packages with all their modeling objects
into a single artifact called a delivery unit. A delivery unit therefore consists of one
or more packages. Each package in a delivery unit can contain many information
models.

Figure 11.8 Standard SAP System Landscape

Quality Assurance System Production SystemDevelopment System

Transports
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Note

You can only transport design-time objects with delivery units (i.e., those con-
tained in the Repository or Content areas). You cannot transport runtime objects
(e.g., tables with their content).

In the following subsections, we will discuss the different methods for import-
ing and exporting information models in SAP HANA. We’ll begin with a general
discussion on importing and exporting content, before diving into special topics
including using the SAP HANA Application Lifecycle Manager, exporting extra
data, importing objects via scheme mapping and mass copy, and comparing
native vs. imported objects.

Importing and Exporting from the Development System to the Quality 
Assurance and Production Systems

The first method that you can use to transport your SAP HANA modeling work
is to export it from the development system and then import it into the quality
assurance and production systems.

You can access the Import and Export options from either the Quick View menu
in the Modeling perspective or from the File � Export and File � Import menu
options.

Figure 11.9 shows the Export dialog screen.

Here, we opened the SAP HANA Content folder in the dialog box to export SAP
HANA content. The following options are found in this folder:

� Change and Transport System (CTS)

This option is used by SAP HANA system administrators in cases in which a
company has many other SAP business systems. They will use the Change and
Transport System (CTS) of SAP Solution Manager to manage all of the com-
pany’s SAP transports. This provides control over large volumes of transports
from all SAP development systems to their respective production systems.

� Delivery Unit

You can use this option to export and import delivery units.
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� Developer Mode

You can manually transport a few selected or individual information models
from one system to another by exporting them and importing them into the
quality assurance or production system. You can also use this to mode make
backups of your own information models.

� SAP Support Mode

When you encounter problems with your SAP HANA system, you can log an
SAP message with SAP Support. Sometimes, SAP Support will ask you to send
some of your information models so that it can replicate the problem on its
own servers. SAP Support will not use your system to try and solve the prob-
lem. You can export the relevant information models to SAP Support via this
mode.

Figure 11.10 shows the options for exporting a delivery unit. Select the name of
the delivery unit you want to export. You can also choose the time period of the
latest changes to objects in the delivery unit. Optionally, you can choose whether
the delivery unit should be exported to the server or to your client machine (e.g.,
your laptop).

Figure 11.9 Importing and Exporting Content from SAP HANA
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Tip

You cannot export and import a package alone. You can transport packages con-
tained in a delivery unit, or you can transport the objects contained inside a
package using the developer mode. If you want to transport a single package,
the easiest way is to create a new delivery unit containing just that one package.

Using the SAP HANA Application Lifecycle Manager

Another method you can use to transport your SAP HANA modeling work is to
use the SAP HANA Application Lifecycle Manager, shown in Figure 11.11.

You can access this built-in transport tool from the context menu of your SAP
HANA system. This is especially useful for companies that do not have other SAP
systems or SAP Solution Manager to manage their transports. This web-based
interface also works well on larger mobile phones and tablets.

Exporting Data (Extra)

There is a special method to export and import tables with their data between
systems. This method is not automated like transports, but it can still be quite
useful—for example, to build a training system.

Figure 11.10 Exporting a Delivery Unit
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Access the same Import and Export menu options as for the transports, but in
this case open the SAP HANA folder in the dialog box and select Catalog

Objects (see Figure 11.12) to export SAP HANA data tables.

You can export the tables in either CSV or binary format.

Figure 11.11 Transporting SAP HANA Objects Using the SAP HANA Application 
Lifecycle Manager

Figure 11.12 Exporting Data Tables
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Importing Objects with Schema Mapping

Sometimes, you may find that a schema in a development system is named dif-
ferently than a similar schema in the production system. If someone named the
original schema SALES_DEV in a development system, such a name makes no
sense in the production system. Therefore, it’s renamed to SALES in the produc-
tion system. When you create information models in the development system
using the PRODUCTS tables from the SALES_DEV schema, SAP HANA uses the nam-
ing convention <schema name>.<table name> (e.g., SALES_DEV.PRODUCTS) for
tables used in the models. If you now transport these information models to the
production system, the models expect the PRODUCTS table in the SALES_DEV
schema. The table has to exist already in this exact location. If the schema or table
is not found, you will receive an activation error. In this example, the schema is
now simply called SALES, so you will receive an error when transporting the
models.

You can work around this problem by using schema mapping. You can create such
a schema mapping in the production system, as shown in Figure 11.13. You can
find the Schema Mapping functionality in the Quick View menu (see Figure 11.13).

Figure 11.13 Schema Mapping



Key Concepts Refresher Chapter 11 381
The original schema name in the development system is called the Authoring

Schema. The target schema in the production system is called the Physical Schema.

After you set up the schema mapping and import the data models, all references
to the SALES_DEV.PRODUCTS table are automatically changed to refer to the
SALES.PRODUCTS table. In this case, you do not receive activation errors because
the PRODUCTS table already exists in the SALES schema in your production system.

Hint

Schema mapping is applied on information models as part of the import process.

Maintaining a Default Schema for a Package

We can use schema mapping to map multiple authoring schemas to a single tar-
get schema. For example, the BOOK_DEMO and SAP_HANA_DEMO authoring
schemas might both map to the physical BOOKS schema in the production
schema. If you do this, SAP HANA studio might not be able to determine which
authoring schema an information model must reference when doing schema
mapping.

You can therefore specify the default schema for models in a package. When you
import information models contained in such a package into the target schema,
SAP HANA studio knows what the authoring schema is, and can perform the
mapping to the physical target schema. This is a new feature in SAP HANA SPS
11.

Figure 11.14 shows that the book package is mapped to the BOOK_DEMO

schema as its default schema, and the sap.hana.democontent package is
mapped to the SAP_HANA_DEMO schema as its default schema.

You can leave the Package Name field open. In Figure 11.14, we have a blank
Package Name field, and a Default Schema named DEFAULT_SCHEMA_FOR_

OTHER_PACKAGES. In this case, all other packages in the system that do not
have a default schema specified will use this DEFAULT_SCHEMA_FOR_OTHER_

PACKAGES schema for their default schema.
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Importing Objects with Mass Copy

In the Quick View menu (see Figure 11.13), you can find the Mass Copy option.
Mass copy allows you to copy many information models at the same time and
keep the references between the copied models consistent. All references are
updated automatically. For example, you could create a limited SAP HANA sand-
box (playpen) environment to quickly test some modeling and reporting func-
tionality.

You could also think of this as a “Mass Import” option. The Mass Copy option
can be used to import SAP HANA application content created by SAP or SAP part-
ners into your SAP HANA landscape. This application content can consist of
many SAP HANA information models and objects.

Native vs. Imported Objects

To further ensure the stability of production systems, SAP HANA marks all trans-
ported objects as imported objects in the production system. In the development
system, where they were created, they are marked as native objects. SAP-created
objects will be marked as imported objects in all your systems—even in your
development system—because you did not create them.

Figure 11.14 Maintain Default Schemas for Packages
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Hint

Imported objects should not be edited. If you want to make changes, you can
make a copy of the relevant objects and modify the copy. This ensures that you
do not lose all your changes when SAP updates SAP-provided content. When
the new version of the SAP content is imported, it will overwrite all the current
objects. All your changes would be lost if you modified the imported objects
directly.

Core Data Services

SAP takes the concept of design-time versus runtime objects to the next level
with Core Data Services (CDS) in SAP HANA (CDS was discussed in Chapter 4).
You can think of CDS as a more intelligent activation process that combines with
transports to allow activation in other SAP HANA systems as well.

CDS data sources are fully transportable. Previously, you had to ensure that all
tables required by your information models were available in the target system
before you could import your models, but with CDS data sources, you can now
import and activate the data sources together with your information models.

The SHINE demo package is a good example of CDS data sources in action. You
do not have to create a schema, tables, or import data into these tables. When
SHINE is imported into your SAP HANA system, it automatically creates all that
content for you using CDS statements. This means there is no need to do schema
mapping in your target system.

Refactoring Information Models

Refactoring is the process of restructuring your information models without
changing their external behavior (i.e., their result sets). You do this to improve,
simplify, and clarify the design of your models—for example, when you move
information models inside the system from one package to another, or when you
rename an information model.

You can access the Refactor option from the context menu of an information
model, as shown in Figure 11.15.
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Renaming or moving an information model is not always a trivial task. If the
information model is used in many other models, you will have to update those
models as well. You can easily find yourself having to update hundreds of infor-
mation models when simply trying to rename a single dimension view.

The Refactor option in SAP HANA takes care of this process for you. The only
case in which you will still have to manually help with the refactoring process is
when the information model is also used in some SQL or SQLScript code, and
with updating the security authorization when you move the models to another
package.

Refactoring and Restructuring Nodes in a Graphical Calculation View

Figure 11.16 shows the context menu of a node in a graphical calculation view.
From this menu, you can rename the node.

In this case, you can also go further and replace the data sources used in the node,
or even replace or delete the entire node. However, such actions are not nor-
mally part of refactoring because the result set of the information model will
change.

Figure 11.15 Refactoring Information Models
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Tip

Replacing the data source in a node is useful when you have to create different
information models that are based on similar data tables. You can make a copy
of an existing view, and then change the data source to a similar table. SAP
HANA will ask you to verify the mapping of the old data source to the new data
source. It will then keep as much of the current information intact as possible.
This can save you many hours of building similar information models.

Where-Used

In the refactoring process, you may have to figure out where a specific informa-
tion model is used. Figure 11.17 shows the context menu of an information
model. By selecting the Where-Used menu option, SAP HANA finds all the
places where that information is used.

Figure 11.16 Restructuring and Refactoring Nodes in Graphical Calculation View

Figure 11.17 Where-Used List
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The Where-Used functionality was used in older versions of SAP HANA to find
out where to rename an information model. This feature shows you a list of mod-
els that use your information model. These models will be affected when you
rename the information model, and will therefore also need updating. The new
Refactor � Rename feature makes this task much easier. It renames the informa-
tion model and updates all the models where it is used to ensure everything still
works post-renaming. This feature became available as of SAP HANA SPS 10.

History

Just below the Where-Used menu option in the context menu of an information
model (Figure 11.17), you will see the History menu option. The History feature
shows which users updated and activated the current and previous versions of
an information model.

Deprecate

Sometimes, you create a new variation of an information model that is better
than the older version. However, you cannot simply get rid of the older version;
it might be used in many other information models, and you do not have time
to make the necessary changes in all those models. In this case, you can go to the
properties of your information model and mark the information model as depre-
cated by selecting the Deprecate checkbox, as shown in Figure 11.18.

Figure 11.18 Deprecating an Information Model
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This does not stop the old version of the information model from working. How-
ever, it will produce a warning if you or any of your colleagues try to use the old
version when creating new models. The Model Is Deprecated message indicates
that everyone should use the newer variation of the information model.

Documenting Information Models

As you near the end of a modeling project, documentation becomes important.
You need to hand your modeling work over to someone else. There are always
good reasons for the many decisions you make, such as why the various nodes
of a calculation view are in a specific order. Documentation tools and features in
SAP HANA allow you to communicate that information to anyone who may
work on your project in the future.

Comments

In SAP HANA, you can document various aspects of information models using
comments. Figure 11.19 shows what the comments look like.

A yellow comments popup will open when you click on the Sticky Note icon.

Auto Documentation

In the context menu of an information model (see Figure 11.20), you’ll find
another useful documentation feature: Auto Documentation.

Figure 11.19 Documenting a Join Node of a Graphical Calculation View
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The Auto Documentation feature documents graphical information models in
SAP HANA. Figure 11.21 shows an example of the output generated.

Figure 11.20 Auto Documentation Option in an Information Model’s Context Menu

Figure 11.21 Example Documentation Generated by Auto Documentation
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Translating Information Models

SAP HANA also provides functionality to help you prepare your information
models for consumption by end users who communicate in other languages. In
this section, we will focus on the translation of labels and how to use the Repos-
itory Translation Tool (RTT).

Translating Labels

You can open the Multi-Language Support dialog box (see Figure 11.22) by
clicking on the World icon (leftmost icon resembling a globe) on the informa-
tion model toolbar (refer back to Figure 11.5).

Select the language that you require from the Language dropdown menu, and
click the Load Text button. You can then translate all the labels in your informa-
tion model.

Repository Translation Tool

SAP HANA also provides a command-line tool known as the Repository Transla-
tion Tool for exporting, uploading, downloading, and importing language files.

Figure 11.22 Translating Information Model Labels
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These language files contain all the text of repository objects and are in a stan-
dard format for customer or partner usage. Because RTT is a command-line tool,
you will need to ask your SAP HANA system administrator for access to it.

Important Terminology
In this chapter, we covered the following important terminology:

� Validation rules
SAP HANA has built-in validation rules for the different types of information
models and modeling objects. Validation rules check for possible syntax
errors and missing properties. When you request a validation run, SAP HANA
applies the relevant validation rules to your information model.

� Repository objects (design-time objects)
These objects are definitions (metadata) for what SAP HANA should create
when running information models and are saved in the Content area of the
Systems view. They are seen as the “inactive” versions, and end users cannot
run them.

� Runtime version
When you activate an information model, SAP HANA checks the model
against the validation rules, then creates an “active copy” of the information
model in the _SYS_BIC schema. This active copy is called a runtime version.

� Development system
This is where all of your modeling and development work is done.

� Quality assurance system
This is where all testing is done before moving to the production system. The
quality assurance system is normally a recent copy of the production system.
Any errors created in this system would also create errors in the production
system. By catching them here, you can ensure an error-free production envi-
ronment.

� Production system
This is the area where companies’ business activities occur and where end
users perform functions for their daily work.
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� Delivery unit
A single artifact made up of combined packages that contain all modeling
objects. A delivery unit therefore consists of one or more packages. Each
package in a delivery unit can contain multiple information models.

� Change and Transport System (CTS)
Used by SAP HANA system administrators to manage the company's SAP
transports.

� Developer Mode (importing and exporting)
Used to manually transport a few selected or individual information models
from one system to another by exporting them and importing them into the
quality assurance or production system. You can also use this to mode make
backups of your own information models.

� SAP Support Mode (importing and exporting)
When you encounter problems with your SAP HANA system, you can log an
SAP message with SAP Support. You can export the relevant information
models to SAP Support via this mode.

� SAP HANA Application Lifecycle Manager
Built-in transport tool that supports all phases of application lifecycle. This is
especially useful for companies that do not have other SAP systems or SAP
Solution Manager to manage their transports. This web-based interface also
works well on larger mobile phones and tablets.

� Schema mapping
Used to transport SAP HANA objects from one system to another when phys-
ical schema in the target system does not match the authoring scheme in the
source system.

� Authoring schema
Schema used in the development system when building information models.

� Mass copy
Mass copy allows you to duplicate an information model and where all refer-
ences from the other models are updated automatically.

� Imported objects
Objects that originated from another system. These are normally transported
objects in the production system. SAP-created objects will be marked as
imported objects in all your systems—even in your development system—
because you did not create them.
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� Native objects
Original objects in the development system.

� Refactoring
The process of restructuring your information models without changing their
external behavior to improve, simplify, and clarify the design of your models.

� Auto Documentation
Feature that documents graphical information models in SAP HANA.

Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
exam you must select all correct answers and only correct answers to receive a
point for the question.

1. For which of the following tasks can you use Auto Documentation?

� A. Documenting all transported information models

� B. Documenting all graphical information models

� C. Documenting all activated information models

� D. Documenting all created information models

2. Which are valid descriptions of delivery units? (There are 2 correct answers.)

� A. Always consist of one package

� B. Are used to transport runtime objects

� C. Can be exported

� D. Can be imported
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3. Which of the following describe design-time objects? (There are 3 correct
answers.)

� A. Repository objects

� B. Native objects

� C. Catalog objects

� D. Inactive

� E. Active

4. Which of the following are examples for validation rules? (There are 2 cor-
rect answers.)

� A. Check that tables contain data

� B. Check formulas in calculated columns

� C. Check that attribute views have a key attribute specified

� D. Check that graphical calculation views have no orphan nodes

5. Schema mapping is used during which process?

� A. Importing

� B. Activation

� C. Exporting

� D. Validation

6. True or False: CDS can improve security in a production environment.

� A. True

� B. False

7. Which of the following statements describe a standard SAP system land-
scape used for transports?

� A. It consists of only a quality assurance and a production system.

� B. The quality assurance system is normally a recent copy of the production
system.

� C. Transports go from production to quality assurance.

� D. You perform development in the quality assurance system.
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8. True or False: CDS only works with runtime objects.

� A. True

� B. False

9. Which statements describe the mass copy feature in SAP HANA? (There are
2 correct answers.)

� A. It can be used to create a sandbox (playpen) environment.

� B. It is used to import an application from an SAP partner.

� C. It is used to transport data tables.

� D. It can be used to fix models when schemas have different names.

10. In which schema does SAP HANA store an activated graphical calculation
view?

� A. SYSTEM

� B. SYS

� C. _SYS_BI

� D. _SYS_BIC

11. Which tab in SAP HANA studio shows validation check errors?

� A. Problems

� B. Properties

� C. History

� D. Job Log

12. What happens when you activate an information model? ? (There are 2 cor-
rect answers.)

� A. It generates a runtime object.

� B. It reverts to the active version.

� C. It checks the validation rules.

� D. It exports an active version.
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13. You want to use a web-based transport system on your Apple iPad. What
tool do you use?

� A. SAP Solution Manager

� B. SAP HANA Application Lifecycle Manager

� C. Developer mode

� D. CTS

14. True or False: When you mark an information model as deprecated, it no
longer works.

� A. True

� B. False

15. Refactoring is used with which of the following actions?

� A. Improving your modeling design

� B. Translating

� C. Transporting

� D. Documenting

16. Which export option can you use to make backups of your own information
models?

� A. CTS

� B. Delivery units

� C. Developer mode

� D. SAP Support mode

17. For what tasks would you use the Where-Used feature in SAP HANA?

� A. To find all places a transport is imported

� B. To find all places where translations exist

� C. To find all places a user updated information models

� D. To find all places an information model is used
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18. When do you always have both an active and an inactive version of an infor-
mation model available in the SAP HANA development system?

� A. When you edit an existing model

� B. When you create a new model

� C. When validation of a model fails

� D. When you selected Revert to Active on an inactive version

19. Your schemas in development and production have different names. What
do you use to ensure you do not receive activation errors when importing
information models into production?

� A. Mass copy

� B. Schema mapping

� C. Refactoring

� D. CDS

20. In which subfolder of the _SYS_BIC schema do you find activated informa-
tion models?

� A. Column Views

� B. Procedures

� C. Views

� D. Functions

21. Which actions does refactoring typically use? (There are 2 correct answers.)

� A. Transporting

� B. Deleting

� C. Moving

� D. Renaming
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Practice Question Answers and Explanations
1. Correct answer: B

Auto Documentation is for documenting graphical views (see Figure 11.18).
It does not document scripted calculation views. All the other options could
contain scripted views. Watch out for the word all in the answers.

2. Correct answers: C, D

See Figure 11.9. Delivery units can contain more than one package. Watch
out for the word always in the answers. Delivery units transport design-time
objects, not runtime objects. Once the design-time objects are imported into
the SAP HANA system, activation is used to create the corresponding runtime
objects.

3. Correct answers: A, B, D

Design-time objects are inactive repository objects, stored in the Content

area, and need to be activated. During activation, runtime objects are created
in the Catalog area.

4. Correct answers: C, D

“Check that attribute views have a key attribute specified” is a valid rule (see
Figure 11.4 as an example).

“Check that graphical calculation views have no orphan nodes” is mentioned
in the list of examples described just before Figure 11.1. There is no valida-
tion rule to check that tables contain data. Checking formulas in calculated
columns is done in the Expression Editor.

5. Correct answer: A

Schema mapping is used during the importing process. During the export,
you don’t know what schemas are available in the target system. Activation
and validation are running in the same system and are unrelated to schema
mapping. See just below Figure 11.12.

6. Correct answer: A

Core Data Services (CDS) can improve security because you do not need to
give someone authorization to create tables and schemas in a production sys-
tem. If no one has those authorizations, then you have improved the security.
See the Core Data Services section for more information.
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Tip

Remember that simple true or false questions do not occur in the certification
exam. The other questions with at least four answers are more representative of
the questions you will find in the certification exam.

7. Correct answer: B

The quality assurance system is normally a recent copy of the production sys-
tem is one of the aspects of a standard SAP system landscape used for trans-
ports.

Watch out for the word only in the first answer, which makes it a wrong
answer. It consists NOT only of a quality assurance and a production system,
but also a development system. See Figure 11.8 for a correct illustration.
Transports go from quality assurance to production, not the other way
around. You do NOT development in the quality assurance system, but in the
development system.

8. Correct answer: B

CDS objects are design-time objects. They create runtime objects when they
are activated. The word only makes this statement false. See the Core Data
Services section.

9. Correct answers: A, B

The mass copy feature in SAP HANA can be used to create a sandbox (play-
pen) environment, and is used to import an application from an SAP partner.
Mass copy does not transport data tables. You need to perform an export and
import to transport data tables, because they are runtime objects. CDS
addresses this problem by making them design-time objects. Schema map-
ping is used to fix models when schemas have different names, not mass
copy. See the Importing Objects with Mass Copy section.

