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6. Introduction

6.1. Audience

The goal of this paper is to give an integrated view of key SAP and DB2 performance indicators, and offer a
process for using the two together.

The audience for this document is DB2 DBAs who are responsible for administering DB2 for OS/390 and
z/OS running SAP BW system, or BASIS/BW administrators responsible for a SAP BW system on DB2 for
0S/390 and z/OS. The focus is on query performance problems, and how to solve them.

Evaluation of query performance for SAP BW requires using both SAP information (such as query
performance indicators in RSDDSTAT, or aggregate valuation and definition in RSAT) and also DB2
indicators (such as cached statement statistics, or using DB2 EXPLAIN PLAN to analyze the access path
used by DB2).

In general, a DBA would not be responsible for some of the processes in this paper, such as analyzing and
defining SAP aggregates, which are summary tables optimized for specific queries. It is important for the
DBA to be aware of these activities, since aggregate analysis and definition should generally be done before
making DB structure changes, such as adding new indexes. As an example, doing DB2 tuning will not
solve a problem, when the root problem is a lack of aggregates. Missing or improperly defined aggregates
can cause increased CPU usage, I/O activity, and DB2 memory usage.

Likewise, a BW administrator may not be familiar with the technical issues of DB structure, SQL
evaluation, and DB2 parallelism capabilities. But if after evaluating the data model and aggregates, there
are still performance problems, the BW administrator can work with the DBAs to evaluate DB2-related
changes to address performance problems. Not all problems can be solved with aggregates, and the BW
administrator may need to turn over some problems to the DBA.
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6.2. Additional documentation

The SAP ASAP BW documentation has information on data modeling, infocubes, etc. ASAP
documentation is delivered with the SAP install kit for BW. It describes some of the SAP information and
techniques below, but does not contain information on how to integrate the SAP and DB2 analysis.

The DB2 Administration guide (see section 12) has detailed descriptions of explain plan, access paths, and
star join.

There is a technical white paper available describing DB2 Star Join at
http://www.ibm.com/software/db20s390. Choose: Support > White papers > Evolution of Star Join Optimization
- DB2 for z/OS and OS/390.

6.3. Explain Plan

The default SAP EXPLAIN PLAN format converts the DB2 PLAN TABLE to english, and displays it in a
hierarchical display. On a BW system, since BW queries can contain many tables, the explain plan SAP
output can be many pages long. Since these reports would be too long to include in this paper, the paper
uses the DB2 PLAN_ TABLE format, which was formerly called “expert mode” in SAP.  Full details of
PLAN_TABLE output are in the DB2 Administration Guide. This paper will point out a few key items in
the EXPLAINSs used in the examples, but not give a detailed analysis.

6.4. DB2/390 and SAP background information

SAP uses DB2 in ways that make traditional DB2 performance indicators, such as plan-based accounting
statistics, not useful.
e All SAP work processes use the same DB2 Plan
e All SAP query SQL is dynamic SQL.
e SAP work processes remain attached to DB2 for hours or days, and run many queries through a
single thread.

Monitoring SAP BW is also different from monitoring SAP R/3.

e SAP BW performance statistics are not in ST03, but are available in STO3N via support package
updates.

e SAP BW performance statistics are available in RSDDSTAT and RSDDSTATAGGRDEF tables (or
in the 0BWTC_C03 and 0OBWTC_CO03 statistics cubes).
DB2 parallelism is enabled for SQL accessing fact tables

e SAP infocubes use a star schema
SQL statements often reference many more tables than R/3 transaction or reporting SQL

The result is that traditional DB2 plan and accounting data is of limited use, and new SAP statistics
(RSDDSTAT and RSDDSTATAGGRDETF, or statistics infocubes) contain important performance
information.

SAP BW query performance can be reviewed using STO3N, queries on the statistics infocubes, or SE16 to
read SAP tables. This paper will show examples of each. ST04 statement cache analysis is used to check
SQL in DB2 — access path, table and index attributes, performance statistics, etc.

© Copyright IBM Corp, 2003 All rights reserved Page 7
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6.5.

SAP BW Terminology

6.5.1. Star Schema

SAP uses the star schema in defining and creating infocubes that are used for BW queries. The star
schema is made up of a central fact table, and surrounding dimension and master data tables. Please see
Figure 3 for a graphical representation of the relationship of the tables in an SAP infocube. Figure 3 does
not show all objects, such as all master data tables, or indexes on table keys. It shows the relationships
between the fact table and the tables that surround the fact table -- dimension tables, SID tables (for
master data), and Attribute SID tables (for navigation attributes).

6.5.1.1. Fact Table

A fact table contains facts (for example, requested quantity, allocated quantity, total price) about a
business transaction, such as a sales order. Facts are items that can be used arithmetically (summed
or averaged, for example). In the DB2 database, fact tables will have names like ‘/BIC/E*’,
‘/BIC/F*’, </BIO/E*’, or /BIO/F*’. The key of the Fact table is made up of DIMID (Dimension ID)
columns, which have a foreign key relationship to the dimension tables.

6.5.1.2. Characteristics

There are also characteristics associated with each row in the fact table. These are generally not
arithmetic, and are attributes such as salesperson, customer, date, product id. In reporting,
characteristics are used to select and group the rows in the fact table. Characteristic values are not
stored in the fact table, but are stored in dimension tables and master data tables.

6.5.1.3. Dimensions

A dimension is made up of a group of characteristics that are related to each other. A product
dimension might contain product code, supplier, and marketing company. The time dimension
might contain calendar day, month, and posting period. Instead of the actual characteristic value
(e.g. salesperson name ‘John Smith”), the dimension table contains a SID (surrogate ID), which is a
key that uniquely identifies John Smith in the master data table for salespeople. In the database,
dimension tables will have names like ‘/BIC/D*’ or /BIO/D*’.

The key of the dimension table is the DIMID (Dimension ID). Each DIMID corresponds to a unique
combination of characteristics in the dimension. For example, if a dimension table contains product
code, supplier, and marketing company, there will be a different DIMID for each unique
combination of product code, supplier, and marketing company in the dimension table. DIMIDs are
assigned by SAP, and are created dynamically as new characteristic combinations are created. For
instance, when new product codes are created, there will be new DIMIDs created, one for each new
product code, supplier, and marketing company combination in the dimension table.

© Copyright IBM Corp, 2003 All rights reserved Page 8
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6.5.1.4. Master Data

SID tables contain the Surrogate ID values for a characteristic. For example, if customer number is
a characteristic in the customer dimension, then there will be a customer number SID table
containing the customer number and SID. The SID is an SAP-generated number that stands for the
master data value, which is how the SID gets its name “Surrogate ID”. In the database, SID tables
will have names like /BIC/S*’ or ¢/BI0/S*’. When a user specifies the customer number in a query,
DB2 uses the associated SID to access the dimension (or sometimes fact) table.

Other master data tables (/BIC/M*, /BI0/M*, /BIC/T*, etc) contain the rest of the information
(name, region, sales organization, etc) about the customer. When new master data items are
created (e.g. a new customer was acquired) then a new SID will be created by SAP to correspond to
the new master data value.

6.5.1.5. Line-item Dimension

A line-item dimension contains only one characteristic. Since there is only one characteristic, no
dimension table is needed — the master data SID table is the key for the line item dimension in the
fact table.

“Line item dimension” is a customization option that a BW administrator can use when defining the
characteristics and dimensions of an infocube. There are two general reasons why a characteristic
might be defined as a “line item dimension”

e The characteristic is independent of other characteristics of the infocube, and does not be
logically fit in another dimension.

e The cardinality (number of unique values) of the characteristic is so large that if it were in a
dimension with other characteristics, the dimension would be too large for efficient SQL
processing. See section 11.4.5 for an example of a dimension that is too large for its fact
table.

4@ Define | g Assign

|Dimensinn Long description |Line lte..|CardH... | |ﬁ
ZARSA12021 Article v I [+
ZARSAI2022 Article based on Site ' [~
ZARSAI2023 Site

ZARSA12024 vendor

ZARSA12025 Layout Module

Figure 1: RSA1 definition of line item dimensions
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6.5.1.6. Navigation Attributes

Master data tables can also contain navigation attributes, which are used for searching and grouping
master data. For instance, a sales area navigation attribute on salesperson master data would group
or select sales people according to sales area. At the database level, a navigation attribute will be a
column within the master data table. For example, a salesperson master data table may contain
columns for salesperson personnel number, sales manager SID, and sales area SID. In this case, sales
manager and sales area are navigation attributes which link to the “attribute SID” tables for sales
manager and sales area navigation attributes. This structure allows queries such as all sales people
reporting to a sales manager, or all sales people assigned to a sales area. Navigation attributes are
stored in “attribute SID” tables with names like ‘/BIC/X*’, ‘/BI0/X*’, ‘/BIC/Y*’, and ‘/BI0/Y*’.

6.5.1.7. Time-dependent Attributes

If an attribute of a characteristic can have different values at different dates, it is called “time
dependent”. An example might be the “product group” attribute for the characteristic “product” -- if
a company changed product groupings on January 1%, 2003, and the product “widget” was moved
from one product group to a new group, then reports for the time period before 1/1/2003 would
report widget sales in their former product group, and BW reports for the time period after 1/1/2003
would report widget sales in the their new group.

Prior to BW 3.0, time-dependent attributes cannot be defined in aggregates. 1f a user on a BW 2.x
system uses a time-dependent attribute in a query, the time-dependent attribute will be evaluated at
runtime, when the SQL is executed. DB2 will use the time-dependent attribute table to create the
result. The time-dependent attribute tables (see section 0) must be joined to the fact table to
evaluate the value of the attribute at the specified date.

