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Preface

Business intelligence finds and exposes useful information from raw data. A suc-
cessful business intelligence project requires multiple skilled people working on 
the various steps, which range from finding the data in the sources, modeling it, 
exposing it in business terms, and securely providing it to the final users. This 
book is for them.

Book Objectives

This book presents the SAP BusinessObjects Business Intelligence 4.x semantic 
layer technology and guides you in the creation of universes with Information 
Design Tool. The goal of the book is to provide detailed information, examples, 
best practices, and step-by-step procedures that can help you successfully work 
with the technology. 

This book is complementary to the existing official product guides. The official guides 
and product help systems explain how to do things, whereas this book shows how 
the products work but also why you should take certain actions, what to avoid, and 
what the possible alternatives are. With a more global view and understanding, 
you can be more autonomous and drive better SAP BusinessObjects BI projects to 
get the most out of the technology.

This book can be a first read for those who don’t know how to build universes 
because it explains the basic functionalities and provide detailed step-by-step 
workflows to follow with sample screenshots.

More experienced universe designers can read this book to find information that 
helps them update their knowledge of previous versions of the semantic layer 
technology to the SAP BusinessObjects BI 4.x version, which has been greatly 
enhanced and exposes new interfaces to be learned.

The most important innovations (Information Design Tool, multisource universes, 
multidimensional universes, new access methods to SAP sources, new security 
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model, etc.) are discussed in detail so that both new and experienced users can 
fully understand their usage and how to benefit from them.

Target Audience

If you are in any way involved in an SAP BusinessObjects BI project, you’ll find 
useful information in this book. If you are tasked with designing a universe, you 
can find all of the necessary information to complete the task included in this book.

The presented information can also be useful for business analysts, data artisans, 
data scientists, translators, security managers, or any other roles that require work-
ing with data and extracting business meaning out of it. The book provides best 
practices for exposing good information out of data.

Database administrators and ETL experts can also find useful insights by under-
standing the load that an SAP BusinessObjects BI project can have on their data 
and how they can better prepare the data for the project.

Finally, anyone managing or working in a business intelligence center of excellence 
or business intelligence department can use this book to understand the benefits 
and challenges of a well-designed SAP BusinessObjects BI project. 

Book Roadmap

The book contains 13 chapters: 

EE Chapter 1, Introduction to the Semantic Layer, is an introduction to the concept 
of the semantic layer and to the implementation of this technology in the SAP 
BusinessObjects BI solution.

EE Chapter 2, Introduction to Information Design Tool, introduces Information 
Design Tool, which is the application used to build universes—the fundamental 
component of the semantic layer. You can find a description of the user interface 
and of some functionality that is commonly used when working with the appli-
cation.

EE Chapter 3, Local and Shared Projects, provides information about the local and 
shared projects. The chapter provides fundamental information about authoring 
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your resources in a local project. It also describes how to share a project with 
others when working in a team. 

EE Chapter 4, Connecting to Data Sources, explains the first technical step of any 
SAP BusinessObjects BI project: connecting to data sources. With SAP Busines-
sObjects BI 4.x, there are many supported sources, and it’s important to under-
stand the best ways to connect to them. The chapter explains how to work with 
connections defined locally or on a server and how to connect to relational and 
OLAP sources.

EE Chapter 5, The Data Foundation, describes the data foundation, which is the 
data model used to define the SAP BusinessObjects BI project. A lot of the intel-
ligence of your project resides within the data foundation. This chapter provides 
deep insights into the data foundation functionality such as joins, derived tables, 
contexts, traps resolution, and so on.

EE Chapter 6, Multisource Data Foundations, builds from the content of the previ-
ous chapter and extends it to the ability to build a data foundation on top of 
multiple data sources. You can find information on how to federate data from 
various sources in real time for your SAP BusinessObjects BI project. The chap-
ter introduces the concept of federated tables and gives an overview of the Data 
Federation Administration Tool, which can be used to optimize multisource 
queries.

EE Chapter 7, The Business Layer, explains how to build a business layer. This layer 
is the business representation of your data. The chapter shows in detail how to 
define the various business objects such as dimensions, measures, hierarchies, 
and so on, and it explains how to successfully expose those objects to the end 
users. 

EE Chapter 8, Universe Query Panel, shows how to execute queries on a universe 
using a query panel. The Information Design Tool query panel is described in 
depth, along with examples showing how to build simple to very sophisticated 
queries. 

EE Chapter 9, Publishing and Retrieving Universes, talks about the publication of 
a universe. When a universe is published, all SAP BusinessObjects BI client tools 
can access it to run queries. The chapter explains the publication workflow and 
its reverse operation: retrieving a published universe.

EE Chapter 10, Securing Universes, covers the security that can be put on a universe. 
It describes the security editor interface and the various options of security on 
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the database objects and on the business objects to make sure that data is accessed 
only by authorized users.

EE Chapter 11, Working in Multilingual Environments, explains how to create 
universes with multilingual requirements. In multilingual environments, uni-
verses must be able to support data and metadata in different languages and 
return that data in a user’s language. This chapter also introduces the Translation 
Management Tool.

EE Chapter 12, Connecting to SAP ERP, SAP NetWeaver BW, and SAP HANA, is 
specific to SAP systems and their interactions with the semantic layer. It deep 
dives into the connections to SAP ERP, SAP NetWeaver Business Warehouse 
(SAP NetWeaver BW), and SAP HANA, and it explains how to expose those 
sources to the SAP BusinessObjects BI client tools through universes or a direct 
access methodology.

EE Chapter 13, Comparing the Universe Design Tool and Information Design Tool, 
compares the functionalities of Information Design Tool and its predecessor, 
the Universe Design Tool. This chapter is targeted mainly to users of previous 
versions who are upgrading to SAP BusinessObjects BI 4.

So let’s jump right in and start our journey into the semantic layer and the defini-
tion of universes with Information Design Tool.
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Multisource universes can let business users access different data sources 
in the same query. They are based on multisource data foundations, which 
propose various concepts to federate real-time data coming from multiple 
data sources. 

6 Multisource Data Foundations

With the increasing number of data sources, one challenge for a BI deployment 
is to gather data coming from multiple databases. In most situations, a new data 
mart is usually put in place to synchronize all of the information. Creating a data 
mart requires moving data from the various sources to the target source with a 
data integration process. Integration refers to workflows, processes, and tools to 
extract, transform, and load data from a source to another. The integration jobs 
are used to do the following:

EE Retrieve the data from the various sources. 

EE Transform the source information into the target format.

EE Synchronize the information coming from different sources so that it becomes 
compatible.

EE Feed the data into the target data mart.

EE Keep the data mart updated with the latest changes in the sources.

Setting up the data mart and the integration jobs is often expensive in terms of 
resources and lengthy in time. You might need a more agile approach. The federa-
tion technology provides a solution to run queries on data from multiple sources 
in an agile manner.

The federation technology in SAP Business Objects BI 4.x has been implemented in 
the form of multisource universes. Multisource universes are defined with multiple 
connections, a multisource data foundation, and a business layer.

This chapter covers the federation technology and, in particular, the multisource 
data foundations in SAP Business Objects BI 4.x. First, it presents the federation 
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technology fundamentals, including its objectives and how it’s implemented in SAP 
Business Objects BI 4.x. Then the chapter describes the multisource data foundation 
in Information Design Tool (IDT) and how you can use it to link tables from differ-
ent data sources. Details are provided on the data foundation federated tables that 
have been introduced in SAP Business Objects BI 4.1, as well as the Data Federation 
Administration Tool, which you can use to administer the Federation Query Server 
and optimize multisource queries. The chapter concludes by presenting some tips 
for optimizing these queries. 

Note

The business layer for a multisource universe is presented in Chapter 7, Section 7.28.

6.1 The Federation Technology

With federation, the data isn’t moved into a single data mart, but is instead requested 
from the originating data sources each time it’s needed for the end user query. The 
data retrieved is the latest in the database because no staging is necessary. 

6.1.1 Merging Information from Multiple Data Sources

Whenever you need to define a project based on data from multiple sources, you 
have to decide between integration and a federation approach. There is no best 
choice valid for all scenarios; each situation requires taking into account needs and 
constraints that lead to the best solution in your environment.

Table 6.1 and Table 6.2 provide some hints that can be useful in choosing between 
integration technology and federation technology, respectively.

Criteria Reason for Choosing Integration

Performance is a key 
requirement.

Query performance is faster when retrieving data 
from a single source where all data has been loaded. 
Additionally, some data preparation can already be 
done in the transformation process.

Table 6.1 Arguments for an Integration Technology
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Criteria Reason for Choosing Integration

You already have an 
integration technology in 
house with expert people on 
it.

Already having the tools and people reduces the 
cost of a project (companies with no such tools and 
people have to add a significant part of the project 
cost for this data movement).

The project is supposed to be 
used for a long time (months, 
years).

The return on investment is covered over a long 
usage period and final users might be more satisfied 
by the better performance.

Table 6.1 Arguments for an Integration Technology (Cont.)

Criteria Reason for Choosing Federation

You don’t have write access 
to the reporting database.

SAP Business Objects BI designers sometimes can’t 
modify a data warehouse. Federation technology is 
an in-memory, virtual architecture, so no database 
write is needed. 

The sources or target models 
are subject to changes.

Model changes are very expensive to take into 
account with an integration project. Federation 
models, being virtual, are less expensive to modify 
when the underlying model changes.

The project objectives might 
change, or the business 
requirements aren’t well 
defined.

Because federation models can be easily changed, 
modifications in the final output can be made 
quickly.

The project is supposed to be 
used for a short time (weeks).

Because federation is leaner than integration, it 
might not be worth investing time and money in a 
full integration project for short-term solutions.

There is the need for real-time 
data.

The federation technology retrieves data in real 
time from the original sources; no data staging is 
required.

Table 6.2 Arguments for a Federation Technology

A federation technology has to be able to orchestrate in real time various queries to 
different data sources and aggregate the information coming from multiple places.
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6.1.2 Federation Query Server

In SAP Business Objects BI 4.x, the server platform contains a service whose task is 
to federate data coming from multiple relational sources. OLAP sources, with the 
exception of SAP NetWeaver BW, aren’t supported. This service, called the Federa-
tion Query Server, is used by queries generated from a universe that has been built 
on a data foundation defined on multiple connections. These data foundations are 
called multisource-enabled data foundations (referred to as multisource data founda-
tions for the remainder of the book). In such data foundations, you can create joins 
between tables coming from different sources or build new virtual tables, called 
federated tables, which expose data from multiple sources. 

Queries executed on a multisource data foundation are processed by the Federation 
Query Server with the following process:

1. The global query is received by the Federation Query Server. The query is defined 
on the multisource data foundation as a virtual model federating all sources.

2. The Federation Query Server identifies the queries that have to be sent to each 
physical data source.

3. The Federation Query Server generates an optimized execution plan, which 
describes the details and prioritized sequence of queries to be sent to each data 
source. The optimized plan has three main objectives: 

EE Extract the minimal quantity of data from each data source. 

EE Minimize the data movement across the network.

EE Push down the execution of calculations to the data sources as much as pos-
sible.

4. The queries on each physical data source are translated in the specific database 
vendor syntax.

5. Queries are executed according to the optimization plan.

6. The final results are aggregated, synchronized, and sent back to the calling 
application.

All of the execution steps, from connecting to the data sources to optimizing and 
executing the queries are performed by the Federation Query Server. This means 
that all queries and all connections using the federation technology must go through 
the BI platform. 
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The Federation Query Server always works on the latest version of data available 
in the data sources. The absence of caches and of predefined data movements guar-
antees that the information is retrieved in real time when the client tool executes 
the query.

To optimize a federation project, it’s important to optimize both the universe and 
the BI platform deployment settings. In SAP Business Objects BI 4.0, the Data Fed-
eration Administration Tool has been introduced to help you administer, analyze, 
and optimize the federation environment (see Section 6.6).

6.1.3 Supported Data Sources

The Federation Query Server supports most of the relational data sources supported 
by the universe. Table 4.1 in Chapter 4 summarizes the Product Availability Matrix 
(PAM) and lists the sources that can be used for federation.

Apart from the classic relational data sources, the Federation Query Server lets 
you connect to additional sources that aren’t available in a single-source universe: 
SAP NetWeaver BW (see Chapter 12, Section 12.1.4) and SAS. When connecting 
to those sources, the Federation Query Server exposes a relational interface in the 
universe but then queries the systems with the source-specific function calls. The 
designer of the universe sees plain relational database schemas and works with 
SQL; the Federation Query Server does all of the translation to the specific calls to 
be done on the source systems.

Because all of the connections have to pass through the BI platform, a multisource 
data foundation is able to see only local shortcuts of connections published on 
the server.

If you need to connect to SAP NetWeaver BW or to a SAS system, you have to create 
a relational connection in the Repository Resources view of IDT. Those connec-
tions don’t appear in the list of available middleware of the Local Projects panel. 

After your connections are created in the CMS repository, and local shortcuts are 
available, you can create your multisource data foundation, as described in the 
next section.
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6.2 Multisource Data Foundations

Multisource data foundations are the resources where you model your federation 
project. Business layers built on top of these data foundations have just a few minor 
differences with respect to business layers built on top of single-source data founda-
tions. The differences in business layers are discussed in Chapter 7, Section 7.28.

Cluster Federation

Federation of data sources used by multisource universe must not be confused with 
cluster federation that you can define in the Central Management Console (CMC).

6.2.1 Choosing the Data Foundation Type

In general, a multisource data foundation should be chosen only when the proj-
ect being developed requires federating data from multiple sources or when it’s 
necessary to connect to data sources not supported by a single-source universe 
(SAP NetWeaver BW, SAS). In all other situations, it’s always better to choose the 
single-source data foundation.

The federation algorithms executed by the Federation Query Server introduce a per-
formance degradation, which, even if small, isn’t justified on single-source projects.

The query languages on single-source and multisource data foundation are differ-
ent. Single-source data foundations require you to use the database vendor-specific 
SQL for defining your universe. Multisource data foundations, on the contrary, 
require you to use the SAP Business Objects SQL, a specific SQL that follows the 
ANSI SQL-92 syntax and proposes a fixed set of functions, as listed in Table 6.3.

Area SQL Functions

Aggregation SUM, AVG, MIN, MAX, COUNT

Numeric ABS, ACOS, ASIN, ATAN, ATAN2, CEILING, COS, COT, 
DEGREES, EXP, FLOOR, LOG, LOG10, MOD, PI, POWER, 
RADIANS, RAND, ROUND, SIGN, SIN, SQRT, TAN, TRUNC

Table 6.3 Supported SQL Functions in a Multisource Data Foundation
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Area SQL Functions

Date and time CURDATE, CURTIME, DAYNAME, DAYOFMONTH, DAYOFWEEK, 
DAYOFYEAR, DECREMENTDAY, HOUR, WEEK, YEAR, 
INCREMENTDAYS, MINUTE, MONTH, MONTHNAME, SECOND, 
QUARTER, NOW, TIMESTAMPADD, TIMESTAMPDIFF, TRUNC

String ASCII, CHAR, ISLIKE, LEFTSTR, LEN, LTRIM, PERMUTE, 
PERMUTEGROUP, LOCATE, REPEAT, REPLACE, RPAD, RPOS, 
RTRIM, SPACE, SUBSTRING, TOLOWER, TOUPPER, TRIM

System and logic DATABASE, IFELSE, NVL, USER, VALUEIFELSE

Conversion CONVERT, CONVERTDATE, HEXATOINT, INTTOHEXA, 
TOBOOLEAN, TODATE, TODECIMAL, TODOUBLE, TOINTEGER, 
TONULL, TOSTRING, STR

Table 6.3 Supported SQL Functions in a Multisource Data Foundation (Cont.)