10. Correct answer: D

SAP HANA store activated graphical calculation views in the _SYS_BIC
schema (see Figure 11.6).

11. Correct answer: D

SAP HANA studio shows validation check errors in the Job log tab (see Fig-
ure 11.3).
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12. Correct answers: A, C

When you activate an information model it checks the validation rules and
generates a run-time object. Remember that activation also triggers a valida-
tion, hence answer C is also correct. See the Activation section.

Reverting to the active version is not done at activation, but before activating
a newer version, to go back to older active version. Active (run-time) ver-
sions are not exported. Design-time versions are exported. Remember, acti-
vation also triggers a validation.

13. Correct answer: B

SAP HANA Application Lifecycle Manager is a web-based transport system
that you can use on your Apple iPad (see Figure 11.11). SAP Solution Man-
ager and Change and Transport System (CTS) are the traditional SAP trans-
port tools. Developer Mode is the mode to export, for example, single SAP
HANA views. This is normally run from SAP HANA studio, which does not
run on your Apple iPad.

14. Correct answer: B

When you mark an information model as deprecated, it does still work. It
merely warns developers or modelers who want to use it that there is an
updated version available.

15. Correct answer: A

Refactoring is used to improve your modeling design. You can use it, for
example, to rename SAP HANA models. Translating is used to translate your
models to other languages (e.g., Chinese). Transporting is taking your mod-
eling work from the development system to the production system. Docu-
menting is writing documents and explaining your modeling work.

16. Correct answer: C

The Developer Mode allows you use to make backups of your own informa-
tion models (see the description of Figure 11.9). The Change and Transport
System (CTS) and delivery units are used to transport your information mod-
els to the production system. SAP Support Mode is used to send your infor-
mation models to SAP if you have a problem with your SAP HANA models.

17. Correct answer: D

You use the Where-Used feature in SAP HANA to find all the places an infor-
mation model is used (see Figure 11.17). You would use the Change and
Transport System (CTS) to find all places a transport is imported. You could



Chapter 11 Administration of Information Models400
use the semantic node in an SAP HANA view to find all places where trans-
lations exist for specified fields. You use History to find which information
models a user updated.

18. Correct answer: A

You only have both an active and an inactive version of an information
model available in the SAP HANA development system when you edit an
existing model. With a new model, there is no active version yet. When val-
idation fails, both versions could (perhaps) exist, but this not guaranteed; for
example, when validating a new model there is not yet an active version.
Watch out for partially true answers. The word always in the question makes
this answer wrong! If you have already clicked the Revert to Active button,
then the inactive version is gone. At that point, you only have the active ver-
sion.

19. Correct answer: B

“Your schemas in development and production have different names.” This
sentence immediately indicated that we are asking about schema mapping
(see Figure 11.13).

With mass copy, you normally do not have the development schema or sys-
tem, as these belong to either SAP or a third-party developer/partner. Refac-
toring is used for renaming and moving SAP HANA information models
inside the same system, not between systems as the question indicates. CDS
does not fix different schema names.

20. Correct answer: A

You find activated information models in the Column Views subfolder of
the _SYS_BIC schema (see Figure 11.6).

21. Correct answers: C, D

Refactoring typically uses moving and renaming (see Figure 11.15).

Takeaway
You should now know how to validate and activate information models and
understand what happens behind the scenes when you activate a model. The
concept of transporting design-time objects is important when preparing a
project for the go-live date. You might have to implement techniques such as
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schema mapping to ensure a smooth transport process for your information
models.

Like gardening to maintain an attractive lawn, you might also need to refactor
your modeling work to keep it up-to-date. You’ve also learned how to document
and translate your information models to make them useful for as many people
as possible.

Summary
In previous chapters, we focused on how to create information models. In this
chapter, we discussed how to validate, activate, transport, refactor, document,
and translate your information models.

By now, you should have a good idea of how to set up an SAP HANA production
environment for end users who will use your information models in their every-
day business.

With this we have completed the modeling topics inside SAP HANA as a plat-
form. The next chapter concentrates on how SAP is using calculations views with
business transactional systems like SAP ERP, using SAP HANA as the database.





SAP HANA Live

Techniques You’ll Master

� Understand the concepts behind SAP HANA Live

� Get to know the two architecture options for SAP HANA Live

� Learn about SAP HANA Live’s virtual data model and under-
stand what you are allowed to use and modify within it

� Choose the correct SAP HANA Live views for your reports

� Know how to use the SAP HANA Live Browser tool

� Know how to use the SAP HANA Live Extension Assistant

� Design your own SAP HANA Live views

� Extend and adapt standard SAP HANA Live views for your 
reporting requirements
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Thus far, we have primarily discussed using SAP HANA as a modeling and devel-
opment platform (see the sections on the sidecar and platform architecture
deployment scenarios in Chapter 3). In this chapter, we’ll turn our attention to
the architecture deployment scenario, in which SAP HANA—via SAP HANA
Live—is used as the database for SAP business systems such as SAP Enterprise
Resource Planning (ERP), SAP Customer Relationship Management (CRM), and
SAP Supply Chain Management (SCM).

Real-World Scenario

Imagine that you are asked to help design and develop some new reports
for a company—but these are not the usual management reports. The com-
pany wants to streamline its product deliveries.

The company has been struggling to continuously plan the shipping of its
products during the day. The company receives a shipping schedule from
the data warehouse system every morning, but traffic jams and new cus-
tomer orders quickly render this planned schedule useless. This causes
backlogs at the loading zones and costs the company more in shipping
because it can’t combine various customer orders in a single shipment.

Someone has tried using a Microsoft Excel spreadsheet, but the data is not
kept up-to-date, and it cannot consolidate the data from all the data
sources. After hearing about SAP HANA’s ability to analyze data in real
time, the company asks you to create some real-time delivery planning
reports.

You know that there are prebuilt SAP HANA Live information models avail-
able for the SAP ERP system, and you can use a few of these SAP HANA
Live information models to meet this business need quickly.

Objectives of This Portion of the Test
The objective of this portion of the SAP HANA certification is to test your knowl-
edge of SAP HANA Live concepts. The certification exam expects you to have a
good understanding of the following topics:

� SAP HANA Live concepts and architecture

� A high-level overview of SAP HANA Live implementation
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� The architecture of SAP HANA Live with the virtual data model (VDM)

� How to find and consume the right SAP HANA Live information models using
the SAP HANA Live Browser

� How to extend and modify the available SAP HANA Live models to address
business requirements

Note

This portion contributes up to 10% of the total certification exam score.

Key Concepts Refresher
Simply put, SAP HANA Live uses predelivered content in the form of calculation
views for real-time operational reporting. In this chapter, we’ll look first at the
real-world scenario again. Then we’ll walk through the history of business infor-
mation systems to understand the problem posed in this scenario better and
determine how using SAP HANA Live addresses this problem. Then, we’ll look
at what necessitated SAP HANA Live, similar to Chapter 3, in which we discussed
the impact SAP HANA’s fast memory had on systems that traditionally used
slower disk memory.

From there, we’ll dive into the architecture of SAP HANA Live, its VDM, its many
views, and steps for installation and administration. After we’ve covered these
foundational topics, we’ll shift our attention to the primary tools used within
SAP HANA Live: SAP HANA Live Browser and SAP HANA Live Extension Assis-
tant. Finally, we’ll discuss the steps for modifying SAP HANA Live information
models.

Background Information

Many years ago, SAP only had a single product, called SAP R/3. This offering
blossomed into the SAP ERP system that we still use today. SAP ERP did every-
thing for companies, from finances to manufacturing, procurement and sales to
delivery, and payroll to stores management. The SAP ERP system was a transac-
tional system, what we now call an online transactional processing (OLTP) system
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(also called an operational system). All reports were run from within this system,
although they tended to be simple “listing” reports.

Over time, the need arose for more complex reports. In response, more
advanced analytics and dashboard tools were provided. Through these tools,
people learned how to use cubes to analyze data. When developers tried to build
these new analytics into the transactional system, they discovered that these new
reporting features had a huge impact on the performance of the SAP ERP system.
A single reporting user running a large cube could consume more data from the
database than hundreds of transactional users. It was unacceptable that a single
user could slow the entire system down.

To address performance issues, all reporting data from the transactional system
was copied to a newly invented reporting system. The era of data warehouses had
arrived. All reporting data is updated from the transactional system to the data
warehouse during the night. This way, the performance of the transactional sys-
tem remained acceptable during the workday. The new data warehouses were
called online analytical processing (OLAP) systems, and OLTP and OLAP went
their separate ways (see Figure 12.1).

This departure helped the performance of both systems but eventually led to
countless other headaches. Reports were always outdated now because yester-
day’s data was used for the reports. We could not see what was happening in the
OLTP system in real time. People then started using Microsoft Excel spreadsheets

Figure 12.1 Separate OLTP and OLAP Systems
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to address some of the issues, which in turn led to more problems and risks (e.g.,
reports that didn’t agree, wrong formulas, and an inability to consolidate infor-
mation).

Note

Our real-world scenario at the start of the chapter provides a good example in
which yesterday’s data cannot address today’s traffic jams.

How did SAP address these new issues with SAP HANA? By introducing SAP
HANA Live, which moves the operational reporting functionality from the data
warehouse back into the operational system.

A question quite often arises: “Can SAP HANA just replace an entire data ware-
house like SAP Business Warehouse (BW)?”

The short answer is: “No, SAP HANA cannot fully replace SAP BW.” Data ware-
houses are multipurpose. In the real-world scenario we used for this chapter, we
only looked at the operational reporting aspects of data warehouses, which are
not particularly strong points for such systems. If you had a single operational
system with a single warehouse for reporting, you could do everything with SAP
HANA—but reality tends to be more complex.

Most companies use their data warehouses to consolidate data from many sys-
tems, as shown in Figure 12.2. They use data warehouse features such as the fol-
lowing:

� Data governance

� Preconfigured content in the form of cube definitions and reports

� Data lifecycle management, including data aging and a complete history of
business transactions

� Cross-system consistency and integration

� Planning, consolidation, and consumption

Tip

It makes no sense to try to get rid of data warehouses completely due to opera-
tional reporting issues. A better solution is to focus on addressing the few prob-
lematic areas in which data warehouses are not optimal.
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Because SAP BW is now primarily used for data warehousing, operational report-
ing needed to be shifted back to SAP ERP. To enable this functionality, SAP ERP
uses SAP HANA as a database. This allows companies to run their operational
reports, even with complex analytics, on real-time SAP ERP data directly from
the underlying SAP HANA database via information models.

SAP HANA Live is the tool used to install, select, maintain, and modify these
information models. SAP HANA Live is not only limited to SAP ERP, but also is
available for many other SAP business systems, such as SAP CRM, SAP SCM, SAP
Governance, Risk, and Compliance (GRC), and SAP Product Lifecycle Manage-
ment (PLM).

Some of the benefits of SAP HANA Live include the following:

� Real-time reporting and analytics on up-to-date information.

� SAP HANA does not need to store precalculated aggregates in cubes.

Figure 12.2 Data from Multiple Business Systems Consolidated into Data Warehouse for 
Reporting, Transactional History, and Aging
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� OLTP and OLAP run in the same system, which can help reduce the total cost
of ownership (TCO).

� Open for access by any reporting tool or application.

� Customers and partners can extend it to suit their needs.

Now that you have a better understanding of how SAP HANA Live came to be,
the following subsections will dive further into SAP HANA Live’s architecture,
virtual data model (VDM), views, installation and administration procedures,
and modifications.

Architecture

SAP HANA Live needs an SAP HANA database. Connecting to an SAP HANA
database can be achieved in two ways (in this case, we just concentrate on the
SAP ERP system, but this also applies to all the other SAP business systems like
SAP CRM, SAP SCM, SAP GRC, and SAP PLM; see Figure 12.3):

� SAP HANA as a database
The first option is to migrate an SAP ERP system’s database to SAP HANA. No
additional systems are required. This is also known as the integrated scenario.

� SAP HANA as a sidecar
The second option is to keep the SAP ERP database and install an SAP HANA
system as a sidecar (as discussed in Chapter 3). Then, replicate the required
database tables to the SAP HANA system using SAP LT Replication Server
(SLT). You can find more information about SLT in Chapter 14. SLT enables
real-time replication so that SAP HANA always has the latest data available.
For this scenario, you need to install the SLT and SAP HANA systems as well.
This is also known as the side-by-side scenario.

After you’ve connected to an SAP HANA database, you can build reports, analyt-
ics, and dashboards directly on the SAP HANA Live content. Other applications
can also call this content directly.

Note

In both architectural scenarios, SAP HANA Live is installed in the SAP HANA
database.
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Virtual Data Model

SAP HANA Live content consists primarily of calculation views that are designed,
created, and delivered by SAP. These calculation views are built for operational
reporting instead of analytical reporting purposes, and therefore use mostly join
nodes. The information models are relational rather than dimensional (cube-like),
and therefore use the SQL engine rather than the calculation engine. A system
administrator loads the SAP HANA Live content into the SAP HANA database.
These calculation views are layered in a structure called the SAP HANA Live vir-
tual data model (VDM). SAP HANA Live is structured internally as shown in Fig-
ure 12.4.

The VDM consists of the following types of views:

� Private views
These are built directly on the database tables and on other private views.
These denormalize the database source data for use in the reuse views.

� Reuse views
These structure the data in a way that business processes can use. These views
can be reused by other views.

Figure 12.3 Architecture Options for SAP HANA Live
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� Query views
These can be consumed directly by analytical tools and applications. They are
not reused by other views. These views are used when designing reports.

� Customer query views
These are created either by copying SAP-provided query views or by creating
your own query views. You can add your own filters, variables, or input
parameters to these views. You can also expose additional data fields or hide
fields that are not required.

� Value help views
These are used as lookups (i.e., dropdown lists or filter lists) for selection lists
in analytical tools and business applications. They make it easier for users to
filter data by providing a list of possible values to choose from. Value help
views are not used in other VDM views; they are consumed directly by ana-
lytical tools and business applications.

Figure 12.4 SAP HANA Live Virtual Data Model
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Tip

You should never call private and reuse views directly.

You can build your reports, analytics, or business applications directly on query
views. These can be either SAP-provided query views or custom query views.
When you run your report, these query views are called. They in turn call the
relevant reuse views, which call the relevant private views, which in turn read
the relevant database tables. The value help views are called whenever drop-
down lists are used to display possible values that a user can choose from.

Note

It is not recommended to modify any SAP-provided VDM views because all SAP-
provided VDM views are overwritten when a newer version of the SAP HANA
Live content is installed. There is no mechanism like the one in ABAP, in which
the system asks if you want to keep any customer changes.

Therefore, you should always make a copy of a VDM query view to modify,
rather than modifying the original.

SAP HANA Live Views

Most of the SAP-provided SAP HANA Live views are calculation views. All the
SAP HANA modeling techniques that you’ve learned are relevant to these views.
Figure 12.5 shows an example of such a calculation view.

You will notice several characteristics of these calculations views in Figure 12.5:

� They contain several layers (nodes). This is to denormalize the source data.
Normalizing data is normal in an OLTP system to improve performance but
is not required for analytics.

� There are many joins. These are used to combine reuse views to create the
VDM query view.

� The views might have variables, input parameters, and calculated attributes. The
use of input parameters has been limited due to the fact that some reporting
tools have difficulty using them. Default values are always supplied for the input
parameters.



Key Concepts Refresher Chapter 12 413
� Calculation views use the SQL engine instead of the OLAP engine. We dis-
cussed these engines in Chapter 10. There are several reasons for using the
SQL engine instead of the OLAP engine. The main reason is that we are work-
ing with data from an OLTP system, which consists of line-level transactions
rather than aggregates, so we do not require the features of the OLAP engine.
Another good reason is for performance; for example, we do not want to pass
data between execution engines.

Installation and Administration

SAP HANA Live is installed in the SAP HANA database. A system administrator
will normally install the SAP HANA Live content package.

All SAP HANA Live information can be found at http://help.sap.com/hba.

You will need to define a schema mapping (see Chapter 11) before importing the
SAP HANA Live content package. The schema name that SAP used to develop the
SAP HANA Live information models will not be the same as the schema name of
your source system.

Once you’ve installed SAP HANA Live on an SAP HANA system, you will see the
content in the Content folder, under sap � hba, as shown in Figure 12.6. You can

Figure 12.5 SAP-Provided Calculation View (OverallBillingBlockStatus) in SAP HANA 
Live for SAP ERP
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explore the calculation views in SAP HANA studio or the SAP HANA web-based
development workbench. We do not recommend that you change the views
here. All the SAP-provided VDM views are overwritten when a newer version of
the SAP HANA Live content is installed. There is no mechanism in place within
SAP HANA Live to ask if you want to keep any customer changes, so you could
lose all your hard work during an SAP HANA Live update.

Note

SAP HANA Live has its own release cycles and timelines. SAP HANA Live content
updates do not have to correspond to the SAP HANA system update cycles and
timelines.

In the sap � hba package, you will also find various web-based tools for working
with SAP HANA Live content:

� SAP HANA Live Browser
This tool is used to find the right query views for your reporting needs.

� SAP HANA Live Extension Assistant
This tool helps you copy and modify views based on your business require-
ments.

If you have set up the SAP HANA database in a sidecar configuration, you also
need to do the following:

� Install SLT.

� Replicate the relevant tables from the source database to the SAP HANA data-
base. The SAP HANA Live Browser tool will help you select the correct tables
for the views you require (see the SAP HANA Live Browser section for more
information).

Figure 12.6 SAP HANA Live Content Package in SAP HANA Studio
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In the SAP documentation, you will also find references to a rapid deployment
solution (RDS) for SAP HANA Live. This is an optional consulting service that SAP
offers (for a fee) to help you install SAP HANA Live on your SAP systems.

In the next section, we’ll look at the full breadth of SAP HANA Live Brower’s
functionality.

SAP HANA Live Browser—Browse and Use Views

The SAP HANA Live Browser tool is a web-based (HTML5) application that
enables you to find the correct views for your reporting or analytics require-
ments. Sometimes, you might need to ask an SAP functional person that knows
the source system well to help you find the required views. Fox example, to find
sales information in an SAP ERP system, you might need the advice of an SAP
Sales and Distribution (SD) consultant.

You can find the SAP HANA Live Browser tool (Figure 12.7) by accessing http://
<SAP HANA server hostname>:8000/sap/hana/hba/explorer. (This assumes that
the instance number is 00.)

In this section, we will walk through the different areas found in SAP HANA Live,
the All Views  toolbar, and the SAP HANA Live version for business users.

Areas

We start by looking at the All Views section of the tool (see Figure 12.7).

Here you can search for views by typing a part of the name of the view in the
Filter field. For each view, you can see the following information:

� View name

� Description of the view

� View category (private, reuse, or query view)

� View type (mostly calculation views)

� To which area of the application the view is applicable

� In which SAP HANA package the view is located

Figure 12.8 shows a partial list of views that we can use for procurement reports.
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You can easily mark an SAP HANA Live view as a favorite by clicking on the
empty star to the left of the view name (Figure 12.9). From the My Favorites tab
in the SAP HANA Live Browser, you can see a list of all your favorite views.

You also can see a list of invalid views (Figure 12.10). Views can appear on this
list if they are missing underlying tables or dependent views. Such views will not
activate, either.

Figure 12.7 SAP HANA Live Browser

Figure 12.8 Filter String Entry to Find Views
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All Views Toolbar

You can access many features in SAP HANA Live Browser from a provided tool-
bar (see Figure 12.11).

Figure 12.9 Mark SAP HANA Live Views as Favorites

Figure 12.10 List of Invalid SAP HANA Live Views
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The following functions are available from the toolbar:

� Open Definition 
The Open Definition tab (Figure 12.12) shows the metadata of the SAP
HANA Live view. These fields are available for your reports and analytics. If
you need other fields, you will have to use the SAP HANA Live Extension
Assistant.

� Open Content 
The Open Content tab (Figure 12.13) shows a preview of the data an SAP
HANA Live view will produce.

� Open Cross Reference 
The Open Cross Reference tab (Figure 12.14) shows an interactive and graph-
ical depiction of all the related tables and views used by this specific SAP HANA
Live view. You can also see an outline version instead of the graphical version.

Figure 12.11 SAP HANA Live Browser Toolbar

Figure 12.12 Open Definition Tab Showing SAP HANA Live View Metadata
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� Tag 
The Tag tab (Figure 12.15) allows you to add your own keywords (tags) to
describe SAP HANA Live views. You can use these tags to group some SAP
HANA Live views that you would like to use in your reporting, analytics, or
dashboards.

� Generate SLT File 
The Generate SLT File icon allows you to generate configurations for SLT in
order to replicate only the tables that you require for your reporting or ana-
lytics. This function is only required if you are using SAP HANA Live in a side-
car configuration. You will not replicate the entire source system to the SAP
HANA database, but only the tables used by the business end users.