With BW 3.0, time-dependent attributes can be defined in aggregates, and the aggregate will be built
using the state of the time-dependent attributes on a single ‘Key Date’, so that the aggregate will be
used only for reports as of that Key Date. Thus, time dependent navigation attributes are most
useful for creating aggregates for end of period reports, on a specific date where the status of the
business data is more important than on other days.

© Copyright IBM Corp, 2003 All rights reserved Page 10
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6.5.1.8. Naming Conventions

Figure 2 shows the naming conventions used in DB2 for different types of SAP objects.

Name
/BIx/F<InfoCubex>
/BIx/E<InfoCubex=

/BIx/D<InfoCube>n

/BIx/S<InfoObject>
/BIx/M<InfoObjects>
/BIx/P<InfoObject>
/BIx/Q<InfoObject>
/BIx/T<InfoObject>
/BIx/X<InfoObject>
/BIx/Y<InfoObject>
/BIx/I<InfoObjects>
/BI0/02<B-digits>

/BI0/03<8-digits>

/BI0/01<B-digits>

/BI0/06<B-digits>
/BIC/E<10-digits>

Type Description

T
T

TV

4H 4 < AAAA A A<

F fact table

E fact table

Dimension table of dimension n
n=PTU1,..9A,..D

SID table

Master data attributes (join of P + Q)
Master data attributes (time independent)
Master data attributes (time dependent)
Master data texts table

Attributes SID table (time independent)
Attributes SID table (time dependent)
Hierarchy SID table

Hierarchy reporting nodes (cached)
View on hierarchy nodes

View on reporting query

Table on hierarchy nodes

Temporary SID table (2.x)

Temporary SID table (3.x)
PSA / ODS Object table

Figure 2: Naming Conventions
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6.5.1.9. SAP Star Schema in DB2

Figure 3 is a simplified version of the SAP Star Schema in DB2. It does not contain all types of
tables, and does not include indexes. It does not show line-item dimensions. It is meant to show the
overall relationship between the central fact table and surrounding dimension, master data, and
attribute SID (navigation attribute) tables.

S AP Infocube Query Table Structure

TastetViata

G

TastetTlata

il

TdastetViata

il

TdastetViata

TastetTlata

TastetTlata A
Sl hfaster Bata SIS
Eey:

S

TastetViata

Figure 3: Simplified SAP infocube query structure

Fact Table - /EIC/E* or [BIC/TE*

Dimension Table - [BICTD*

Mfaster-Data

1L

R

L

S

TdastetViata

G

TastetTlata
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6.5.2. Query Designer Terms

The SAP query designer tool has yet more names for characteristics and key figures. Characteristics and
key figures are named based on their function in the query.

_nix
@t D=z0nd Q-F -HEBEAE? H= Y8 @-
Benchmarkcube | Filter |
(7 Key Figure = ﬁ Sold-toPartyCountry
=] [ Dimensions & Urited Kingdam
48 Customer
ﬂ Material
ﬂ Sales Area
g 3::::9“ Free Characteristics || Calumnris
% Time ﬁ Material Type ﬂ (=] @ Key Figures
% Unit - & Industry sector @ Sales Yolume
% Data Package - & Calendar Year/week J @ Open orders
- & Calendar day @ Returns
- ﬁ Sales Organization ﬂ @ Value returns_%
- - -
Rows | Salesol.. | Dpen orders|Retums | Valug retums_%
= & Sold-to party aSoldto.. | aMaterial | a-Cal Yea...
E Sold-to party [optional entry) . bLal Yea..
[‘]ﬁ Material b-Material | a-Cal Yea...
B Material (5 election Options, Opti - blal Yes..
b-Soldto.. | a-Material | a-Cal Yea...
= & Cal. Year/Month bCal Yea,
B Calendar Year / Month b-taterial | a-Cal Yea..
b-Cal Yea...
Search: W l I ﬂ
| o7

Figure 4: Query designer

6.5.2.1. Columns

Query columns are generally key figures (columns in a fact table) whose value is calculated in the
DB or in SAP and then reported in the query. The table columns corresponding to query columns
will be present in the SELECT clause of the SQL executed by DB2.

6.5.2.2. Rows

Rows are characteristics and navigation attributes that group the data and determine the report
breaks. The table columns corresponding to these characteristics and navigation attributes will be in
the GROUP BY clause of the query SQL. If a restriction is placed on a row, then the table column
corresponding to the row will also be present in the WHERE clause of the SQL.

6.5.2.3. Free Characteristics

Free characteristics are characteristics that the user may add, via drill down or filter value selection,
to the set of characteristics defined in the row section, as shown in Figure 4. They are available for
use, but are not part of the query and SQL until selected by the user.
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6.5.2.4. Filter

Filters are used to specify characteristics used to select the data. Filters will appear in the WHERE
clause of the SQL.

6.5.2.5. Relationship between query definition and aggregate definition

The set of characteristics contained in the ‘rows’, ‘filter’, and ‘columns’ sections is the minimum set
of characteristics that will be used with the query, and corresponds to the most summarized
aggregate that could be used to support this query.

Once a user added a filter or drill-down on a ‘free characteristic’, the minimum aggregate could not
be used to support the query.

The set of characteristics contained in the ‘rows’, ‘filter’, ‘columns’, and ‘free characteristics’ is the
maximum set of characteristics that could be used with this query, and corresponds to the least
summarized (most general) aggregate that could be needed by this query.

6.5.3. Compression

Both SAP and DB2 use the term ‘compression’, but ‘compression’ has different meanings for each.
Both types of compression are useful in a DB2/BW environment.

6.5.3.1. DB2 compression

DB2 compression (also called ‘hardware compression’) is a feature of DB2, OS/390 and zSeries that
compresses data in tables to reduce the space needed to store the table. It can reduce the number of
bytes in a row of table data. The data is stored on disk and in bufferpool memory in compressed
form, and is uncompressed or compressed by S/390 hardware instructions when it is referenced.
Since Fact tables can be very large, compressing Fact tables can be very beneficial in saving disk
storage, and reducing I/O activity. ODS tables are also generally good candidates for compression.

6.5.3.2. SAP compression

Each infocube or aggregate has two fact tables that can be used to hold data:
e F fact table (e.g. /BIC/Ftablename), where data is stored with a packet ID. If there are errors
in sending data to BW, the data can be removed based on its packet ID.
e E fact table (e.g. /BIC/Etablename), where packet ID is zero.

SAP compression implements an “application partitioning” where the E fact table contains data used
only for reporting, and the F fact table contains data which is used for administrative tasks
(acceptance check of data, rollups to aggregates) and for reporting. If compression has been
enabled, reporting from the F fact table is optional. The data in the F fact table can be used in
reporting if it is released for reporting in BW. Rather than reporting from the F fact table, after the
correctness of the data has been checked in the F fact table, data can be moved to the E fact table for
reporting.

SAP compression is a process of moving rows from the F fact table to the E fact table. When the
rows are compressed into the E fact table, rows that differ only in packet ID are merged into a single
row in the E fact table, and the packet ID is set to zero.
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SAP
DB2

compression can reduce the number of rows in the table, and by removing packet ID can make
star schema access to the fact table more efficient.

F fact tables should be small, and contain data long enough to check the validity of the data packets
while the data is staged for transfer to the F fact table. E fact tables will be large.

When SAP compression is not implemented, and all the fact table rows reside in the F fact tables,
queries and aggregate rollups using the fact tables may run longer than when SAP compression is
implemented.

Aggregate rollups may run longer, due to the large size of the F fact table, since aggregate
rollup extract only the latest packets from the F fact table. When compression is
implemented, the F fact table is smaller, and can be more quickly processed.

Queries may run longer since additional predicates on the P dimension are necessary when
selecting from the F fact table, compared to selecting from the E fact table, where the P
dimension “Packet ID” is always 0.

6.5.4. Aggregate

An aggregate is a summary table created from the data in an infocube. Aggregates are the most
important tool for improving SAP BW query performance.

When a query uses an aggregate with summarized data, it will fetch fewer rows from the
database, compared with fetching the un-summarized rows from the infocube. The
dimension tables for an aggregate contain fewer characteristics than the infocube that it is built
from. When multiple rows in the infocube are the same for all the characteristics included in
the aggregate, they are summarized to a single row in the aggregate. Since there are fewer
characteristics in the aggregate, the aggregate’s dimension and fact tables will contain fewer
rows than the dimension and fact tables of the infocube used to build the aggregate. This
summarization reduces the I/O and CPU required to retrieve the query result.

Aggregation can simplify the access path for SELECT operations. Navigation attributes
that are defined as part of the aggregate are incorporated as columns in the aggregate dimension
tables. Thus a select on an aggregate using one of its navigation attributes can be evaluated
using only the fact and dimension tables of the aggregate. Navigation attributes for infocubes
are stored in separate attribute SID tables, so a query using a navigation attribute for an
infocube must join the attribute SID table, the dimension table, and the fact table.
Incorporating the navigation attributes into the dimension tables reduces the number of tables
that must be joined to produce the query result, which can allow DB2 to process the aggregate
query more quickly than the same query on an infocube. If the aggregate has few
characteristics, it can be indexed by SID, so that DB2 can select rows from the fact table
without joining a dimension table to the fact table.

6.5.5. ODS

The ODS (Operational Data Store) is used in BW to support reporting on data that is more dynamic than
the data in infocubes, for example reporting on unfulfilled orders, or detailed reports on recent orders at
the order or line-item level. The usual query tools (Bex, etc) are used to query ODS.

© Copyright IBM Corp, 2003 All rights reserved Page 15



IBM Americas Advanced Technical Support === =

ODS cannot be optimized via aggregates, but one can add new indexes to support query requirements.

When a navigation step accesses the ODS, the RSDDSTAT field DBTDBODS will be >0, along with
QTIMEDB being >0.