In a multisource data foundation, database vendor-specific SQL can be used only in 
a particular type of derived tables discussed later in Section 6.3.2. This constraint 
implies that you aren’t allowed to seamlessly use SQL extensions or vendor-specific 
functions (e.g., analytic functions) when working with multisource universes.

6.2.2 Creating a Multisource Data Foundation 

The steps to create a new multisource data foundation are the following:

EE Create a new data foundation resource.

EE Select the Multisource-Enabled type.

EE Select the connection(s).

EE Adjust the connection information.

To create a multisource data foundation, follow these steps:

1. Select the File • New • Data Foundation command from the top menu com-
mands or directly with by right-clicking in a project or project folder. The New 
Data Foundation dialog box opens.

2. Enter a name for the data foundation, and then click Next.

3. The Select Data Foundation Type panel displays. You can select to create a 
single-source or a multisource data foundation. This is the same panel displayed 
when you create a single-source data foundation (see Chapter 5, Figure 5.1). 
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4. Select the Multisource-Enabled radio button, and then click Next. Remember 
that this choice isn’t reversible; after the data foundation type has been chosen, 
you can’t modify it to the other format.

5. The Select Connections panel displays. You can select the connections you 
want to use. The connections can be modified later, and new connections can 
be added to an existing data foundation when needed.

The list of available connections, as shown in Figure 6.1, returns only connec-
tion shortcuts that are compatible with the federation technology and actually 
working on the selected server. Connections that aren’t working are shown with 
an error message. Usually this error means that the middleware isn’t properly 
configured on the BI platform or that the connection shortcut points to an invalid 
server connection.

Select the connections by clicking the checkbox in front of them, and then click 
Next.

Figure 6.1 Available Connections for a Multisource Data Foundation

6. For each connection you’ve selected, the Define connection properties for 
connection window displays as in Figure 6.2. In this window, you can define 
how the connection and its tables must appear in the multisource data founda-
tion editor:

EE The short name of this connection used to identify it.

EE The color of the table headers associated to this connection. 

EE If the connection references an SAP NetWeaver BW system. Clicking the 
Advanced button allows you to automatically build the data foundation. (For 
more details, see Chapter 12, Section 12.1.4.)
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Figure 6.2 A Multisource Data Foundation Connection Properties Window

7. Click Finish. The dialog box closes, and the data foundation is created and 
opened in a new editor.

6.2.3 Multisource Data Foundation Editor

The editor displaying a multisource data foundation is similar to the one displaying 
single-source data foundations. However, as shown in Figure 6.3, a few differences 
appear: 

EE In the left panel, the Connections section contains the different connection 
shortcuts selected when creating the data foundation or added after its creation. 
Each connection shortcut is identified by the short name and the color you’ve 
selected for it.

EE There are two additional buttons in the Connections section toolbar:

EE Add New Connection ( ): To add a new source to the data foundation. 
Click it to open the connection selection dialog box and use it as a new source 
in the data foundation.

EE Remove Connection ( ): To remove a source from the data foundation.

EE The bottom of the left panel contains a Federation Layer section used to create 
federated tables (see Section 6.4).
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Figure 6.3 The Multisource Data Foundation Editor: Left Panel

The data foundation is now created and connected to the various data sources. 
The following section describes how to build some basic federation functionality 
in the data foundation.

6.3 Working with a Multisource Data Foundation

A multisource data foundation can be defined with the same workflow of a single-
source one, with the difference that tables come from multiple connections and 
that the syntax is the standard ANSI SQL-92 with the SAP Business Objects SQL 
additional functions. This means that it’s possible to create multisource joins and 
multisource derived tables with the same workflow used in single-source projects. 
In addition, you can also create federated tables for complex multisource manipula-
tions. They are introduced in Section 6.4.

6.3.1 Creating Multisource Joins

After adding tables to the data foundation from the various connections, you can 
join them by dragging the column of a table onto the column of another table 
(or using Insert • Insert Join). In the example shown in Figure 6.4, the table 
“Resort_Info” (in the middle of the figure) is from one source, while the two other 
tables (“Resort” and “Sales_Person”) are from another source.
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Figure 6.4 An Example of a Multisource Join

If you double-click on any of those two joins, the Edit Join window pops up and 
shows the exact definition of the link, as shown in Figure 6.5. This window lets you 
create a more complex definition of the join. By using the appropriate checkboxes, 
you can define outer joins (right, left, full) and shortcut joins. The cardinality can 
be set manually, and a complex formula can be defined in the Expression text 
field. This SQL formula must be compliant with the SAP Business Objects SQL and 
contains only functions it supports (refer back to Table 6.3).

Figure 6.5 The Edit Join Window Showing a Multisource Join Definition
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In the SQL formula, each table name must be prefixed by the @catalog built-in 
function with the name of the data source given when the data foundation is cre-
ated (refer to Section 6.2.2). In a multisource context, this allows the system to 
identify exactly which database has to be referenced for the query. The @catalog 
function lets you use different data sources containing the same table names with-
out generating a conflict.

If the database supports owner and/or qualifier, in any SQL expression involving 
multisource, the table name must be identified from this template: 

@catalog(<shortname>)."<qualifier>.<owner>"."<table_name>"

In the example in Figure 6.4, selecting the columns “RESORT”, “Description”, and 
“SALES_PERSON” of the three tables and then choosing the View Column Values 
command returns the result by federating data from the two sources. 

The following is the generated syntax:

SELECT Table__1."RESORT", Table__3."Description", Table__2."SALES_
PERSON"

FROM "SOURCE_1"."CLUB"."Resort" Table__1 INNER JOIN 
"SOURCE_2"."TESTS"."Resort_Info"  Table__3 ON (Table__1."RESORT_
ID"=Table__3."Res_ID") INNER JOIN "SOURCE_1"."CLUB"."Sales_Person"  
Table__2 ON (Table__3."Mgr_ID"=Table__2."SALES_ID")

In this query, the @catalog built-in function has been substituted with the correct 
data source identifier known by the Federation Query Server.

6.3.2 Creating Multisource Derived Tables

Derived tables can be used to define calculations or any data manipulation that is 
useful for the business usage of the information and that is too complex to define 
in a business object or that has to be reused in multiple business layers (see Chapter 
5, Section 5.4). 

In a multisource data foundation, you define a derived table differently if it queries 
a single source or multiple sources. This choice influences the SQL you can use in 
the derived table formula and how the Federation Query Server runs the resulting 
query, as described in the next sections.
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Multisource Derived Table with Standard SQL Syntax

If your derived table is based on tables from multiple data sources, then the query 
is processed by the Federation Query Server. This implies some constraints in the 
formula to use to define the derived table:

EE To avoid ambiguity between tables with the same name, you need to prefix table 
names with the @catalog built-in function and the short name used to identify 
the connection in the multisource data foundation.

EE If the database supports owner and/or qualifier, the table name must be identi-
fied through this template: 

@catalog(<shortname>)."<qualifier>.<owner>"."<table_name>"

EE The SQL formula used to define the derived table must be compliant with SAP 
Business Objects SQL and contain only functions it supports (refer to Table 6.3).

The Federation Query Server can manage multisource queries and evaluate if any 
optimization is possible. Queries are processed, rewritten, and combined with 
other queries to each single source to speed up the execution. 

Because the formula for multisource derived tables can be complex to write, you 
can use the SQL builder as much as possible to define an initial formula with the 
correct syntax and the correct joins. This can help you avoid errors and speed up 
the definition. Manual adjustments can be made to fine-tune the statement.

Single-Source Derived Table with Database-Specific Syntax

The database-specific syntax derived table is used to define derived tables on top 
of tables of one single source among the list of available sources in the multisource 
data foundation. This table allows you to use the vendor-specific database syntax 
(e.g., analytical functions such as ranking can be used here). In the same multisource 
data foundation it is possible to have many single-source derived tables, each one 
using the database-specific syntax of the data source.

For example, you can define a derived table that provides a standard deviation of 
revenue grouped by month. Because the SAP Business Objects SQL doesn’t support 
any standard deviation function (see Table 6.3), this calculation can be achieved 
only by using a database-specific syntax derived table:

SELECT stddev("TESTS"."Sales"."Revenue"),"TESTS"."Sales"."MONTH"
FROM "TESTS"."Sales"
GROUP BY "TESTS"."Sales"."MONTH"
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Because there is no ambiguity in the table name, it isn’t required to use the  
@catalog built-in function to differentiate the tables with the same name from 
different data sources. 

Derived tables defined with the database-specific syntax are sent to the database as 
is, without any processing. Their result is retrieved by the Federation Query Server 
and then used for the rest of the query. This happens because the Federation Query 
Server doesn’t understand the syntax of the query and needs to delegate the whole 
execution to the underlying source. 

Use single-source derived tables each time it’s necessary to use a database-specific 
function that has no equivalent in the SAP Business Objects SQL function list. In 
the business layer, it is not possible to use database-specific syntax in the business 
objects definition. 

Adding a New Derived Table

To add a derived table in a multisource data foundation, follow these steps:

1. In the data foundation toolbar, select the Insert • Insert Derived Table button, 
or right-click in the data foundation and select the Insert • Derived table com-
mand. The Edit Derived Table dialog box opens, as shown in Figure 6.6.

2. To define a multisource derived table with standard SQL syntax, select the 
Standard SQL-92 radio button.

EE The Tables list is updated with the tables of the different sources, and the 
Functions list is updated with the SAP Business Objects SQL functions.

EE You can use these lists to define the SQL in the Expression text field or directly 
type it in the Expression text field. 

EE You can also use the SQL builder to generate an SQL skeleton. To do so, click 
the SQL Builder button to open it:

 − In the Tables list, select the columns from the different sources to use in 
the formula.

 − Click OK to close the SQL Builder. An SQL skeleton text based on the 
selected columns is available in the Expression text field in the Edit Derived 
Table window.

 − Modify the SQL to define the exact formula to use for the derived table.
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Figure 6.6 Edit Derived Table Dialog Box in a Multisource Context

3. To define a single-source derived table with database-specific syntax, select the 
Database-Specific radio button, and then select the data source onto which you 
want to define the table.

EE The Tables and Functions lists are updated with the tables and the specific 
database functions of the source you’ve selected.

EE In the Expression text field, enter the SQL formula to define the derived 
table. When defining the syntax of a single-source derived table, it isn’t nec-
essary to add the @catalog keyword to specify the source.

4. Click OK to close the Edit Derived Table dialog box and create the derived 
table.
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Using the SQL Builder Example

In the example in Figure 6.4 to create a derived table showing how many employees 
(data from “Source_2”) work for a specific hotel (data from “Source_1”), use the SQL 
builder to get the query skeleton. As shown in Figure 6.7, select the “RESORT” and 
“Num_employees” columns to get the following SQL.

SELECT Table__1."RESORT", Table__3."Num_employees"

FROM

@catalog('SOURCE_1')."CLUB"."Resort" Table__1 INNER JOIN  
@catalog('SOURCE_2')."TESTS"."Resort_Info" Table__3 ON 
(Table__1."RESORT_ID"=Table__3."Res_ID")

This query can be then manually adjusted to fit the exact request. A Sum aggregation 
function is used to find the total number of employees, and the results are grouped by 
the resort name.

SELECT Table__1."RESORT", Sum(Table__3."Num_employees")

FROM

@catalog('SOURCE_1')."CLUB"."Resort" Table__1 INNER JOIN  
@catalog('SOURCE_2')."TESTS"."Resort_Info" Table__3 ON 
(Table__1."RESORT_ID"=Table__3."Res_ID")

GROUP BY Table__1."RESORT"

Figure 6.7 The Initial Query Created with the SQL Builder
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Joins and derived tables can be used to create simple relationships and calculations 
between multiple sources through SQL statements. Thanks to the federated tables 
described in the next section, it’s possible to create more elaborate relationships 
between tables from multiple sources. 

6.4 Federated Tables

The federated table is a new concept introduced in SAP Business Objects BI 4.1. If 
you have an SAP Business Objects BI 4.0 version of the tool, the option to define 
and add new federated tables is not available in IDT. 

6.4.1 Federated Tables Usage

Federated tables let you define complex relationships between multiple source 
tables in a simple and graphical manner. They allow you to cover a lot of use cases 
that are either too complex to define or too expensive to maintain with derived 
tables. Let’s examine some examples where federated tables can help.

Partitioned Data

In some situations, it’s necessary to have a global view of data partitioned across 
multiple sources. A typical example is when a large dimension is partitioned 
geographically, and each country office has, in its local database, the list of local 
customers. Another example is when a fact table is so large that not all of the 
information is kept in the same data warehouse. The latest information is in the 
data warehouse because it’s used more often; older data, seldom used, is sitting in 
a near-line storage system both to reduce the cost and improve the performance 
of the main data warehouse. 

A federated table can provide a single view on top of all partitions of data and can 
be set up to access only the necessary sources, depending on what is actually asked 
at runtime in the query.

Data Quality

Another use of federated tables is related to improving the quality of data at run-
time. A federation technology can’t fully compete against a data quality solution, 
but it allows you to do some basic manipulations that are applied only to the used 
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information at runtime. For example, a federated table can put in the correct format 
a phone number for display when various numbers come from multiple sources 
in different formats. It can also be used to display error messages as results when 
some fields aren’t matching some basic quality rules. 

Optimized Data Synchronization

Federated tables can help by synchronizing data sitting in multiple sources in a 
single view. If a relationship can be defined between tables of various sources, it’s 
possible to pick information where it has the most quality or where it exists to build 
a final table containing all pieces of information. For example, the Social Security 
number of a person can be found in two data sources, and you know that one 
of the sources has better quality data. A federated table can get the number from 
the more correct source by default and go to the alternate source only when the 
first one doesn’t have the number. The use of Case statements provides a dynamic 
choice of the source.

Top-Down Models

A use case, comprehensive of all of the preceding scenarios, is when a company 
defines a virtual model for its data. The model is defined top down as a set of 
empty federated tables that aren’t connected to any source. With time, sources 
are added, and the model starts to work. Additions of new sources don’t modify 
the virtual model, and the newly added data is immediately available in the SAP 
Business Objects BI client tools and in existing reports. A company acquiring another 
company might want to add the acquired company information to the model with-
out actually moving it into a single data warehouse. The inclusion of existing data 
into the virtual model is less expensive and requires a shorter project time than 
the actual movement of the data.