Figure 12.13 Show Content Tab Displaying Data Produced by an SAP HANA Live View



Chapter 12 SAP HANA Live420
� Open View in SAP Lumira  and Open View in Analysis Office 
The last two tabs on the SAP HANA Live Browser toolbar allow you to open
the specified SAP HANA Live view in either SAP Lumira (Figure 12.16) or the
SAP Analysis for Office reporting tools. This allows you to create reports eas-
ily and quickly.

The SAP HANA Live Browser does not show you the actual models or where they
are used in your reports. Use SAP HANA studio or the SAP HANA web-based
development workbench to view SAP HANA Live models.

Figure 12.14 Cross Reference Tab Showing Related Tables and Views Used by This SAP 
HANA Live View (Graphical Version)

Figure 12.15 Adding Tags to an SAP HANA Live View
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SAP HANA Live Browser for Business Users

Up until now, we have discussed the developer edition of the SAP HANA Live
Browser. There is also a business user version of SAP HANA Live Browser avail-
able at http://<SAP HANA server host>:8000/sap/hana/hba/explorer/buser.html.

This version only allows you to find a model, preview the content, and open the
view in SAP Lumira or SAP BusinessObjects Analysis, edition for Microsoft
Office. It is meant for nontechnical users, such as functional consultants or spe-
cialists.

Advanced features like generating SLT files, viewing broken models, tagging a
model, or opening graphical cross references are not available in the business
user edition of the SAP HANA Live Browser.

Figure 12.16 Output of an SAP HANA Live View for Sales in SAP Lumira
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SAP HANA Live Extension Assistant—Modify Views

Figure 12.5 showed an example of an SAP HANA Live view, which is similar to
any other view in SAP HANA. There are two ways to modify SAP HANA Live
views.

We can use SAP HANA studio and the SAP HANA web-based development work-
bench to modify, preview, test, debug, and trace SAP HANA Live information
models, similar to all the other SAP HANA views we created in previous chap-
ters.

Tip

Here are some guidelines for creating your own SAP HANA Live views:

� Try to use graphical calculation views of type cube, with an aggregation node
as the top node.

� Set the calculation view to execute using the SQL engine.

� Do not use attribute or analytic views.

� You can combine standard SAP HANA Live views with your own custom views.

Another tool that can be used to modify SAP HANA Live views is the SAP HANA
Live Extension Assistant.

Figure 12.17 shows the SAP HANA Live Extension Assistant tool.

SAP HANA Live views do not expose all their attributes and measures; SAP has
carefully chosen a subset of these elements for the most common business pro-
cesses. However, there are many hidden fields. You can use the SAP HANA Live
Extension Assistant to change which fields are hidden or shown in a particular
view.

Tip

Don’t delete the fields you’re not using; just mark them as hidden. SAP HANA’s
optimization is very good, and hiding a field does not increase the run time of
queries.

You can extend reuse and query views, and you can extend a particular view mul-
tiple times.
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The SAP HANA Live Extension Assistant has a few restrictions that you need to
be aware of:

� It cannot extend a query view that contains a union node.

� It cannot extend a query view that contains an aggregation node as one of the
middle nodes. An aggregation node as the top node is normal and allowed.

� It cannot extend your own custom views. It only recognizes SAP-delivered
views.

Tip

You should not extend SAP-delivered views. Make a copy, and extend that
instead.

Figure 12.17 SAP HANA Live Extension Assistant in SAP HANA Studio
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Important Terminology
In this chapter, we covered the following important terminology:

� Operational reporting
Operational reporting is reporting that is done on transactional data (e.g, sales
and deliveries) to enable people to do their work today (e.g., like delivering
a sold item). SAP BW reports are normally the next day only, and do not help
with, for example, today’s deliveries. SAP HANA Live is meant only for oper-
ational reporting requirements in SAP operational systems like SAP ERP. 

� SAP HANA Live
SAP HANA Live consists of SAP-created calculation views (for the most part)
and several tools for working with these SAP HANA views.

� SAP HANA Live views
The SAP HANA Live views are organized in an architectural structure called
the virtual data model (VDM). The different SAP HANA Live views are:

� Private views: These are built directly on the database tables and on other
private views. These denormalize the database source data for use in the
reuse views.

� Reuse views: These structure the data in a way that business processes can
use. These views can be reused by other views.

� Query views: These can be consumed directly by analytical tools and appli-
cations. They are not reused by other views. These views are used when
designing reports.

� Customer query views: These are created either by copying SAP-provided
query views or by creating your own query views. You can add your own
filters, variables, or input parameters to these views. You can also expose
additional data fields or hide fields that are not required.

� Value help views: These are used as lookups (i.e., dropdown lists or filter
lists) for selection lists in analytical tools and business applications. They
make it easier for users to filter data by providing a list of possible values
to choose from. Value help views are not used in other VDM views; they
are consumed directly by analytical tools and business applications.
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� SAP HANA Live Browser
The SAP HANA Live Browser tool is a web-based (HTML5) application that
enables you to find the correct views for your reporting or analytics require-
ments.

� SAP HANA Live Extension Assistant
The SAP HANA Live Extension Assistant tool is used to modify SAP HANA
Live views.

Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
exam you must select all correct answers and only correct answers to receive
credit for the question.

1. Where is SAP HANA Live installed?

� A. On SLT

� B. On the SAP ERP application server

� C. In the reporting tool

� D. In the SAP HANA database

2. Which engine do most SAP HANA Live views use?

� A. SQL engine

� B. OLAP engine

� C. Join engine

� D. Calculation engine
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3. Which of the following views can you extend with the SAP HANA Live
Extension Assistant?

� A. Query views with a union

� B. Reuse views

� C. All SAP-delivered views

� D. Your own custom views

4. Which sentence best describes SAP HANA Live?

� A. Operational reporting moving back to the OLTP system

� B. Analytical reporting moving back to the OLAP system

� C. Operational reporting moving back to the OLAP system

� D. Analytical reporting moving back to the OLTP system

5. Which of the following are features of a data warehouse? (There are 3 cor-
rect answers.)

� A. Consolidation

� B. Data governance

� C. Both OLTP and OLAP in one system

� D. Real-time reporting

� E. A full transactional history

6. What tool generates files to help configure SLT table replication?

� A. SAP HANA Live Extension Assistant

� B. Authorization Assistant

� C. SAP HANA studio

� D. SAP HANA Live Browser

7. True or False: You can create custom query views by directly modifying SAP-
delivered query views.

� A. True

� B. False
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8. True or False: When you upgrade SAP HANA Live content, you can choose
to keep your modifications.

� A. True

� B. False

9. Which of following are features associated with SAP HANA Live? (There are
2 correct answers.)

� A. A new data warehouse

� B. Hundreds of predeveloped views

� C. Web-based tools

� D. Precalculated aggregates stored in cubes

10. Which of the following terms are associated with an operational system?
(There are 2 correct answers.)

� A. OLTP

� B. OLAP

� C. Transactional

� D. Data warehouse

11. True or False: SAP HANA Live replaces SAP BW.

� A. True

� B. False

12. True or False: You can view metadata of SAP HANA Live views with the busi-
ness user version of the SAP HANA Live Browser.

� A. True

� B. False

13. In which package in SAP HANA will you find the SAP HANA Live views?

� A. /sap/hana/democontent

� B. /public

� C. /sap/hba

� D. /sap/bc
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14. As what are most of the views in SAP HANA Live created?

� A. Table functions

� B. Calculation views

� C. CDS data sources

� D. Cubes

15. Which of the following VDM views can be called by applications and
reports? (There are 2 correct answers.)

� A. Reuse views

� B. Value help views

� C. Private views

� D. Query views

Practice Question Answers and Explanations
1. Correct answer: D

In the SAP HANA database (see Figure 12.3). The SAP LT Replication Server
(SLT) is only used for the sidecar scenario. You still need to install SAP HANA
Live, even if we do not have a sidecar scenario, so this is obviously wrong.
We have ABAP code in the SAP ERP application server, not SAP HANA calcu-
lation views. Reporting tools have nothing to do with SAP HANA. They can
use SAP HANA views, but they cannot be run in the reporting layer.

2. Correct answer: A

Most SAP HANA Live views use the SQL engine. See the last bullet point after
Figure 12.5.

3. Correct answer: B

You can extend reuse and query views with the SAP HANA Live Extension
Assistant. You cannot extend query views with a union node or your own cus-
tom views.

4. Correct answer: A

Operational reporting moving back to the OLTP (operational) system. See the
Background Information section.
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5. Correct answers: A, B, E

Data warehouse features include consolidation, data governance, and a full
transactional history. Please note that the question did not specify that this is
an SAP BW on SAP HANA system. It asked about a generic data warehouse.
Having both OLTP and OLAP in one system is only available for SAP HANA
real-time reporting. For a full list of data warehouse features, refer to Figure
12.2.

6. Correct answer: D

The SAP HANA Live Browser can help generate files for SLT replication. SAP
HANA Live Extension Assistant is used for modifying SAP HANA Live views.
The Authorization Assistant helps with creating users and roles for SAP
HANA Live. The SAP HANA studio does not have this functionality See the
SAP HANA Live Browser section for more information.

7. Correct answer: A

This is actually a “bad” question. It is clear from this chapter that you should
not create custom query views by directly modifying SAP-delivered query
views. However, the question asked if you can do it. Technically, it’s possi-
ble—but you will lose all your hard work during the next update of the SAP
HANA Live content.

8. Correct answer: B

When you upgrade the SAP HANA Live content, there is no option for you
to keep your modifications. All changes to SAP-delivered content will be lost.
This is different than the process in ABAP systems, which do ask if you want
to save your modifications.

This question was very similar to the previous question. In the certification
exam you will not find one question providing the answer to another. The
SAP team ensures that this does not happen.

9. Correct answers: B, C

SAP HANA Live consists of hundreds of predeveloped views, as well as some
web-based tools. SAP HANA Live is not a new data warehouse, as we clearly
specified that it will not replace SAP BW. With SAP HANA we do not store
pre-calculated aggregates in cubes. This is only done in old non-SAP HANA
data warehouses. See the Architecture section.
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10. Correct answers: A, C

An operational system is the transactional (OLTP) system. See the Back-
ground Information section.

11. Correct answer: B

SAP HANA Live does not replace SAP BW. Only the operational reporting
portion moves back from the data warehouse to the transactional system.

12. Correct answer: B

You cannot view the metadata of SAP HANA Live views within the business
user version of the SAP HANA Live Browser. This version is meant for non-
technical users. See the SAP HANA Live Browser for Business Users section.

13. Correct answer: C

The SAP HANA Live views are in the /sap/hba subpackage. Figure 12.6 shows
the SAP HANA Live content in SAP HANA studio.

14. Correct answer: B

Most of the views in SAP HANA Live are calculation views. See Figure 12.5
in the SAP HANA Live Views section.

15. Correct answers: B, D

Query views and value help views can be called by applications and reports
(see Figure 12.4). Reuse views and private views may not be called directly.

Takeaway
You should now know what SAP HANA Live is, the concepts behind it, and the
architecture options. You will also have an idea of what is involved with the
installation.

You can use your understanding of the VDM to choose which views can be used,
modified, or extended, and you can use the SAP HANA Live Browser tool to help
design your reports.

Summary
In this chapter, you used your knowledge of SAP HANA modeling in a scenario
in which SAP HANA is used as a database for SAP business systems like SAP ERP.
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The difference here is that SAP has developed hundreds of SAP HANA views
already, and you can tap into this vast resource to build powerful analytical
reports quickly.

We have now covered the pure modeling topics. The next chapters will focus on
complementary actions and requirements—for example, security, how to load
data into SAP HANA, and which reporting tools to use with SAP HANA.





Security

Techniques You’ll Master

� Know when to use SAP HANA security

� Understand how users, roles, and privileges work together

� Know how to create new users and roles

� Learn the various types of privileges

� Explain analytic privileges
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In this chapter, we’ll discuss how to implement security on the information mod-
els you’ve built. Security is frequently a specialist area, with people dedicated to
looking after system security and user administration.

We will not go into all the details of SAP HANA security in this chapter, but we’ll
give you a good overview to help you with most of the scenarios you will
encounter in your day-to-day information modeling work and those that are cov-
ered on the exam.

Real-World Scenario

You get an error message in SAP HANA indicating that you do not have suf-
ficient privileges to do a certain task. In cases like these, you will need to
know how to resolve this kind of error message. For this situation, the
answer is simply granting a right to a special user. In some cases, you may
need to build special roles and privileges.

In other cases, you may be asked by the project manager to assist with set-
ting up the security on the information models. Because you built these
information models in SAP HANA, you will have a good idea of which
users should have certain privileges.

Objectives of This Portion of the Test
The purpose of this portion of the SAP HANA certification exam is to test your
knowledge of SAP HANA security.

The certification exam expects you to have a good understanding of the follow-
ing topics:

� When to use SAP HANA security, and when to use application security

� How users, roles, and privileges work together

� Understanding system users and how to create new users

� Building a new role

� Assigning the various types of privileges to a role

� Working with analytic privileges

� Migrating old analytic privileges in SAP HANA SPS 11
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Note

This portion contributes up to 5% of the total certification exam score.

Key Concepts Refresher
Security determines what people are allowed to do and see in business applica-
tions. Although we want to stop any unauthorized people from getting access to
company information, we also want to allow business users to do their work
without hindrance. There are various ways to achieve this balance in SAP HANA.

In this section, we will discuss the basic use cases for security in SAP HANA and
important security concepts. We will then look at how to create users, how these
users can access the system, and what roles and privileges these users should get
to achieve their goals.

Usage and Concepts

Let’s begin by looking at when to use security measures in SAP HANA before
tackling important concepts.

Use Cases

The use cases for implementing security in SAP HANA depend on the deploy-
ment scenario. Let’s look at the different deployment scenarios and their security
management:

� SAP HANA as a database
In a deployment scenario in which SAP HANA is used as the database for busi-
ness applications like SAP ERP, SAP CRM, and SAP BW, you do not need to
create SAP HANA users and roles for the business users. These users log into
the various SAP systems via the SAP NetWeaver application servers and all
end user security is managed by these applications. This is shown on the left
side of Figure 13.1. You will still need to create a few SAP HANA users and
roles for the system administrator users, but you do not need to create any-
thing for the business users.
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� SAP HANA as a sidecar or platform
In deployment scenarios in which SAP HANA is used as a sidecar or a plat-
form, end users need to log in and work directly in the SAP HANA system. In
such cases, you definitely need to create users and assign roles for these users.
In this chapter, we will focus primarily on these scenarios.

� SAP HANA Live
For SAP HANA Live, you also need end users to log in and work in the SAP
HANA system. However, sometimes they also work in SAP HANA Live mod-
els via SAP applications. In this case, you need to manage the users in the SAP
applications and use the Authorization Assistant tool to automatically create
the correct SAP HANA Live users and roles inside the SAP HANA system. This
chapter will not focus on this use case.

We’ve mentioned users and their roles in this section. In the next section, we’ll
look at how these concepts work together in SAP HANA.

Figure 13.1 Security for SAP HANA as Database vs. Platform
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Security Concepts

Figure 13.2 illustrates how privileges, roles, and users fit together in SAP HANA:

� Privileges
Privileges are the individual rights you can grant to a role or a user.

� Roles
A role in SAP HANA is a collection of granted privileges. You can combine sev-
eral roles into another role, which is called a composite role.

� Users
Users are identities in the SAP HANA system that you assign to business peo-
ple using your system. You do not assign privileges directly to users, even
though it is possible to do so in SAP HANA. The best practice is to assign priv-
ileges to a role and then assign that role to users.

We start the security process shown in Figure 13.2 with privileges; assign certain
privileges to a role, and then assign that role to the users.

Figure 13.2 Assign Privileges to Roles and Roles to Users
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Note

In SAP HANA, the default behavior is to deny access. You cannot do anything in
the system until you have been granted a privilege.

These privileges and roles all add up to give a complete portfolio of what users
are allowed to do. If something is not specified in a granted role or privilege, SAP
HANA denies access to that action.

Using Security in SAP HANA

To begin using security in SAP HANA, go to the Security area of the Systems tab
in SAP HANA studio, or open the SAP HANA web-based development work-
bench and select the Security block, as shown in Figure 13.3. You can also go to
this area directly in your browser via http://<servername>:8000/sap/hana/ide/
security/, where “8000” is the port number (if your SAP HANA system is installed
as instance 00).

In this area, you can begin creating users and roles, which we’ll discuss next.

Figure 13.3 Security Areas in SAP HANA Studio and SAP HANA Web-Based Develop-
ment Workbench

SAP HANA studio SAP HANA web-based development workbench
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Users

In this section, we’ll look at the two important system users in SAP HANA and
the steps for creating users.

System Users

Figure 13.4 shows a list of all the users in the Users area of SAP HANA studio.
The system users are SYS, SYSTEM, and a few _SYS_ users.

There are two important system users in SAP HANA:

� SYSTEM

The SYSTEM user is the main SAP HANA user. When the system is installed,
this user can do everything. However, do not be surprised when you later get
authorization messages saying that the SYSTEM user does not have privileges
to perform certain tasks. Remember that SAP HANA by default denies access
to everything. Any models that you have created since the system installation
are new objects. You have to explicitly grant access to these new models to
the SYSTEM user before it is allowed to use them.

Note

Auditors normally require that the SYSTEM user is locked and disabled in an SAP
HANA system to improve security.

Figure 13.4 Users in SAP HANA System
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� _SYS_REPO

The _SYS_REPO user is the owner of all the activated objects in the SAP HANA
system. We discussed activation in Chapter 11, and showed that an activated
copy of an object is created in the _SYS_BIC schema (see Figure 11.6). SAP
HANA uses the _SYS_REPO user to execute activated models.

To be able to do this, the _SYS_REPO user must be able to read the tables in
your schema. If not, your information views cannot be activated. One of the
most common questions on SAP HANA forums is from people asking why
they cannot activate newly created information views when they are the own-
ers of the views.

Tip

You must grant SELECT rights for your schema to the _SYS_REPO user via the
GRANT SELECT ON SCHEMA "SCHEMA_NAME" TO _SYS_REPO WITH GRANT OPTION; state-
ment.

Creating Users

You can create your own users from the context menu in the Users area. Right-
click and select the New User option, as shown in Figure 13.5.

On the next screen, as shown in Figure 13.6, you can enter the details for the
new user. You can choose a name for the user, a validity period, and the default
session client. This is the fifth time we’ve set the default session client when
working with SAP business applications. The other four were as follows:

� Setting the preferences in SAP HANA studio (Chapter 5)

� Setting the default client in the semantics node of any information view
(Chapter 6)

Figure 13.5 Creating New User via the Context Menu
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� Creating a filter by using the $$client$$ variable (Chapter 7)

� Using the SESSION_CONTEXT(CLIENT) statement (Chapter 8)

Except for these standalone fields, the screen is divided into two main areas. The
area near the top is for authentication, and the bottom area is for authorization:

� Authentication
Authentication answers the question, “Who are you?” It is concerned with
identifying users when they log in and making sure they really are who they
claim to be.

� Authorization
Authorization answers the question, “What are you allowed to do?” This iden-
tifies which tasks a user can perform in the system.

In the Authentication area, you can specify if you can log in using a username
and password, or whether you should use one of the many single sign-on options
available in SAP HANA. The most popular single sign-on option is Kerberos,
which most companies use together with their Microsoft Active Directory ser-
vices. When a user logs into the company’s network infrastructure, the Kerberos
server issues a security certificate. When that user gets to the SAP HANA system

Figure 13.6 Screen for Creating a New User
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and the Kerberos option is enabled for that SAP HANA user, the system will auto-
matically ask for and validate this certificate and will then allow the user access
to the SAP HANA system. With single sign-on, users do not have to enter a user-
name and password each time they use the SAP HANA system.

In the Authorizations area at the bottom of Figure 13.6, you can assign roles
(or privileges) to the new user. Click the plus sign  in the Granted Roles tab
for a list of available roles in the SAP HANA system, as shown in Figure 13.7. You
can select one or more roles from the list (press (Ctrl) to select multiple roles).

You can save your changes by pressing (Ctrl)+(S) or by clicking the Deploy but-
ton on the top-right of the screen.

Once you have selected a role for the new user, it is shown in the Authoriza-

tions area. In this example, we chose the CONTENT_ADMIN role for the user
(Figure 13.8). The blank PUBLIC role is automatically added for all users in the
SAP HANA system.

Figure 13.7 Choosing Roles
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Tip

Users in an SAP HANA system are not transportable. You cannot create users in
a development system and transport them to the production system with all
their roles and privileges.

Roles

In the previous section, we looked at creating users and assigning them roles. In
this section, we will take a deeper dive into SAP HANA’s roles and discuss the
various template roles available and the steps for creating a role in the system.

Template Roles

You can see all the roles in SAP HANA in the Roles area of the Systems tab of
SAP HANA studio (see Figure 13.9).

Figure 13.8 Roles Assigned to User

Figure 13.9 Some SAP HANA Template Roles
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SAP provides a few template roles that you can use as examples for building your
own, or you can use them as a starting point and extend them. We do not rec-
ommend modifying any of the template roles directly; instead, copy them and
modify the copy.

The following two template roles are important:

� MONITORING

This is a role that provides read-only access to the SAP HANA system. You
provide this, for example, to a system administrator or monitoring tool that
needs to check your system. Users that have this role assigned cannot modify
anything in the system.