6.5.6. Navigation Step

A navigation step (e.g drill-down or specify characteristic values in a report) is the BW analog of the
R/3 dialog step — it is the unit used in reporting performance. Not all navigation steps involve calls to
the database server. When the database server is called, then RSDDSTAT QTIMEDB will be >0. There
may also be more than one DB2 SQL query operation in a navigation step, since an infocube can

e Contain data in both F and E fact tables, or

e Be summarized into an aggregate table, or

e Comprise more than one fact table (as with a multicube).
SAP query performance data available using STO3N and SE16 (table RSDDSTAT) is reported in units
of navigation steps.

6.5.7. Partitioning

Since aggregates are the best way to improve performance of commonly run BW queries, consider using
DB partitioning to
e Split large tables into several partitions, to support parallel operation of administrative activities
such as backup, recovery, and runstats.
e Support tables that will exceed the size limit of non-partitioned tablespaces.
Enable use of partition-based operations such as partition pruning, or parallelism, for I/O
constrained ad-hoc queries for which there is no suitable aggregate.

6.5.7.1. Fact table partitioning

Fact table partitioning is possible using SAP RSA1, or by using DB2 utilities. SAP RSAI is the
recommended way to implement partitioning of fact tables. RSA1 can be used to implement
partitioning of E fact tables. The E fact table must be empty at the time that partitioning is enabled,
since SAP will add the partitioning characteristic column into the fact table.

SAP fact table partitioning can only be implemented on compressed (E) fact tables. The E fact tables
can be partitioned based on SAP time (0CALMONTH, OFISCPER) characteristics. Since most
queries have local predicates on time, this will enable DB2 to determine at prepare time which
partitions can be eliminated, which can improve query performance.

Figure 5 is an “explain plan” from a query against a partitioned E fact table. PAGE RANGE =Y
shows that DB?2 is able to eliminate unneeded partitions when the statement was prepared.
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Goto
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Explanation of SQL Access Path

Not all table fields are selected el
QELOCKND FLANWD HETHOD THAME TABNOD ACCESSTYPE | MATCHCOLS ACCESENANE PAGE_RANGE | JOIN_TYPE W

1 1 2 /BIC/DZED_CA1T 2 I ] /BIC/DZED_CONT-E10

1 2 1 JBIC/DZSD_CATPR T R o

1 B 1 /BIC/EZ30_CO1 2 I 1 {BIC/EZSD_CO1~B20 T

1 4 1 DSN_DIM_TBLX (B4) 11 T o
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4 2 2 JBIC/DESD_COA1T1 g R o =
E1D] I[[+]
| 17

Figure 5: E fact table access via PAGE_RANGE =Y

Since DIMIDs (fact table key values) are created dynamically, it is difficult to determine a good
partitioning strategy at the DB2 level. A DB2-level partitioning key that is good today may not be
evenly balanced in the future, and may not distribute the data across partitions in a logical way. F
fact tables cannot be partitioned using RSA1, but since F fact tables should usually be small, as

discussed in section 6.5.3.2, this is generally not a problem.
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6.5.7.2. ODS table partitioning

ODS tables (see section 6.5.5) can be partitioned using DB2 utilities. Since the key columns in
ODS objects are columns containing characteristic values (unlike the fact table, where the keys are
based on dynamically generated DIMIDs), one can review the range of values of master data for the
characteristics, in order to determine good partitioning key and key ranges.

As with E fact tables, time (here, 0CALDAY) is often a good choice to use for partitioning, if ODS
queries will include local predicates for time.

Tahle Edit Goto LHilities Estras  Enwironment Systern Help
Bl L @@ SRHE DD o8 EE

Dictionary: Dispiay Table
4= @’| D %% Qﬁ'| cal| n2—>| ol = B2 | BB Technical Settings || Indexes.. | Append Structure...

Transp. table fBICHBODSEENCHRE | Active %

Short Text 0DS Ohjekt ODSBERCH : aktive Satze .
Attributes k Delivery and Maintenance " Fields k Entry helpicheck k CurrencyfGiuantity Fields |

M EEE 2| Ey = < (8] srehretp || Buitintpe | 4} 28

rFieId Key|Initi...| Data element DataT.. |Length |Deci.. |Short Text
ETYPE fBIE/OTIVTYPE MUMG 3 Bialue Type for Reporing
DISTR CHAM fBIEYOIDISTR CH..[CHAR 2 B \Distribution Channel |
DIVISTION fBIEYOIDIMISION [CHAR 2 O|Division B
MATERT AL fBIBYOTHMATERTIAL [CHAR 18 Oimaterial
CALDAY fBIE/OTCALDAY DATS = OiCalendar day |§|
FISCWARMT BIE/OTFISCYARNT CHAR 2 O|Fiscal year wariant TE|

La][e ][ B[]

| d 7

Figure 6:0DS object key structure

6.6. DB2 Query Parallelism

SAP automatically enables DB2 query parallelism (SET CURRENT DEGREE = 'ANY') when accessing fact
tables. There are several DB2 parameters and settings that affect DB2 query parallelism. See SAP note
390016 for details on required and recommended settings for BW on DB2 for zSeries.

6.6.1. Impact of query parallelism on statistics

At the time this document was written, there were two situations where query parallelism may cause
SAP DB2 statistics to be incomplete, due the way DB2 collects statistics for parallel query.

When parallel query is used to execute an SQL statement, all the statistics related to parallel child
processes are aggregated in one statistics area, the parent query process stats are collected in the thread
statistics.
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e In STO04 statement cache statistics, when query parallelism is used to execute a statement, the
statement statistics contain only the main thread statistics, not parallel child statistics.

e In STO4 thread statistics, the parallel child statistics are not rolled up together with the main
thread statistics.

The impact of this is that the indicators described in section 9.1 may not be correct, if a query is
executed using DB2 query parallelism. If you encounter a situation where the statement statistics
described in section 9.1 (getpages, rows examined, etc) seem too low for the statement elapsed time,
QDBSEL and QDBTRANS, check the statement statistics to see if parallelism was used.
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Statistics  Edit  Goto

Statement Cache Statistics: Details

B Statistics field [ ABAP | BW statistics
‘Subsysterni D7FO at 23:15:05  10/20/2003 DB system DEZ

DB start B9:19:40 10/16/2003 CB release 7.1.0
Last reset Data since DB start

[dentification and status k Al time distr per exec k Total time distracross all execs ||I [«][» ']

Execs [/ sec B BEEs5234729

Avg getpages 4 F29. 00

Rows examiexecs 25,632 .00

Fows procfexecs 7.og

Getpages fprocessed G765 .67

Examined / processed 3661 .71

Sync reads M execs [ e

Synch writes § execs [, og

Awr syne NOs e
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Ay sorts a.00

Avg idx scans 10,536 00

Aug thl scans 2.00

Ay RID fails stor e )]

Avg RID fails limit B oo

Avd parallel groups 1.00

4

Figure 7: ST04 statement statistics - parallelism used

Even with incomplete statistics, it is often clear what the problem is, after examining the available
statistics and access path. If necessary, one can use the following workaround to get complete statistics:
e Restart a work process, by using SM50 to terminate the WP. This will reset the thread statistics.
e Lock the userid that will run the test query in the restarted work process, using RSTRCO000.
e Execute the BW query using RSRT, the SAPGUI interface to BW query execution.
e Restart the work process, to create statistics records over the test for parent and query children.
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6.7.

e Use DB2PM RECTRACE IFCID 3 to display accounting data for parent and query children.
The child data is aggregated in a record marked “ROLLUP DATA FOR PARALLEL CHILD
TASKS

YES”.

Query execution using views

With some versions and support package levels in BW, queries are executed using VIEWS that are dropped
immediately after the query SQL finishes. Once the VIEW is dropped, one cannot use ST04 to explain the
statement and check the access path. SAP note 373738 describes how to retain the views after the SQL

finishes. When VIEWS are defined, the ST04 cache will look something like this:

ajld BHIeaQ  SHE SEDO8 AR @m

Staterment Cache Statistics: Overview
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at 12:30:55  01/02/2003 DB eystem  DB2
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Last reset Data since DB start
Highlights " Status k Timers k Execution statistics
Tahle name Act elapfexec. |Executions |Initial prepare Status WITH HOLD |Statement ... |Copies of ... [Statement text
MRIY 0818 401402 11 :66: 30 valid Mo ] Oizelect FROMWUMEBER, '\IZ‘
/BIO/0300001341 0. 0681 10182 11:53:45invalid-DROP/ALTER|ND ] 1|SELECT * FROM "e’BIDaIE‘
fBIO/O300001340 1.0851 Tt 11:53: 26 invalid-DROP/ALTER|ND ] 1|/SELECT * FROM " /BIG/
JBIC/SZITEMCATG 0. 036 101482 11:53:14invalid-DROP/ALTER|ND ] 1|SELECT * FROM "/BIG
/BIO/D300001338 0. BG67 1182 11:52:25invalid-DROP/ALTER|ND ] 1|SELECT * FROM "/BIB/
DOSHPYALED 0. eoa 200182 1185210 valid Mo ] 1|DELETE FROM “DDSHPY!
DDSHPYALED 0 B16 801402 11:52:10\valid Wo ] 1|/INSERT INTO “"DDSHPY!
DOSHPYALED 0. eEa 2001482 11:52:10 valid Mo ] 1|UPDATE “DDSHPYALSE"
fBIOJSCITY 0. 737 112 115202 invalid-DROP/ALTER|ND ] 1|SELECT * FROM " /BIG/
/BIB/B300001336 0. 832 101482 11:51:43invalid-DROP/ALTER|ND ] 1|SELECT * FROM ”."BIBJE
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| 4 4

Figure 8: ST04 statements invalid due to dropped VIEW
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The statements will look like this:

Statistics  Edit Goto

System  Help
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Figure 9: Statement using view to access infocube or aggregate

Review SAP note 373738 for information on how to retain the VIEWS after execution.