This section described the typical usage of federated tables. The next sections 
introduce the fundamental concepts of federated tables and the environment in 
which they are created: the Federation Layer editor. This editor is available only in a 
multisource data foundation starting with the release of SAP Business Objects BI 4.1.
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6.4.2 Federated Table Definitions

Federated tables bring new concepts introduced in SAP Business Objects BI 4.1, so 
it’s important to define them before detailing how they are implemented.

Federated Table

A federated table is a virtual table supported only in multisource data foundations. 
This virtual table exposes data from one or more other source tables, such as data-
base tables coming from the different data sources on which the multisource data 
foundation relies. Other federated tables can also serve as source tables, but you 
can’t create dependency loops between the federated tables. 

A federated table can be created either with a top-down approach defining its 
schema from scratch (see Section 6.4.4), or it can be created using a source table 
schema as a template (see Section 6.4.5).

The federated table is defined by a set of columns, with each column being defined 
by the following:

EE Name  
The column name.

EE Data type  
The data type recognized by the Federation Query Server and returned by the 
column. The supported types are the ones supported by the Federation Query 
Server: VARCHAR, INTEGER, DOUBLE, DECIMAL, DATE, TIME, TIMESTAMP, 
NULL, and BIT. When used in a universe, those types are casted to the list of 
types supported by the data foundation, as shown in Table 6.4. The automatic 
match can be overridden by the universe designer in the business layer.

EE Description  
Provides some information on the content and is very useful for documenting 
the project or when passing it to another person. Because you are adding a new 
layer of abstraction between the data and its business exposure, it is difficult for 
others to reverse-engineer the design. A good description takes a short time to 
add and simplifies the work for others.

EE Input attribute  
If the Input attribute is set, then the column is an input column, which can be 
used when connecting to SAP ERP ABAP functions, as described in Chapter 12, 
Section 12.2.3.
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Federation Query Server Type Data Foundation Type

Varchar String 

Integer Numeric

Double Numeric

Decimal Numeric

Date Date

Time DateTime

Timestamp DateTime

Null Undefined

Bit Numeric

Table 6.4 Matching between Federation Query Server and Data Foundation Data Types

To prevent performance impact on the Federation Query Server, add only columns 
that are actually useful and avoid adding unnecessary columns that just increase 
the complexity of the schema.

One benefit of a federation project is that if a new column becomes necessary after 
the project has been developed, it’s possible to quickly add it to the model and 
link it to the source data without impacting the dependent resources or requiring 
any additional data movement.

The federated table is a virtual table and you can define some processing on the data 
it exposes coming from its source tables without modifying them. This processing 
is done by mapping rules, pre-filters, and post-filters that are defined when you 
create the federated table. 

Mapping Rule

When you create a federated table, mapping rules contain the mapping formulas 
that define, for each federated table column, how the data is retrieved from the 
source tables and transformed to be exposed through the federated table col-
umns. This transformation is expressed through a mapping formula written in SAP 
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Business Objects SQL and containing only functions it supports (refer to Table 6.3). A 
mapping rule and each mapping formula can involve columns from different tables.

There are different types of mapping formulas in a federated table, depending on 
how the data is retrieved from the source tables and transformed to be exposed 
through the federated table column: 

EE Equality  
A column is identically mapped in the federated table column.

EE Complex formula  
The federated table column is filled with a formula based on different source 
columns.

EE Aggregation  
The federated table column is filled with an aggregation based on different source 
columns.

EE Constant  
The federated table column is filled with a fixed value.

The data is retrieved from the sources and processed by the mapping rules only 
when the final user of the SAP Business Objects BI client tool runs or refreshes the 
query in real time and on the latest data into the database. The federated tables aren’t 
storing any data; they can be considered a virtual view on top of multiple sources.

It’s important to define the mapping rules so that the business requirements for 
data transformation are met. At the same time, you have to make sure that the 
rules aren’t too complex to impact the performance of the query.

The mapping rules can also contain filters applied on the source data before it is 
queried (pre-filters) or on the data available in the federated table after the map-
ping formulas have been executed (post-filters).

Pre-filter

In various situations, not all of the data of a source table is needed for federation. 
For example, if you need only customers of a specific age group in your project, 
you might want to filter the source table data before this is exposed in the feder-
ated table to decrease the quantity of transferred data at its origin.
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Data Transfers

When data appears in a federated table, it means that it has been queried and extracted 
from its database. To avoid extracting unnecessary data, filter the source as much as 
possible, and push calculations down to the source database instead of performing them 
in the federated model.

This filtering on the source table is done with the pre-filter functionality. A pre-
filter is an SQL WHERE clause that is applied to the source table before using its data 
in the mapping formulas. Data eliminated by the pre-filter is never visible by the 
mapping formula. The pre-filter formula can only use SAP Business Objects SQL 
functions detailed earlier in Table 6.3. 

Distinct Filter

If multiple records in the table contain the same values, it is possible to ask the 
Federation Query Server to return only one of the records. To do so, right-click 
the source table, and select the Distinct Rows setting.

Post-Filter

A post-filter is a filter applied to a federated table after its mapping rules have 
been run. In some use cases, it might be necessary to filter the data of a mapping 
rule only after this has been calculated. For example, you might want to show in 
a federated table a list of customers who owe you money, and the information 
about purchases and payments are in two different data sources. You can build 
a mapping formula defining a Balance column in the federated table that takes 
the customer Purchase_Amount from one source and subtracts the customer Pay-
ment_Amount from the other source. 

Balance=SourceA.Purchases_Amount-SourceB.Payments_Amount

And then you can filter the table to keep only customers whose Balance is positive. 
The post-filter formula can only use SAP Business Objects SQL functions detailed 
earlier in Table 6.3. 

6.4.3 The Federation Layer Editor

The Federation Layer editor is the place where you define and edit the federated 
tables that gather data from multiple sources in real time. To open the editor, you 
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have to click on the Federation Layer tab on the bottom-left part of a multisource 
data foundation, as shown in Figure 6.8.

Figure 6.8 The Federation Layer Editor Interface

The editor is made of three main parts:

EE Federation Layer panel  
This left panel lists the federated tables defined in the data foundation. As shown 
in Figure 6.8, if those tables have a green checkmark, then they are used in the 
data foundation as well; if they don’t have a checkmark, then they have been 
defined but not exposed. If you right-click on the tables, some common actions 
become available such as previewing data, counting the rows, or editing the 
definition.

EE Federation Data Flow panel   
This top-right panel shows the dependencies between the federated tables and 
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the source or other federated tables that compose the sources. The information 
is to be regarded as a dependency map, which helps manage large federation 
projects.

From this panel toolbar, you can perform some high-level actions on federated 
tables, as described in Table 6.5.

Button Name Description

Add Federated Table Adds a new federated table.

Show Table/Column 
Values

Displays values returned by the selected 
mapping.

View Errors and 
Warnings

Shows details of a problem after a check 
integrity has found some issues on the 
mapping rule. If no check integrity has been 
run, then this button is disabled.

Edit Modifies the name and the description of the 
selected mapping.

Refresh Structure Detects and updates the changes between 
the federated table and the data sources 
tables.

Delete Deletes the selected mapping. If the 
federated table contains only one mapping, 
then the federated table is deleted as well.

Table 6.5 The Commands in the Federation Data Flow Panel Toolbar

EE Properties panel  
When you click a federated table in the Federation Data Flow panel, this panel 
at the bottom of the screen shows its mapping rules. One tab is displayed for 
each mapping rule. Each tab displays the source tables on the left and the feder-
ated table on the right. The two parts are connected by curved lines that repre-
sent the mapping formulas, which consist of the detailed syntax that transforms 
the source data into the data exposed in the federated table.

The panel toolbar proposes more exhaustive actions on the federated table and 
its mapping rules, as described in Table 6.6.

901_BookXXXX.indb   308 11/5/13   2:20 PM



309

Federated Tables 6.4

Button Name Description

Add Adds a new source table, a new pre-filter, or 
a new join between sources.

Show Table/Column 
Values

Shows the values of the selected item in the 
mapping rule editor: a column in the source 
table, the whole source table, or a column in 
the federated table.

View Errors and 
Warnings

Is enabled after running a check integrity 
action on the mapping rule. If some errors or 
warnings are returned, clicking this button 
opens a window containing the details of the 
problem.

Automap Columns Creates an automatic mapping from the 
source tables to the federated table. The 
mapping is done by checking the name of 
the columns and the respective order in 
the source and the target. It’s useful mainly 
when creating the union of multiple tables 
with the same schema.

Edit Changes the underlying physical table with 
another one when a source table is selected, 
or modifies the formula when a mapping 
formula or a column in the federated table is 
selected.

Delete Deletes a source table title from the mapping 
rule when a source table title is selected. 
Deletes the associated mapping formula 
when a federated column is selected.

Edit post-filter Adds a new post-filter to the mapping rule 
or edits an existing one.

Delete Post-filter Deletes the post-filter from the mapping 
rule.

Table 6.6 The Commands in the Properties Panel Toolbar
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Switching Data Foundation and Federation Layer Sections 

The left panel of the data foundation editor contains the Connections section. This 
section is important because it contains the data sources and the tables they contain. 
For this reason, it must be available from both the data foundation and federation layer 
to include new tables.

If you are in the Federation Layer section and click on the Connections section you 
remain in the Federation Layer editor but you can now see the list of all source tables, 
as shown in Figure 6.9. You can drag a source table into a mapping rule to make it part 
of a federated table definition. This workflow is described in detail in Section 6.4.6.

To get back to the Data Foundation section, click on the Data Foundation tab, and 
then click on the Connections tab to add a table in the data foundation.

Figure 6.9 The Connection Panel Seen from the Federation Layer Editor

This section has presented the most important parts of the Federation Layer editor. 
The next few sections explain the workflow of creating and using federated tables 
in a multisource data foundation.
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From the Federation Layer editor you can perform the following tasks:

EE Create and edit the definition of a federated table.

EE Associate source tables to a federated table.

EE Define mapping rules to expose source table data into a federated table.

6.4.4 Creating Federated Tables from Scratch

To define a new federated table from scratch, follow these steps: 

1. Click the Add Federated Table button ( ) in the Federation Data Flow 
panel toolbar, or right-click in this panel and select Add Federated Table. The 
table editor shown in Figure 6.10 is displayed.

2. Enter the name of the federated table in the Table Name text field. You can’t 
enter the name of an already existing federated table. Because there may be 
many federated tables in a project, give a self-explanatory name to the table so 
you can quickly grasp the table’s purpose.

3. Enter a description of the table in the Description box at the bottom of the 
window. The description pops up as a tooltip when moving the mouse over the 
federated table, wherever it’s used.

Figure 6.10 The Editor for the Definition of a Federated Table

901_BookXXXX.indb   311 11/5/13   2:20 PM



312

Multisource Data Foundations6

4. To add a new column to the table, click the third button ( ) located on the 
right of the array. A new line is added in this array for the new column.

5. Enter the following details to define the column:

EE Name, which must be unique in the federated table

EE Type, which can be chosen from the Data Type dropdown menu, as shown 
in Figure 6.11

EE Description

If you use a connection to SAP ERP, you can also define whether the column is 
an input column—that is, a virtual column used to pass values to a database 
function (see Chapter 12, Section 12.2.3). For other data sources, you should 
just leave the value to the default of No Input.

Figure 6.11 The Available Data Types of a Federated Table

6. Repeat these steps for all columns to add. The other buttons on the right side 
of the dialog box can be used to modify the column order or to delete them:

EE : Move the highlighted column up.

EE : Move the highlighted column down.

EE : Delete the highlighted column.

EE : Delete all columns.

7. When you have defined all columns to add (see Figure 6.12 for an example of 
a complete federated table), click OK to create the federated table with these 
columns.

8. The table appears in the Federation Data Flow panel. Hovering the mouse 
over it provides its description. On the bottom part of the screen, as shown in 
Figure 6.13, the panel of the mapping rules opens and enables you to start 
defining what data is exposed by this federated table.
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Figure 6.12 Federated Table Properties

Figure 6.13 The Saved Federated Table 
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9. To modify the definition of the federated table, select it in the Federation 
Data Flow panel, and click the Edit icon ( ) on the toolbar or right-click 
and choose Edit.

10. Click the Save button ( ) in the IDT toolbar to save your federated table in 
the data foundation. 

Once defined, the federated table can be used in the data foundation (see Section 
6.4.11) but it can’t be used for queries until when it has no mapping rule that 
associates source data to it (see Section 6.4.6). 

6.4.5 Creating a Federated Table from a Source Table Template

Another way to create a federated table is by using a source table as a template 
and as a first input for data. To create a federated table from a source table, follow 
these steps:

1. Open the Connection list in the Federation Layer editor as explained in Section 
6.4.3.

2. From the available data sources, select a table to be used as a source table for 
the federated table.

3. Drag and drop it into the Federation Data Flow panel. A new federated table 
is created with the same schema as the source table. A mapping rule, displayed 
in the Properties panel, has also been automatically created between the two 
tables to map identically the columns of the two tables.

Example

As shown in Figure 6.14, the INVOICE_CURRENT table of SOURCE_1 has been dropped 
in the Federation Data Flow panel, which has created a federated table based on this 
source table.

As opposed to a federated table that has been created either from scratch, this new 
table is ready to be used because it exposes all of the data of the source table. In 
the first case, it’s mandatory that you define a mapping rule, whereas in this case, 
you may optionally define or modify the mapping rule.
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Figure 6.14 Creating a Federated Table by Dropping a Source Table

6.4.6 Defining Mapping Rules

A mapping rule is a set of mapping formulas which take as input the data from 
the sources and define how to expose it in each column of the federated table. In 
each mapping rule you have to define one mapping formula for each federated 
table column.

There are different types of mapping formulas, depending on how the data is 
retrieved from the source tables and transformed (refer to Section 6.4.2): equality, 
complex formula, aggregation, and constant. The icons to identify each mapping 
formula are described in Table 6.7. 

Icon Mapping Type 

Equality

Complex formula

Aggregation

Constant 

Table 6.7 Formula Description Icons
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The workflow to define a mapping formula may vary depending on the type.

Adding Source Tables and Creating an Equality Mapping Formula

To create a mapping formula that identically maps columns, follow these steps: 

1. Click the federated table, and the mapping rules panel opens at the bottom of 
the Federation Layer editor, as shown in Figure 6.15. 

2. If you define your first mapping rule, you can define it in the Default Mapping 
tab. Otherwise, click in the Add Mapping tab to add a new mapping and open 
a new tab for it.

Figure 6.15 Mapping Rule Editor Ready to Accept Sources for a Federated Table

3. In the tab, the empty box on the left is used to host the source data tables; on 
the right part, you have the columns of the federated table that have to be 
mapped to the source.

4. Put some source data into the mapping rule. Drag a table from the Connections 
section into the Input Tables list in the Properties panel as shown in Figure 
6.16, where the Customer table is dropped into the Input Tables box.