� MODELING

This role is given to modelers so they can create information models in the
SAP HANA system. We do not recommend giving this role to any user in the
production system. Users with this role assigned can create and modify
objects in the system and can read all data, even sensitive or confidential data.

Creating Roles

You can create custom roles from the context menu in the Roles area. Select the
New Role option from the context menu. In the next screen, as shown in Figure
13.10, enter the details for your new role.

Figure 13.10 Creating New Role
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Once you have provided the Role Name and details, you can save and deploy
your role by clicking on the Deploy button in the top-right corner of the screen.

You can also take another role and extend it. You can, for example, have a custom
role built for your team members. You can then create a new custom role for the
project manager by taking the team member role and extending it with a few
more privileges. In Figure 13.10, we selected the CONTENT_ADMIN role by clicking
on the plus sign  in the Granted Roles tab. We can now extend this role by
adding more privileges to our new role.

Tip

There is no concept in SAP HANA of taking away privileges, because the default
behavior is to deny access.

Runtime vs. Design-Time Roles

If you use SAP HANA studio to create roles, they are created as runtime objects
and cannot be transported to the production system. (For more details about the
difference between design-time and runtime objects, see Chapter 12.)

However, you can create the roles as design-time files in the SAP HANA web-
based development workbench. By using the Editor area rather than the Secu-

rity area shown in Figure 13.3, you can create roles as repository objects.

In Figure 13.11, we create a new Role from the context menu in our package.
This creates an .hbdrole file in the repository. In the SAP HANA web-based
development workbench, we can then edit this role exactly like any other role,
as shown in the middle of Figure 13.11. If we try to edit this .hdbrole file in SAP
HANA studio, however, we can use only a text editor instead of the usual graph-
ical editor.

Tip

When creating roles, we recommend that you create them as .hdbrole files in the
SAP HANA web-based development workbench. These roles are the design-time
objects and can be transported to the production system. This improves security,
because you need someone with rights to create roles in the production system.
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Privileges

In SAP HANA, there are five types of privileges:

� System

� Object

� Analytic

� Package

� Application

When you build or extend a role, you can assign a type of privilege. Each of these
privileges has its own tab in the role editing screen. You can add new privileges
in each tab by clicking on the plus sign button.

Figure 13.11 Creating Design-Time Roles in SAP HANA Web-Based Development Work-
bench
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A dialog box will present a list of relevant privileges to choose from. All of these
dialog boxes have a text field in which you can type some search text. The list of
available privileges will be limited according to the search text you type.

You can select multiple privileges from the list by clicking on the first privilege
and then holding the (Ctrl) key while selecting the other privileges.

In this section, we will discuss the different types of privileges available in SAP
HANA.

System Privileges

System privileges can be associated with the phrase “system administration.”
These privileges grant users the rights to work with the SAP HANA system. Most
of the system privileges are applicable to database and system administrators.
Figure 13.12 shows some examples of system privileges.

There are a few system privileges shown that are relevant to information mod-
elers:

Figure 13.12 Assigning System Privileges to Roles
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� REPO.EXPORT and REPO.IMPORT
These are required to export and import delivery units. You need these if you
want to transport modeling work to the production system.

� REPO.MAINTAIN_DELIVERY_UNITS

This allows you to create and edit delivery units.

� REPO.WORK_IN_FOREIGN_WORKSPACE

This system privilege is useful if a team member is away on summer vacation
and you need to activate some of his or her information models.

Object Privileges

Object privileges are used to assign rights for users to data source objects, includ-
ing schemas, tables, virtual tables, procedures, and table functions.

Granting object privileges requires very basic knowledge of SQL syntax. This
makes sense, because you’re working with data sources. You will have to know
basic SELECT, INSERT, UPDATE, and other SQL statements. The right side of Figure
13.13 shows the options for assigning object privileges.

Figure 13.13 Assigning Object Privileges to Roles
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Analytic Privileges

With object privileges, you can grant rights for someone to read all the data from
a data source—but how do you limit access to sensitive and confidential data, or
limit access to the data that people can see or modify to certain areas only? For
example, you may need to ensure that managers can only edit data of employees
reporting directly to them, that someone responsible for only one cost center
accesses only the correct information, or that only board members can see finan-
cial results before they are announced.

Analytic privileges can be used to limit data at the row level. This means that you
can limit data—for example, to show only rows that contain data for 2016, or
your employees, or your cost center.

Tip

We are sometimes asked how to limit data at the column level. For example, a
company wants to allow employees to see all their colleagues’ details, except
their salaries. How do we hide the Salaries column?

This is not possible with analytic privileges, but it is with views. Simply create a
view on the employees table and make sure the Salaries column is not part of the
output field list, and then grant everyone access to the view.

Figure 13.14 shows how to assign analytic privileges to a role. The figure shows
only a small portion of the work involved. Here, we assign the precreated ana-
lytic privileges to a role. We will look at how to create these analytic privileges
later in this section.

Tip

In Figure 13.14, we assigned an analytic privilege called _SYS_BI_CP_ALL to a
role. Be careful when assigning this analytic privilege; it grants access to the
entire dataset of the information views involved. This analytic privilege should
not be granted to end users in a production system.

Also note that this privilege is part of the MODELING role. Once again, the MODEL-
ING role should not be granted to any end users in a production system.

Think about how analytic privileges behave when they are used with layered
information views. Assume you need access to information about your cost cen-
ter. Let’s view this from the reporting side. You run a report that is calls view A.
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View A then calls another view, called B. (View A is built on top of view B.) You
can only see your cost center information if you have an analytic privilege that
allows you to see the information being assigned to both views. If you have the
analytic privilege assigned to only one of the two views, you will not be able to
see your cost center information.

Now that you have a basic understanding of analytic privileges, in the next two
subsections we will discuss how to create and maintain them.

Creating Analytic Privileges
You can create analytic privileges in the same context menu where you created
all your SAP HANA information views. In the context menu, select New • Ana-

lytic Privilege…, as shown in Figure 13.15.

In the dialog box (Figure 13.16), enter the name of the new analytic privilege.
The default choice for Type is SQL Analytic Privilege.

Figure 13.14 Assigning Analytic Privileges to Roles
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Figure 13.15 Context Menu for Creating New Analytic Privilege

Figure 13.16 Creating New Analytic Privilege
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SQL-Based Analytic Privileges

In SAP HANA SPS 10, the new SQL-based analytic privileges became the default
choice. In SAP HANA SPS 11, we now have a migration tool to convert the old
XML-based analytic privileges to the new SQL-based analytic privileges. (The old
XML-based analytic privileges are also called classical analytic privileges.)

The new SQL-based analytic privileges are more powerful, allowing you, for
example, to use hierarchies in your analytic privileges. This is useful when work-
ing with many company structures, like an HR structure or a financial cost center
hierarchy.

In the next step, choose the information views that you want to restrict access to.

Once you have selected the information views, you can create the row-level
access restrictions. On the left side of the screen in Figure 13.17, you can add
more information views. On the right side of the screen, create your restrictions.

Figure 13.17 Assigning Analytic Privilege Restrictions
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There are three ways to specify the restrictions:

� Attributes

With this option, you first select the attributes that you want to create the
restrictions on. In this example, we chose the SUPPLIER_COUNTRY field. You
then have to specify the restrictions. In this example, we restrict the suppliers
to be from ZA (South Africa) or DE (Germany) only. You can see this more
clearly in Figure 13.18

Figure 13.18 Three Ways to Assign Analytic Privilege Restrictions

Restrictions based on attributes 

Restrictions based on a SQL expression 

Restrictions based on a procedure 
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� SQL Editor

If you used the running example with the Attributes option and then
changed the selection to SQL Editor, SAP HANA studio automatically con-
verts this to a SQL WHERE clause—in this example:

((SUPPLIER_COUNTRY = ‘ZA’) OR (SUPPLIER_COUNTRY = ‘DE’))

� Dynamic

The last option is the most powerful. You can base your restrictions on the
result set from a procedure. The procedure must be a read-only procedure
that only has one output parameter. You must also ensure that the _SYS_REPO
user can execute the procedure.

Finally, you have to ensure that the relevant information views can use the new
SQL analytic privileges, which you can do in the semantics node of the informa-
tion view by setting the Apply Privileges field to SQL Analytic Privileges. (See
Figure 13.19.)

Figure 13.19 Ensuring Information Views Can Use SQL-Based Analytic Privileges
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If you do not set this option correctly, you will receive warnings that the SQL
analytic privileges will have no effect on the information view. The SQL analytic
privileges will also send warnings that you cannot use hierarchies in the infor-
mation view.

With the focus now firmly on the new SQL analytic privileges, let’s see how we
can migrate our old analytic privileges to the new SQL analytic privileges.

Migrating Analytic Privileges
A new feature in SAP HANA SPS 11 is the ability to migrate older modeling con-
tent to the newer formats. Instead of having to recreate your information views,
scripted calculation views, and analytic privileges in the newer formats, SAP has
provided a migration wizard to assist you.

Start the migration process by going to the Quick View tab in the Modeler per-
spective in SAP HANA studio. SAP HANA SPS 11 includes a number of new
options in the Quick View tab. Select the Migrate option to start the process, as
shown in Figure 13.20.

Figure 13.20 Starting Migration: Classical XML-Based Analytic Privileges to SQL Analytic 
Privileges
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In the next dialog box, select the Classical XML-Based Analytic Privileges to

SQL Analytic Privileges option (Figure 13.20).

You can then select all the analytic privileges you need to migrate. Finally, the
migration wizard shows you a summary screen before processing the analytic
privileges (see Figure 13.21).

The migration process will even update the affected information views by auto-
matically setting the Apply Privileges option to SQL Analytic Privileges. (See
Figure 13.19 for an example of this setting.)

Package Privileges

Package privileges are granted rights to work in packages in the Content area of
the Systems tab in SAP HANA studio. Packages contain all the information views
and modeling objects.

Packages are normally in a tree structure, with packages, subpackages, and sub-
sub-packages. When you are granted access to a higher-level package via a pack-
age privilege, you automatically also get access to all the subpackages underneath

Figure 13.21 Migration Summary
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it. For example, if you have access to the book package as shown in Figure 13.22,
you also have access to the book.models subpackage.

There also is a special Root Package privilege that grants access to all packages
in the SAP HANA system, even packages that will be created at a later date.

The right side of Figure 13.22 shows you how to grant privileges to repository
(design-time) packages. For SAP HANA Live, you will need the top REPO.READ

or read privilege, as well as Privileges for Native Packages.

Application Privileges

Application privileges are used to grant rights to SAP HANA XS applications. These
application privileges are created by the developers of these web applications. In
this step, you merely assign these privileges to a role.

Figure 13.22 Assigning Package Privileges to Roles
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In Figure 13.23, we assign the sap.hana.democontent.epm::Admin application
privilege to the role. This specific privilege allows a user to administrate the SHINE
demo application.

We have now assigned the various types of privileges to a role. Once you are sat-
isfied with the role, you can assign it to users.

Testing Security

Often, when you are building a role and assigning privileges, you need to test
whether the role is working correctly. You can do this easily in SAP HANA studio
by connecting to the same SAP HANA system with two different users.

In Figure 13.24, we connected to the RDL system with both the SYSTEM user and
RDL_USER. When we look in the Content areas of both, they look similar—but
in the RDL_USER user area everything we run is checked against the authoriza-

Figure 13.23 Assigning Application Privileges to Roles
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tions of the RDL_USER user, whereas everything in the SYSTEM user area is
checked against the authorizations of the SYSTEM user.

This makes it easy to check one user area while fixing any mistakes in the other
user area.

Important Terminology
In this chapter, we covered the following terminology:

� Users
Identities in the SAP HANA system that you assign to business people using
your system. The best practice is to assign privileges to a role and then assign
that role to users. The following are two important system users:

� SYSTEM: The main SAP HANA user. When the system is installed, this user
can do everything. 

� _SYS_REPO: The owner of all the activated objects in the SAP HANA system.
SAP HANA uses the _SYS_REPO user to execute activated models.

� Roles
A role in SAP HANA is a collection of granted privileges. You can combine sev-
eral roles into another role, which can be called a composite role.

Figure 13.24 Testing User Authorizations in SAP HANA Studio
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� Template roles
Templates that you can use to build your own roles. The following two tem-
plate roles are important:

� MONITORING: Provides read-only access to the SAP HANA system. Users that
have this role assigned cannot modify anything in the system.

� MODELING: Given to modelers so they can create information models in the
SAP HANA system. Users with this role assigned can create and modify
objects in the system and can read all data, even sensitive or confidential
data.

� Authentication
Identifies users when they log in and ensures they are who they claim to be.

� Authorization
Identifies which tasks a user can perform in the system.

� Privileges
The individual rights you can grant to a role or a user. In SAP HANA, there
are five types of privileges:

� System privileges: These privileges grant users the rights to work with the
SAP HANA system. Most of the system privileges are applicable to database
and system administrators.

� Object privileges: These privileges are used to assign rights for users to data
source objects, including schemas, tables, virtual tables, procedures, and
table functions. Requires very basic knowledge of SQL syntax.

� Analytic privileges: These privileges control access to SAP HANA data mod-
els. There are two types of analytic privileges: classic XML-based analytic
privileges and the new SQL-based analytic privileges that came with SAP
HANA SPS 10. In SAP HANA SPS 11, there is a migration tool to convert
the old XML-based analytic privileges to the new SQL-based analytic priv-
ileges.

� Package privileges: These privileges grant rights to work in packages. Pack-
ages contain all the information views and modeling objects.

� Application privileges: These privileges are used to grant rights to SAP HANA
XS applications.

� Restrictions in analytic privileges
You can implement row-level access restrictions using analytic privileges. 
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Practice Questions
These practice questions will help you evaluate your understanding of the topic.
The questions shown are similar in nature to those found on the certification
examination. Although none of these questions will be found on the exam itself,
they will allow you to review your knowledge of the subject. Select the correct
answers and then check the completeness of your answers in the Practice Ques-
tion Answers and Explanation section. Remember that on the exam you must
select all correct answers and only correct answers to receive credit for the ques-
tion.

1. Which are the recommended assignments in SAP HANA? (There are 2 cor-
rect answers.)

� A. Privileges to users

� B. Roles to users

� C. Roles to roles

� D. Roles to privileges

2. In which SAP HANA deployment scenarios will end users be created as users
in the SAP HANA system? (There are 2 correct answers.)

� A. SAP BW powered by SAP HANA

� B. SAP S/4HANA

� C. SAP HANA as a platform

� D. SAP HANA Live

3. True or False: The default behavior of SAP HANA is to allow access.

� A. True

� B. False

4. Your newly created information view does NOT want to activate. For which
system user must you grant read access to your schema?

� A. _SYS_REPO

� B. SYSTEM

� C. SYS

� D. _SYS_TASK
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5. What do you have to assign to users to allow single sign-on?

� A. SQL analytic privileges

� B. Kerberos authentication

� C. TRUST ADMIN system privilege

� D. Application privileges

6. Where do you graphically create a design-time role in SAP HANA?

� A. In the Security area of the SAP HANA web-based development work-
bench

� B. In the Roles area under Security in SAP HANA studio

� C. In the Repository area in the development perspective in SAP HANA stu-
dio

� D. In the Editor area of the SAP HANA web-based development workbench

7. What system privilege do you need to create a delivery unit?

� A. REPO.EXPORT

� B. REPO.IMPORT

� C. REPO.MAINTAIN_DELIVERY_UNITS

� D. REPO.WORK_IN_FOREIGN_WORKSPACE

8. True or False: Object privileges on a table with SELECT rights will allow you
to access to all the data.

� A. True

� B. False

9. What can you use to limit users to see only 2016 data? (There are 2 correct
answers.)

� A. An object privilege

� B. A SQL analytic privilege

� C. A view with a filter

� D. A view with a restricted column
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10. You have two calculation views for viewing manufactured products. The
WORLD calculation view shows worldwide information. The INDIA calculation
view is built on top of the WORLD calculation view and shows information for
Indian products. What privilege must you assign to see your department’s
specific data in a report built on the INDIA calculation view?

� A. An analytic privilege on the WORLD calculation view

� B. An analytic privilege on the INDIA calculation view

� C. An analytic privilege on the both calculation views

� D. An object privilege on the WORLD calculation view

11. True or False: You can limit access to a subpackage if you have given access
to the higher level package.

� A. True

� B. False

12. You have created a SQL analytic privilege on an information view. Where do
you tell the view to enable SQL analytic privileges?

� A. In the semantic node of the information model

� B. In the restrictions settings of the SQL analytic privilege

� C. In the SAP HANA studio preferences

� D. In the migration tool

13. What does the migration tool allow you to migrate?

� A. XML analytic privileges to table functions

� B. XML analytic privileges to SQL analytic privileges

� C. SQL analytic privileges to XML analytic privileges

� D. Object privileges to SQL analytic privileges

Practice Question Answers and Explanations
1. Correct answers: B, C

We can assign roles to other roles and roles to users in SAP HANA. We can
assign privileges to users, but this is not recommended. We cannot assign
roles to privileges. We can only assign privileges to roles.
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2. Correct answers: C, D

End users are created as users in the SAP HANA system in the SAP HANA as
a platform deployment scenario. With SAP HANA Live, users are created in
the SAP application server, and they are automatically created by the Autho-
rization Assistant in SAP HANA. With SAP BW on SAP HANA and SAP S/
4HANA, users are created in the SAP application servers, not in SAP HANA.

3. Correct answer: B

False. The default behavior of SAP HANA is to deny access. Please note that
True or False questions are included to help your understanding, but the
actual certification exam does not have such questions.

4. Correct answer: A

You must grant read access to your schema for the _SYS_REPO user if your
newly created information view does NOT want to activate.

5. Correct answer: B

You have to assign Kerberos authentication to users to allow single sign-on

6. Correct answer: D

You can graphically create a design-time role in the Editor area of the SAP
HANA web-based development workbench. In the Security area of the work-
bench, you can create only runtime roles. In the Roles area under Security

in SAP HANA studio, you can create only runtime roles. In the Repository

area in the development perspective in SAP HANA studio, you can only create
a design-time role as a text file, not graphically.

7. Correct answer: C

The REPO.MAINTAIN_DELIVERY_UNITS system privilege allows you to create a
delivery unit. REPO.EXPORT and REPO.IMPORT are used for transporting, not
for creating delivery units. REPO.WORK_IN_FOREIGN_WORKSPACE allows you to
activate colleagues’ information views and is not related to delivery units.

8. Correct answer: A

True. Yes, an object privilege on a table with SELECT rights will allow you to
access all the data.

9. Correct answers: B, C

You can use a view with a filter or a SQL analytic privilege to limit users to
see only 2016 data. A view with a restricted column will show all the data in
all the fields, except in the restricted column.
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10. Correct answer: C

An analytic privilege on both calculation views.

11. Correct answer: B

False. You cannot limit access to a subpackage if you have given access to the
higher-level package.

12. Correct answer: A

You tell the view to enable SQL analytic privileges in the semantic node of
the information model.

13. Correct answer: B

The migration tool migrates XML analytic privileges to SQL analytic privi-
leges.

Takeaway
You should now have a good overview of security in SAP HANA, especially as it
relates to information modeling. You should understand when to use SAP HANA
security and how users, roles, and privileges work together.

You know how to create new users and roles and how to assign the various types
of privileges, and you can explain analytic privileges, how to create them, and
how to migrate them to the newer SQL-based analytic privileges.

In your journey, you also learned best practices and picked up practical tips to
work with in your SAP HANA projects.

Summary
We started by looking at when to use SAP HANA security and when to use an
application’s security. We then went into the details of creating users and roles
and assigning privileges. Along the way, we went into more details on analytic
privileges, which these are particularly applicable to our modeling knowledge.

In the next chapter, we will explain how to get data from various outside sources
into SAP HANA for use with your information models.





Data Provisioning

Techniques You’ll Master

� Learn what data provisioning is

� Understand the basic data provisioning concepts

� Get to know the various SAP data provisioning tools available 
for SAP HANA

� Know when to use the different SAP data provisioning tools in 
the context of SAP HANA

� Identify the benefits of each data provisioning method

� Gain a working knowledge of some features in a few of the SAP 
provisioning tools
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In this chapter, we will cover how to provide data to SAP HANA information
models and the basic principles and tools used for data provisioning in SAP
HANA. For our information models to work properly, we need to ensure that we
get the right data into SAP HANA at the right time.

There are people who specialize in each of the data provisioning tools discussed,
and there are special training courses for every one of these tools. Our aim, there-
fore, is not to dive deep into detail about the various concepts and tools, but to
give you a high-level working knowledge of what each tool does, to understand
the concepts involved when provisioning data into SAP HANA, to enable you to
have a meaningful conversation on the topic, and to help you when choosing the
right tool for your business requirements.

Real-World Scenario

You start a new project that involves SAP HANA, and you are asked to pro-
vide data for the SAP HANA system.

You start by asking important questions about the expected data provision-
ing: Where is the data stored currently? Is the data clean? Will the data be
updated in the source systems, or is this a once-off data provisioning pro-
cess? Does the business need the data in real time, or is a delay of some
hours acceptable? Does the data need to be stored in the SAP HANA sys-
tem? Does the business already have a data provisioning tool that you can
re-use? Will the data provisioning process be limited to SAP HANA only?