6.8. Star Join

Star join is an access method optimized for data stored in star schema. SAP infocubes use star schema. Star
join is enabled by two DB2 parameters. See SAP note 390016 for all current recommendations. The
information here is only current at the time this paper was written.
e STARIJOIN, which enables star join, and checks whether the query is suitable for star join based on
the relative size of the dimension tables and fact table, and
e SJTABLES, which sets limits on when star join should chosen by the optimizer, based on the
number of tables in the star join query block.

MXTBIJOIN (current SAP BW recommendation 100) also should be set for SAP BW systems. If this
parameter is set, and star join is not chosen, then DB2 can still optimize star schema joins with many tables.

The current SAP recommendations (STARJOIN=2 and SJTABLES=4) mean
e Star join is enabled if the cardinality of the fact table is 2 times larger than the cardinality of the
largest dimension table used in the query, and
e Star join is enabled for queries with 4 or more tables in the star join queryblock.

Note that infocube design problems, such as a dimension table that is very large, may prevent DB2 from
using star join, because of the cardinality checks in the STARJOIN parameter.
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Star join can be broken down into two phases:
e Qutside-in, where filtering predicates are used to select candidate rows from the fact table and build
an intermediate result set, and
e Inside-out, where the remaining (usually less-filtering and GROUP BY) predicates are joined to the
intermediate result set to build the final result.

During the outside-in phase, DB2 builds a ‘cartesian product’ of the DIMIDs from the predicate
characteristics used to filter the rows.

For example, if the query selects all the rows “‘WHERE PRODUCT_CATEGORY=TV AND
CUSTOMER="SUPER SALES’ and PERIOD="001/2002’ against an infocube with three dimensions
(product, customer, and time), when a multicolumn index (customer dimension, product dimension, time
dimension) exists, DB2 can use star join in the following way:
e Get all the DIMIDs (fact table key values) from the customer dimension for
CUSTOMER="SUPER SALES".
e Get all the DIMIDs from the product dimension for PRODUCT CATEGORY=TV.
Get all the DIMIDs from the time dimension for PERIOD="001/2002".
e Build the cartesian product (a set of rows) of all these DIMIDs. Each row in the set is a key value
(customer, product, time) that will be sought in the fact table.
e Fetch rows from the fact table using the index (customer, product, time).

The cartesian product is all the ordered combinations of the DIMIDS satisfying the predicates in each of the
three dimensions. If the DIMIDs for customer dimension are 2,5 and the DIMIDs for product dimension
are 1,3,5, and the DIMIDs for period dimension are 1,4, then the cartesian product rows for the key
(customer, product, period) would be
(2,1,1),

(2,1,4),

(2,3,1),

(2,3,4),

(2,5,1),

(2,5,4),

(5,1,1),

etc.

The Cartesian product is built in DB2 virtual storage, not materialized to disk.

If the number of DIMIDs meeting the predicate conditions in each dimension is X, Y, and Z, then the size of
the Cartesian product will be X*Y*Z rows -- the Cartesian product grows very quickly with the number of
DIMIDs meeting the predicate conditions and the number of dimensions. Star join is chosen by DB2 when
there are filtering predicates, and the Cartesian product will be a manageable size.

Multi-column fact table indexes that support filtering predicates on multiple dimensions are necessary for
efficient exploitation of STAR JOIN. The default indexes that SAP creates on the fact tables are not well
suited to STAR JOIN. See section 11.4 for more information on when to create additional fact table
indexes.
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The key benefit of star join, compared to other DB2 access methods, is that by applying more filtering
predicates to the ‘outside in’ phase, there will be fewer rows fetched from the fact table. By narrowing the
result set early, the query can run faster, and use less DB2 SORT memory, less DB2 WORKFILE space,

and less CPU.

There are a number of PTFs that are very important for STAR JOIN performance. SAP note 81737 lists the
key PTFs for SAP. There are performance enhancements in DB2 V7 (such as sparse indexes on work files)
which can offer better star join performance with DB2 V7 than with DB2 V6.

SAP note 390016 describes configuration settings specific to BW on DB2/390 systems.

7. Strategy Roadmap

7.1. Individual Query Optimization

The key points in optimizing performance of an individual BW query are:
e For an individual query, use RSDDSTAT to determine the components of query elapsed time -
Section 9.2. (Summarized query statistics are available in STO3N or via queries on 0BWTC_C02)
e Evaluate whether an aggregate should be defined to support query — Section 9.2.2 and 11.2.1.
e [Ifan aggregate is not suitable for the query:

)

)

If DB time is the main component of elapsed time, find and explain the SQL statement —
Section 10.1.

Check statement predicates, and estimate which predicates filter the result best — Section
11.4.7.1.

Evaluate dimension join order, and determine if filtering dimensions are joined early —
Section 11.4.7.

If filtering dimensions are not joined early, check whether indexes for the predicates exist on
the dimension, SID (master), or attribute SID (navigation attribute) tables — Section 11.4.4.
In indexes already exist and data in the indexed columns is skewed, try creating FREQVAL
statistics with a higher COUNT, to gather more information on distribution — Section 11.4.3.
If none of the above help, evaluate whether multi-column index on fact table is needed to
enable star join — Section 11.4.7.

7.2. System-wide optimization

At a system-wide level, the most important activity is evaluation and creation of aggregates.
e Check that aggregates exist and are used for frequently executed queries — Section 9.2.2, Section

11.1.1.

e After aggregates have been defined:

o
o

Check DB2 for symptoms of buffer pool size or threshold problems - Section 11.4.9.
Check DB2 (or OS/390 or z/OS) for symptoms of OS level constraints — Section 11.4.7.2.

8. Correlating ST04 statement cache and SAP statistics

When examining SQL for slow queries in the statement cache, it is helpful to check the corresponding SAP
statistics, which include information about SAP’s logical view of the query (characteristics and key figures) as
well as the name of the query, infocube, and performance statistics such as QDBSEL (rows matching
predicates) that are not available from DB2.
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8.1.

Enhanced ST04 with query correlation

With BW 3.0B Support Package 15, there is an enhanced version of explain that links the SQL in ST04 to
RSDDSTAT and RSDDSTATAGGRDEF, which contain SAP statistics.
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Figure 10: ST04 statement cache with BW query correlation

By picking a statement, and pressing the “BW statistics” button shown in Figure 10, one can display the
statistics used for the key performance indicators described in Section 9:

System

DB2 rows examined (called analyzed rows in Figure 11)

QDBSEL (selected rows — rows matching the predicates)
QDBTRANS (transported rows — rows after GROUP BY)

QTIMEDB (query DB time)

Help

=] RO R e R RS R N = N e R

DB2 BW Analysis Tool - Overview

] Refresh  F Time Limit B8 Fixad STATUID

Ohseryation

Intervall Haours 0 Minutes 0 Seconds
Fr. 0o oo 6a
To Lee L ]

@I\ él?lﬂi‘]l?l@ IEE = |’EE|E|@||@|| Dynamic Statement Cache Infolbjects

Date

Time Report  |User Cells|Max... |Agagr. |Analyzed...| Select..| Trans...| UnderSelect| SelectTrans

Select/DB Time

DB Tim

091972003

173721 |Z80_C.. |GOR... 1] 44,263 7 7 6,323.3 1.0

0.z

35.585837

I41[r]

AN
Vo

Figure 11: ST04 BW analysis
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The InfoObjects button displays the characteristics and key figures used in the query.

Systern Help

3AH @ SHE Do BE @m
DB2 BW Analysis Tool: InfoOhjects

[4]
[~]
EIREEERIERERIEERERENR
Date Time Report Info...|Guery Cube |(InfoObject AS|Wal. Fixed ...| Tre..|Hierarc
09192003 |17:37:21 |Z5D_C01 FANALYSIS_1.. Z5D0_Cm 050LD_TO * 1} oo
08192003 (17:37:21 |Z8D_C01 FAMALYEIS_1.. Z5D_Cm 0SALESORG * 1} oo
08192003 (17:37:21 |Z8D_C01 FAMALYEIS_1.. Z5D_Cm OMATERIAL * 1} oo
08192003 (17:37:21 |Z8D_C01 FAMALYEIS_1.. Z5D_Cm OCALMOMNTH * 1} oo
08192003 (17:37:21 |Z8D_C01 FAMALYEIS_1.. Z5D_Cm aDWISION * 1} oo
08192003 (17:37:21  |Z8D_C01 FAMALYSIS_1.. OCRMEM WAL 0 oo EI
Lﬂﬁrﬁr?nm 172721 |72n mnt ranalveis 1 NETHE ITEME n | nn o IEI
«|[» <[

| J

N

Figure 12: ST04 statement cache BW InfoObjects

8.2. Manually correlating ST04 cache statistics and RSDDSTAT

For those using BW versions before 3.0B SP 15, correlate query statistics by comparing the query
timestamp in RSDDSTAT, which is GMT, and the timestamp on the statement in ST04, which is DB2 time.
See the example in Section 12 for manual correlation of statement cache and RSDDSTAT.

9. Indicators of performance problems for DB2 running BW

Since SAP BW queries often do GROUP BY summarizations, the indicators that can show performance
problems in R/3 (e.g. getpages per row processed, or time per row processed) are often not useful with BW,
since the ST04 count of ‘rows processed’ is reduced by the GROUP BY summarization. The GROUP BY

summarization affects these ratios, and makes them appear worse than they actually are.

BW has different categories of query response time than R/3. These response time categories are described in
SAPnote 130696. Statistics for individual DB2 queries (SAP navigation steps) are in the table RSDDSTAT, or
statistics cube OBWTC _C02. The ratio of QTIMEDB to other categories of SAP time in RSDDSTAT is the
key indicator of slow database time for queries. Ifthe query is long, and QTIMEDB is the majority of time,
then reducing the time to retrieve the data from the database will help improve performance.