5. Define a mapping formula for each target column to define how their values are 
computed from source tables. The simplest formula says that the source columns 
map as is into the federated column. You can define this equality formula simply 
by dragging and dropping a source column onto the federated column, as shown 
in Figure 6.17.

6. If you click the Show Table/Columns Value button ( ) to display the content 
of the federated table at this stage, you can check that the federated table displays 
all values of the source table column.
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Figure 6.16 Adding a Source Table to a Mapping Rule

Figure 6.17 Dragging a Source Column onto the Federated Table Target Column to Create an 
Equality Mapping Formula

Equality Example

In the Figure 6.17 example, the federated table column Customer_ID is just exposing the 
data in SOURCE_1.CUST_ID by dragging the source column onto the target column. You 
could also map the source table ADDRESS column into the Customer_Address column.
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Creating a Complex Formula or an Aggregation Mapping Formula 

Mapping rule formulas can also contain more complex manipulations, such as com-
plex formula or aggregation. To define a complex mapping rule, follow these steps:

1. Open the Edit Mapping Formula editor either by double-clicking on the target 
column, or by right-clicking it and selecting the Edit Mapping Formula com-
mand.

2. In this editor, enter the formula that defines the transformation between the 
source data and the way it’s exposed in the federated table. You must use ANSI 
SQL-92 syntax and the SAP Business Objects SQL functions listed earlier in Table 
6.3.

3. Click OK to save the formula and close the Edit Mapping Formula editor.

Complex Formula Example

The federated Customer_Name column could be the concatenation of the source 
FIRST_NAME and LAST_NAME columns.

As shown in Figure 6.18, the formula is:

concat("S1"."FIRST_NAME", concat(' ',"S1"."LAST_NAME")) 

Figure 6.18 A Complex Mapping Formula
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To edit the mapping formula of a column of a federated table, in the Properties 
panel, either double-click this column, or right-click it and select Edit Mapping 
Formula. In both cases, the Edit Mapping Formula dialog box opens and you 
can modify the mapping formula. To remove a mapping formula, in the Properties 
panel, right-click the column of a federated table and select the Delete command. 

Creating a Constant Mapping Formula 

A federated column can also contain a constant value. To add a constant value you 
have to edit the mapping formula so that it contains the value. In the example, the 
customer list used is the list of customers coming from the actual database (the 
list of past customers comes from another database). You can then set the Source 
column to the value “Actual” so that in your queries you can see where the data 
comes from. This definition is shown in Figure 6.19.

Figure 6.19 A Mapping Formula Containing a Constant Value

Quote versus Double-Quote

In the formula used to define the mapping rule, strings are surrounded by single quotes 
instead of the double quotes used for database elements (such as catalog names, table 
names, and columns). If, by mistake, you use a double quote for a string, the error 
message says that the system can’t resolve an identifier because it searches a database 
element that is, in fact, the value of your string.
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It’s possible to combine different mapping formula types when defining federated 
table columns, as shown in Figure 6.20.

Figure 6.20 A Complete Mapping Rule

Formulas are the functionality you use when you need to transform the source 
data into its target format in the federated table. Sometimes, before applying the 
formulas or after they have been applied, you might need to filter the data as well 
to fine-tune your model. This can be done by defining pre-filters or post-filters.

6.4.7 Defining Pre-filters 

To add a pre-filter to a source table, you have to select the source table in the map-
ping rules editor (in the left panel) and then either choose Add • Add Pre-filter 
from the toolbar (as shown in Figure 6.21) or right-click and choose Add Pre-filter.

Figure 6.21 Add a Pre-filter to a Source Table
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In the pre-filter editor, you can now write the clause that is applied to the table 
before using it. In the example, to keep only customers between 20 and 50 years 
old, the syntax to add to the filter is then (Figure 6.22):

"S1"."AGE" between 20 and 50

The Customer table is now displayed with a small funnel on its icon in the map-
ping rules editor ( ).

The data preview of the source table (obtained by selecting the table in the map-
ping rules panel and clicking on the Show Table/Column Values button) returns 
only customers of the appropriate age range.

Figure 6.22 Pre-filter Editor

6.4.8 Defining Post-filters

To add a post-filter, you have to click the Edit Post-filter button in the toolbar, 
as shown in Figure 6.23.
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Figure 6.23 The Button to Add or Edit a Post-Filter to a Federated Table in the Mapping Rules 
Editor

As an example, using the table shown in Figure 6.23, you can build a post-filter 
to limit the results to have only customers whose name, the concatenation of first 
name and last name, is fewer than 15 characters.

The post-filter editor looks like the one shown in Figure 6.24. In this example, 
you see only one source table; however, in real-life situations, you usually have 
multiple tables from multiple sources.

Figure 6.24 The Post-Filter Editor
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Choosing between a Pre-Filter or a Post-Filter

In the given example, the two filters can be applied either as pre-filters on the source 
table or post-filters on the mapping rule result. When it’s possible to choose which kind 
of filter to apply, it’s always best to create a pre-filter rather than a post-filter.

A pre-filter is always applied before any other processing of the data, so it reduces the 
quantity of data transferred over the network. A post-filter is generally applied after 
the data is transferred. The query optimization algorithms might cause the post-filter 
to be applied before transferring the data to decrease the network traffic and have the 
database do the filtering. When this happens, the final result is the same as if the filter 
were applied after the data transfer.

6.4.9 Defining Source Table Relationships

The previous section has shown how to build a simple mapping rule with a single 
table; this isn’t yet a case of federation of data across multiple sources. To get data 
from multiple sources, you have to do the following:

EE Drop multiple source tables in the mapping rules editor’s Input Tables panel 

EE Define the relationships between those tables

EE Define which columns of the source tables are exposed in the federated table 
and their mapping formulas

For example, you might have information about products dispersed across multiple 
data sources, as shown in Figure 6.25.

SOURCE_1 SOURCE_2

Figure 6.25 Sample Product Name and Product Manager Tables
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In “SOURCE_1”, which is used to manage the stock, you have a table providing the 
ID of the product and the name of the product. In “SOURCE_2”, used by HR, you 
have the product ID and the name of the product manager working on that product.

The goal might be to define a single federated table showing the product ID, the 
name of the product, and its manager. Figure 6.26 gives an example of the result-
ing federated table definition. In this table, you get data from both sources making 
sure that the current manager is assigned to the correct product name.

Figure 6.26 Sample Goal Federated Table

After the table is defined, you have to drag and drop both source tables into the 
Input Tables panel (refer to Figure 6.16) so that they can be part of the definition. 
After the tables are available in the source panel, you have to define the relationship 
between them. In the example, the product ID is the same between the two tables.

To define this relationship, you drag the Prod_ID column from one table on top 
of the Prod_ID column of the other table, as shown in Figure 6.27.

A curved line linking the two columns is displayed on the screen to represent the 
relationship. This line is called a join even if it doesn’t really represent a normal join 
in pure SQL terms. Double-clicking on the line opens the Join Editor dialog box, 
which lets you modify the default equality relationship. This dialog box is similar 
to the one used to define data foundation joins (see Chapter 5, Section 5.3.2), but 
it supports only the EQUAL operator.
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Figure 6.27 Creating a Source Table Relationship

Matching IDs

The join editor is used to make sure that the IDs from the various source tables match. 
Often an ID in one database isn’t exactly mapping to an ID in another database for the 
same concept. In the join editor, you can, for example, change the type of an ID from 
number to string (or vice versa). You can also prefix or suffix the IDs with strings in order 
to match these IDs and link the data in the two tables.

When the relationship has been established, you can link the source columns to 
the federated columns by dragging and dropping them, as shown in Figure 6.17, 
which generates the mapping rule, as shown in Figure 6.28.

Figure 6.28 The Sample Definition of the Federated Table
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In the example, the federated columns are created with an equality formula, so 
they display exactly the content of the source tables. If you execute a data preview 
on the federated table, you get the results displayed in Figure 6.29.

Figure 6.29 The Content of the Federated Table

Only the common products between the two sources have been kept. The relation-
ship between the two source tables has acted as an inner join between them. This 
default behavior can be changed, thanks to the concept of core table. 

6.4.10 Understanding Core and Non-Core Tables

A source table is a core table if the federated table that uses it has been defined to 
contain only data from rows from this source table. When multiple source tables are 
defined as core, then the federated table contains the intersection of their content.

The core table enables you to define exactly what records of what sources you want 
to see in the federated table. As a general rule, setting a table as core forces the result 
to contain only records that appear in that table. Setting a table as core implies that 
the result is going to be filtered to take out the records that aren’t from that table.

In the federated table, the values that don’t exist in the non-core tables are defined 
as Null. When defining the relationship, it’s a best practice to avoid joining non-
core tables together. A non-core table should always be joined to a core table to 
predict the results.

A Federated Table without Any Core Tables

It’s possible to have no core tables in a table relationship, but this situation should be 
avoided. The Federation Query Server isn’t pushing full outer joins so a left outer join 
is performed using the first table appearing in the list on the left part. This is practically 
the same behavior as if the first table in the list was considered a core table. To avoid 
confusion, it’s always better to define at least one core table.
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Very often, a mapping rule contains more than two tables and is connected to more 
than two sources. In the case of three tables (Table1, Table2, and Table3), the 
Euler-Venn set representation in Figure 6.30 shows the possible data intersections 
returned to the federated table.

Table1

Table3

Table2

A

B

CD

E

F

G

Figure 6.30 A Set Representation of the Results

If Table1 and Table3 are joined to Table2, then the records that appear in the 
federated table depend on the tables that are core or not, as displayed in Table 6.8.

Table1 Table2 Table3 What the Federated Table Contains

Core Core Core A

Non-core Core Core A, C

Non-core Core Non-core A, B, C, F

Table 6.8 Records in the Federated Table, Depending on the Core Tables

By default, all tables are considered core when they are added as source tables to 
a federated table, but it’s possible to modify these settings.

Setting a Table as Core

To set or unset a source table as core, right-click on it, and select (or unselect) the 
Core Table option in the context menu, as shown in Figure 6.31.
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Figure 6.31 Setting a Source Table as Core

Core tables are displayed with a bold font, and non-core tables are displayed with 
a normal font in the Input Tables list in the Properties panel.

Example with Two Tables

If in the earlier Figure 6.25 example, you set the “SOURCE_1.Prd_Name” table 
as core and the “SOURCE_2.Prd_Mgr” table as non-core, you retrieve all records 
available from “SOURCE_1.Prd_Name”, with lines not existing in “SOURCE_2.
Prd_Mgr” set as <Null> (see Figure 6.32).

Figure 6.32 Federated Table when “SOURCE_1” is Core and “SOURCE_2” is Non-Core

If you change the core table and define the “SOURCE_1.Prd_Name” table as non-core 
and the “SOURCE_2.Prd_Mgr” table as core, then all records from “SOURCE_2.
Prd_Mgr” are retrieved, with lines not existing in “SOURCE_1.Prd_Name” set as 
<Null> (see Figure 6.33).
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Figure 6.33 Federated Table When “SOURCE_2” Is Core and “SOURCE_1” Is Non-Core

You can see that the ID for the product whose manager is Jim (information com-
ing from the “SOURCE_2” table) is Null. This happens because the federated ID 
column is mapping the “SOURCE_1” table, not the “SOURCE_2” as shown earlier 
in Figure 6.28.

You must always be consistent when modifying the status of tables from core to 
non-core, making sure that the correct information is sent to the federated table. 
In this example, there are two options to correctly fill in the ID of the product:

EE In the first option, the mapping to the ID column is done with the “SOURCE_2.
Prd_Mgr.Prod_ID” column.

EE A second option is to check whether the value coming from “SOURCE_1” is 
Null. If this is the case, then the value coming from “SOURCE_2” should be 
used.

This is obtained by defining a complex mapping formula using the IsNull function 
(which is called nvl):

nvl("S1"."Prod_ID","S2"."Prod_ID")

In this formula, whenever the first value is Null, the system uses the second one. 
The definition is shown in Figure 6.34.

Figure 6.34 Using the IsNull Functionality in the Mapping Formula
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The result, using either of the two options, is shown in Figure 6.35. In both cases, 
the ID value is returned correctly. Using the second option, the first two ID values 
come from “SOURCE_1”, and the last value comes from “SOURCE_2”.

Figure 6.35 The Result after Making Sure That the ID Is Correctly Returned

Example with Three Tables

When adding a new table, it’s important to make sure that the expected columns 
are returned by correctly tuning the core table settings. In the preceding example, 
you can have a “SOURCE_3” database containing information about the cost of 
each product. The example table is provided in Figure 6.36.

Figure 6.36 A Third Table about Product Costs

You can add the cost information to the federated table and add a mapping formula 
to feed this information from the “SOURCE_3” table, as shown in Figure 6.37. This 
table has the same relationship on “Prod_ID” as the two other tables and is linked 
to the “SOURCE_2” table.

The definition of the federated column ID has been modified to take into account 
the possibility that the value comes from the new table using the following syntax:

nvl(nvl("S1"."Prod_ID","S2"."Prod_ID"), "S3"."Prod_ID")
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Figure 6.37 Adding the Third Source Table

The settings of core tables influence the result displayed in the federated table. 
Having all three tables set as core makes the federated table return the intersection 
of all tables’ records on the “Prod_ID” (this is equivalent to an inner join between 
the three tables). Because the three tables have only the Prod_ID=3 in common, the 
result is displayed in Figure 6.38.

Figure 6.38 Three Tables Defined as Core
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If one of the tables is set as non-core, it doesn’t filter out the columns that don’t 
belong to it, as shown in Figure 6.39.

Figure 6.39 Non-Core Source_1 and Core Source_2 and Source_3

Similarly, when you set two tables as non-core, more columns appear in the result.

6.4.11 Using Federated Tables in the Data Foundation

When you’ve created a federated table, you need to expose it in the model the data 
foundation exposes; otherwise, it can’t be seen by the business layer and used in 
an object definition. 

To insert a federated table in the data foundation, follow these steps: 

1. Open the Data Foundation tab. 

2. In the editor, right-click and select Insert • Federated Table. The Insert Feder-
ated Table dialog box opens, listing all federated tables saved in the data foun-
dation. 

3. Select the checkbox in front of the federated tables to add, and then click OK. 
The dialog box closes, and the federated tables appear in the data foundation 
with a black background heading.

After the federated table has been added to the data foundation, it can be used as 
the following:

EE A physical table that can be joined or taken as a source for a derived table or 
alias table

EE A source table for objects defined in the business layer

You can use a federated table as a source table for other federated tables. The use 
of intermediary federated tables helps in creating complex mapping workflows. In 
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this case, it isn’t required to expose those intermediary federated tables through 
the data foundation.

Check Integrity

Before doing complex modeling in the data foundation with federated tables, run a check 
integrity on the data foundation (see Chapter 5, Section 5.15), at least on the federated 
part. Performing the control in the early phases is important because errors in the feder-
ated layer might impact the data foundation, the business layer, and the universe. The 
Check Integrity dialog box has a section for the federation layer, as shown in Figure 6.40.