After evaluating all these factors, you recommend the right data provision-
ing tool to the business, one that is applicable to its budget, circumstances,
and requirements.

Objectives of This Portion of the Test
The objective of this portion of the SAP HANA certification is to test your high-
level understanding of the various SAP data provisioning tools available for get-
ting data into an SAP HANA system.

The certification exam expects you to have a good understanding of the follow-
ing topics:
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� General data provisioning concepts

� Different SAP data provisioning tools

� Similarities and differences between the various provisioning tools

� When to use a particular SAP provisioning tool

� High-level understanding of features of some of the SAP data provisioning
tools

Note

This portion contributes up to 5% of the total certification exam score.

Key Concepts Refresher
In Chapter 4, we started by looking at the basic information modeling concepts.
Figure 4.11 presented an overview diagram of the different types of information
models in SAP HANA and how they all work together to help solve business
requirements. This overview diagram is shown again in Figure 14.1. This dia-
gram can be considered a summary of the entire book!

So far, we have focused our attention on the bottom half of the diagram: on
information modeling inside SAP HANA. In this chapter, our attention shifts to
the upper left corner of the diagram. You need to know how to supply your SAP
HANA information models with the data they require.

SAP HANA does not really differentiate whether the data comes from SAP or
from non-SAP source systems. Data is data, regardless of where it comes from.
Combined with the fact that SAP HANA is a full platform—and not just a dumb
database—this makes it an excellent choice for all companies. SAP HANA is
meant not only for traditional SAP customers but also for a wide range of other
companies, from small startups to large corporations. In fact, SAP now actively
supports thousands of startups, helping them use SAP HANA to deliver innova-
tive solutions that are “nontraditional” in the SAP sense.

In this chapter, we will look at the various data provisioning concepts and tools.
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Concepts

Data provisioning is used to get data from a source system and provide that data to
a target system. In our case, we get this data from various source systems, whether
they’re SAP or non-SAP systems, and our target is always the SAP HANA system.

We are not too concerned in this chapter about the different types of data—
whether financial transactional data, spatial data, real-time sensor data, social
media data, or aggregated information. We will focus instead on the process of
providing the data to SAP HANA.

Data provisioning goes beyond merely loading data into the target system. With
SAP HANA and some of its new approaches to information modeling, we also
have more options available to us when working with data from other systems.
We do not always have to store the data we use in SAP HANA as with traditional

Figure 14.1 Overview Diagram and Where Data Provisioning Fits
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data loading. We now also have the ability to consume and analyze data once,
never to be looked at again.

Extract, Transform, and Load

Extract, Transform, and Load (ETL) is viewed by many people as the traditional
process of retrieving data from a source system and loading it into a target sys-
tem. Figure 14.2 illustrates the traditional ETL process of data provisioning.

The ETL process consists of the following phases:

� Extraction
During this phase, data is read from a source system. Traditional ETL tools can
read many data sources, and most can also read data from SAP source sys-
tems.

� Transform
During this phase, the data is transformed. Normally this means cleaning the
data, but it can refer to any data manipulation. It can combine fields to calcu-
late something (e.g., sales tax, or filter data, or limit the data to the year 2016).
You set up transformation rules and data flows in the ETL tool.

� Load
In the final phase, the data is written into the target system.

The ETL process is normally a batch process. Due to the time required for the
complex transformations that are sometimes necessary, tools do not deliver the
data in real time.

Figure 14.2 Extract, Transform, and Load Process
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With SAP HANA, the process sometimes changes from ETL to ELT. This is
because SAP HANA has some data provisioning components built in, as shown
in Figure 14.3. In this case, we extract the data, load it into SAP HANA, and only
then transform the data

Initial Load and Delta Loads

It is important to understand that loading data into a target system happens in
two distinct phases, as illustrated in Figure 14.4.

Figure 14.3 Extract, Load, and Transform Process
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We always start by making a full copy of the data that we need from the source
system. If we require an entire table, we make a copy of the table in the target
system. This is called the initial load of the data. We can limit the initial load with
a filter (e.g., to load only the latest 2016 data).

Sometimes this step is enough and we do not need to do anything more. If we
set up a training or a testing system, we do not need the latest data in these sys-
tems.

Many times, however, we need to ensure that our copy of the data in the target
system stays up-to-date. Business carries on, and items are bought and sold. Each
new transaction can change the data in the source system. We need a mechanism
to update the data in the target system. We could just delete the data in the target
system and perform the initial load again. For small sets of data, this approach
can work, but it quickly becomes inefficient and wasteful for large datasets.

A more efficient method is to look at the data that has changed and apply the data
changes to our copy of the data in the target system. These data changes are
referred to as the delta, and applying these changes to the target system is called
a delta load. The various data provisioning tools can differ substantially in the
way they implement the delta load mechanism.

Replication

Replication emphasizes a different aspect of the data loading process.

ETL focuses on ensuring that the data is clean and in the correct format in the
target system. Replication does less of that, but gets the data into the target sys-
tem as quickly as possible. As such, the replication process appears quite simple,
as shown in Figure 14.5.

The extraction process of ETL tools can be demanding on a source system.
Because they have the potential to dramatically slow down the source system due
to the large volumes of data read operations, the extraction processes are often
only run after hours.

Replication tools aim to get the data into the target system as fast as possible. This
implies that data must be read from the source system at all times of the day and
with minimal impact to the performance of the source system. The exact manner
in which different replication tools achieve this can range from using database
triggers to reading database log files.
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With SAP HANA as the target system, we achieve real-time replication speeds.
(We’ve worked on projects where the average time between when a record is
updated in the source system to when the record is updated in SAP HANA was
only about 50 milliseconds!)

Tip

We often use real-time replication with SAP HANA to leverage the speed of SAP
HANA for our data analysis.

SAP Extractors

Normally, we think of data provisioning as reading the data from a single table
in the source system and then writing the same data to a similar table in the tar-
get system. However, it is possible to perform this process differently, such as
reading the data from a group of tables and delivering all this data as a single inte-
grated data unit to the target system. This is the idea behind SAP extractors.

The standard approach for taking data from an SAP business system to an SAP
BW system (Figure 14.6) uses extractors. There are thousands of extractors pre-
delivered by SAP for SAP business systems. Extractors are only found in SAP sys-
tems.

In the scenario shown in Figure 14.6, the extractor gathers data from multiple
tables in the SAP source system. It neatly packages this data for consumption by
the SAP BW system in a flat data structure (datasource). Extractors provide both
initial load and delta load functionality. All this happens in the SAP source sys-
tem.

Figure 14.5 Replication of Tables
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In the SAP BW target system, you create an InfoPackage to help schedule delta
loads. SAP BW receives the data from the remote data source and applies the
transformation and activation processes to the data before storing it in SAP BW.
The data can be stored in a DataStore Object (DSO) or InfoProvider. A report can
read the data from the SAP BW InfoProvider.

SAP BW rose in popularity with many companies due to the large number of
extractors that SAP provides with it. These extractors are well-documented and
make it easy to find the data you are looking for.

For example, say you want to create a report using procurement data. You find
the extractors that contain the data you need and select the best one for your
needs. You activate this extractor: It then automatically creates the correct data
structures for you in the SAP BW system and populates them with the data you
asked for. You then build your report on these data structures. Even if the pro-
vided data structures are not 100% what you were looking for, it is easier to mod-
ify something that is 95% complete than to create it all from scratch.

Database Connections

SAP HANA provides drivers known as SAP HANA clients that allow you to con-
nect to other types of databases. Let’s look at some of the common database con-
nectivity terminology you might encounter:

� Open Database Connectivity (ODBC)
ODBC acts as a translation layer between an application and a database via an
ODBC driver. You write your database queries using a standard application

Figure 14.6 Extractors in SAP Business Systems Loading Data into SAP BW
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programming interface (API) for accessing database information. The ODBC
driver translates these queries to database-specific queries, making your data-
base queries database and operating system independent. By changing the
ODBC driver to that of another database and changing your connection infor-
mation, your application will work with another database.

� Java Database Connectivity (JDBC)
JDBC is similar to ODBC but specifically aimed at the Java programming lan-
guage.

� Object Linking and Embedding, Database for Online Analytical 
Processing (ODBO)
ODBO provides an API for exchanging metadata and data between an appli-
cation and an OLAP server (like a data warehouse using cubes). You can use
ODBO to connect Microsoft Excel to SAP HANA.

� Multidimensional expressions (MDX)
MDX is a query language for OLAP databases, similar to how SQL is a query
language for relational (OLTP) databases. The MDX standard was adopted by
a wide range of OLAP vendors, including SAP.

� Business Intelligence Consumer Services (BICS)
BICS is an SAP-proprietary database connection. It is a direct client connec-
tion that performs better and faster than MDX or SQL. Hierarchies are sup-
ported, negating the need for MDX in SAP environments. Because this is an
SAP-only connection type, you can only use it between two SAP systems—for
example, from an SAP reporting tool to SAP BW.

The fastest way to connect to a database is via dedicated database libraries. ODBC
and JDBC insert another layer in the middle that can impact your database query
performance. Many times, however, convenience is more important than speed.

SAP Data Services

SAP Data Services is a powerful ETL tool. It can read most known data sources,
transform and clean data, and load data into target systems. It has been available
for many years, and was previously called SAP BusinessObjects Data Services.

SAP Data Services runs on its own server, as shown in Figure 14.7, and requires
a database to store job definitions and metadata. In many cases, this database is
Microsoft SQL Server, but could be an SAP HANA database as well.
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In this section, we’ll look at using SAP Data Services for extracting data, trans-
forming and cleansing data, and finally round-out our discussion by looking at
its primary benefits.

Extracting Data

The extraction capabilities of SAP Data Services are well-known in the industry.
It can read many data sources—even obscure ones, like old COBOL copybooks.
However, SAP Data Services can also read all the latest social media feeds avail-
able on the Internet, and it can communicate with most databases and large busi-
ness applications.

SAP Data Services can get data from SAP business systems in various ways. We
can use it to directly read a system’s databases. We could also use some of the
built-in extractors we discussed in the SAP Extractors section. However, it cannot
use all the SAP extractors. For example, if you need extractors that require acti-
vation afterwards, then the SAP Direct Extractor Connection (DXC) discussed in
the SAP Direct Extractor Connection section could be a better tool to use. If, on
the other hand, you are already extensively using SAP Data Services in your com-
pany, and you do not require all the extractors, SAP Data Services is a better
choice.

Another way SAP Data Services can get data from SAP business systems is by
using an ABAP data flow. ABAP is the programming language that SAP uses to
write the SAP Business Suite systems. SAP Data Services can write some ABAP
code that you can load into the SAP source system. This code becomes part of an

Figure 14.7 SAP Data Services
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ABAP data flow and is a faster and more reliable way to extract the data from an
SAP source system.

Transforming and Cleaning Data

There is no better SAP tool than SAP Data Services for providing complex trans-
formations. SAP Data Services is actually several products combined. When
people refer to SAP Data Services, they normally refer to the data provisioning
product called Data Integrator. Another product called SAP Data Quality Man-
agement is also combined under the SAP Data Services product name.

All SAP Data Services products ensure that you have clean and reliable informa-
tion to work with. You may have heard the old saying, “garbage in, garbage out.”
If you have rubbish data going into your reporting system, you get rubbish data
in your reports. SAP HANA’s great performance does not make this go away. It
just changes that old saying to, “garbage in, garbage out fast!”

Benefits of SAP Data Services

Use SAP Data Services for data provisioning when:

� A strong ETL tool is required because no other tool can read certain data
sources (e.g., legacy systems)

� Transformation of data is required—for example, when data is not clean

� Real-time data provisioning is not a business requirement

� A customer already has an instance of SAP Data Services running and requires
you to use the current infrastructure and skills available

SAP LT Replication Server

SAP LT Replication Server (SLT) is a data provisioning tool that uses replication to
load data into SAP HANA. Remember that the focus of a replication server is to
load data into the target system as fast as possible.

SLT started as a tool that SAP developed and used internally to help companies
migrating data between SAP systems—for example, when companies wanted to
consolidate systems after a merger or acquisition. SLT is written in ABAP and
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runs on the SAP NetWeaver platform, just like SAP ERP and other SAP business
systems. SLT was successfully used for years for data migrations, but became
more popular and well-known with the arrival of SAP HANA.

Tip

SLT is one of the most popular SAP data provisioning tools for SAP HANA. This
is due to its real-time replication capabilities, and the fact that it understands
SAP source systems well due to it running on the SAP NetWeaver platform.

SLT works with both SAP and non-SAP source systems. It uses the same database
libraries as the SAP Business Suite and therefore supports all the same databases
as the SAP business systems, including SAP HANA, SAP ASE, SAP MaxDB,
Microsoft SQL Server, IBM DB/2, Oracle, and Informix. We recommend that SLT
be installed on its own server, as shown in Figure 14.8, even though you can
install it inside an SAP NetWeaver–based source system.

Trigger-Based Replication

The method that SLT uses for real-time replication is trigger based. A trigger is a
feature that all databases have, whereby they can trigger an action when data

Figure 14.8 SLT Replication Server
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changes in a table. For example, if data is updated or deleted or new data is
inserted in a specific table, you can set up a database trigger to also write these
changes to a special replication log table. SLT replication is also known as trigger-
based replication. The impact of the SLT replication on the source systems is min-
imal because database triggers are quite efficient.

SLT performs the initial load of the database tables without the use of triggers.
The delta load mechanism is trigger based. SLT creates triggers in the source sys-
tems on the tables it replicates. Any changes made to the source tables after the
initial load are collected in logging tables in a separate database schema. SLT then
quickly applies all these changes to the SAP HANA target tables and empties the
logging tables in the source system. The logging tables are therefore normally
kept very small.

Some database administrators do not like triggers on their critical legacy produc-
tion systems. In such cases, you should consider using SAP Replication Server,
which has even less of an impact on source systems than SLT.

SLT Replication Process

SLT consists of a few modules: The read module reads the delta data from the log-
ging tables in the source system, the controller module controls the replication,
and the write module loads the data into the SAP HANA target system.

The write module uses a database connection to the target SAP HANA system, as
shown in Figure 14.9. SLT can also load data into other target databases.

All the SLT modules are written in ABAP. The controller and write modules are
always run within the SLT system.

If the source system is an SAP system, which also uses ABAP code, then the read
module is run from within the SAP source system. ABAP modules in different
systems communicate with each other using a remote function call (RFC) connec-
tion.

If the source system is not an SAP system, then the read module ABAP code can-
not run in the source system. In this case, the read module is run in the SLT sys-
tem, and a database connection is used to read the delta data from the logging
tables in the source system’s database.
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Other SLT Replication Features

You can perform filtering and simple transformations as you load the data into
SAP HANA by calling ABAP code inside SLT. Because SLT uses ABAP code, you
can create more complex transformations, but this would interfere with the real-
time advantages of SLT. If you require complex transformations or data cleaning,
consider using SAP Data Services.

Because SLT can read data from older SAP systems, it can also read non-Unicode
data from these systems. SLT converts this data to Unicode while it is replicated
to SAP HANA. This is required, because SAP HANA uses Unicode.

Figure 14.9 SLT Replication Process for SAP and non-SAP Source Systems
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Creating and Managing an SLT Replication Configuration

Figure 14.10 shows the last summary step for creating an SLT replication config-
uration. You can see that the source system is an SAP system because we speci-
fied an RFC connection.

Within the SLT replication server, we can also monitor, manage, and trouble-
shoot the replication.

Monitoring SLT from SAP HANA Studio

You can also monitor and control the replication from SAP HANA studio. From
the Quick View menu in the Modeler perspective, select the Data Provisioning

option. Figure 14.11 shows the resulting SLT data provisioning screen.

You can choose which tables you want replicated to the SAP HANA target system
with the Load and Replicate buttons on the right. The Load button will perform
only an initial load of the selected tables, whereas the Replicate button will per-
form an initial and a continuous delta load of the selected tables.

Figure 14.10 Setting Up SLT Replication Configuration
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To speed up the selection of tables from the source system, SLT always replicates
tables DD02L, DD08L, and DD02T. These tables contain the list of tables available in
the source system. Having the full list of available tables in SAP HANA speeds up
the table selection for the data provisioning administrator.

Once the replication is running, you can Suspend and Resume the replication
with the appropriate buttons. You can use these options to pause the SLT repli-
cation when needed, such as when you need to perform maintenance on any of
the replication servers.

If you no longer wish to replicate the tables, you can permanently stop the rep-
lication by using the Stop Replication button.

Benefits of SLT

Use SLT for your data provisioning needs when:

� Replication of data is preferred to transformation

� There is a business requirement or preference to get the data into SAP HANA
in real time

Figure 14.11 Controlling SLT Replication from SAP HANA Studio
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� The use of triggers is acceptable

� Replication of data from older SAP systems is required

SAP Replication Server

SAP Replication Server (SRS), previously called Sybase Replication Server, also
uses replication to load data into SAP HANA. The focus of a replication server is
to load the data into the target system as fast as possible, with minimal impact
on the source system.

Log-Based Replication

SRS differs from SLT in that it uses the database log files for real-time replication,
as shown in Figure 14.12. Its delta load mechanism is log-based. As data changes
in tables, all databases write these changes into a database log file. SRS reads
these database log files to enable table replication. SRS replication is also known
as log-based replication. This log file replication mechanism has even less of an
impact on the source system than SLT.

SRS works with both SAP and non-SAP source systems and supports many data-
bases.

Figure 14.12 SAP Replication Server
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Replication servers do not focus on the filtering or transformation of data before
loading the data into SAP HANA.

The database log files contain all the changes in a database. SAP Replication
Server can use this information to replicate entire databases. For example, SAP
ASE databases use SRS to replicate the database log files for disaster recovery pur-
poses.

SLT became more popular with increased use of SAP HANA systems because SLT
understands SAP systems.

Benefits of SAP Replication Server

Consider using SRS for your data provisioning needs when:

� Replication of data is preferred to transformation

� There is a business requirement or preference to get the data into SAP HANA
in real-time

� The use of triggers is not acceptable

� No pool or cluster tables need to be replicated

� The business requires minimal impact on the source system

� Database replication is needed for disaster recovery purposes

SAP Direct Extractor Connection

The purpose of SAP Direct Extractor Connection (DXC) is to use extractors from
SAP systems to load data into SAP HANA. When the extractors require activation,
SAP Data Services might not be able to use these complex extractors. A good busi-
ness case for DXC is to use it to load some financial data from an SAP Business
Suite system into SAP HANA with minimal modeling effort.

Tip

DXC only works with SAP source systems, because only SAP systems use extrac-
tors.

You can replicate the multiple financial tables from the SAP source system using
SLT, but you will end up with many tables inside SAP HANA, as shown in the
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top process diagram in Figure 14.13. You will then have to create a complex data
model to join all the tables and manipulate the data in SAP HANA.

By using the extractors via DXC, financial data is delivered to you in SAP HANA
in a nicely packaged way that is immediately usable, and you don’t have to create
a complex data model in SAP HANA (see the bottom process diagram in Figure
14.13). The disadvantage of this option is that these extractors are not available
in real time. If you require real-time replication, then SLT or SRS is a better
option.

As we discussed in the SAP Extractors section, SAP extractors were created to
easily load data from SAP business systems into SAP BW. Even though SAP Data
Services can use some of the extractors, only an SAP BW system can use all of the
available extractors.

Figure 14.13 Replication vs. Extractors for Data Provisioning
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There may be times when you want to use SAP extractors to load data into SAP
HANA, but without your data making a pit stop at SAP BW before moving into
SAP HANA, which wastes both time and disk space. DXC provides an alternative
option.

The only system that really can read all the available extractors is an SAP BW sys-
tem. Instead of installing yet another SAP BW system for providing data to SAP
HANA, we use the embedded SAP BW in the SAP source system. SAP business
systems are all built on the SAP NetWeaver platform, and SAP BW is part of the
SAP NetWeaver platform. Therefore, all ABAP-based SAP NetWeaver systems
have an SAP BW system embedded. Normally, this embedded SAP BW system is
not activated; it just lies dormant.

Figure 14.6 illustrated how extractors normally work with SAP BW; compare
that to Figure 14.14. Normally, the SAP BW system is external to the SAP source
system, but in this case, we activate the embedded SAP BW system inside the
SAP source system.

Figure 14.14 Direct Extractor Connection
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The process flow is almost exactly the same. You have an SAP extractor, it puts
the data in the data source and populates the delta queue, the InfoPackage sched-
ules the loading of the delta data into the SAP BW system, and we transform and
activate the data.

There are a few notable exceptions, however:

� The data source in this case requires a key field.

� DXC is also installed in the SAP system. The SAP BW system thinks it is writ-
ing the data into a DSO, but DXC instead intercepts the data writing process
and sends it to SAP HANA via an HTTP connection.

� Inside SAP HANA, DXC writes the data into an In-Memory DataStore Object
(IMDSO)—the SAP HANA memory-optimized version of an SAP BW DSO.

Consider using DXC for your data provisioning needs when:

� All the source systems are SAP systems.

� The business wants to use SAP extractors to minimize the modeling effort in
SAP HANA.