RSDDSTAT also contains counters for the number of rows processed by the query
e QDBSEL, which is the number of rows that satisfy the predicates (it is COUNT(*) in SQL), and
e QDBTRANS, which is the number of rows after GROUP BY. This is also the same as ST04 “rows
processed” in DB2 statement cache statistics.

9.1. Key ratios that can indicate performance problems
For long running queries, there are three ratios that can be used as indicators of problems:
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e The ratio (QDBSEL / QTIMEDB) is the number of rows selected from the database per second. If
this is high (1000 or more) then database performance is good, though the query could still be slow
because an aggregate is needed (see QDBSEL/QDBTRANS). If this ratio is very low (50 or less)
then there is usually a problem with DB access. Rates ranging between these two can be normal, for
instance when a query joins many dimensions to a fact table, or when many dimensions are joined to
master data or attribute SID tables. Many different things can cause slow QDBSEL/QTIMEDB
rates: I/O constraints, missing indexes, incorrect access path selection, buffer pool constraints, or a
data model problem.

e The ratio (ST04 statement cache “rows examined” / QDBSEL) is the number of rows examined
for each row that satisfied the predicates. Ifthis is high, it can be a sign of access path problems
caused by predicate columns without indexes, or that DB2 is not able to use a filtering predicate
early in the query to reduce the number of candidate rows. When a query is run with indexes that
filter the result early and effectively, this ratio may be as low as 5 or 10. By itself, this ratio is not a
reliable indicator of performance problems. For example, if a query contains a small table without a
good index, the table may be repeatedly scanned and this ratio will be high, but the query may still
run very quickly, since scanning a few dozen rows of a table in memory is fast. If you find a query
which is slow, and where this ratio is high (e.g. 100-500, or more), then use ST04 EXPLAIN to
check the statement’s access path and check that indexes exist for the predicates, as is shown in
section 11.4.4.

e The ratio (QDBSEL / QDBTRANS) is the number of rows selected for each row in the result after
GROUP BY. When this is high, it means that DB2 must summarize many selected rows into each
result row, so an SAP aggregate table would probably help performance, since the aggregate table
would contain pre-summarized data. After the fact table is summarized into an aggregate table, the
query will retrieve fewer rows to create the result. SAP’s rule of thumb is that when this ratio is
greater than 10, an aggregate may be appropriate. Use the frequency of query execution, the
importance of performance for the query, and the time available for aggregate roll-ups in
conjunction with this ROT when evaluating the need for new aggregate tables. For instance, if a an
aggregate is not frequently used, and if the query is very slow, but there is time and CPU available in
the aggregate roll-up window, then creating an aggregate is a way to move part of the report
generation time to the nighttime.

If the query runs quickly, then these ratios are not important — e.g. if QTIMEDB is just a few seconds, then
it is not important if ODBSEL/QTIMEDB is low.

9.2. Interpreting RSDDSTAT

RSDDSTAT is the SAP table that contains information on SAP query navigation step (that is DB2 query)
performance. Not all navigation steps make calls to the database server. If the database server is called,
RSDDSTAT QTIMEDB will be >0. For database performance, QTIMEDB, QDBSEL, and QDBTRANS
are the most important statistics. See SAP note 130696 or use F1 help in SE16 for information on the fields
in this table. The same time categories are used in the 0BWTC_CO02 statistics cube, when BW statistics are
activated.

Not all the RSDDSTAT columns are displayed in the examples.
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9.2.1. Possible z/OS or DB2 performance problem

In cases where QDBSEL is very close to QDBTRANS, and the query is slow, there may be a problem
with I/O performance, DB2 access path selection, or missing indexes to support the query.

Table entry Edit Goto  Settings

ystem

Help

e B ea@ DHE S TLn DR @

Data Browser: Tabie RSDDSTAT Select Entries
@R BEaT TR alETEEHT EEE

354

INFOCILBE GLUERYID GDBSEL| QDETRAMNS GTIMEDB| DMTDBBASIC STARTTIME|STATUID
Z_0OPEMORD |Z_OPENORDIQBPOPOOT 1] 1] 35632812 35632812 | 20,020,907 140,318.8631740 |3N004LAZOTBESYZIDURMAPILS |Z|
I T3 31 41.4218745 41421875 | 20,020,910,194,253.5304740 |3N1XFYFSSCOLANLD33 FPOI0X |z|
| 73 34 40.804687 40.804687 | 20,020,810,203,532.6944930 |3M1XMASASELLN HLOAVCELZI2P
I T3 T1 41.781250 41.781250 | 20,020,910,203 9551064260 |3N1XMOB2ZEGFPD2ZNEMCAZLATHT
I T3 T1 42500000 42500000 | 20,020,810,204 114 4666690 |3N1XMRSSAALIFKTLIOJFYCOCHK
| 86 ar 44 105469 441054649 | 20,020,911,151,134.5144570 |3N28ZERISUFEXGAGPEVIGQEMNT
| a6 43 41 585937 41884937 | 20,020,911,151, 2266842640 |[3M2BEGI95KMAJUTLUSCDE3Z09
I 86 84 42777344 42777344 | 20,020,811,151,319.5191550 |3N28ZIGHOZOSBESCHSBHERGER
I 86 84 41511719 41811719 | 20,020,911,151,409.2119070 |3N2EZKBTYSLSMDOB4X4KLISBAT E
| el a4 41 609375 41.609375 | 20.020,811.151,602.9299980 |3M28ZL 5N OIGGEAGHKGUTNDESS E|
0] [ [an
| 47

Figure 13: RSDDSTAT slow QDBSEL/second with QDBSEL similar to QDBTRANS

In Figure 13, note that the query times are somewhat long (QTIMEDB over 30 seconds) but QDBSEL
and QDBTRANS are under 100. The query retrieves only about 3 rows per second
(QDBSEL/QTIMEDB), which is very slow. This points to DB problems such as I/O contention, access
path or indexing. Section 10.2 shows how to find and examine the statement in the ST04 statement

cache.
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9.2.2. Need for new aggregate

In cases where QDBSEL is much larger than QDBTRANS, then creating a new aggregate table to pre-
summarize the data can help improve performance.

Data Browser:

JH Q0 2HE onoas BR 2@

-

Table RSDDSTAT Select Entries

1,549

AR BRATREE @ ACQAT BEB=w

ETATUID INFOCUBE | QUERYID “|UMAME |@4GGRUSED|*  QDBSEL| GDBTRA.|  GTIMEDE STAF
883L41TSCASA,. | SDEUPCEIL |SDEUPCBILMSDEUPCBIL_|_PUB_T00 - 0 0 | 646015625 | 20,021,028,151,145.591[]
7IAEOFRERRF3.. 3,140 a7 | 33843750 | 20,021,028,084,12607(+|
C2LDNHIIEEQ. . 3,140 37 35875000 | 20,021,028,085842.12
STVRYTGNBL 11,228 107 | 51.218750 | 20,021,028,141,729.70
CHGBOYFAIRAIZ.. 11,228-—_107 | 34890625 | 20,021,028,134 541.23
DITH34YNHICD 11,118 107\ 34 640625 | 20,021,028,164,734.03
BEWZHI0BRAM. . /[ 148218 906 | 19Q265625 | 20,021,028,143,82553
ES3EAEOYZLAH.. / 148,218 906 | 1435625 | 20,021,028,150,855 45
250A3AHVEDES. . / 772,574 638 | 127.07\125 | 20,021,028,161,007 84
BIUIMZDEOSEA... 272,574 638 | 180576y 25 | 20,021,028,105,605.37
29VINKCSBIQ0... 1,391,956 4806 |1553171p75 |20,021,028,135,433.29
ATNTI1BNTCFG... 2,801,056 4,806 |1,060.718/50 | 20,021,028,170,827 65][a |
BBOBTKAOKZZAL. \ 1,391,856 4806 |1436.094750 | 20,021,028,100,554 823[<]
[«][¥]] \ / [ [« [+ ]
d

Figure 14: RSDDSTAT QDBSEL much larger than QDBTRANS

In many of the lines in Figure 14,QDBSEL/QDBTRANS is 100 or more. An aggregate will help
performance of this query.
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9.3. Interpreting RSDDSTATAGGRDEF

The table RSDDSTATAGGRDEF contains information about the characteristics used in BW queries. SAP
RSALI can use this information to propose aggregates. If the ST04 statement cache statistics for a query are
not available, you can use this to check the characteristics used in the query.

9.3.1. Basic infocube
A basic infocube is a single infocube, which may be made up of both E and F fact tables, along with
their dimension tables and related master data tables.

As a first step, use SE16 to view RSDDSTAT, and copy the STATUID of the query you want to display.

Table entry Edit Goto  Settings  Systern Help
& 2 AH e SHE anoan BE @ m
Data Browser: Tabie RSDDSTAT Select Entries 3
QD EERE AFFTE| Q| ETCEHT| B EE
STATUID SESSIONLUID MNAVSTEFLID IMFOCLUIBE |HANDLE|QUERYID

Z_SL5_ORDMBPO0011
Z_SL8_ORDQBPOO0T1
Z_SLE_ORDQBROO011

AN LUHUWGTYPB2ZABJ0ZERMIE Sy 311 UHV44QHBOKMILZSYWH IS G0 | 3N1TUHYBTSWAVA3JEFBRJGETPLG |Z_SLS_ORD
AMTUHYYERSBSRWEL 22:MEBXE3RD | 3M1UHVALQXBOKMWUZEWH IS OVO | 2N1TUHZE2RERHET4IERPLY72HG |Z_SLS_ORD
AMTUNAWDSSKLZZVACIZAPME | 3MN1UHVALQXBOKWUZEWHIWS QWO | ZNTUIMIKIREAZPZGOYFCASODO  |Z_SLS_ORD

O] 0]
I 4 2

Figure 15: RSDDSTAT to get STATUID
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Next, use SE16 to view RSDDSTATAGGRDEF, and paste the STATUID from RSDDSTAT into the
STATUID for RSDDSTATAGGRDEEF.