Figure 6.40 Check Integrity Rules for the Federation Layer

Thanks to the additional processing it enforces, the federated tables have many 
usages in different scenarios. 
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6.5 Multisource Scenarios

The previous sections have covered most of the theory behind the federation technol-
ogy; this section describes some examples how it can be used for specific scenarios.

6.5.1 The Union Scenario

In many situations, the same kind of information is partitioned across multiple 
data sources. In other cases, similar information is available only at a later time in 
new data sources. To have a full picture of all of the data, you might want to create 
a union of all of the different partitions in a single virtual view.

As a practical example in a company with offices across the world, there might be 
multiple local databases containing the list of local customers. You might want to 
create a federated table showing the union of all customers.

In another example, to avoid keeping too much data in your main data warehouse, 
you can partition by time the facts. In the main data warehouse you keep only the 
past two years of transactions, and you have a secondary data warehouse containing 
all past facts. You can create a federated table showing values from both sources.

A Customer Story

A large company has decided to extend its international presence by acquiring smaller 
companies abroad, positioned on the same market segment. The business intelligence 
department wants to provide a global view of the financial information that takes into 
account each new company’s data as soon as possible. The department built a virtual 
data model, composed of federated tables, and defined a data foundation and a universe 
on top of it, and then built a set of reports on this virtual model.

Each time a new company is acquired, the business intelligence department creates a new 
connection to the company data sources and maps the data into the existing federated 
tables by adding mapping rules. 

The new data immediately appears in the reports without the need to change them. 
The reports are defined so that it’s possible to see both the global view of data and the 
details of a specific acquired company.

In IDT, to make a union (or better, to add information to an existing federated 
table), you just have to add a new mapping rule. For example, you can take two 
customer tables coming from two different sources: a set of customers in France 
(“French_Customers”) and a set of customers in the United States (“US_Cust”). 
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The definition and content of the tables are shown in Figure 6.41. You can notice 
that the two tables have a different format. In the “French_Customers” list, the 
address is a single column; in the “US_Cust” list, the location is split in two dif-
ferent columns. 

SOURCE_1 SOURCE_2

Figure 6.41 Sample Customer Table Definitions

The goal is to define a federated table that makes the virtual union of the two 
sources. To simplify the process, the federated table can be created using the 
French customer table as a template as shown in Figure 6.41. You can name the 
table “All_Customers”.

You can then add a new varchar column called “Country” to the federated table 
and set it to the constant value ‘France’, as shown in Figure 6.42.

Now it’s time to create the virtual union with the table of US customers. To do 
so, you have to create a new mapping rule by clicking on the Add Mapping tab 
in the editor.

Mappings Added as Unions

Each mapping is added with a UNION statement to the federated table. Hence, adding 
a mapping is the same thing as creating a union between tables.

The benefit of the functionality is that for each mapping, you can do complex transforma-
tions of data from the sources to the federated table in a simple graphical way. 

901_BookXXXX.indb   335 11/5/13   2:20 PM



336

Multisource Data Foundations6

Figure 6.42 Creating a Federated Table from a Source Table Template and Adding a New 
Constant Column

When asked to provide a name for the mapping you can use “US_Customers”. 
Following the workflow shown in Figure 6.16, you can add the “US_Cust” source 
table to the newly created mapping rule.

You can define an equality formula to expose the ID and name of the customers in 
the federated table by dragging and dropping the columns from the source table 
to the federated one. The “Country” column can be set to “US”. Since there is no 
single column for the address in the “US_Customers” table, you can build one by 
concatenating the “City” and “State” columns, separated by a comma, using the 
following mapping formula for the “Cust_Address” federated column:

concat(concat("S1"."City",','),"S1"."State")

The resulting mapping rule is visible in Figure 6.43. On the Federation Data 
Flow panel, you can see that the two mapping rules have been applied to the 
All_Customers table.
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Figure 6.43 The Mapping Rule “US_Customers” for the “All_Customers” Federated Table

Viewing the data of the federated table, you can see that there is a union of the 
information coming from the two sources. Additionally, the “City” and “State” 
columns of the “US_Customers” table have been concatenated into a single “Cust_
Address” column, as shown in Figure 6.44.

Figure 6.44 The Resulting Union of the Two Source Tables

When you query the federated table, by default the server sends requests to both 
sources. If you want to retrieve information only for a specific country, it’s possible 
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to make sure that the server sends a query only to the needed databases by defining 
a discriminatory filter on “Country”.

Note

Section 6.7.7 and Chapter 7, Section 7.28 contain information on how to build a filter 
that selects the correct country and triggers the request to a single data source.

In general, if you run a query on the federated table and you specify a condition in 
the SQL to filter the “Country” column to “US” or to “France”, the server sends 
the request only to the necessary source.

For example, the following query doesn’t generate any request on the “French_Cus-
tomer” source table:

Select Cust_ID from All_Customers
Where Country='US'

When building the rest of the data foundation and the business layer, you should 
take advantage of this functionality to optimize the generated queries.

In this example, each mapping rule was providing information from a single source. 
Nothing stops you from having multiple sources in each mapping rule for more 
complex manipulations of data. The next section provides some examples of mix-
ing multiple sources in a single mapping rule.

6.5.2 The Mixed Sources Scenario

A federated table, or even a single federated column, often displays information 
from multiple data sources in a single record. The table relationships and the 
mapping formulas enable you to build complex transformations that retrieve the 
freshest information from the correct source at runtime. The federation technology 
executes the transformation rules only if they are necessary.

A typical, but simplified mixed sources scenario is the example of product informa-
tion presented earlier in Section 6.4.9. In that example, the name of the product, its 
cost, and its manager were retrieved from different data sources and exposed in the 
same federated table. The example was simplified because the IDs of the products 
were coherent across the various data sources. Moreover, each source contained a 
piece of information, and there were no overlaps to choose from.
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In cases different from this ideal situation, to match records from different data 
sources, you might use the content rather than the IDs and take advantage of 
overlapping information.

Matching Records

If two tables from different data sources contain product names (as shown in Figure 
6.45), you can match the name instead of the ID. The “Local_product” table (from 
“SOURCE_2”) is used in a specific department and differs from the “Prd_Name” 
table (from “SOURCE_1”), which contains the company reference information.

SOURCE_1 SOURCE_2

Figure 6.45 Two Tables with Different IDs that Need to Be Matched

The objective is to put in relation those two tables to build a federated table using 
the corporate IDs that are defined in the “Prod_Name” table.

If two tables contain the product name, you can try to match the name instead of 
the ID. In this situation, sometimes you have case matching problems related to 
leading or trailing spaces having to do with the length of the database columns. 
A formula such as Uppercase(Trim(product.name)) helps in matching the values 
between the two tables.

If the two tables can’t be easily reconciled, you can create a new table in a database 
(or upload a spreadsheet on a server machine and add it as a data source to the 
data foundation) that defines the relationship between the IDs, such as the table 
depicted in Figure 6.46.
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Figure 6.46 A New Table Defining the Relationship between IDs of Different Tables

This new table can be used in a mapping rule to create the correct relationship, as 
shown in Figure 6.47.

Figure 6.47 A Mapping Rule to Consolidate IDs from Different Tables via a Third Matching Table

The Prod_IDs_Match table is used to make sure that the IDs from the corporate 
and local table have a relationship. The results are shown in Figure 6.48.
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A downside of this approach is that a new table has to be created and maintained 
when new data is added to the system. This is possible for small quantities of data 
but can become unmanageable for large quantities.

Figure 6.48 The Resulting Federated View

On the contrary, a positive effect can be seen when there are many tables with 
different ID systems that have to match with a corporate ID. Using such a table, 
you can define a column for the corporate ID, and then you have to synchronize 
their IDs on as many columns in as many different tables.

In this situation, it’s important to make sure that only the matching ID table is 
defined as core to retrieve as much data as possible out of the database and, at the 
same time, make sure it’s based on the corporate ID standards.

Overlapping Records

When working with multiple sources, you might find that you have information 
available in more than one place for some values. The multiple entries can be a 
source of problems if the values mismatch for the same record, but you can turn 
this situation into a benefit. You can define one source as the master source of 
data and use the information in the other sources only if the master is empty or 
not well formed.

A formula using an IsNull function (named nvl in the SAP Business Objects SQL 
syntax) lets you use the content of a second source if the first one doesn’t contain 
a value. For example, the formula nvl("S1"."Prod_name","S2"."Prod_name") 
returns the name of the product from source "S1". If this is name is Null, then it 
returns the name of the product from source "S2".

By using Case statements and the IfElse statements, you can add more sophis-
tication to the choice of the source data. Those two statements are useful with 
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overlapping information but also solve some problems of data quality, which are 
covered in the next section.

6.5.3 The Data Quality Scenario

The federation technology can be used to improve the quality of the data used by 
the final users by putting in place some controls or quality rules at query time. 
Those controls can be time consuming, so it’s always a best practice to guarantee 
the quality of the data from within the data source. In situation when it isn’t pos-
sible to modify the source, and federation is available, the federation technology 
provides a last-minute solution for improving correctness.

The fundamental idea behind a federation data quality scenario is to use the 
mapping formula from the source to the federated table to make the necessary 
improvements in the data.

Various functions can help in the transformation of the input. Table 6.9 presents 
a short list of useful functions.

Function Description

Case Depending of the value of the input, you can set the value of the 
output based on a list.

IfElse If the input verifies a condition, it returns a value; otherwise, it 
returns another value.

IfNull If an input value is Null, then it returns a second input value.

Permute Changes the format of a string into another format.

Uppercase Turns all letters of a string to uppercase.

Lowercase Turns all letters of a string to lowercase.

Replace Searches for a substring in a string and replaces it with a given 
value.

OnlyDigits Checks if a string contains only digits.

IsLike Checks if a string contains a specified pattern.

Table 6.9 SQL Functions for Improving Data Quality
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A complete definition of those functions can be found in the Information Design 
Tool User Guide available for download at http://help.sap.com. A couple of examples 
are provided here.

The Case statement lets you transform a set of values to a new set, which is sup-
posedly easier to interpret. In the following example, the statement transforms 
some internal codes to a more readable and uniform format:

Case (S1.Product)
when 'Bike12' then ' Bike'
when 'Bike_red' then 'Bike'
when 'Fast Bike' then 'Bike'
when 'AR034K12' then 'Rollers'
when 'Ride Fast' then 'Rollers'
Else 'Other'
End

Depending on the value of S1.Product, the output contains the specified content. 

The Permute function takes an input string and its pattern and transforms it with 
an output pattern. Suppose that your federated table is the union of two source 
tables containing date information.

EE In S1.Table.Datefield, the dates are under the format ‘2013-06-10’ (i.e., YYYY-
MM-DD).

EE In S2.Table.Datefield, dates are written as ‘10062013’ (i.e., DDMMYYYY).

If your output format is 10/06/2013, you can transform both dates into DD/MM/
YYYY using the functions

Permute(S1.Table.DateField,'YYYY-MM-DD','DD/MM/YYYY')

and

Permute(S2.Table.DateField,'DDMMYYY','DD/MM/YYYY')

The Permute function can be used with any string, not only dates. You set the 
format by repeating groups of letters which you use afterwards in the output for-
mat. For example, if you have a code for your products, you can transform it into 
something more readable:

Permute('01-JP-13-red','AA-BB-CC-DDD','product AA, color DDD, produced 
in BB in 20CC')
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This returns the following: 

'product 01, color red, produced in JP in 2013'

Federating data from multiple sources is a complex task that has an impact on 
the performance of the queries. The remaining part of the chapter is dedicated to 
techniques for optimizing the execution of your queries.

The next section describes the tool used to perform some specific fine-tuning on 
the federation services: the Data Federation Administration Tool.

6.6 Data Federation Administration Tool

The Data Federation Administration Tool is the application used to administer, 
audit, and fine-tune the execution of the Federation Query Server. This tool can 
be used in many situations to understand where problems are in a federated query 
or to optimize the execution to make it as fast as possible. The following are its 
main capabilities:

EE Analyze query performance and find bottlenecks

EE Understand the query plans generated by the federation services

EE Fine-tune the Federation Query Server settings

EE Perform trial-and-error testing to troubleshoot issues

The following sections aren’t a complete substitute for the Data Federation Admin-
istration Tool User Guide, which you can download from http://help.sap.com. The 
User Guide fully describes the tool and its parameters, but the following sections 
provide an overview of the tool’s functionality, especially in a performance opti-
mization context. 

6.6.1 Data Federation Administration Tool User Interface

The tool is available only on the Microsoft Windows platform and is installed 
through the SAP Business Objects BI 4.x client tools installer. It can be run from 
the Microsoft Windows Start menu, under the SAP Business Intelligence • SAP 
Business Objects BI Platform 4 Client Tools menu.

After you’ve launched the tool, you first need to log in to the CMS repository using 
a valid account. Because the tool manages the Federation Query Server functionality, 
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you need to log in to the CMS with a BI platform user name that belongs to the 
Data Federation Administrators group.

After launching the tool and providing your user information, the interface opens. 
As shown in Figure 6.49, the interface includes an upper area that contains five 
views for the different actions you can run in the Data Federation Administration 
Tool. They are accessed with the tabs on top. The lower space contains two views 
displaying the properties and, when available, the SQL information for the items 
selected in the views above.

Figure 6.49 Data Federation Administration Tool Interface

The following five tabs are displayed in the upper area: 

EE The Query Panel view allows you to enter an SQL statement and execute it via 
the Federation Query Server. During the query, you can audit the execution to 
show the resulting data set, the query plan, or the database statistics that influ-
ence the execution. In the query panel, you can copy an SQL statement found 
in the Query Monitoring view.

EE The Statistics view shows all statistics information collected from the data 
sources or defined by the user. For each data source, it displays the following:

EE The number of rows in a table

EE The number of distinct values in a column

EE The time when the statistic was calculated 

EE How often the data has been accessed
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In this view, you can refresh the statistics information table by table.

EE The Query Monitoring view presents the log of the latest queries executed by 
the Federation Query Server. Each line represents a different query. For multi-
source queries, you can see the global federated query and all of the single-source 
queries generated by it.

The first column provides the name of the source onto which the query has been 
executed; the last column provides the SQL generated by the federation service.

EE The Connector Configuration view shows you the list of all sources known 
by the Federation Query Server and, for each source, the capability it provides.

EE Finally, the System Parameters view lets you set the values for the many ses-
sions or system parameters that define how the Federation Query Server works. 
This view is very useful for fine-tuning the behavior of the system. 

Query Panel

The query panel in the Data Foundation Administration Tool has nothing to do with the 
query panel used in IDT to query universes and described in Chapter 8.

Below these views, you have two additional tabs that provide details on the infor-
mation selected on the top:

EE The Properties tab shows detailed information about any element selected in 
the upper area tabs. For example, when selecting a query in the Query Moni-
toring view, you can see how much memory it has consumed, its write access 
on the disk, and other useful information.

EE The SQL tab is used mainly with the Query Monitoring view and displays the 
whole SQL sentence of the query selected above. It’s useful for doing a copy 
and paste of the SQL text. 