� Real-time data provisioning is not a business requirement.

SAP HANA Smart Data Access

SAP HANA smart data access (SDA) provides SAP HANA with direct access to data
in a remote database. In this case, we do not store the data in the SAP HANA data-
base; we can access it at any time. We merely consume the remote data when
required.

Virtual Tables

SDA allows you to create virtual tables, empty tables that point to tables or views
inside another database somewhere (see Figure 14.15). Some databases have a
similar feature called proxy tables, also sometimes called data federation.

SDA has various database adapters it uses to connect these virtual tables to a large
number of databases. These adapters include the following:

� SAP HANA, SAP ASE, SAP IQ, and SAP MaxDB

� Hadoop (Hive), Spark, and SAP HANA Vora
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� IBM DB2 and IBM Netezza

� Microsoft SQL Server

� Oracle

� Teradata

SDA can also use an ODBC framework to connect to other databases via ODBC
connectivity.

When you ask for data from a virtual table, SAP HANA connects to the remote
database across the network, logs in, and requests the relevant data from the
remote table or view. You can combine the data from the remote database table
with data stored in SAP HANA. You can use a virtual table in SAP HANA infor-
mation models, just like native SAP HANA tables. SDA will automatically convert
the data types from those used in the remote database to SAP HANA data types.

SDA Virtual Tables vs. SAP HANA Native Tables

You cannot expect the same performance from SDA virtual tables as from SAP
HANA native tables. SAP HANA tables are loaded in the memory of SAP HANA.
The data from the virtual table is fetched from a relatively slow disk-based data-
base across the network.

Keep in mind that SDA reads data from remote tables directly, as it is stored. It
cannot do any data cleansing as it reads data from remote tables. SAP HANA also

Figure 14.15 SDA and Virtual Tables
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does not have any scheduling tool, so SDA cannot be used for ETL processes or
replication. It just reads the data from the remote tables as the need arises; for
example, a reporting query requires data to be stored in a remote table.

SAP HANA provides optimizations for SDA virtual tables:

� SAP HANA caches data that it reads from remote databases. If the data is
found in the cache, the data is read from the cache and no request is sent to
the remote database.

� SAP HANA can use join relocation. If you join two virtual tables from different
remote databases, it can copy the smaller remote table to a temporary table
in the remote system with the larger table. It then requests the second remote
system to join the larger table to the temporary table.

� SAP HANA can push down queries to remote databases if it will execute faster
in the remote database, rather than copy lots of data via the network. For
example, a remote database can calculate an aggregate faster on half a million
records than it will take to the copy these records across the network for SAP
HANA to aggregate.

� SAP HANA also has optimization features for aggregating data. It uses func-
tional compensation to compensate for certain (missing) features in other
databases.

Implementing SDA

It’s easy to create and use virtual tables with SDA. Once the relevant database
adapter is set up, you can create a new virtual table, as shown in Figure 14.16.

In the Systems tab, open the Provisioning folder. From the context menu,
select New Remote Source. On the right side of the screen, you can see the set-
tings for connecting to the remote database. In this case, it shows a remote SAP
HANA system.

Once the remote source is created, you can drill down in the Remote Sources

folder to find the remote table you want to use.

From the context menu of the remote table, select Add as Virtual Table, pro-
vide a name for your virtual table, select a schema in your local SAP HANA sys-
tem, and click on Create (see Figure 14.17). You can find the newly created
virtual table in your local SAP HANA schema.
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Figure 14.16 Create New Remote Source for SDA

Figure 14.17 Adding a New Virtual Table in SAP HANA
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You can use your newly created virtual tables in SAP HANA information models
(Figure 14.18), just like you would do normally with SAP HANA in-memory
tables.

All features of SAP HANA information models are available. Figure 14.19 shows
what the Performance Analysis information looks like for an SAP HANA calcu-
lation view using two virtual tables.

Figure 14.18 Using Virtual Tables in SAP HANA Modeling

Figure 14.19 Performance Analysis Mode for Calulation View with Virtual Tables



Key Concepts Refresher Chapter 14 493
Big Data Use Case

We often hear about people wanting to put all their data into a single physical
data warehouse to analyze it there. Some variations are called data lakes. This sce-
nario is referred to as big data (see Figure 14.20, left).

There are a few problems with the physical data warehouse approach:

� You have to duplicate all your data, so your data is double the size, and you
now need more storage. You essentially have doubled your cost and effort.

� You have to copy all of that data via the network, which slows your network.

� The data in the new data warehouse is never up-to-date, and as such, the data
is never consistent.

Figure 14.20 Logical Data Warehouse Use Case for SDA
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� The single data warehouse system itself cannot handle all the different types
of data requirements, such as unstructured data, graph engine data, key–value
pairs, spatial data, huge varieties of data, and so on.

These are some of the issues we deal with in the physical data warehouse sce-
nario, and with such issues, it might be better to consider a logical data ware-
house. You keep the data in your source systems, don’t duplicate it via the
network, and don’t store copies of it. This is where SDA fits in. You create virtual
tables for the various data sources. All the data is stored inside SAP HANA and
behaves just as in a single data warehouse. You get the data from the various
source databases only when required, and can then access those bits of specific
data, combine them with other data, and report on it (see Figure 14.20, right).

Data Archiving Use Case

SDA can help implement data archiving of SAP HANA data, as shown in Figure
14.21.

Let’s think about a retail company. Retail companies have millions of transac-
tional records in their databases. For example, they have a few reports that ana-
lyze and compare this year’s Mother’s Day sales to last year’s Mother’s Day sales.
Most of their reports, however, only use the last six weeks of data, analyzing and
comparing items such as this month’s payday sales to last month’s sales.

The retail company does not want to load all its retail data into SAP HANA. Why
would you load rarely used data into expensive memory? Using SDA, a company

Figure 14.21 Data Archiving Use Case for SDA
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can write the rarely used data—anything older than six weeks—into an SAP IQ
database (a columnar disk-based database) for archiving. This is called warm
data. The data in SAP HANA is called hot data.

The company can now create a simple view that combines the warm archived
data in SAP IQ with the hot data in SAP HANA.

For all reports on newer (hot) data only, the SAP HANA system still delivers typ-
ical fast reporting times. If you request a report that uses older (warm) data, the
report will be somewhat slower because it will combine data from SAP HANA
and SAP IQ. However, this slower response is acceptable because these types of
reports are not run very often, and the cost savings justify the slower responses.

Tip

Although the virtual table technology for SDA seems quite simple, the imple-
mented use cases can have a huge impact.

Benefits of SDA

Consider using SDA for your data provisioning needs when

� You do not need to store all the data inside SAP HANA

� You use a logical data warehouse or are presented with a big data scenario

� You need integration with Hadoop

� You use a smaller SAP HANA system

� Real-time data provisioning is not a business requirement

� SAP HANA performance is not required

� You have no need to transform or clean data

SAP HANA Enterprise Information Management

SAP HANA smart data integration (SDI) and SAP HANA smart data quality (SDQ)
together are referred to as SAP HANA Enterprise Information Management (EIM).
Both are optional SAP HANA components that you can purchase.

As shown in Figure 14.22, SDI and SDQ can work similarly to ELT (refer back to
Figure 14.3).
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Using various adapters, including SDA adapters, we can replicate or consume
data into SAP HANA. Then, using SDQ capabilities, we can transform and clean
that data.

SAP HANA Smart Data Integration

SDI can use various adapters to replicate, load, or consume data into SAP HANA.

Via SDA adapters, SDI can consume data from a large list of databases using vir-
tual tables. SDI has some real-time adapters, for example, reading the database
log files of source systems like Oracle, Microsoft SQL Server, and IBM DB2 data-
bases. These same adapters can be used to read data from SAP systems like SAP
ERP. SDI also has a real-time adapter for Twitter, as well as batch adapters for
reading web services via OData and for reading data from Hadoop Hive.

The difference between the log-based adapters for SDI and SRS is that SDI is lim-
ited to SAP HANA as your target system for your data provisioning, whereas a
standalone SRS system can have many target systems.

SAP HANA Smart Data Quality

SDQ has similar advantages as SAP Data Services for data cleaning and transfor-
mation, and you would choose it for the same reasons. It also provides complex
transformations of your data. The data flows in SDQ use the hdbflowgraph fea-
tures inside SAP HANA and therefore also use AFM. (We used this tool for pre-
dictive models in Chapter 9.) These data flows work differently than in SAP Data

Figure 14.22 Smart Data Integration and Smart Data Quality Modules in SAP HANA
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Services. You will therefore not be able to simply copy and paste your SAP Data
Services data flows into SDQ.

SDQ is limited to SAP HANA as your target system for your data provisioning,
whereas a standalone SAP Data Services system can have many target systems.

Benefits of SAP HANA Enterprise Management

Consider using SAP HANA EIM (SDI and SDQ) for your data provisioning needs
when:

� An ELT tool is required

� Transformation of the data is required, such as when the data is not clean

� Real-time data provisioning might be a business requirement

� Replication of data is required, with later transformation of the data

� The only data provision target is SAP HANA

SAP HANA Smart Data Streaming

SAP HANA smart data streaming (SDS) provides SAP HANA with the ability to
observe, process, and analyze fast-moving data. This was previously a standalone
product called Sybase Event Stream Processing (ESP). It is now part of SAP HANA
and extends the capabilities of the SAP HANA platform with the addition of real-
time event stream processing.

Just like SDI and SDQ, SDS is an optional SAP HANA component that you can
purchase.

Data Streaming

Let’s look at an example of why you might use data stream processing.

Say that you want to monitor some manufacturing equipment. Sensor data tells
you the equipment temperature, but that data alone is not very interesting. If the
equipment temperature is 90°C and the pressure is high, that might be normal.
However, if the temperature is 180°C when the pressure is high, that could indi-
cate a dangerous situation in which equipment could be blown apart, causing
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accidents and manufacturing losses. You want to receive an alert before a situa-
tion becomes critical and to analyze the temperature and pressure trends over
time and the relationship between these factors.

The temperature data is not important, and you do not want to store this data.
The data, once exposed and processed, is no longer useful. You just want to find
the trend, see the relationships between the data, and react when certain condi-
tions are met within a certain time period.

Data streaming and the processing of such information is different than a single
event, like a database trigger. Figure 14.23 illustrates the data streaming process.

Another example to illustrate the use of SDS is in stock trade. You can have many
streams of financial data coming in at very high speeds. How do you react to
these continual data streams in a short span of time? What do you react to? A
single stock going down may not be a problem, but if many stock prices start
going down quickly within a certain time window—say, five minutes—that
could indicate a stock market crash. The single price values are of little impor-
tance. The important information is found in combining many trends and find-
ing the trend in a certain time window.

The Internet of Things (IoT) is not in the future: It’s already here. Millions of
devices are now connected and delivering information. We even have lightbulbs
with built-in Wi-Fi that can be controlled from an app on your smartphone. How
do you take advantage of all the data that’s available? How do you collect it and
analyze it?

Figure 14.23 Smart Data Streaming
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With SDS, you can not only analyze data streams but also store this data and per-
form deeper, wider analytics of it at a later stage. In this way, SDS and SAP HANA
complement each other.

Computation Continuous Language

With SDS, you can define continuous queries on streaming data and specify how
the system must react to these events (see Figure 14.24).

You can define streaming projects, which define input streams, continuous queries,
and outputs. These projects are defined in the stream processing language called
Computation Continuous Language (CCL). A streaming plug-in for SAP HANA studio
provides both a CCL editor and a visual editor, along with testing tools. SDS uses
AFM.

Benefits of SDS

Consider using SDS for your data provisioning needs when:

� You need to analyze real-time streaming data for events in a certain time win-
dow and react to the same

� Fast-moving data is observed, processed, and analyzed, but not stored

� Data is processed as-is: There is no data cleaning, but you have to find a signal
in spite of the noisy data

Figure 14.24 Example CCL Flow in Visual Editor for Smart Data Streaming
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Flat Files or Microsoft Excel Datasheets

Flat files (also called CSV files) or Microsoft Excel datasheets are the simplest way
to provision data to SAP HANA. Especially in proof-of-concept (POC) or sandbox
testing projects, you can waste time connecting SAP HANA to the various source
systems. You do not need the latest data; you just want to find out if an idea you
have for information modeling will work.

As such, it makes sense to ask the business to provide you with the data in flat
files, and then you can load the data into SAP HANA for the POC or sandbox
development (see Figure 14.25).

Just watch out for security concerns. Many companies have a rule that data at
rest (i.e., on disk) should be encrypted. In this case, security policies will prevent
you from using this method.

Loading data files into SAP HANA is simple and quick. From the Import menu,
select Data from Local File (Figure 14.26). On the following screen, specify the
file and where you want to import it to in SAP HANA.

If you are importing multiple files to the same database table—for example,
2014, 2015, and 2016 data files—you will be asked to map the data fields. The
import process only allows a simple 1:1 mapping, as shown in Figure 14.27. This
mapping is used if some of the fields in the data files are in a different order than
the previously imported data files.

Figure 14.25 Loading Data into SAP HANA from Text Files or Microsoft Excel Datasheets
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Consider using data files for your data provisioning needs when:

� You only need to load the data once

� There is no connection available to the source systems

� You need simple and quick loading of data

� Data security is not a concern

Figure 14.26 Importing Data from a File Stored on Your Personal Computer

Figure 14.27 Simple Mapping of Fields
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Web Services (OData and REST)

We won’t discuss web services in detail in this text, but of course you can con-
sume data from a source system that provides it via web services. You can con-
sume these web services using the SAP HANA XS development environment
inside SAP HANA.

The SAP HANA XS engine can consume OData and REST web services, as shown
in Figure 14.28. The data is normally transferred in JavaScript Object Notation
(JSON) format rather than XML format.

Consider using web services for your data provisioning needs when the source
systems only expose their data as web services. This is typical of web and cloud
applications.

Important Terminology
In this chapter, we cover the following important terms:

� Data provisioning
Get data from a source system and provide that data to a target system.

� Extract, Transform, and Load (ETL)
The ETL process consists of the following phases:

� Extraction: Data is read from a source system. Traditional ETL tools can
read many data sources, and most can also read data from SAP source sys-
tems.

Figure 14.28 Data Provisioning via Web Services
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� Transform: Data is transformed. Normally this means cleaning the data, but
it can refer to any data manipulation.

� Load: Data is written into the target system.

� Initial load
The process of making a full copy of data from the source system. If we
require an entire table, we make a copy of the table in the target system.

� Delta load
Look at the data that has changed and apply the data changes to the copy of
the data in the target system. These data changes are referred to as the delta,
and applying these changes to the target system is called a delta load.

� SAP extractors
Reads data from a group of tables, and delivers the data as a single integrated
data unit to the target system.

� Open Database Connectivity (ODBC)
ODBC acts as a translation layer between an application and a database via an
ODBC driver. Database queries are written using a standard API for accessing
database information. The ODBC driver translates these queries to database-
specific queries, making your database queries database and operating system
independent. By changing the ODBC driver to that of another database and
changing your connection information, your application will work with
another database.

� Java Database Connectivity (JDBC)
JDBC is similar to ODBC but specifically aimed at the Java programming lan-
guage.

� Object Linking and Embedding, Database for Online Analytical 
Processing (ODBO)
ODBO provides an API for exchanging metadata and data between an appli-
cation and an OLAP server (like a data warehouse using cubes). You can use
this to connect Microsoft Excel to SAP HANA.

� Multidimensional Expressions (MDX)
MDX is a query language for OLAP databases, similar to how SQL is a query
language for relational (OLTP) databases. The MDX standard was adopted by
a wide range of OLAP vendors, including SAP.
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� Business Intelligence Consumer Services (BICS)
BICS is an SAP-proprietary database connection. It is a direct client connec-
tion that performs better and faster than MDX or SQL. Hierarchies are sup-
ported, negating the need for MDX in SAP environments. Because this is an
SAP-only connection type, you can only use it between two SAP systems—for
example, from an SAP reporting tool to SAP BW.

� SAP Data Services
Solution used to integrate, improve the quality of, profile, process, and
deliver data.

� SAP LT Replication Server (SLT)
Uses replication to load data into SAP HANA. Remember that the focus of a
replication server is to load data into the target system as fast as possible.

� SAP Replication Server (SRS)
Uses replication to load data into SAP HANA. SRS differs from SLT in that it
uses the database log files for real-time replication. SRS reads these database
log files to enable table replication. SRS replication is also known as log-based
replication.

� SAP Direct Extractor Connection (DXC)
Uses extractors from SAP systems to load data into SAP HANA using the
embedded SAP BW system in SAP NetWeaver Systems.

� SAP HANA smart data access (SDA)
Provides SAP HANA with direct access to data in a remote database.

� SAP HANA smart data integration (SDI)
Uses various adapters to replicate, load, or consume data into SAP HANA.

� SAP HANA smart data quality (SDQ)
Used to cleanse and enrich data persisted in the SAP HANA database.

� SAP HANA smart data streaming (SDS)
Allows you to observe, process, and analyze fast-moving data. You can create
continuous projects in CCL to model streaming information. You can then
issue continuous queries to analyze the data.



Practice Questions Chapter 14 505
Practice Questions
These practice questions will help you evaluate your understanding of the topic.
The questions shown are similar in nature to those found on the certification
examination. Although none of these questions will be found on the exam itself,
they will allow you to review your knowledge of the subject. Select the correct
answers and then check the completeness of your answers in the Practice Ques-
tion Answers and Explanations section. Remember that on the exam you must
select all correct answers and only correct answers to receive credit for the ques-
tion.

1. Which of the following SAP data provisioning tools can provide real-time
data provisioning? (There are 3 correct answers.)

� A. SDI

� B. SAP Data Services

� C. SRS

� D. DXC

� E. SLT

2. What is the correct sequence for loading data with SAP Data Services?

� A. Extract � Load � Transform

� B. Load � Transform � Extract

� C. Load � Extract � Transform

� D. Extract � Transform � Load

3. You are loading data into SAP HANA using DXC. Which of the following are
executed in the embedded SAP BW system? (There are 3 correct answers.)

� A. InfoPackage

� B. Transformation

� C. Extractor

� D. Activation

� E. IMDSO
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4. Which of the following database terms are used when providing OLAP data
with hierarchies? (There are 3 correct answers.)

� A. ODBC

� B. ODBO

� C. BICS

� D. JDBC

� E. MDX

5. Which of the following data provisioning tools can provide a delta load of a
table from the source system?

� A. SDS

� B. SDA

� C. DXC

� D. Flat files

6. Which of the following data operations can you perform with SDA? (There
are 3 correct answers.)

� A. Data federation

� B. Logical data warehouse

� C. Physical data warehouse

� D. Big data

� E. Real-time replication

7. You get the following requirements from a customer: They have a lot of pur-
chasing data in their SAP system which they wish to analyze in SAP HANA.
They want to have reports every morning showing the total expenditure per
department. Their SAP BW developers have not yet had any SAP HANA
training. Which data provisioning tool would you recommend?

� A. SLT

� B. SDA

� C. EIM

� D. DXC
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8. You want to pause the SLT replication in SAP HANA studio. What do you
select to achieve this?

� A. Quick View � Data Provisioning � Stop

� B. Quick View � Import � Selected Import of Metadata

� C. Quick View � Data Provisioning � Suspend

� D. Quick View � Configure Import Server

9. Which programming language do you use for streaming projects?

� A. CCL

� B. JavaScript

� C. SQL

� D. SQLScript

10. You want to retrieve data from a web application. Which of the following
could you use? (There are 3 correct answers.)

� A. JSON

� B. REST

� C. JDBC

� D. BICS

� E. OData

11. True or False: SAP Data Services can read all the SAP extractors.

� A. True

� B. False

12. Why would you recommend SAP Replication Server?

� A. If the data contains some rubbish information in several places.

� B. If database administrators do not want triggers in their database.

� C. If the data is financial ticker tape data.

� D. If the source data is in a virtual table.
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13. Which data provisioning tools can use SAP HANA adapters? (There are 2
correct answers.)

� A. SDA

� B. SDS

� C. SDI

� D. SRS

14. Which of the following data provisioning tools can you use to read data
directly from Twitter? (There are 3 correct answers.)

� A. SRS

� B. SAP HANA XS engine

� C. SAP Data Services

� D. SDI

� E. SDA

Practice Question Answers and Explanations
1. Correct answers: A, C, E

SDI, SRS, and SLT. Also see Table 14.1 for a quick reference.

2. Correct answer: D

Extract � Transform � Load. SAP Data Services is an ETL tool.

3. Correct answers: A, B, D
InfoPackage for scheduling the data provisioning, transformation, and activa-

tion. The in-memory DSO is in SAP HANA. The extractor is in the SAP source 

system (see Figure 14.15).

4. Correct answers: B, C, E
ODBO (used with Microsoft Excel), BICS (used between SAP systems only), 

and MDX (query language for OLAP, like SQL is a query language for rela-

tional databases). See the Database Connections section.

5. Correct answer: C

DXC provides delta loads. SDS performs neither initial nor delta loads. SDA 

and flat files could only perform an initial load. 
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6. Correct answers: A, B, D

Data federation, logical data warehouse, and big data. SDA is not used to load
data for a physical data warehouse because there is no delta load mechanism.
SDA cannot perform real-time replication because there is no delta load
mechanism.