A8 8 EE B Ta8 ) ERE
Data Browser: Table RSDDSTATAGGRDEF: Selection Screen

GrYPEZABJOZERM3SEY

LI"'I ]
Al

el
=
=

Figure 16: RSDDSTATAGGRDEF selection screen

Press execute.

JHEH @@ BHE a0 BE @
Data Browser: Table RSDDSTATAGGRDEF Seiect Entries 11

| | & |

STATUID AGGRMUN| 10BJMM QUERYCUBE AGGRST| HIESID | TLEVEL [WALUE| FI4SID
31 UHUWGTYPB2ABI0ZERMA55 OCONF_QTy il 0
INTLUHLWGTYPB2ABJOZER M 3554 oDoC_TYPE Z_SL5_ORD
INTLUHLWGTYPB2ZABJOZERM IS SV ODSDEL_DATE Z SL5_QRD
ANTLUHWGTYPE2ABJOZER M 355 0ORDER_QTY
ANTLUHLMGTYPE2ABJOZER M IS OREASON_REJ Z_SL5_ORD |F
INTUHLWGTYPB2ABJOZERM IS S OSCHED_DATE Z_SL5_0ORD
INTLIHLUWGTYPE2ABJOZER M 358 ZORD_STAT__Z FKSAA|Z 215 ORD
ANTLUHWGTYPE2ABJOZER M 355 ZORD_STAT__Z LFGBA|Z 215 _ORD
ANTLUHLWGTYPB2ABJO2ZER M 3554 Z_COMSALE Z_SL5_ORD
INTUHLWGTYPB2ABJOZERM IS S Z_UL_FPRC
INTLIHLUWGTYPE2ABJOZER M 358 Z_UNT_FPR

o e s e e e e o ) o )
[ e | e e e e o ) o o

Figure 17: RSDDSTATAGGRDEF query information
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In Figure 17, the report rows where AGGRST is not blank are characteristics and navigation attributes.
They can be used for SELECT and GROUP BY. Rows where AGGRST is blank are key figures
summed in the SELECT clause. The query user does not select the SAP characteristics for the P (packet
ID) dimension. The P dimension characteristics are found in the SQL, but will not be in

RSDDSTATAGGRDEF.

Since the data in RSDDSTATAGGRDEF can contain errors, if you need to review the statement, it is
best to get the details such as predicates and values from the ST04 statement cache.

9.3.2. Multicube example

A multicube is a union of two (or more) infocubes. The infocubes must share some characteristics.
These shared characteristics are used as the basis of the union of the different key figures in the

infocubes.

When examining RSDDSTATAGGRDEF for a multicube query, there will be entries for each of the
infocubes that make up the multicube. The ST04 statement cache will contain DB2 SQL statements
executed on each infocube in the multicube, too. SAP combines the result of each of the DB2 SQL

statements to build the result for the BW end-user.

In figure 6, the infocube is named SDEUDELOR. But when we display the query in
RSDDSTATAGGRDEF (Figure 19), note that two infocubes, SDEUDELTR and SDEUPORD, are
referenced.

1H ©@@ DR Hnas QE

Data Browser: Table RSDDSTAT Select Entries 249
T8 BE APTFTE Q| ITOT B«

[ sTATUD [INFOCUBE " QUERYID “lUNAME  |QAGGR..| GDBSEL| QDBTRA.| QTIMEDS| STA
[BIG2HAKBUOKFETMKFG... | SDEUCSRC SDEUCSRCMSDEUCSRC_|_BW Q500 | 19,360 | 2,433 | 38.906250 | 20,021,004,103,455.69
~ |7GUOIXEQDBEBPEBDSYP . SDEUDELOR | f 44680 | 7,497 | 16921875 '20,021,004,115,3041:{]
| 08FBBVIBHOZVAHGBEW... SDEUDELORMSDEUDELOR_I_BW_G.. 44680 | 7,215 | 16515625 Izu,uz1,uua,114,anu.3EU
|5914CETODALT ZKBFPOMB. | 37453 | 34818 [417.906250 | 20,021,004,075,508 93
| DTAISLEWIHDHIFVOK36 42,330 6,259 | 22421875 | 20,021,004,101,066.35 —
|| D8NA25203ZONTKFKRG... SDEUDELTR | SDEUDELTRASDEUDELTR_IFL_500 | 5509 | 1,536 | 50968750 '2u.uz1.uua,113,959?qf
TR (Eal ol Tt o } - LEGEIREL TOUMORELIGELTO L Ol 8 L s s, Anso ! AnE | a0 494078 [Aannad nnad4aa anand!

[« [ D]

W

Figure 18: Multicube RSDDSTAT entry

Note that in Figure 18, there is a single entry for the multicube query navigation step (each has a unique

STATUID), just as there would be for any query navigation step.
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Tahle entry

Edit

Goto

Settings

afd BIea@ I DHE SOLO0 I BER @m

Help

&

Data Browser: Table RSDDSTATAGGRDEF Select Entries 20

“FAR BB ATFEFE G ASAT| HeEE

STATUID AGGRRUM{IOBIM GILUERYCUBEAGGRST|HIESID| TLEVEL [WALUE| FIXSID
5914 CATODALT 2KAFPOMBF ¥ G| OCALMORTH SDEUDELTR|[* 1] 17548 0
S914CATODALT 2KAFFOMBRT GG 0DOC_MUMBER SDEUDELTR|* 0 17949 0
A914CATODALT 2KAFPOMBER TG QOITEM_CATEG SDEUDELTR|[* 0 1799 0
5914 CATODALT 2KAFPOMBF ¥ G| OMATERIAL SDEUDELTR|[* 1] 17548 0
S914CATODALT 2KAFFOMBRT GG OMATERIAL_ EPRODHOZ | SDEUDELTR [* 0 17949 0
A914CATODALT 2KAFPOMBER TG OMATERIAL__ EPRODHODS | SDEUDELTR [* 0 1799 0
5914 CATODALT 2KAFPOMBF ¥ G| OPLARMT SDEUDELTR|[* 1] 17548 0
S914CATODALT 2KAFFOMBRT GG 0SALESORG SDEUDELTR|F 0 17949 14
A914CATODALT 2KAFPOMBER TG ECOMCE 0 0
5814 CATODALT 2KAFPOMBF ¥ G| 1 (0CALMORNTH SDEUFPORD |* 1] 17584 0
S914CATODALT 2KAFFOMBRT GG 1|0D0C_MNUMBER SDEUPORD |* 0 17949 0
A914CATODALT 2KAFPOMBER TG 1|0D0C_TYPE SDEUPCRD |* 0 1799 0
5814 CATODALT 2KAFPOMBF ¥ G| 1|0ITEM_CATEG SDEUFPORD |* 1] 17584 0
S914CATODALT 2KAFFOMBRT GG 1 |OMATERIAL SDEUPORD |* 0 17949 0
A914CATODALT 2KAFPOMBER TG 1 |0MATERIAL__ EPRODCHOZ (SDEURPORD |* 0 1799 0
5814 CATODALT 2KAFPOMBF ¥ G| 1 |0MATERIAL__ EPRODHOA(SDEUJRPORD |* 1] 17584 0
S914CATODALT 2KAFFOMBRT GG 1 |0PLANT SDEUPORD |* 0 17949 0
A914CATODALT 2KAFPOMBER TG 1|0REASCHK_REJ SDEUPCRD |* 0 1799 0
5814 CATODALT 2KAFPOMBF ¥ G| 1|08ALESORG SDEUPORD |F 1] 17584 14
S914CATODALT ZKAFFOMBRTGC| 1|EORDQTYCA 0 0

Figure 19: Multicube RSDDSTATAGGRDEF display

In Figure 19, RSDDSTATAGGRDEF shows the characteristics used for both the infocubes that make
up the multicube. All the characteristics specified for SDEUDELTR are also specified for SDEUPORD.

Different key figures are selected from the two infocubes. The VALUE column seems to contain

replicated or invalid data in this example.

9.4.

SAP queries have a setting (read mode) that determines how much data is retrieved when the query

SAP query settings that affect performance

executes. Ifthis is set wrong, it can greatly increase the response time of a query.
Gilery Properti

Fead mode

Cache M

& Qe to Read All Data &t Once

A Clieryto Read All Data At Once
A Gueneto Read Data During Mavigation
H Gieryto Read When You Mavigate or Expand Hierarchies

[ ] Calculate wi Packed Mumbers
[| Generation log

v K

Figure 20: probably incorrect read mode setting
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In Figure 20, the read mode “Query to read all data at once” has been chosen. When this option is chosen,
the query will retrieve data to support drilldown into any free characteristics. This will increase the amount
of data to be retrieved, and will increase query response time.

In general, SAP recommends the read mode “Query to read data when you navigate or expand hierarchies”
should be set on queries. It offers the fastest response time, and retrieves the least extra data on each call.

The three read modes set in RSRREPDIR are:
e A —everything
e X —read during navigation
e H —read during navigation or expanding hierarchy

You can scan the reports defined in RSRREPDIR to see if there are queries with incorrect settings.