The next section provides some information on the most typical usage of the views.

6.6.2 Query Auditing

Most of the time, the Data Federation Administration Tool is used to audit queries 
and find if there is a performance issue or if some part can be improved. When-
ever you run a query via a multisource data foundation, the query is logged in the 
Query Monitoring view.
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In the example shown in Figure 6.50, you can see that the highlighted federated 
query has generated three other queries on the data sources. Two source queries 
have returned 5 rows, a third has returned 16 rows, and the final result set (high-
lighted) contains only 5 rows.

Figure 6.50 A Sample Output in the Query Monitoring Interface

To get more details on the query, you can select the query text from the bottom 
view and paste it into the query panel. In the query panel, you can do the following:

EE Click the Run • Execute Query button to retrieve the data of the query.

EE Click the Run • Explain Query button to display, source by source, the columns, 
keys, and statistics (if available) that have been used in the definition of the 
query plan as shown in Figure 6.51. This information is useful because you 
might detect the presence of some columns that shouldn’t be involved in such 
a query. If you see an incorrect column here, you might want to check the 
definition of your multisource data foundation or business layer.

EE Click the Run • Explain Statistics button to see the statistics that have influ-
enced the execution plan, as shown in Figure 6.52. In this page, you can compute 
or refresh the statistics. To compute the statistics, right-click, select Compute, 
and then choose the specific kind of computation you want to perform. 

You can also override the value of statistics provided by the data source by set-
ting a number in the User Cardinality column. To have the system use the user 
cardinality or the source cardinality, right-click and select Current Cardinal-
ity • Use User Cardinality or Use Source Cardinality.

901_BookXXXX.indb   347 11/5/13   2:20 PM



348

Multisource Data Foundations6

Figure 6.51 The Explain Query Output

Figure 6.52 The Statistics Output of the Query Panel

Statistics information is a very important part of the optimization techniques.
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The Data Federation Administration Tool is a powerful environment to understand 
and fine-tune the execution of the federation services. The next sections explain 
how to improve performance of the federated queries with the tool and with other 
settings and procedures in your SAP Business Objects BI deployment.

6.7 Optimization Techniques

The federation technology requires the execution of complex algorithms and the 
movement of data across multiple sources and in the memory of the SAP Business-
Objects BI platform. Projects that aren’t fine-tuned might experience performance 
degradation. This section presents the fundamental principles and some techniques 
to optimize the execution of the queries.

The main objectives of the optimization techniques are the following:

EE Make sure the sizing of hardware, reserved memory, and network are correct 
and don’t present bottlenecks.

EE Run calculations in memory and don’t store temporary data on disks.

EE Retrieve the least quantity of data from each data source.

EE Move the least quantity of data across the network.

EE Push calculations and filtering down to the data sources.

Those objectives can be achieved by following best practices for sizing the envi-
ronment, setting the correct server parameters, calculating the database statistics, 
and defining a good model in federated tables and in the data foundation. The 
following sections provide information on those practices.

6.7.1 Preparing the Federation Query Server Environment

On the SAP Business Objects BI 4.x server, the federation service runs by default 
on an Adaptive Processing Server that hosts other services. The first optimization 
to apply is to create a dedicated server for federation and assign to it a good size 
of dedicated memory. This ensures that the federation algorithms aren’t impacted 
by services running on the same server.

After creating the new server, you should set the appropriate amount of memory 
for execution. The Federation Query Server requires a minimum of 512MB of RAM 
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to work. As a rule of thumb, you should provide the highest possible amount of 
memory to the server, up to the limit of 75% of the total memory of the machine.

If possible, the Federation Query Server should have its own dedicated machine 
into a BI platform deployment where it can consume all of the memory it requires. 
To define a dedicated server for data federation, follow these steps:

1. Log in to the CMC, whose URL is by default http://<servername>:<port>/BOE/CMC.

2. In the CMC home page, click Organize • Servers, or in the dropdown menu, 
select Servers to access the Servers tab.

3. In the panel in the right, select the Data Federation Services line to display 
the servers already running federation services, as shown in Figure 6.53.

4. In the menu bar, select the Manage • New • New Server command to open the 
Create New Server dialog box.

Figure 6.53 The Servers Tab in the Central Management Console

5. In the Service Category dropdown menu, select Data Federation Services. 
In the Select Service dropdown menu, select Data Federation Service, and 
then click Next.

6. In the next page that enables you to add additional services, leave Data Fed-
eration Service alone in the Selected Services list, and click Next.
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7. Enter a name and a description for this new server in the Server Name and 
Description text fields and click Create. The dialog box closes, and the new 
server is displayed in the list of servers running data federation services.

8. To set the memory it can allocate, double-click on this server. This opens its 
Properties dialog box.

9. In the Command Line Parameters text field, find the -Xmx parameter and set 
the memory size to allocate, as shown in Figure 6.54. 

For example, on a machine dedicated to the federation service with 4GB of RAM, 
you should give 3GB to this server, so you set the parameter to –Xmx3g. This 
3GB is in fact the memory allocated for the Java Virtual Machine (JVM) that can 
distribute it to the server framework and the federation algorithms.

Figure 6.54 The Memory Parameter to Set in the Central Management Console

Note

The federation service has an internal paging system that pushes storage into the disk 
in case the RAM is full. This system makes sure that queries can be run without memory 
overflow errors but the disk manipulation has a strong negative impact on performance. 
Hence, RAM sizing is a key aspect to obtain a good performance. You have to make 
sure you have enough RAM memory to avoid the system using disk space for temporary 
data storage.
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6.7.2 Gathering Statistics

Recall from Section 6.6.2 that the Data Federation Administration Tool enables you 
to provide to the query engine the statistics information for the data source. Those 
statistics are number of rows for a table and number of distinct values for a column.

The values are used by the optimization algorithms to decide how to perform the 
query. The execution plan might change a lot when running the same query with 
different statistics values.

The parameters to fine-tune the optimizations described in the following sections 
are using the computed statistics to decide the best plan. You should compute 
statistics at least once for a data source (or at least for some of the most often run 
queries on the data source). The values returned are provided directly from the 
database. The Data Federation Administration Tool relies on the source vendor 
commands to retrieve them.

In some situations, you can override the value returned by the data source because 
it doesn’t trigger the appropriate optimization algorithm. For example, some data-
bases don’t actually return the exact statistics numbers but provide a best guess of 
those values. That best guess can be far from the actual content of the database.

It’s a best practice to always calculate the statistics of each data source at least once. 
You can do this from the Data Federation Administration Tool or from the busi-
ness layer of the multisource universe (as described in Chapter 7, Section 7.28).

It isn’t necessary to refresh the statistics very often because the Federation Query 
Server is mainly interested in the relative size of tables and not in the absolute 
numbers. If you can safely assume that a table doesn’t grow or shrink dramatically 
with regards to other tables, you don’t need to update the values.

6.7.3 Deployment Factors Impacting the Performance

The RAM isn’t the only physical parameter impacting performance because the 
federation technology makes heavy use of CPU power for calculations and of the 
network to move data between multiple systems.

A high number of CPUs (or cores) is recommended because it’s possible to run 
multiple memory-consuming actions in parallel, one on each CPU (or core). As 
an initial setting, you can put the parameter MAX_CONCURRENT_MEMORY_CONSUMING_ 
QUERIES equal to the number of CPUs if the machine is dedicated to the federation 
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service; this parameter is set in the Data Federation Administration Tool’s System 
Parameters tab.

A fast network between the BI platform server and the various data sources is key 
for fast data transfer. It’s recommended that the BI platform machine and the data 
sources machines be relatively “close” in terms of network. There can be multiple 
exchanges between the data sources and the BI platform and one single exchange 
of data between the BI platform and the calling client tool.

6.7.4 Optimization by Parameter Settings

You may also improve performance of the federation server by modifying its internal 
parameters. These parameters are set in the Data Federation Administration Tool’s 
System Parameters tab (refer to Section 6.6.1).

Memory Distribution

In addition to the memory size reserved for the server (refer to Section 6.7.1), you 
should define how this memory must be distributed between various concurring 
actions on the server. Three main parameters define the memory distribution of 
the federation service:

EE EXECUTOR_TOTAL_MEMORY  
Sets the percentage of memory of the JVM dedicated to the federation service 
for running queries.

EE EXECUTOR_STATIC_MEMORY  
Sets the percentage of the total memory (set with the preceding parameter), 
which is provided at the initialization of each operator.

EE MAX_CONCURRENT_MEMORY_CONSUMING_QUERIES  
Sets how many queries can be run in parallel sharing the available memory.

For example, suppose that you’ve provided 4GB of RAM to the JVM using the 
parameter –Xmx4g dedicated to the federation services. If you set EXECUTOR_TOTAL_
MEMORY to 75%, you’re reserving 3GB of RAM for executing queries. Then, setting 
MAX_CONCURRENT_MEMORY_CONSUMING_QUERIES to 2, you’re telling the system to 
provide space for two queries to run in parallel. If your EXECUTOR_STATIC_MEMORY 
is 33%, then you provide 500MB of RAM at the initiation of each query (33% of 
3GB is 1GB, divided by the 2 queries, you get 500MB).
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If you have small queries, then we advise you to increase the number of the param-
eter for max concurrent queries (you have enough memory to run the queries in 
parallel without disk paging). If you have large queries, then you should decrease 
the max concurrent queries (to make sure that each query is run in memory with-
out using the disk).

Computing Query Memory Consumption 

It’s difficult to know how much memory is, in general, required by a system or a set of 
queries. It’s possible to have a rough idea on a generic high-end consumption of memory 
with the following procedure.

Suppose that a multisource query is split by the server into subqueries (you can check this 
using the Data Federation Administration Tool). To have a scale of how much memory 
is consumed by this query, you can multiply the number of rows of the largest subquery 
by the sum of the sizes of the rows returned by each subquery.

For example, for a query split in two subqueries by the system:

EE The subquery returning the largest data set returns 1,000 rows. 

EE The average sizes of the records returned by the two subqueries are 300 bytes and 
500 bytes.

The calculated consumption uses about 1000 * (300 bytes + 500 bytes) = 800KB, even 
if usually, the real consumption is lower than this calculated value.

By studying the typical queries and returned sizes with the Data Federation Administra-
tion Tool, you can understand the typical consumption and then set the correct number 
of max concurrent queries and their dedicated memory.

Unions Subquery

Another useful parameter controls the time when a subquery used for unions is 
sent to the database for execution. By default, subqueries are sent to the databases 
only when the federation service is ready to use the data. This means that a data-
base can be sitting in standby for a while instead of preparing the data for the 
federation services.

To start a subquery as soon as the database is ready (not waiting until the federa-
tion server is ready), you can set the parameter Activate_multi_threaded_union_ 
operator to Yes.

This parameter works only for scenarios when subqueries are used to union data 
from multiple sources. The drawback of this setting is that the federation service 
sends the request immediately but retrieves the data only when ready to do so. 
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If the database has a time-out functionality, there is the risk that the data is lost 
before the server retrieves it and the query fails.

6.7.5 The Semi-Join Functionality

One of the most important optimization techniques of the federation service is 
the ability to retrieve the least quantity of data from each data source by doing a 
multi-pass filtering action through an algorithm called semi-join. When joining data 
from two sources, the federation engine tries not to load all of the two data sets 
into the BI platform memory; instead, if possible, it makes use of the data of one 
of the sources to filter the data from the second one.

The semi-join is very beneficial and gets triggered when joining a large table with 
a small table (i.e., with a few distinct values in the joining columns).

Example

Suppose that you have customer names and customer IDs in one source and sales 
information (by customer ID) in another source, and you want to retrieve sales data for 
a list of customers.

Using a semi-join, the federation engine retrieves from the first source the customer IDs 
using the customer names as a filter and then retrieves from the second source only the 
sales records matching the valid customer IDs. 

If the semi-join cannot be used, then the federation engine loads the whole list of cus-
tomers and the whole sales information into memory and performs the join.

The execution of a semi-join might require the following:

EE A large IN statement to be pushed to a database (and hence a long time to write 
the SQL sentence)

EE The creation and provisioning of a temporary table

EE The execution of many small SQL statements

All of those actions consume resources in the database and in the BI platform 
memory and have to be triggered only when they make sense.

The semi-join algorithm is useful only when there is a large decrease of information 
when filtering one source with data from the other source. If the decrease isn’t suf-
ficient, the algorithm might be more time-consuming than a plain in-memory join.
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You can use three main parameters to fine-tune this semi-join algorithm, depend-
ing on the content of your data sources:

EE ACTIVATE_SEMI_JOIN_RULE 

This parameter is used to switch on and off the semi-join algorithm. If a database 
doesn’t perform well with semi-joins, the functionality can be turned off (for 
only that connector or for the whole system). 

The two following parameters have effect only if the activation parameter is set 
to Yes.

EE MIN_SOURCE_CARDINALITY_THRESHOLD_FOR_SEMI_JOIN_RULE 

This parameter sets the minimum number of rows needed in the “large table” 
to trigger the semi-join algorithm. If the number of rows of the large table is 
smaller than this value, then the semi-join isn’t applied.

You should set this parameter with the value that enables most of your large 
tables to be considered by the algorithm.

EE MIN_ACTIVATION_THRESHOLD_FOR_SEMI_JOIN_RULE 

This parameter sets the minimum expected reduction ratio of rows when apply-
ing the semi-join algorithm. If the federation engine expects to obtain a reduc-
tion lower than the value set here, then the semi-join algorithm isn’t applied.

This parameter is the most important in fine-tuning the semi-join algorithm. Its 
default value is 1,000; meaning that the semi-join is applied if the expected 
reduction ratio of rows is at least 1,000. This setting is generally a good one. If 
it prevents the semi-join from being applied, you can consider decreasing the 
value; but for values lower than 100, you might not find a real increase of per-
formance and might even cause a degradation.

These parameters are intended to limit the usage of the algorithm only to situa-
tions when a real increase in performance and a reduction in data traffic can be 
obtained. If the test associated with one of these parameters isn’t passed, then the 
semi-join isn’t applied.

Sometimes, semi-joins aren’t executed because the cardinality of the tables is outside 
of the boundaries set in the parameters. In those situations, there is still the oppor-
tunity to have an optimization inside the database with the merge-join algorithm.
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6.7.6 The Merge-Join Functionality

Another algorithm to optimize the query is the merge-join algorithm. The main 
ideas of this algorithm are to ask the database to sort the data through an Order By 
statement and to perform the join on the preordered data returned by the database.

Ordering the information enables storing less temporary data and proceeding 
faster with the join process. The merge-join functionality is enabled by default on 
databases that support the Order By statement

In the Data Federation Administration Tool, three main parameters fine-tune this 
merge-joins algorithm:

EE Activate_order_based_optimization_rule  
Turns on and off the merge-join optimization algorithm.

EE Min_store_cardinality_threshold_for_order_based_join_rule 

The minimum cardinality of the smaller table in the join.