7. Correct answer: D

DXC. The data is in an SAP system. “Their SAP BW developers” implies that
they know SAP BW well. They want to do minimal modeling in SAP HANA
because they do not know it very well yet. A report with total expenditure
per department is a simple aggregation report in SAP HANA, provided all the
data is in a single unit—which DXC provides.

8. Correct answer: A

Quick View � Data Provisioning. Stop will permanently stop the replica-
tion. The other two answers are not valid. Note that the two invalid answers
do exist in the system. In the SAP HANA certification exams, all answer
options have to exist in the system.

9. Correct answer: A

CCL. See the Computation Continuous Language section.

10. Correct answers: A, B, E

JSON, REST, and OData are all associated with web services (see the Web
Services (OData and REST) section).

Web applications (in the cloud or on the Internet) do not allow JDBC data-
base connections.

Web applications are not necessarily SAP systems that understand BICS.
Again, a web application will not allow database connections via the Internet
for security reasons.

11. Correct answer: B

False. SAP Data Services cannot read all the SAP extractors (see Figure 14.7).

12. Correct answer: B

Database administrators do not want triggers in their database. This means
that you cannot use SLT, so SRS is an option. If the data contains some rub-
bish information, it will need cleaning, and you will want to use SAP Data
Services or SDQ. Financial ticker tape data means that this is streaming data,
so use SDS. If the data is a pool table, then you should use SLT (or possibly
SAP Data Services; look back at one of the previous questions).
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13. Correct answers: A, C

SDA and SDI use the SDA adapters. To use the built-in adapters, the data pro-
visioning tools also have to be built in. SDS reads streaming data, but not by
using the adapters. SRS reads database log files. Even though SDI can use log-
based adapters, SRS does not use these because SRS is not built into SAP
HANA.

14. Correct answers: B, C, D

Twitter does have web services. This is not specified in the book, so in the
actual exam this option would not appear because it makes too many
assumptions. For the purposes of this book, we assumed that everyone
knows what Twitter is and that it has web services. SAP Data Services can
read social media feeds. Refer to the Extracting Data section. SDI has a Twit-
ter adapter. See the SAP HANA Smart Data Integration section.

Takeaway
You should now have a high-level understanding of the various SAP data provi-
sioning tools available for getting data into an SAP HANA system and what each
one does.

When asked to recommend an SAP data provisioning tool during a project, you
can use Table 14.1 as a quick reference.

Business Requirement Data Provisioning Tool

Real-time replication SLT, SRS, or SDI

ETL, data cleaning SAP Data Services or SDQ

Extractors SAP Data Services or DXC

Streaming data SAP ESP or SDS

Federation, big data SDA

POC, dev, testing Flat files or Microsoft Excel datasheets

Table 14.1 Choosing a Data Provisioning Tool
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Summary
You’ve learned the various data provisioning concepts and looked at the differ-
ent SAP data provisioning tools available in the context of SAP HANA. They all
have their own strengths, and you now know when to use the various tools.

In this chapter, we looked at how to get data into SAP HANA. In the next chapter,
we will do the opposite—that is, get data out of SAP HANA.





Utilization of Information 
Models

Techniques You’ll Master

� Get insight into business intelligence concepts

� Understand the strategic direction of SAP business 
intelligence tools

� Differentiate between authors and consumers of business 
information

� Learn about the different SAP business intelligence tools

� Get to know the characteristics and high-level features of some 
business intelligence tools

� Identify when to use which SAP business intelligence tool

� Discover alternatives for providing information from 
SAP HANA to business users
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This chapter is the last step to making your SAP HANA information models use-
ful to people and businesses. In your work, you need to find ways to present the
right information to the right people, at the right time, in the right way. You need
to help end users with their responsibilities, analysts and decision makers to find
new and innovative ways to grow their businesses into new areas, and executives
to achieve their vision.

The focus of this chapter is business intelligence and how it relates to SAP HANA.
Each of the SAP business intelligence tools have dedicated training courses, and
there are specialists in each of the analytics topics. The objective of this chapter,
and this particular portion of the exam, is therefore not to dive into all the deep
details of the various tools. Rather, we aim to give you high-level working knowl-
edge of what each tool does, present the concepts involved when consuming
data from SAP HANA, and help you decide which tools are right for your partic-
ular business requirements.

Real-World Scenario

You are working on an SAP HANA information modeling project and have
created a few calculation views for a new business process.

In SAP HANA studio, you used the Open Data Preview feature to give
managers an idea of what information they can expect from the calculation
views. They like what they see, and want to deploy this solution to the
users in the business. They ask you which business intelligence tool they
should use.

You know that business needs are just as important as the technical capa-
bilities of each tool and ask relevant questions in light of this fact. After
evaluating business and technical requirements, you recommend the right
business intelligence tool for the circumstances.

Objectives of this Portion of the Test
The objective of this section of the SAP HANA certification is to test your high-
level understanding of the various methods available to present information
from an SAP HANA system to business users.
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The certification exam expects you to have a good understanding of the follow-
ing topics:

� General concepts of business intelligence for consumers of SAP HANA infor-
mation models.

� List the connectivity methods for the business intelligence tools.

� Different SAP business intelligence tools.

� Characteristics and high-level features of the various business intelligence
tools.

� When to use a particular SAP business intelligence tool with SAP HANA.

� Alternatives for providing information from SAP HANA to business users.

Note

This portion contributes up to 5% of the total certification exam score.

Key Concepts Refresher
In Chapter 14, we discussed how to provide data to SAP HANA systems. We
started with the overview diagram shown in Figure 14.1, which we said could
be viewed as a summary of the entire book.

We are now at the last step in the modeling process, in which you present your
SAP HANA information models to the world!

Tip

It will be useful to take another look at the Database Connections section in
Chapter 14, which we will build on in this chapter.

Let’s start by looking at reporting and the evolution of business intelligence.

Business Intelligence Concepts

If you worked with data and modeling in the 1990s, you might have used some-
thing like Microsoft Visual Basic or Borland Delphi. Back then, you created
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reports for end users via reporting tool like Crystal Reports, which was one of
the most-used reporting tools of the era. Another tool that financial people and
engineers often used was Microsoft Excel. Both these tools surprisingly are still
in use today and are discussed in this chapter.

Reports mostly consisted of thousands of lines of transactional line items, printed
out on reams of papers. To make sense of all this data, you need to see the pat-
terns or exceptions in all that text and form a mental picture. Over time, report-
ing tools improved and allowed you to embed simple graphs. You could develop
more complex reports that resembled tax forms, with lots of blocks and lines.
Instead of filling in these forms with a pen, they were populated from a database
and then printed. (Workflows were still largely paper based.)

During those days, you needed programming skills to use reporting tools, as well
as a working knowledge of databases. Reports were therefore developed by IT
and were quite prescriptive. Developing these reports took time, and they could
not be changed easily. Because running these reports was time-consuming, they
were scheduled to be run and printed at night. Each morning, you would find
your printed reports on your desk.

Business Objects acquired Crystal Reports from Seagate in 2003, and SAP
acquired Business Objects in 2007. Today, we still have SAP Crystal Reports,
albeit a largely improved version. However, this is no longer the only reporting
tool available.

We have moved from simple reporting to the concept of business intelligence,
which includes powerful analytics, data mining, and data science. “Reporting” as
we once knew it is now merely a subsection of a much wider topic. We have
moved from paper-based forms and workflows to web-based options and mobile
consumption, and we now have the tools to enable it all.

In this chapter, we will only focus on the tools that are relevant for SAP HANA.
Most of the tools are generic tools; that is, they are not specific to SAP HANA
alone. Therein lies some of the complexity when choosing the right tool for the
job!

Business intelligence can be described as taking raw (transactional) business data
and transforming it into useful information for the purpose of business analysis.
Building information models in SAP HANA can be seen as part of this process.
We enable people to process large volumes of data to find new opportunities
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based on insights gained from our information models. Hopefully, this can pro-
vide businesses with a competitive market advantage and long-term sustainabil-
ity.

Business intelligence can consist of the following:

� Reporting of historical and current information. We described reporting in
the previous section. A report is a document that can contain information
organized in a tabular or a graphical format.

� Analytics, through which we discover meaningful patterns in data and use
visualization techniques to promote insight.

� Complex event processing, such as SAP HANA smart data streaming (SDS).

� Predictive analytics, through which we attempt to forecast what will happen.

� Prescriptive analytics, through which a business acts on predictive analytics—
for example, by replacing a part in a machine before it breaks, because the
predictive analytics indicate a high chance of the part breaking soon.

� Text mining, data mining, and process mining.

� OLAP—that is, SAP BW systems and data warehouses can be seen as a subsec-
tion of business intelligence.

Convergence of SAP’s Business Intelligence Tools

Over the years, SAP has collected and developed a large number of business
intelligence tools. Some were added when SAP acquired Business Objects. Oth-
ers were business intelligence tools developed for use with SAP Business Ware-
house (BW). Others are new tools recently developed to make use of SAP HANA
or to add new business intelligence features, such as visualization and predictive
analysis.

The middle column of Table 15.1 shows a list of the available SAP business intel-
ligence tools: There are 15 tools listed! SAP realized that this list is too long and
decided to trim it to just five, which are shown in the right column. SAP calls this
the convergence of its business intelligence tools.
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SAP split the list of tools into four types, grouped by use cases rather than by fea-
tures and functions. For each category (shown in the left column of Table 15.1),
SAP selected only one or two business intelligence tools that will be actively

Convergence of SAP BI Tools

Office Integration � SAP BusinessObjects 
Analysis, edition for 
Microsoft Office (Analysis 
Office)

� Live Office

� EPM Add-In

� BEX Analyzer

� SAP BusinessObjects 
Analysis, edition for 
Microsoft Office (Analysis 
Office)

Applications and 
Dashboards

� SAP BusinessObjects Design 
Studio

� SAP BusinessObjects Dash-
boards

� SAP BusinessObjects Analy-
sis, edition for online analy-
tical processing (Analysis 
OLAP)

� BEX Web Application 
Designer

� SAP BusinessObjects Design 
Studio

Data Discovery � SAP Lumira Desktop

� SAP Lumira Server

� Set Analysis

� SAP BusinessObjects 
Explorer

� SAP Lumira

Reporting � SAP Crystal Reports

� SAP BusinessObjects Web 
Intelligence

� SAP BusinessObjects Desk-
top Intelligence

� SAP Crystal Reports

� SAP BusinessObjects Web 
Intelligence

Table 15.1 Convergence of SAP Business Intelligence Tools
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developed and improved going forward. The tools not on this list will converge
into the selected SAP business intelligence tool(s) for each category. These older
tools will not stop working or disappear; they will still be maintained and sup-
ported, but they will not continue to be developed.

SAP also will not force people to migrate to the new, shorter list of tools. Because
many of the tools have been in use for more than 20 years, it is not a simple mat-
ter to just “kill” the old products. Millions of reports are still running daily using
these old tools. Such large-scale migrations are not feasible.

SAP recommends that all new projects should preferably use the list of SAP busi-
ness intelligence tools in the right column. All the unique features might not yet
be available in these five SAP BI tools, but they will be included over time.

The selected SAP business intelligence tools for each of the four content types are
as follows:

� Microsoft Office integration
The SAP reporting tool going forward is SAP BusinessObjects Analysis, edi-
tion for Microsoft Office. This tool runs as a Microsoft Office plug-in.

� Applications and dashboards
SAP BusinessObjects Design Studio is a relatively young tool for creating
dashboards and web applications.

� Data discovery
SAP Lumira is also a young tool, one that integrates very well with SAP
HANA. It is strong with visualization and working with all different kinds of
information. It is an easy tool to learn, so end users can quickly create impres-
sive results.

� Reporting
The tools selected here are SAP BusinessObjects Web Intelligence and SAP
Crystal Reports.

All five of the selected tools work well together, so you can publish results from
one tool and consume it in another.

You should focus mainly on these five SAP business intelligence tools. SAP Busi-
ness Explorer (BEx) tools are specifically for SAP BW and will not be discussed
in this chapter.
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Creators and Consumers

Creators use SAP’s business intelligence tools to build models, reports, and ana-
lytics. Consumers use the same tools, but only to view the results. The dividing
line is not always clear. It can be blurred with power users, who do a bit of both.

Tip

What is important here is that all of these people use the same business intelli-
gence tools; they just use them in totally different ways. How each group uses
these tools factors into deciding which tool to use.

Professionally Authored and Self-Service

Because people use these business intelligence tools differently, it is easy to see
that some tools suit one group of people more, and other tools suit another
group more.

Some SAP business intelligence tools suit an approach called professionally
authored. These types of tools expect IT folks, creators, analysts, data scientists,
and power users to be the creators and designers. Other tools suit a more relaxed
approach. They make it easy for average end users, decision makers, and power
users to find, discover, visualize, and consume information. This is the self-service
approach.

Note

You can use the same tools with either approach. Some tools just seem to
encourage a certain approach, as we will discuss when we look at individual
tools.

There is also a group that lies in between these approaches. This group includes
analysts who author business intelligence content for their own use or for use
within their department or line of business (LOB).

These different groups are shown in Figure 15.1, which nearly summarizes the
entire chapter. By looking at the usage patterns, the types of users, and the busi-
ness intelligence tool categories, you can start to make a decision about which
tool to use.
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Trusted Data

The concept of professionally authored is associated with a concept called trusted
data. SAP BusinessObjects Design Studio is an example of a trusted visualization
and dashboard creation tool. With these types of tools, you are restricted to
trusted data sources, such as universes, BEx queries, and SAP HANA views. These
data sources are seen as “trusted” because they are managed and governed by IT.
Although SAP BusinessObjects Design Studio leans towards creating profession-
ally authored dashboards and applications, it is specifically focused to consume
trusted data sources. It does not even allow you to connect to some types of data
sources. SAP Lumira, on the other hand, allows you to be as open and free for
your data discovery needs and allows you to connect it to a large variety of infor-
mation sources.

SAP Cloud for Analytics

In all areas of SAP, there is an emphasis on making sure products also work in
the cloud. We have seen that even SAP HANA has cloud deployment (see the
Cloud Deployments section in Chapter 3), and SAP business intelligence tools are

Figure 15.1 Four Types of SAP Business Intelligence Tools and Three Types of Users

Applications and
DashboardsOffice Integration Reporting

SAP Design Studio SAP Crystal ReportsSAP Analysis

Web Intelligence

Data Discovery

SAP Lumira

Enterprise BI – Professionally Authored and Designed  

Self-Service – 
Decision Maker 

LOB or Departmental
BI – Analyst
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no exception. SAP created a new cloud product offering called SAP Cloud for Ana-
lytics, which provides analytics functionality on SAP HANA Cloud Platform
(HCP).

In this chapter, we will focus our attention on the on-premise SAP business intel-
ligence tools. This does not mean that we will completely ignore the cloud; for
example, you can publish directly from SAP Lumira, an on-premise SAP BI tool,
to the cloud.

Business Intelligence Tools for Microsoft Office Integration

Tools that integrate with parts of Microsoft Office fall within this section as they
relate to SAP HANA. They mostly focus on Microsoft Excel but can also use
Microsoft PowerPoint.

The convergence of the SAP’s business intelligence tools means that we will not
pay any attention in this chapter to Microsoft Live Office, the EPM Add-In, or
the BEx Analyzer.

We’ll look at two tools specifically: Microsoft Excel; and SAP BusinessObjects
Analysis, edition for Microsoft Office (occasionally referred to as Analysis Office).

Note

The official name is SAP BusinessObjects Analysis, edition for Microsoft Office.
Analysis Office is not an official abbreviation, but we have seen it used in several
publicly available SAP slide sets and published YouTube videos. You will also
find it commonly used in online forms, such as those at SAP Community Net-
work (SCN).

In the certification exam, the official name of an SAP product is always used.
Sometimes, the exam will display the abbreviated name as well—for example,
SAP HANA smart data access (SDA).

Microsoft Excel

Let’s start with Microsoft Excel, which is obviously not an SAP tool, but has prob-
ably been the most widely used and best-known business intelligence tool avail-
able for more than 30 years.
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As much as financial and engineering departments love Microsoft Excel, many
IT departments hate it. The difference lies in their approach to the same tool.
People with a self-service approach love it, whereas people with a professionally
authored approach hate it. IT does not control and manage it, so it is seen as
“unprofessional.”

Fact Sheet
Figure 15.2 presents many useful facts about Microsoft Excel. We will use
Microsoft Excel as an example to describe the layout of the fact sheet. We use
this same layout to help you learn the features for each of the SAP business intel-
ligence tools that we discuss in this chapter. The features presented in the fact
sheets were selected to help you choose the correct tools when consuming your
SAP HANA information models.

Let’s start at the top left of the fact sheet. Microsoft Excel is a self-service business
intelligence tool and falls into the Office Integration category because it is actu-
ally a part of Microsoft Office. What do we learn from this?

� Because it is a self-service tool, this tells us that the users are self-service users
or analysts, who consume it themselves or in their department. (Look again
at Figure 15.1.)

� Because it falls into the Microsoft Office integration category, we know that
the tool environment is Excel-based. Other business intelligence tools can, for
example, be Eclipse-based or web-based. The end user also consumes the

Figure 15.2 Microsoft Excel Fact Sheet

BI tool

BI tool broad category Self -service

BI tool content type Office Integration

Mainkeywords Excel, MDX, ODBO

Microsoft Excel

SAP HANA database connection

Database connection ODBO

Query language MDX

Coding in the BI tool

Scripting (Microsoft Excel)Users

Who creates content? Self -Service (Analyst)

Who consumes it? LOB, Department
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content created with this business intelligence tool in Microsoft Excel, either
on their desktops or their tablets with the Microsoft Excel mobile app. Other
end user consumption environments include dashboards, web applications,
printed reports, web pages, or mobile apps.

Microsoft Excel uses the ODBO driver to connect to SAP HANA. It is the only
business intelligence tool that uses this driver. The ODBO driver implies that it
uses MDX, which means it can read cubes. This means that Microsoft Excel is
able to consume SAP HANA analytic and calculation cube views. By knowing that
ODBO uses MDX and that MDX reads cubes, you just have to remember that
Microsoft Excel uses ODBO.

Using Microsoft Excel with SAP HANA
Microsoft Excel is the ultimate self-service business intelligence tool. However,
despite all its flexibility, it is also easy to use it “incorrectly.” If you import
700,000 records into Microsoft Excel and then build a pivot table on that data,
you are not using Excel in the best possible way. If you use it that way, you use
Microsoft Excel as a database—and it is not meant to be a database. You are also
straining the network while transferring that much data.

A better way to use Microsoft Excel is to connect it to SAP HANA, as shown in
Figure 15.3. You can then build the pivot table directly on the SAP HANA view.
In this case, SAP HANA performs all the calculations, and Microsoft Excel dis-
plays the results. The 700,000 records stay in SAP HANA, and the minimum
amount of data is transferred via the network. SAP HANA usually also uses less
memory and thus is faster.

The best way to test if you are using business intelligence tools correctly is to ask,
will it work on a mobile device, like a tablet? If you load 700,000 records into
Microsoft Excel, it will not work on your tablet. The tablet simply does not have
enough memory, and your mobile data costs will be high. With the “correct”
way, on the other hand, you could probably get this setup working on the mobile
app version of Microsoft Excel if you had the correct driver installed.

An added benefit is that your reports and analytics become interactive; for exam-
ple, drilldowns are easy to implement.
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SAP BusinessObjects Analysis, Edition for Microsoft Office

SAP BusinessObjects Analysis, edition for Microsoft Office consists of plug-in
tools for Microsoft Excel and Microsoft PowerPoint and therefore is a Microsoft
Office integration type of business intelligence tool. The main user group for this
is analysts, as the product name indicates.

Like Microsoft Excel, SAP BusinessObjects Analysis, edition for Microsoft Office
is a self-service business intelligence tool. In this case, however, the focus is on
working with trusted data (see Figure 15.4).

Figure 15.3 Use SAP HANA Information Models with Hierarchies in Pivot Table

Connect to an SAP HANA system.
A pivot table with SAP HANA data. 
All calculations are done by SAP HANA.
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Because SAP BusinessObjects Analysis, edition for Microsoft Office focuses on
trusted OLAP data sources and is an SAP business intelligence tool, the preferred
BICS connection is expected.

Figure 15.5 provides a snapshot of SAP BusinessObjects Analysis, edition for
Microsoft Office.

Figure 15.4 SAP BusinessObjects Analysis, Edition for Microsoft Office Fact Sheet

BI tool

BI tool broad category Self -service

BI tool content type Office Integration

Mainkeywords
Excel plug-in, Free-
format, Analysis

SAP BusinessObjects Analysis, edition for Microsoft Office (Analysis Office)

SAP HANA database connection

Database connection BICS, using ODBC

Query language BICS, SQL

Coding in the BI tool

Scripting (Microsoft Excel)Users

Who creates content? Analyst, Power user

Who consumes it? LOB, Department

Figure 15.5 SAP BusinessObjects Analysis, Edition for Microsoft Office Microsoft Excel 
Plug-In
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On the top of the screen, notice that there is a new menu option and ribbon bar
available inside Microsoft Excel after you’ve installed the plug-in. The Analysis

screen on the right looks very similar to the pivot table that Microsoft Excel users
are accustomed to.