Table entry  Edit Goto  Setting
B He@@ BHEHE anoaa BE @
Data Browser: Table RSRREPDIR Select Entries 20,382

0O |26 & S| checktante.. || BB | & & B 2 | & A<ECEH T | B =&

COMPUID OBJVE... |INFOCUBE GEMURNID COMPTYPE|COMPID OBJSTAT|READMODE
IMTLEAIGDZIGF ZMAIQHMP TR M EL_TAMNDC REP ZO_CIR_FUND_TRANS_V_GEM  |IMNA
3LA3AEGHZVGAULTBKHIOPAVIS (A 0BWTC_C03  (0BWTC_CO03... |REP ZO_USYUHED_BWTAR1 1A A N
00AYYEAIBZIFKKZTSENQASMY D OFITY_C02 REP OFITY_C02_Q0001 IMNA H [~]

LDl [ L]

| 44

Figure 21: RSRREPDIR - search for queries with incorrect read mode

In addition to the query read setting, queries have buffering settings, which determine whether they are
candidates for buffering on the application server in the OLAP cache. See section 11.4.1 for information
on the OLAP cache.

Guery Propert
Read mode H Query to Read wWhen You Mavigate or Expan.. E
Cache Mode 0 Cache is Inactive T

0 Cache is Inactive

1 Main Memaory Cache Without Swapping
[ | Calculat 2 Main Memaor Cache With Swapping
[ Generat| 3 ciuster/ Flat File Cache for Each Application Server
4 Cluster!Flat File Cache Across Each Application Sener
v ¥

Figure 22: Query cache settings
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10. Solving a performance problem for a specific query

When a user identifies a problem with a specific query, the SAP and DB2 performance statistics can be used
together to determine where the problem lies, and how it might be solved.

10.1. Interactive testing with RSRT

The RSRT transaction can be used to run queries on infocubes or ODS.

JH G CHR SDo8 RAE @m
Query Monitor Support Package Xif

@Ekecute + Debug @Generate Report & Properties
[EFeifomance Info [E¥Technical Information [Elcache Monitor [ 8uery Variants [EuGet ariant

ESD_COT/ANALYSIS_1010_DIV_SALES_DCHAN @

[«Jr]l

Figure 23: RSRT main screen
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Press ‘Execute and Debug” to display options that can be selected.

Debug Options

OAdos
[] Display Aggregate Found
[] Da Mat Use Aggregates
[] gelect Agaregate
= MUltiProvider
[] Ma Parallel Processing
] Multipravider Explain
=2 [_] Default Breakpoints
[] OLAP Processar Start (RTO Open)
[] Frantend f OLAP Processar (List Motify)
[] OLAP Processarf Data Manager (Fill Sp)
[] Agaregate Split (Seldr Splify
[] Data Transfer OLAP Processar! Frontend ¢Data Gefy
] Eliminate Int. Bus. val.
] currency Canversion{R Sy
[] Autharization Check
[] Authaorized Values
[] Autharizations for hierarchies
[] Authaorizations: Relevant Characteristics
] Autharizations: Filling Buffers
' Databaze
[ ] Display SGL Query
[] Display Run Schedule
[] Da nat Use OPEN SaL
[] Deactivate DB Optimizer Functions
[] Download Query Scenatio
= Dthers
] Display Statistics Data

|[«]»]

[e][»]]

v R

Figure 24: RSRT 'execute and debug' options

Some commonly used options are:
e “Display SQL query” to display the statement including literals before the statement is executed
“Display Run Schedule” to explain the statement before the statement is executed
“Display Statistics Data” to show the RSDDSTAT statistics with time breakdown
“Do not use Cache” to bypass the OLAP cache and force the SQL to be executed in DB2
“Do not use Aggregates” to bypass use of aggregates
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In this example, we chose ‘display statistics data’ and ‘do not use cache’. The report result is first
displayed.

& s HI€ea DHEEIR DO EER G b e

SAP
Y Initial list | Y
ARRIPE BE B -]
Bookmatk (Data) 1
Bookmark
Process
analysis_1010_div_sales_dchan -
Mihe>M& BEEF B &I EE 8D
Divisioh 5 | | January 1990 5 | | material 211 | [,
S S S
SOLD TO 278 5] [ | =ales Organization 5] [ | structure =l
¥ ¥ ¥
Material Credit memo | Invoiced guantity| Order Entry Quantity| Returns | Returns {cost) | Incoming Orders | Open or
BOOOOOO00000000034 | MATERIAL 34 $0.00 27 8T 27 5T| $0.00 $0.00| %4,6104900.00 5
BOOOOOO00000000037 | MATERIAL 37 $0.00 85T 85T| $0.00 $0.00| %8,014,:531.00 5
BOOOOO0000000000080 | MATERIAL 80 $0.00 85T 85T| $0.00 $0.00| %5754699.00 o
BOOOOOOO0000000223 MATERIAL 223 $0.00 35T 35T| $0.00 $0.00| %8745 727.00 ¥ oo
10| [ KDY
| d 7

List Edit Goto Seftinas System  Help

& | A H eEe SHE INOa0 BE @

BW - Output Test
@ aF e 8 8EEH T B |4

STATUID OAGGRUSED [OUDBSEL [ UDBTRANS [ONUMCELLS | ONUMRANGES| RECCHAYLRE |OTIMEOLAPT| OTIMEOLAP OTIMEDE [0
] ] 2] 2] B | 0.000000 |0 00000 | O.00BEE0
3RETJRSMIGCI40BEBOGKZOBEK ] ] 2] 2] B | 0.125000 |0 000000 | O.00BEE0
] ] a a B | 0.000000 |0 000000 | O.00BEEO0
3RETJSY1E69D1PYOMZEHAED4RE v 7 2] 2] 19 | 0.945312 (0,144531 |35.585937

an| nn
| 4.7

Figure 25: RSRT statistics

Note that QTIMEDB can contain time spent in the RSRT steps for explaining and viewing the SOL, so
QTIMEDB and the elapsed time in ST04 statement cache may be different from each other.

Since the STATUID is listed, we can link to the SQL statement cache, and display the runtime statistics for
this statement. Run ST04 > ‘cached statement statistics’, to get the selection popup.
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Mumber of executions e}

mHumber of executions ]
ARATJSY169D1PYONZGHAERARG

Figure 26: Statement cache — specify selection criteria

Enter the STATUID and press execute.

@ JH @ SHEBE atoan BE @m

Statement Cache Statistics: Overview
Refresh  [B] Details |[By ABAP P Statisticsfield S Sting  Reset Sincereset ' BW statistics

174006  08#18/2003 Iﬂ_
13:08:31 [B9/18/2003 _T.1.B
_DB start

YA IRCEE-E R A= = TR

Table name Biy STATLID Executions|Avg.elap time Elapsed time Awg CPLUHime Aug weait time | Avg.sync O time | Ay
JBIFO300041643 3RETJSYVT BAD PYOMZEHAED... 1 |0.423 00:00:00.4234 0416 o.oay
JBIOO300041644 3RETJSVT BAD PYOMZEHAED. . 1 |34.628 00:00:34 6285 0467 34161
[~]
LDl W]
d
Figure 27: ST04 cache selected by STATUID
If we select a statement, and press ‘BW statistics’, the RSDDSTAT statistics are displayed.
Bld B Cae SHE a0 O0 FE @
| DB2 BW Analysis Tool - Overview
Reftash || B Time Lirmit | B8] Fixed STATUID |
 Hows 0 Minutes 8 Seconds
me wmo
W o
G| él"ijlﬂﬂl?|al| g\al%@h Olge|En E |’E|| Dynamic Statement Cache I Infolbjects I
Date Time Report  |User Cells|Max... |Aggr. |Analyzed...| Select..| Trans...| UnderSelect| SelectTrans| SelectDB Time DB Time
09(18/2003 |17:37:21|280_C..|GOR.. | 0O 44,263 7 7 5,323.3 1.0 02 | 35585937
Figure 28: ST04 statement cache BW statistics
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This query ran 35 seconds and examined 44,263 rows to find 7 rows (QDBSEL) that satisfied the
predicates. This may be a problem with access path selection, such as might be caused by missing indexes
or insufficient DB2 statistics. See section 11.4 for the list of actions when you want to try to change the
way that DB2 accesses the infocube.

To check the access path, from the screen in Figure 27 select a statement and press ‘Details’.

Stafistics  Edit Goto  Systern Help

& 290 @@Q I SHE H D o008

Statement Cache Statistics: Delails

SP Statistics field  [Z ABAP % BWY statistics

Subsystem OfFQ at 22:53:06 104202003 OB systermn DBZ
DB start 09:19:40 100162003 DB release 7.1.a
Last reget Data since OE start

Staterment text k Identification and status k Avg time distr.per exec k Total time distr.acrns...“. EE[

| Explain | [I:

SELECT "S gar* "5 a1e" , "5 a15" |, “"OCRMEM_WAL" | |E| [IE'
"ATKHCrORMGOTY " "ATKCARMDY Ol " "RATKYCR CSTM "RATKYCN AT "RATHRWCD Yol " [ | _IE|
[0 ]| 0]
|

Figure 29: statement details
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Then press explain, and answer YES to the “Turn on parallelism’ popup.

2 A H @@ BHEE HhAaEE

Expianation of SQL Access Path

& DBZ installation parameters

Wigw plan takle

|[H]|E|@|E.EE=BE%

SaL staterment

SELECT"S o4y "5 a16" "5 015" "OCRMEM_WAL" "OINCORDQTY"  "OINCORDMWAL" | "OIM

WCD_CET' "OINYCD_QTy™ | "OIMNYCD_WaL"  "00PORDYALSC!  "00RD_ITEMS" "ORTHSCET"  "ORTMEGE...

JSORTHEWAL "ORTHMS_ITEMS"  "1ROWCOUNT FROM { SELECT "D2""SID_OMATERIAL" AS"S n4s "

[«][»]
|

Hierarchical access path k Access path k Tahble information k Index infarmation

| ¢ #8F INDEX SCAN (1 matching colun[=]

= B8 COPNTE /RTASENTWTSTONAR

[=]

[«][ell

Figure 30: ST04 explain

Then press ‘View plan table’, and press ‘Yes’ at the “Turn on parallelism™ popup.