EE Min_transfer_cardinality_threshold_for_merge_join_rule  
The minimum cardinality of the larger table in the join.

Apart from setting system parameters that can improve performance by triggering 
the embedded optimization engine, it’s possible to build the data model so that 
some optimizations can be triggered by providing hints to the query engine at 
runtime. We describe one such model optimization in the next section.

6.7.7 The Source Discriminating Filter

Some queries on top of a multisource data foundation might actually only require 
information coming from a single source. In some situations, it’s possible to tell 
the system exactly in which source the information is available and avoid running 
useless queries on all sources.

Section 6.5.1 contains an example of this functionality based on the definition of 
a federated table where each mapping has a hard-coded value (the country, in the 
example), which can be used by the system to trigger only the necessary mapping 
rule, and hence the necessary data source.

The same method used in this example can be applied to create more complex 
filters that may discriminate the source to query and optimize the resulting queries. 
Suppose that you’ve partitioned your data so that sales before the year 2010 are 
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in “Source1”, and sales from 2010 onward are in “Source2”. In the two sources, 
you have the same exact fact table definition and the column SalesDate stores the 
information about the date of the sales transaction.

To retrieve the sales transactions between two dates, you create two date prompts 
MinDate and MaxDate, which return the lower and higher limit of your request, 
respectively.

You can define a multisource derived table with the following formula (assuming 
the “greater” and “lower” operators are able to compare dates):

Select * from Source1.Sales Where YEAR(@prompt(MinDate)<2010) and 
SalesDate>=@prompt(MinDate) and SalesDate<=@Prompt(MaxDate)
Union All 
Select * from Source2.Sales Where YEAR(@prompt(MaxDate)>=2010) and 
SalesDate>=@prompt(MinDate) and SalesDate<=@Prompt(MaxDate)

When executing the derived table, the system requests the two date prompts. The 
sources to query are the following:

EE “Source1” only if the maximum date is before year 2010. 

EE “Source2” only if the minimum date is in 2010 or later.

EE If these conditions are not met, then “Source1” is used to retrieve sales before 
2010 and “Source2” to retrieve sales of 2010 or later. The two result sets are 
then merged with the Union operator. 

By using a similar syntax in a derived table, you make the system contact only the 
source which actually contains the data instead of running useless queries that 
return no results on all available sources.

6.8 Summary

SAP Business Objects BI 4.x includes federation technologies that allow you to run 
queries on multiple data sources through the creation of a multisource data foun-
dation. In such data foundations, you can create the following:

EE Joins or derived tables between tables from different data sources.

EE Federated tables that are virtual tables whose columns can be used to map col-
umns from tables of different data sources. Mapping rules contain formulas 
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which define how data from the different columns are processed to fill the fed-
erated table columns. Mappings can contain complex formulas.

In all cases, formulas involving tables from different data sources must follow SAP 
Business Objects SQL.

Multisource queries are processed by the Federation Query Server running server-
side. To administer, audit, and optimize this server, you can use the Data Federa-
tion Administration Tool. Optimizing multisource queries can be done through 
the following: 

EE Increasing allocated memory and the servers hosting the services

EE Modifying parameters in the Data Federation Administration Tool

EE Using SQL techniques to optimize the queries sent to data sources

After the multisource data foundation is created, you can create a business layer on 
top of it. The definition of the business layer on top of a multisource data founda-
tion isn’t strictly different from the design of a single-source universe. 
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@aggregate_aware, 441, 467, 674
@catalog, 296, 297
@derivedtable, 184, 226
@execute, 212, 215, 225, 227, 419, 449, 467, 

696
@prompt, 170, 184, 192, 212, 215, 218, 223, 

225, 227, 231, 267, 279, 383, 385, 390, 
391, 395, 399, 403, 419, 423, 429, 449, 
452, 465, 468, 473, 492, 501, 608, 629, 
677, 696, 699, 708, 713, 715

@select, 382, 390, 391, 395, 399, 400, 403, 
404, 409, 411, 419, 449, 452, 459, 460, 
471, 498

@variable, 129, 170, 184, 192, 215, 223, 230, 
279, 383, 385, 390, 391, 395, 447, 450, 
472, 501, 571, 586, 596, 607, 629, 699
BOUSER, 230, 472, 606
DBUSER, 230, 472
DOCNAME, 230, 472
DOMINANT_PREFERRED_VIEWING_

LOCALE, 6 30
DPNAME, 230, 472
PREFERRED_VIEWING_LOCALE, 231, 

473, 630
UNVNAME, 231, 473

@where, 383, 449, 452, 473

A

ABAP functions, 303, 652, 661
Access restriction, 67, 579, 697, 698

Connection, 698
Controls, 698
Objects, 698
Rows, 698
SQL, 698
Table mapping, 698

Activate_multi_threaded_union_operator, 354
Activate_order_based_optimization_rule, 357
ACTIVATE_SEMI_JOIN_RULE, 356
Active Directory, 100, 607

Adaptive Processing Server, 134, 349
Aggregate awareness, 171, 184, 207, 366, 

441, 467
Aggregate navigation, 366
Agnostic file, 88
Alias table, 162, 168, 184, 196, 197, 198, 

204, 206, 207, 225, 231, 232, 234, 236, 
241, 245, 248, 254, 256, 266, 272, 275, 
332, 375, 448, 477, 493, 585, 587, 699

All objects, 590, 594
ALL operator, 539
Allow complex operands in query panel, 505
Allow query stripping, 505
Allow use of subqueries, 505
Allow use of union, intersect and minus 

operators, 505
All views, 590
Alternate connection, 583, 589
Allow users to edit list of values, 217, 420, 

456
Allow users to search values in the database, 

421, 456
Analysis dimension, 365, 372, 404, 406, 409, 

414, 436, 461
Type, 407

ANSI SQL-92, 175, 279, 290, 294, 318, 495, 
662

ANY operator, 539
Apache, 119

Derby, 119
Hadoop, 119, 691
Hive, 100

Array fetch size, 654
Assigned groups, 580
Assigned users, 580
Attribute, 158, 183, 192, 274, 365, 372, 376, 

379, 384, 387, 393, 395, 406, 412, 414, 
429, 431, 439, 442, 447, 450, 451, 453, 
454, 456, 457, 458, 461, 464, 471, 473, 
476, 477, 485, 487, 493, 501, 540, 668, 
670, 673, 677

Index
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Audit, 42
Authentication, 42, 99, 552, 638, 653, 666, 

680
Active Directory, 100, 607, 618
Enterprise, 99, 618
LDAP, 100, 607, 618
SAP, 100, 607

Automatic refresh before use, 217, 420, 456
Auto-save, 705
AUTO_UPDATE_QUERY, 279, 595
Available locale, 616

B

BEGIN_SQL, 279
BEx query, 636, 695
BICS connection, 518, 519, 636, 640
BI platform, 43, 289, 292
Blob, 453, 694
BLOB_COMPARISON, 279
Bottom operator, 541
bscLogin.conf, 100
Built-in functions, 178, 184, 192, 399, 403, 

492
Business intelligence, 29
Business layer, 37, 55, 62, 66, 72, 77, 86, 

126, 157, 159, 161, 171, 182, 183, 189, 
190, 191, 207, 209, 210, 212, 218, 246, 
263, 267, 273, 274, 275, 290, 298, 338, 
361, 512, 548, 622, 638, 663, 669, 670, 
671, 682, 693
Find and replace, 482
Multidimensional business layer, 361, 364, 

367, 369, 380, 384, 388, 392, 395, 
399, 403, 406, 408, 410, 414, 418, 
476, 481, 484, 492, 497, 503

Multidimensional business layer refresh 
structure, 384, 404, 409, 485, 497

Parameters, 366, 500, 503
Query options, 216, 420
Relational business layer, 260, 277, 361, 

364, 366, 373, 374, 380, 385, 388, 
392, 414, 431, 439, 453, 473, 484, 
486, 497, 500, 503, 670

Search, filter, show, and hide, 479

Business layer view, 362, 366, 473, 694
Business object name, 72
Business security profile, 67, 571, 573, 579, 

587, 698
Connection, 587, 589, 603
Create Query, 588, 590, 603
Display Data, 588, 593, 603
Filters, 588
Filters (multidimensional universe), 596, 

604
Filters (relational universe), 595, 603

C

Calculated column, 158, 189, 191, 212, 223, 
225, 226, 231, 236, 243, 245, 260, 266, 
273, 274, 275, 413, 429, 430, 447, 477, 
493, 656, 676, 692

Calculated measure, 366, 370, 376, 382, 391, 
392, 471

Calculated member, 366, 370, 372, 376, 382, 
392, 399, 414, 429, 450, 451, 453, 454, 
461, 471, 519
Format string property, 402
Language property, 403
Scope Isolation property, 402
Solve order option, 402

Calculation view, 664
Calculator, 41, 46
Cardinality, 347
Cartesian product, 198, 202, 206, 209, 281, 

585
Cascading prompt, 697
Case, 302, 341, 343
Category, 618

Needs Translation, 618, 622
Translation Visible, 618, 622

Central Configuration Manager (CCM), 97
Central Management Console (CMC), 121, 

130, 290, 350, 364, 555, 562, 572, 607, 
637, 681

Central Management Server (CMS), 42, 688
Changing parameter, 657
Characteristic, 649
Chasm trap, 157, 209, 281
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Cheat sheet, 60, 68, 704
Check integrity, 64, 72, 202, 226, 245, 250, 

260, 261, 262, 265, 273, 333, 385, 388, 
391, 399, 450, 484, 485, 486, 487, 488, 
491, 500, 563, 564, 565, 704

Cluster, 97
ID, 98, 561
Name, 98, 551

CMS repository, 42, 96, 160, 230, 362, 364, 
383, 457, 464, 472, 547, 551, 567, 571

Column filter, 656
Combined query, 514, 543
Conditional table, 585, 698, 699
ConnectInit, 140
Connection, 36, 55, 60, 77, 86, 117, 163, 

168, 260, 263, 266, 274, 292, 486, 490, 
492, 493, 689
OLAP connection, 361, 363, 364, 367
Relational connection, 157, 159, 244, 250, 

259, 362, 667, 679
Secured connection, 159, 160, 161, 363, 

368, 667
Connection authentication, 127

Credentials mapping, 128
Fixed credentials, 128
Single Sign-On, 128

Connection editor, 65
Connection icons, 142
Connection Server, 39, 52, 118, 134, 690

ConnectionServer32, 134
ConnectionServer64, 134

Connection shortcut, 125, 146, 552
Connectivity, 31
Connector configuration view, 346
Constant, 527
Consumption, 581
Context, 162, 195, 198, 200, 201, 202, 203, 

205, 206, 207, 209, 235, 239, 242, 248, 
254, 257, 260, 266, 282, 465, 506, 530, 
585, 651, 673, 674, 676, 692

Context help, 67, 704
Core table, 326, 341
CPU, 352
Crystal Decisions, 44

cs.cfg, 140
CSV, 417
CUID, 555
Currency, 650
Custom properties, 222, 259, 427, 460, 694
Custom SQL, 545
Custom user attribute, 688

D

Database, 177, 184, 215, 223, 274, 280, 361, 
370, 377, 385, 390, 395, 397, 400, 403, 
408, 419, 432, 440, 442, 447, 450, 464, 
497, 505
Column, 162, 163, 165, 176, 178, 180, 

184, 189, 192, 212, 215, 223, 246, 
250, 256, 258, 260, 267, 268, 269, 
270, 271, 272, 275, 279, 375, 380, 
385, 391, 399, 412, 419, 432, 439, 
446, 447, 453, 460, 477, 493, 501

Key column, 75, 162, 178, 182, 183, 246, 
254

Table, 157, 159, 162, 165, 166, 168, 169, 
175, 176, 178, 182, 183, 184, 188, 
189, 190, 192, 194, 195, 197, 198, 
203, 205, 206, 207, 209, 215, 223, 
231, 239, 241, 243, 245, 250, 254, 
255, 256, 257, 258, 260, 266, 267, 
268, 269, 270, 272, 275, 279, 280, 
375, 380, 385, 391, 399, 419, 429, 
433, 447, 467, 477, 478, 488, 493, 
501, 664, 668, 676

View, 157, 184, 250, 270, 668
Database catalog browser, 165, 166, 168, 178, 

250, 251
Database credentials, 129, 130
Database delegated measure, 46
Database schema, 682
Data Federation Administration Tool, 58, 286, 

289, 344, 644
Data Federator data source, 121, 572

901_BookXXXX.indb   721 11/5/13   2:22 PM



722

Index

Data foundation, 36, 55, 61, 73, 77, 86, 126, 
157, 338, 361, 363, 374, 380, 411, 412, 
413, 423, 430, 433, 442, 443, 445, 447, 
453, 464, 476, 478, 484, 486, 490, 493, 
497, 548, 622, 667, 668, 669, 670, 671, 
673, 676, 682, 692
Comment, 234, 235, 236, 237, 245, 254
Data foundation refresh structure, 272, 

273, 274
Detect row count, 254
Editor, 65, 212, 218, 243
Family, 231, 232, 235, 236, 239, 242, 

253, 692
Loop, 157, 171, 178, 194, 196, 197, 198, 

202, 204, 243, 254, 260, 267
Master view, 235, 236, 237, 272
Multisource data foundation, 159, 288, 

495, 637, 648, 661, 692
Parameters, 277, 281
Refresh structure, 251, 253, 254, 259, 269
Search and filter, 168
Search panel, 238, 240, 243, 253
View, 233, 234, 235, 236, 240, 241, 242, 

245, 248, 249, 252, 253, 254, 272, 692
Data integration, 285
Data modeling, 157
Data preview, 77, 150, 321, 513
Data provider, 41
Data quality, 301, 342
Data security profile, 67, 433, 571, 573, 579, 

581, 698
Connections, 583, 601
Controls, 584, 602, 698
Rows, 585, 602
SQL, 585, 602
Tables, 586, 603

Data source credentials, 129
Dependency, 95, 566, 692, 697
Derived table, 158, 185, 189, 190, 212, 223, 

225, 226, 231, 232, 234, 236, 241, 243, 
245, 254, 256, 260, 266, 272, 274, 275, 
296, 301, 332, 358, 375, 413, 429, 430, 
447, 448, 477, 493, 495, 585, 587, 631, 
632, 676, 677, 699
Database-specific syntax, 297

Desktop Intelligence, 44
Dimension, 158, 162, 183, 192, 208, 210, 

274, 282, 365, 375, 376, 378, 379, 384, 
387, 391, 393, 395, 404, 406, 412, 414, 
429, 431, 435, 436, 439, 442, 447, 450, 
451, 453, 454, 456, 457, 458, 459, 460, 
461, 464, 471, 473, 476, 477, 485, 487, 
488, 493, 501, 516, 540, 649, 668, 670, 
671, 673, 674, 677

Direct access, 38, 576
Distinct filter, 306
Dominant locale, 613
Drill through, 436
Driver, 134
DSO, 645

E

END_SQL, 279
E-R model, 157, 162, 184
EXECUTOR_STATIC_MEMORY, 353
EXECUTOR_TOTAL_MEMORY, 353
Export parameter, 657