Business Intelligence Tools for Applications and Dashboards

SAP business intelligence tools for applications and dashboards are used for tasks
such as creating dashboards for executives and decision makers and web appli-
cations for end users. This category of tools focuses on professionally authored
results for trusted data.

We will look at SAP BusinessObjects Design Studio in this section. The other SAP
business intelligence tools in this category will converge to SAP BusinessObjects
Design Studio, which is the main tool in the applications and dashboards cate-
gory.

SAP BusinessObjects Design Studio is used to create dashboards, OLAP web
applications, and guided analytics. It features native (direct) connections to SAP
BW and SAP HANA.

SAP BusinessObjects Design Studio concentrates on trusted data, and therefore
uses BICS connectivity. The SAP BusinessObjects fact sheet is shown in Figure
15.6.

Figure 15.6 SAP BusinessObjects Design Studio Fact Sheet

BI tool

BI tool broad category Professionally authored

BI tool content type
Applications and
Dashboards

Mainkeywords
Dashboard, Application, 
Scripting

SAP BusinessObjects Design Studio

SAP HANA database connection

Database connection BICS, using JDBC

Query language SQL

Coding in the BI tool

Scripting (JavaScript)Users

Who creates content? IT, Analyst, Power User

Who consumes it?
Executive, Decision 
maker, End-user
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SAP BusinessObjects Design Studio was built with mobility in mind, so it fea-
tures both Apple iPad support and an HTML5 user interface.

SAP BusinessObjects Design Studio falls into the professionally authored cate-
gory, in which analytic content is centrally governed. It tends to be more of a
developer’s tool, so some knowledge of JavaScript is required to get the most out
of it. In addition, it draws a strong distinction between creators and consumers.
The creators are normally IT professionals, and the consumers are normally exec-
utives and decision makers. Remember that these lines between creators and
consumers can blur; for example, a CIO is the executive in charge of IT.

SAP BusinessObjects Design Studio has an Eclipse-based what you see is what
you get (WYSIWYG) design environment, as shown in Figure 15.7.

Figure 15.7 Designing a Dashboard in SAP BusinessObjects Design Studio
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Business Intelligence Tools for Data Discovery

SAP’s business intelligence tools for data discovery focus on self-service and visu-
alization. These tools are easy to learn and have a wide audience. They also con-
nect to more data sources than other business intelligence tools that focus on
trusted data only.

SAP’s business intelligence tools in this category will converge to SAP Lumira.
We will look at two SAP BI tools: SAP Lumira and SAP Predictive Analytics,
which runs on SAP Lumira.

SAP Lumira

SAP Lumira is a comparatively new tool for the self-service and visualization of
analytics. It was designed with SAP HANA in mind, so it leverages SAP HANA
features to deliver fast results.

SAP Lumira had separate desktop, server, and cloud versions, but these are now
converging into a new version of SAP Lumira. The new SAP Lumira integrates
with SAP Cloud for Analytics. It is also easy to consume SAP Lumira content on
mobile devices via the SAP BusinessObjects BI Mobile app.

SAP Lumira is well suited for ad hoc types of analytics; you can view and visual-
ize any type of data in the way you like with minimal effort. In contrast to SAP
BusinessObjects Design Studio, it does not focus only on trusted data; SAP
Lumira connects to all the SAP HANA information models, like dimension views
and OLAP views (see Figure 15.8).

Figure 15.8 SAP Lumira Fact Sheet

BI tool

BI tool broad category Self -Service

BI tool content type Data Discovery

Mainkeywords
Visualization, Self -
service, Storyboards

SAP Lumira

SAP HANA database connection

Database connection JDBC

Query language SQL

Coding in the BI tool

ScriptingUsers

Who creates content? Analyst, Power user

Who consumes it?
Executive, Decision 
maker, End-user
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Figure 15.9 shows the visualization options available in SAP Lumira. Here, you
can see information from the SAP HANA Interactive Education (SHINE) procure-
ment views displayed on a geo cloropleth map. On a cloropleth map, the coun-
tries that sold more products are a darker green color than the countries that sold
less.

You can combine multiple graphs (see Figure 15.10) or tables with information
to create storyboards in SAP Lumira. You can then publish these storyboards to
the web or to the cloud.

For more information on features such as infographics that are updated in real
time and Smart Bus Cockpits, go to http://help.sap.com/lumira. You can down-
load SAP Lumira at http://www.saplumira.com.

SAP Predictive Analytics

SAP Predictive Analytics is based on SAP Lumira technology. It is a combination
of SAP Lumira and two older products: SAP Predictive Analytics and SAP Infi-
niteInsight.

Figure 15.9 Data from SAP HANA Information Model on Geo Cloropleth Chart
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SAP Predictive Analytics’ features are similar to those of SAP Lumira. However, a
large amount of extra functionality is available for this product, especially for data
scientists, a very small group of people that will use this functionality. Self-service
tools like SAP Lumira cater to about 97% of the business intelligence audience.
Designers of tools that create professionally authored content are about 3% of the
business intelligence audience. Data scientists are perhaps only 0.01% of the audi-
ence.

You can use SAP Predictive Analytics to build predictive models, which can use
an automated predictive library. Data scientists can also use the advanced fea-
tures of SAP Predictive Analytics to integrate their own R language code, for
example.

An example of how to use predictive models is to analyze the “churn” of banking
customers. By looking at all the customers’ transactions and historical data, pre-
dictive models can be taught to identify when banking customers are likely to
change to another bank. A personal banker can then get an alert to contact the
customer and fix any issues before they leave the bank.

Executives and decision makers generally will not use predictive models, but
they will be able to act on the results of these models.

Figure 15.10 SAP Lumira Storyboard
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Business Intelligence Tools for Reporting

In this section, we will look at two SAP business intelligence tools in the report-
ing category: SAP BusinessObjects Web Intelligence and SAP Crystal Reports.

SAP BusinessObjects Web Intelligence

SAP BusinessObjects Web Intelligence, popularly called Webi, is one of the most
popular SAP business intelligence tools because it is easy to work with, yet pow-
erful and fast enough to get the job done. You might hear SAP business intelli-
gence people say, “When in doubt, use WebI.” See Figure 15.11.

SAP BusinessObjects Web Intelligence is useful for many users and can be used
for both self-service purposes and professionally authored reports. It was one of
the first self-service style business intelligence tools from SAP. Because self-ser-
vice BI tools allow users to use most business intelligence information sources,
SAP BusinessObjects Web Intelligence can use all the SAP HANA tables and
views.

End users can consume SAP intelligence reports using the mobile app or via a
browser.

Figure 15.11 SAP BusinessObjects Web Intelligence Fact Sheet

BI tool

BI tool broad category
Self -Service or 
Professionally authored

BI tool content type Reporting

Mainkeywords Self -Service Reporting

SAP BusinessObject Web Intelligence

SAP HANA database connection

Database connection ODBC, JDBC

Query language SQL

Coding in the BI tool

ScriptingUsers

Who creates content? IT, Power user

Who consumes it? End-user
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SAP Crystal Reports

We mentioned SAP Crystal Reports in the Business Intelligence Concepts section
earlier in this chapter. In this section, we’ll dive deeper into the product details.
There are two versions of SAP Crystal Reports to note: SAP Crystal Reports for
Enterprise and SAP Crystal Reports 2011/2013. In this section we will specifi-
cally look at SAP Crystal Reports for Enterprise.

SAP Crystal Reports for Enterprise is used to create reports, which often have the
exact specifications and look of the existing paper forms. The term “pixel-per-
fect” describes this requirement. It focuses on professionally authored reports,
which can be viewed on desktops, browsers, and offline. Figure 15.12 shows the
fact sheet.

SAP Crystal Reports for Enterprise can use a wide variety of data sources, includ-
ing SAP HANA tables and views.

Choosing the Right Business Intelligence Tool

You should now have a high-level understanding of the various SAP business
intelligence tools available and what each one does. When asked to recommend
an SAP business intelligence tool on a project, you can use Table 15.2 as a quick
reference.

Figure 15.12 SAP Crystal Reports for Enterprise Fact Sheet

BI tool

BI tool broad category Professionally authored

BI tool content type Reporting

Mainkeywords
Pixel-perfect, Line-item, 
Reporting

SAP Crystal Reports for Enterprise

SAP HANA database connection

Database connection ODBC, JDBC

Query language SQL, MDX

Coding in the BI tool

ScriptingUsers

Who creates content?
IT, Developer, Power 
user

Who consumes it? End-user
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See if you can expand this table. What SAP business intelligence tool would ana-
lysts use? Which would you recommend for trend analysis?

Alternative Consumption Methods for SAP HANA

To this point, we have only discussed which business intelligence tools you can
use to consume SAP HANA information models—but SAP HANA views can also
be used in many other ways to show business information.

SAP HANA Studio Preview

Another way that we can view information created by SAP HANA views is with
the Data Preview feature in SAP HANA studio or the SAP HANA web-based

Business Requirement SAP Business Intelligence Tool

Microsoft Office integration SAP BusinessObjects Analysis, edition for Microsoft 
Office

Dashboards SAP BusinessObjects Design Studio

Web applications SAP BusinessObjects Design Studio

Reporting SAP BusinessObjects Web Intelligence or SAP Crystal 
Reports

Self-service SAP Lumira or SAP BusinessObjects Web Intelligence

Professionally authored SAP BusinessObjects Design Studio or SAP Crystal 
Reports

Only uses trusted data SAP BusinessObjects Analysis or SAP BusinessObjects 
Design Studio

Can consume all data SAP Lumira, SAP BusinessObjects Web Intelligence, or 
SAP Crystal Reports

Uses BICS connectivity SAP BusinessObjects Analysis, edition for Microsoft 
Office and SAP BusinessObjects Design Studio

Uses MDX Microsoft Excel and SAP Crystal Reports for Enterprise

Table 15.2 SAP Business Intelligence Tool Options
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development workbench. We discussed this feature in Chapter 5 in the Data Pre-
view and Catalog Area sections (see Figure 5.5 and Figure 5.18).

In the Data Preview of SAP HANA studio, you can show raw data, apply filters
to data, show distinct values, and analyze data. We hinted at this way of consum-
ing SAP HANA information in the real-world scenario presented at the start of
the chapter.

Using SAP HANA Information Models in SAP HANA XS

In Chapter 3, in the SAP HANA as a Platform section, we discussed the SAP
HANA Extended Application Services (XS) component that is built into SAP
HANA. SAP HANA is more than just a database. Although the primary focus of
both this book and the exam are modeling, there is also another capability that
makes SAP HANA invaluable: developing custom web applications using infor-
mation models, OData and REST services, and the SAPUI5 framework. This
method of development is also known as Model-View-Controller (MVC).

The following looks at the three layers used in MVC:

� Models
The types of models are same SAP HANA information models that we have
created in this book—for example, calculation views. You can also create the
models in SQLScript.

� Controllers
Controllers are the “glue” holding models and views together. You can use
OData or REST services with XSJS (XS JavaScript) to expose SAP HANA infor-
mation models as web services. These web services consume the information
in information models—provided of course that the end users have the nec-
essary authorizations. The information gathered by the controllers is sent to
the views using the normal HTTP protocol used by the web. The OData or
REST web services are available to the web and can be used via RESTful HTTP
commands such as GET, PUT, POST, and DELETE. The data is sent to the
SAPUI5 views in either XML or JavaScript Object Notation (JSON) format.
Controllers are written with server-side JavaScript.

� SAPUI5 views
These are not the same as calculation views in SAP HANA; they refer to the
HTML5 screens displayed in the web browser. SAPUI5 uses client-side Java-
Script.
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Note the differences in where the JavaScript runs. For controllers, the Java-
Script runs on the SAP HANA server. The views are displayed in the browser,
so the JavaScript code runs inside the browser on the end user’s device.

Further Information

The SAP HA450 training course and the free openSAP training courses on SAP
HANA development go into more details on this topic.

Using SAP HANA Information Models in SAP BW

We discussed SAP BW running on SAP HANA in the SAP HANA as a Database
section of Chapter 3 (see also Figure 3.11).

SAP BW has its own information modeling objects—for example, InfoCubes and
Data Store Objects (DSOs). The objects in SAP BW are built in the application
server layer. Even if SAP BW is powered by SAP HANA and these SAP BW objects
are optimized for SAP HANA, they are still completely different from the normal
SAP HANA information models, like calculation views.

Figure 15.13 SAP BW Information Objects and SAP HANA Information Models Together

SAP Business Warehouse
(SAP BW)

Composite
Provider

SAP
HANAInfoCube

Transient
Provider

BW1

Calculation
View

HA1
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You can have a single SAP HANA system in which one portion is used as the SAP
HANA database for an SAP BW system and another portion is used for SAP
HANA as a platform. Let’s call the SAP BW portion BW1 and the SAP HANA plat-
form portion HA1, as shown in Figure 15.13.

The BW1 portion will contain SAP BW modeling objects, and the HA1 portion
will contain SAP HANA calculation views.

In a system like this, we can perform the following tasks:

� Enable the SAP BW system to consume the SAP HANA calculation views from
the HA1 portion.

� Get the SAP BW system to generate normal SAP HANA views in HA1 to
expose the SAP BW information for consumption by SAP HANA.

You can use the HA1 portion with all the standard SAP HANA modeling, data
provisioning, and utilization techniques.

SAP BW Consuming SAP HANA Information Models
Say that you have built a calculation view in the HA1 portion. You can use that
calculation view in the BW1 portion and make it available for the SAP BW appli-
cation server by creating a Transient Provider in SAP BW. You can combine this
calculation view with another SAP BW cube by using a Composite Provider. In
this way, you can combine historical data in the SAP BW system with operational
data in the SAP HANA system.

SAP BW Generating SAP HANA Views
SAP BW powered by SAP HANA is also able to automatically create a calculation
view in the HA1 portion. This calculation view exposes the data in an SAP BW
cube or DSO. You can then combine the SAP BW–created calculation view with
other SAP HANA views, and can then consume SAP BW data inside SAP HANA.

When you change the structure of your SAP BW information objects, the SAP
BW–created calculation view will be recreated automatically.
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Important Terminology
In this chapter, the following important terms were discussed:

� Business intelligence
Taking raw (transactional) business data and transforming it into useful infor-
mation for the purpose of business analysis. Building information models in
SAP HANA can be seen as part of this process. Business intelligence can con-
tain the following:

� Reporting

� Analytics

� Complex event processing

� Predictive analytics

� Prescriptive analytics

� Text mining, data mining, and process mining

� OLAP

� Report
A document that can contain information organized in a tabular or a graphical
format.

� Professionally authored tools
These types of tools expect IT folks, creators, analysts, data scientists, and
power users to be the creators and designers.

� Self-service tools
These types of tools allow the average end users, decision makers, and power
users to find, discover, visualize, and consume information.

Practice Questions
These practice questions will help you evaluate your understanding of the topics
covered in this chapter. The questions shown are similar in nature to those found
on the certification examination. Although none of these questions will be found
on the exam itself, they will allow you to review your knowledge of the subject.
Select the correct answers, and then check the completeness of your answers in
the Practice Question Answers and Explanations section. Remember that on the
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exam you must select all correct answers and only correct answers to receive
credit for the question.

1. You need a business intelligence tool that is Microsoft Excel-based and can
use parent-child hierarchies. Which tool do you use?

� A. SAP Lumira

� B. SAP BusinessObjects Design Studio

� C. SAP BusinessObjects Web Intelligence

� D. SAP BusinessObjects Analysis, edition for OLAP

2. You are given an old government paper form with lines, blocks, and fields.
You are asked to create a report that looks like this form. Which business
intelligence tools do you use?

� A. SAP BusinessObjects Web Intelligence

� B. SAP Crystal Reports for Enterprise

� C. SAP BusinessObjects Design Studio

� D. SAP Lumira

3. You have a discussion with board members of a company. They want your
recommendation on a business intelligence tool that they can use on their
Apple iPad to display KPI dashboards. They also want a WYSIWYG design
environment that allows scripting, should it be required. Which tool do you
recommend?

� A. SAP BusinessObjects Design Studio

� B. SAP Lumira

� C. SAP Crystal Reports for Enterprise

� D. SAP BusinessObjects Web Intelligence

4. What do you use a Transient Provider for?

� A. To use an SAP HANA calculation view in Microsoft Excel

� B. To expose an SAP HANA calculation view as an OData web service

� C. To expose an SAP BW information object inside SAP HANA

� D. To use an SAP HANA calculation view in the SAP BW application
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5. You want to publish your business intelligence content directly to SAP Cloud
for Analytics. Which tool do you use? (There are 2 correct answers.)

� A. SAP Predictive Analytics

� B. SAP Lumira

� C. SAP Crystal Reports for Enterprise

� D. SAP BusinessObjects Analysis, edition for Microsoft Office

6. Which business intelligence tool queries SAP HANA using MDX?

� A. SAP BusinessObjects Analysis, edition for Microsoft Office

� B. SAP Lumira

� C. SAP BusinessObjects Web Intelligence

� D. Microsoft Excel

7. Which business intelligence tools use BICS connectivity to SAP HANA?
(There are 2 correct answers.)

� A. Microsoft Excel

� B. SAP BusinessObjects Analysis, edition for Microsoft Office

� C. SAP Lumira

� D. SAP BusinessObjects Design Studio

8. Which business intelligence tool can publish storyboards?

� A. SAP BusinessObjects Analysis, edition for Microsoft Office

� B. SAP BusinessObjects Design Studio

� C. SAP BusinessObjects Web Intelligence

� D. SAP Predictive Analytics

9. Which of the following ways of publishing SAP HANA information model
content could require some JavaScript knowledge? (There are 2 correct
answers.)

� A. Creating business intelligence content with SAP BusinessObjects Design
Studio

� B. Creating a composite provider in SAP BW
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� C. Creating a report in SAP Crystal Reports for Enterprise

� D. Creating a REST web service in the SAP HANA XS engine

Practice Question Answers and Explanations
1. Correct answer: C

SAP BusinessObjects Analysis, edition for Microsoft Office is Excel-based and
can handle parent-child hierarchies.None of the other three business intelli-
gence tools are Excel-based

2. Correct answer: B

SAP Crystal Reports for Enterprise create pixel-perfect reports. SAP Business-
Objects Design Studio is not a reporting tool. SAP BusinessObjects Web Intel-
ligence SAP Lumira are not used for creating pixel-perfect reports.

3. Correct answer: A

SAP BusinessObjects Design Studio can display results on a mobile device,
has a WYSIWYG design environment and scripting, and can be used to create
dashboards. SAP Lumira and SAP BusinessObjects Web Intelligence are not
dashboard-building tools.

4. Correct answer: C

You use a Transient Provider to expose an SAP BW information object inside
SAP HANA. See SAP BW Consuming SAP HANA Information Models.

5. Correct answers: A, B

SAP Lumira can publish your business intelligence content directly to the SAP
Cloud for Analytics. SAP Predictive Analytics is built on SAP Lumira. See the
SAP Cloud for Analytics section.

6. Correct answer: D

Microsoft Excel queries SAP HANA using MDX via the ODBO driver. See Fig-
ure 15.2. It is the only business intelligence tool in this chapter that uses the
ODBO driver.

7. Correct answers: B, D

SAP BusinessObjects Analysis and SAP BusinessObjects Design Studio use
BICS.
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8. Correct answer: D

SAP Predictive Analytics is based on SAP Lumira, and SAP Lumira can publish
storyboards.

9. Correct answers: A, D

JavaScript knowledge may be required for SAP BusinessObjects Design Stu-
dio (see Figure 15.6) and when creating a REST web service (see Using SAP
HANA Information Models in SAP HANA XS). You create a composite pro-
vider in SAP BW via the application server, and the process does not require
coding. Creating a report in SAP Crystal Reports for Enterprise does not
require JavaScript.

Takeaway
You now should understand general concepts of business intelligence when
using SAP HANA information models. You learned about the different SAP busi-
ness intelligence tools, their characteristics and high-level features, and when to
use a particular tool.

In addition, you learned about some of the alternatives for providing informa-
tion from SAP HANA to business users—for example, using the SAP HANA XS
engine or SAP BW.

Summary
In this chapter, we looked at various business intelligence concepts—for exam-
ple, differentiating between creators and consumers of business information.
Once we had discussed the strategic direction of the different SAP business intel-
ligence tools, we covered the tools in more detail and summarized their features
in the fact sheets. We also discussed when to use which tool, and we presented
alternative ways of utilizing SAP HANA information models.

This chapter completes your learning experience with SAP HANA modeling. We
wish you the best of luck with your SAP HANA certification exam.
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processing,  311, 323, 333
properties,  324

SQL,  85, 269, 272, 341
analytic privileges,  204, 452, 455, 462, 

463, 465
button,  162
conditional statements,  278
creating calculated columns,  276
creating projections,  276
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Text join,  110, 112, 113, 135, 138, 144, 145, 
194, 369
left outer join,  113

Text mining,  311, 313, 314, 315, 322
capabilities,  322, 333

Threshold value,  356
Time dimensions,  188
Time series,  328
Time-based calculation views,  189, 215
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