F

Fallback locale, 616, 622
Fan trap, 157, 206, 281
Federated table, 225, 231, 232, 234, 236, 

241, 256, 301, 324, 349, 448, 477, 495, 
585, 587, 692

Federation, 286
Federation editor, 77
Federation Layer, 293, 306
Federation Query Server, 121, 135, 136, 286, 

289, 297, 349, 373, 495, 529, 539, 549, 
572, 573, 577, 637, 644, 690

File system, 87
Filter, 361, 365, 376, 378, 379, 383, 384, 

387, 391, 413, 429, 431, 447, 449, 452, 
461, 486, 493, 513, 515
Apply on Folder, 435
Apply on List of Values, 435
Apply on Universe, 434
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Filter (Cont.)
Business filter, 430, 431, 459, 492, 495
Mandatory filter, 41, 431
Native filter, 431, 473

Flat layout option, 515
Folder, 88, 158, 197, 362, 365, 375, 376, 

378, 379, 391, 392, 404, 409, 431, 436, 
459, 460, 461, 486, 670

Force users to filter values before use option, 
421, 456

FORCE_SORTED_LOV, 279
Foreign key, 656, 659
Fully qualified hostname, 97

G

Generic connectivity, 119
GreenPlum, 120
Group, 101, 574, 578, 580, 599

Administrators, 101
Universe Designers, 101

H

Help, 60
Hierarchical Layout option, 515
Hierarchy, 366, 369, 372, 376, 382, 400, 403, 

404, 406, 408, 410, 414, 429, 436, 450, 
451, 456, 457, 458, 461, 471, 476, 477, 
523, 525, 637
Level-based hierarchy, 372, 408, 410, 436, 

476, 517
Parent-child hierarchy, 372, 408, 436, 517

Hint, 140
HTML, 80, 704

I

IBM, 120
DB2, 363
Netezza, 120

ID, 125, 554
Impact analysis, 91
Import parameter, 657

Index awareness, 183, 184, 217, 220, 366, 
422, 425, 439, 469
Index awareness foreign key, 440
Index awareness primary key, 440

Index aware prompt, 697
InfoCube, 645
InfoObject, 42, 580
InfoProvider, 640
Information engine, 36, 38
Information space, 49
InfoSet, 652, 661
Ingres, 120
INNERJOIN_IN_WHERE, 280
Input column, 657, 658
Installer (client tools), 40, 56, 344
IP address, 97
IsNull, 329, 341
ISO 639-1, 630
ISO 3166, 630

J

Java bean, 706
JDBC, 119, 133, 137, 665, 679
Join, 61, 75, 157, 159, 169, 172, 175, 178, 

180, 183, 184, 188, 189, 190, 194, 195, 
196, 200, 201, 202, 203, 206, 207, 209, 
212, 223, 226, 231, 234, 236, 240, 243, 
245, 246, 248, 254, 257, 258, 259, 260, 
267, 273, 277, 280, 294, 413, 429, 430, 
439, 447, 465, 477, 488, 659, 676
Cardinality, 61, 75, 158, 169, 174, 178, 

182, 194, 198, 205, 206, 234, 247, 
254, 266, 267, 443

Filter join, 175, 178, 248, 273, 280, 478
Operator, 173, 395
Outer join, 175, 176, 184, 280
Shortcut join, 175, 178, 195, 203, 280

JOIN_BY_SQL, 280

K

Key figure, 650
krb5.ini, 100
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L

Language, 612
Language-specific columns, 628
Language-specific databases, 629
Language-specific rows, 627
Language-specific tables, 628
LCMBIAR, 562
Level, 366, 372, 406, 408, 410, 414, 429, 

450, 451, 456, 457, 458, 461, 471, 476, 
519, 525
Level business type, 411

Limit execution time, 504
Limit size of result set, 504
List of values, 39, 66, 77, 158, 162, 212, 219, 

224, 227, 254, 267, 268, 269, 274, 275, 
277, 365, 376, 379, 383, 387, 391, 411, 
423, 431, 440, 448, 450, 453, 454, 459, 
461, 465, 467, 468, 476, 477, 482, 485, 
487, 488, 492, 493, 495, 500, 521, 527, 
535, 695, 709
Based on a custom hierarchy, 416, 459
Based on custom SQL, 212, 215, 217, 223, 

418, 422, 429, 447, 453
Based on the query panel, 415, 429, 459
Custom list of values, 455
Default list of values, 387, 396, 420, 454
Static, 212, 213, 217, 417, 422, 453

List of Values pane, 244
Local connection, 126, 145
Locale, 612
Local project, 86, 126, 289, 363, 567, 623, 

671
Backup, 89

Local projects view, 64, 66
Lock, 109, 114

M

Mapping formula, 304, 308, 315
Aggregation, 305, 315, 318
Complex formula, 305, 315, 318
Constant, 305, 315, 319
Equality, 305, 315, 316

Mapping rule, 304, 327
MAX_CONCURRENT_MEMORY_

CONSUMING_QUERIES, 353
MAX_INLIST_VALUES, 280
Max rows, 78
MDX, 36, 362, 369, 370, 382, 385, 389, 391, 

395, 397, 400, 402, 403, 406, 407, 409, 
411, 422, 429, 430, 447, 453, 466, 479, 
482, 486, 597, 636, 638, 691

MDX editor, 380, 382, 385, 388, 391, 392, 
399, 400, 409, 410, 447, 466

Measure, 158, 192, 207, 208, 209, 210, 274, 
277, 282, 365, 369, 372, 376, 378, 379, 
384, 387, 391, 395, 412, 414, 429, 431, 
442, 447, 450, 451, 453, 454, 456, 457, 
458, 459, 460, 461, 464, 471, 473, 476, 
477, 485, 487, 488, 493, 500, 501, 505, 
516, 670, 673, 677
Projection function, 369, 396, 486, 498

Member selector, 400, 403, 405, 408, 410, 
411, 481, 516, 523

Menu (Information Design Tool), 63
Merge-join, 357
Metadata exchange, 689
Microcube, 46, 398
Microsoft, 120, 122
Microsoft SQL Server, 140, 159, 363, 681
Microsoft SQL Server Analysis Services, 38, 

141, 363, 370, 401, 452, 519, 633
Middleware, 133
MIN_ACTIVATION_THRESHOLD_FOR_

SEMI_JOIN_RULE, 356
MIN_SOURCE_CARDINALITY_THRESHOLD_

FOR_SEMI_JOIN_RULE, 356
Min_store_cardinality_threshold_for_order_

based_join_rule, 357
Min_transfer_cardinality_threshold_for_

merge_join_rule, 357
MOLAP cube, 30
Monitoring, 42
Multiple SQL statements, 585

For each measure, 505
MultiProvider, 645
Multisource, 31
Multisource universe, 552, 559
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N

Named set, 366, 370, 372, 376, 382, 403, 
414, 429, 450, 451, 454, 461, 471, 482, 
519
Business named set, 405
Native named set, 405

Navigation path, 66, 365, 376, 379, 383, 387, 
389, 391, 409, 435, 459, 482
Custom navigation path, 438, 485
Default navigation path, 436

New Universe wizard, 60
nvl, 329, 341

O

Object, 590
Object access level, 377, 456, 480, 486, 571, 

577, 712
Confidential, 577
Controlled, 577
Private, 577
Public, 577
Restricted, 577

Object data type, 217, 220, 377, 385, 391, 
394, 399, 422, 425, 453, 462, 480, 486, 
498

Object extra tables, 385, 391, 399, 433, 478
Object format, 366, 461, 480

Custom display format, 462, 486
Object state, 377, 459, 480, 486, 498, 694

Active, 459, 481, 694
Deprecated, 460, 475, 481, 694
Hidden, 415, 416, 459, 475, 481, 694

Object usage, 377, 378, 457
Object validation, 385, 391, 399, 433
OData, 119, 691
ODBC, 119, 133, 665
OLAP, 38, 632
OLAPClient, 39, 121
OlapClient.cfg, 141
OLAP connection, 121, 552, 572, 690, 704, 

706
OLAP dimension, 372, 382, 399, 406, 408
OLAP universe, 695, 699, 706
OLE DB, 119, 133

OLE DBO, 141
Online help, 704
Online tutorial, 70
Open session, 96
Operator, 505, 525, 528, 543, 596, 600

AND, 170, 172, 240, 600, 701
Intersection, 600
MAX, 600
MIN, 600
Multidimensional operator, 403, 518, 597, 

693
OR, 240, 600, 701
Union, 385, 600, 631

Optimization, 349
Oracle, 120, 122, 140, 159, 363, 634, 681, 

706
Oracle hint, 706
Oracle Hyperion Essbase, 38, 122, 363, 370, 

452, 633
Original content locale, 616, 617, 633
Owner, 296, 297, 554, 587

P

Parameter, 66, 158, 162, 212, 213, 218, 224, 
227, 244, 254, 268, 274, 275, 277, 279, 
361, 365, 376, 412, 413, 423, 448, 450, 
453, 459, 461, 465, 468, 476, 482, 485, 
487, 493, 501, 504, 677, 695
Allow multiple values, 221, 425
Associated list of values, 221, 426
Index aware prompt option, 221, 426
Keep last values option, 221, 425
Parameter dependencies, 428
Prompt to users, 220, 424
Select only from list, 222, 427
Set default values, 222, 427
Set values, 220, 425

Partition, 334
Password, 705
PDF, 704
Performance, 33, 349
Permute, 343
Personal connection, 690
Post-filter, 306, 309, 321
Predefined query, 695
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Predefined session, 98
Preferences, 71
Preferred viewing locale, 76, 614, 639, 653
Pre-filter, 306, 309, 320
Preview data, 77, 150, 184, 267, 321, 387, 

390, 395, 476, 486, 513
Primary key, 656, 659, 697
PRM, 140, 225, 377, 449
Product Availability Matrix (PAM), 119, 122
Product language, 76, 613
Program ID, 644
Project, 160, 263, 275, 374, 493, 667, 670, 

671
Project synchronization, 64, 102, 109
Prompt, 39, 358, 520

A-prompt, 228
D-prompt, 228
DT-prompt, 228
K-prompt, 228, 697
N-prompt, 228

Publishing, 42
Publishing a universe, 547

Q

Qualifier, 296, 297, 587
Query, 66, 77, 158, 183, 184, 202, 203, 206, 

208, 209, 210, 212, 220, 280, 281, 282, 
361, 376, 379, 383, 391, 410, 411, 412, 
415, 425, 429, 431, 439, 440, 442, 453, 
459, 460, 464, 482, 485, 487, 492, 493, 
500
Properties, 216, 420

Query auditing, 346
Query banding, 140
Query drill, 46
Query engine, 158, 171, 188, 194, 196, 200, 

202, 203, 207, 209, 277, 279, 280, 281, 
384, 440, 442, 446, 500, 502, 674, 676, 
677

Query filters, 541
Query governors, 366, 502, 503

Query limits, 504
Query options, 505

Query monitoring view, 346

Query panel, 36, 41, 45, 77, 185, 186, 194, 
208, 210, 279, 282, 361, 373, 376, 379, 
381, 387, 391, 400, 404, 410, 411, 415, 
430, 433, 456, 457, 459, 465, 467, 481, 
504, 511, 565, 588, 626, 673
Filter, 227, 381, 387, 391, 410, 412, 416, 

431, 435, 446, 456, 457, 468, 505, 506
Results, 227, 381, 387, 390, 391, 395, 

400, 404, 410, 411, 416, 435, 457, 
468, 506

View, 345
Query properties, 536
Query stripping, 46, 505, 506
Query technique, 39

R

RAM, 349, 352
Ranking filter, 541
Raw data, 80
RDBMS, 157, 159, 363, 664
Recent resources, 59
Refresh query, 516
Relational connection, 118, 124, 552, 572, 

583, 690
SAP NetWeaver BW, 146, 572, 573, 577, 

583
SAS, 146, 572, 573, 577, 583

Remote function call (RFC), 640, 643
Replacement table, 586
Report bursting, 132
Repository resources, 64, 512, 643
Restricted key figure, 637
Retrieving universe, 566
Right, 571, 572

Add objects to the folder, 142, 554, 573
Add or edit user attributes, 607
Administer security profiles, 101, 573, 702
Apply universe constraints, 702
Assign security profiles, 574, 703, 710
Check universe integrity, 703
Compute statistics, 101, 573, 703
Create and edit queries based on the 

universe, 574, 703, 710
Create and edit query on top of this 

universe, 608
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Right (Cont.)
Create, modify, or delete connections, 101, 

141, 148, 573, 702
Data access, 150, 575, 577, 608, 703, 710
Delete objects, 573
Download connection locally, 129, 148, 

576, 691
Edit access restrictions, 703, 710
Edit objects, 148
Edit script, 582
Edit security profiles, 575, 703, 710
Link universe, 703
Log on to the Designer and view this object 

in the CMC, 554, 573
New list of values, 703, 710
Print universe, 703, 710
Publish universes, 101, 554, 573, 702
Query script, 582
Refresh structure window, 703
Retrieve universe, 561, 574, 575, 703
Retrieve universes, 101, 561, 574, 702
Save for all users, 101, 561, 574, 703
Share projects, 101, 108, 574
Show table or object values, 703, 710
Unlock universe, 703, 710
Use shared projects, 703
Use table browser, 703
View objects, 581, 583, 589, 608

Role, 640, 643

S

SAP BusinessObjects Analysis
Edition for Office, 637
Edition for OLAP, 123, 637

SAP BusinessObjects BI, 29
SAP BusinessObjects BI 4.0, 55, 57, 288
SAP BusinessObjects BI 4.1, 57, 58, 302, 677, 

679, 681
SAP BusinessObjects BI Launch Pad, 615
SAP BusinessObjects Dashboards, 47, 123, 

157, 184, 364, 379, 400, 404, 410, 411, 
425, 429, 459, 461, 465, 511, 555, 614, 
637, 677, 679, 688

SAP BusinessObjects Data Federator XI 3.0, 
690, 691, 692, 706

SAP BusinessObjects Design Studio, 637
SAP BusinessObjects Explorer, 48, 124, 511, 

555, 688
SAP BusinessObjects Live Office, 688
SAP BusinessObjects SQL, 290, 295, 297, 305, 

318, 495, 662
SAP BusinessObjects Web Intelligence, 44, 

123, 157, 184, 217, 230, 364, 396, 402, 
425, 429, 435, 436, 459, 461, 465, 472, 
511, 575, 582, 614, 637, 677, 679, 682, 
688, 706
Rich Client, 45, 57, 126, 135, 547, 550, 

614
SAP BusinessObjects Query as a Web Service, 

688
SAP BusinessObjects XI 3.0, 707
SAP BusinessObjects XI 3.x, 60
SAP BusinessObjects XI R2, 707
SAP Crystal Reports 2013, 47, 124, 688
SAP Crystal Reports Business View Manager, 

572
SAP Crystal Reports for Enterprise, 46, 123, 
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