Goto em Help

(7] A H a0 EHE ahLan BE @®

Expianation of SQL Access Path

Mot a1l table fields are selected. L=

OBLOCKND PLANKO METHOD THAHE THEND ACCESSTYPE | MATCHCOLS ACCESSNAME PAGE_RANGE | JoIN_TYP [ |
1 1 0 /BIC/DZSD_CO1T fi R il 5
1 2 1 DSN_DIM_TELYX (05) 15 T il 5
1 3 1 /BIC/EZSD_CO1 2 I 2 /BIC/EZSD_CO1~0 it 5
1 4 1 DEN_DIM_TELY (04) 14 R il
1 5 1 DSN_DIM_TELY (03} 13 T il
1 6 1 /BIC/DZSD_CO1U 5 I 1 /BIC/DZSD_CO1U~B
1 7 1 /BIC/DZSD_CO1P 9 I 1 /BIC/DZSD_CO1P~B
1 g8 3 il il
3 1 0 /BI10/SMATERTAL 4 I 1 /BIO/SMATERTAL~D
3 2 1 /BIC/DZSD_CO12 3 I 1 /BIC/DZSD_CO12~010
4 1 0 /B10/5SALESORG 10 I 1 /BI0/S5ALESORG~D
4 2 1 /B10/SDIVISION 8 I 1 /BIO/SDIVISION~B
4 3 1 /BIC/DZSD_CO13 7 M il
4 3 1 /BIC/DZSD_CO13 7 M 1 /BIC/DZSD_CO13~030
4 3 1 /BIC/DZSD_CO13 7 M 1 /BIC/DZSD_CO13~020
4 3 1 /BIC/DZSD_CO13 7 MI il
5 1 0 /B10/SCUSTOMER 12 I 1 /B10/SCUSTOMER~D
5 2 1 /BIC/DZESD_CO11 1 I 1 /BIC/DZSD_CO11~010

K1/ «1[v]

| 4 7

Figure 31: Plan table

This query ran in just a 35 seconds, so it would not generally be a candidate for analysis. If it were a longer
running query, with QDBSEL and QDBTRANS being equal, an aggregate would probably not be suitable
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for improving performance. (With the exception of special situations where one creates an aggregate to
build the navigation attributes into the aggregate dimension tables, in order to avoid materializing
subqueries on dimension/navigation attribute joins. See Section 11.2.2 for more information.)

10.2.  Starting from query statistics

When a user has called and identified a problem with a query, the SAP table RSDDSTAT can be used to
identify the components of the navigation step’s response time, since RSDDSTAT can be searched by
username and query name. One can then correlate this information with the ST04 statement cache statistics,

where the access path can be reviewed.

We have complaint about query performance from user GORDONMR.  We search RSDDSTAT for query
statistics, in order to review time breakdown of the query and determine where the problem may be.

| 000 2iB@ e@e DHE nnas

Data Browser: Tahle RSDDSTAT: Selection Screen
| mMumber of Entries |

_gnrdunmr

200310216080680

20031022000060

Figure 32: Search RSDDSTAT by name and date for query statistics

Settings > list format > choose fields — select the output fields, to get rid of extraneous information.
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elect Fields for Table RSDD
(=]

Field name | Field Label [=]
[ STATUID 1D
[ |SESSIONUID ID
[ |MENMSTERUID D0
[w| INFOCUEE InfaCube
[ |H&WNDLE BW: General reference field for internal
[w| OUERYID Query -
[ |PAGEID Ohject Mame
i LINAME User MWame
[ | QAGGRUSED InfoCube
[ | OMACHLESEM Boolean
[ |oLaPHODE OLAP processor trans. type
[ |DBSELTP Database read mode
[ |ORUNMTIMECATEG [Mumber
[ |OMavsSTER Mumber
[ | OMUMOLAPREADS | Mumber
[v| ODBSEL Mumber
[w]| ODETRANS Mumber
[ |OMUMCELLS Numher =
[ | ONUMRANGES Number %
w¥ Transfer B  save for background processing | 23 ) 3

Figure 33: Choose fields
In addition to these, the fields QTIMEDB and STARTTIME should be chosen.

Settings > user parameters — format the output with the names of queries by using the ‘check conversion

-~ Repaository Infosystem ' Data Browser k Ir1ternetTr:5|r'|s...“i |E||E|

Cutput list
width of Dutput List 250 .
Maximum Mo, of Hits =1a]a]

[] Display masx.no.of hits possible
@ ALY Grid display

ALY list

) BE16 standard list

Kewyward
@ Field name
) Field Labegl

Farmat
Check conversion exits

w K
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Press execute.

Table Entry  Edit Goto  Settings

& ald BHIC@Ea DAL a0 oa HE @6 =

Data Browser: Table RSDDSTAT Select Entries 3
@8 BE AFEE QAT HEw

STATUID INFOCUBE| QUERYID URAME QDBSEL| QDBTRAMS QTIMEDE STARTTIME
3RIBYGE4 2P KXV OGEW25EV0 | Z50_CM1 GORDONMR 1] 0.000000 | 20,031,021,134,548.5994420
3RIBIGSSNLDTHEIHSYDWAWBESO0C | ZSD_C01 |ZSD_CO1/SALESTESTS |(GORDONMR 1} 1] 0.000000 | 20,031,021,134,553.0447350
3RIBISQBSFAWGGRMIQ10JDEIW|ZSD_C01 [Z5D_CO1/SALESTESTI |GORDONMR | 33,943 24101 | 511.042969 | 20,031,021,135,040.0510740

=

| 44

Figure 34: RSDDSTAT query statistics

Press ‘Display’ to review all the fields.

Table Entry  Edit Goto
Tabie RSDDSTAT Display
RECCHAYLREAD 1,563 [2]
QTIMEOLAPINIT 1.286714 @
QTIMEDLAP 104 472656
QTIMECH 511 . 0429569
GTIMEVARDP 22 . THERZE
CTIMELSER 0.000000 B
QTIMECLIENT 31324219
TIMECHAYLREAD 7 492188 |
TIMEAUTHCHECK B.Ba7813
TALERTMOM . BADEAD
TIMEREST . BAO0An | |
ODBOT 0. BAAEE0 %
| 4 4

Figure 35: RSDDSTAT Details

In Figure 35, QTIMEDB (database request time) is the largest component of response time, so we need to
look at ways to reduce database time.

The first way to evaluate reducing DB time is via aggregates. In Figure 34, QDBSEL/QDBTRANS is
about 1.5, which indicates that an aggregate is probably not suitable.

There is one exception to the SAP ROT of having a minimum 10-1 summarization ratio for aggregates, and
that is when the aggregate is built in order to create navigation attributes in the aggregate dimension tables,
to reduce the number of subqueries necessary to process navigation attributes and dimensions in a BW
query. See section 11.2.2 for an example of how aggregates build navigation attributes into dimension
tables. This type of aggregate is rarely needed, but may be used in some circumstances, after other efforts to
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tune the SQL have not been successful. Since Fact tables can be compressed in DB2, the space impact of
adding large aggregates is not as large as it would be with other databases.

Using the statistics in Figure 34, QDBSEL/QTIMEDB (rows matching predicates/database time) = 66.
QDBSEL/QTIMEDRB is a measure of how fast the query can retrieve result rows. 66 is rather slow and
indicates that we should evaluate the way the SQL is executed — e.g. are filtering dimensions joined before

the fact table and how is the inside-out processing after the fact table performed. See examples in Section
11.4.2 and Section 11.4.3.

10.3.  Starting from ST04 statement cache

As shown in Section 8.1, if a slow or inefficient statement is noticed in the ST04 statement cache, one can
use the STATUID to link from the statement cache to the query statistics and info objects.

10.4. Sample explain of V7 sparse index access path

DB2 V7 offers a new type of access, “sparse index on workfile”, which can improve performance of the
inside-out (post fact table) joins in BW queries. In DB2 V6, these inside-out joins were often done with
Merge Scan Join, which requires a sort of the intermediate result set.

Goto  Systern Help
B HI@En  SHBR Do BE @
Expianation of SQL Access Path

Hot a1l table fields are selected. =
OBELOCKNO PLANND METHOD THNAHE ACCESSTYPE MATCHCOLS BCCESSNAME MERGE_JOIN_COLS JOIN_TYPE
1 1 ] [BIC/DZARSATZO7P R 2] ]
1 2 1 JBICFEZILAYMOD R 2} o
1 3 1 DSN_DIM_TBLX (04) R 2} o
1 4 1 [BIC/FZARSAI2O7 I 1 JBIC/FZARSAIZO7~P ]
1 5 1 DEN_DIM_TELX (B2} T 2} o
1 i} 1 DSH_DIM_TELX (05) T 2} o
1 T 1 DSN_DIM_TBLX (03] T 2} o
1 g 1 DSH_DIM_TELX {06} T 2] ]
1 q 3 2} o
2 1 Lo} [BIOFEMATL_TYPE I 1 JBIO/SHATL_TYPE~D o
2 2 1 IBIC/XZIARTICLE R 2} o
3 1 ] [BIC/DZARSATZO72 R 2] ]
3 2 1 IBICFEZISITART I 1 JBIC/SZISITART~BE1 o
4 1 Lo} IBIO/SCITY I 1 JBIOSSCITY -0 o
4 2 1 [BIC/XZISITE R 2] ]
5 1 ] [BIC/EZISCHMGRP R 2] ]
5 2 1 [BICFEZIVENDTR R 2} o
5 3 1 [BICYXZIVENDOR R 2} o
5 4 1 [BIO/SCOUNTRY I 1 JBIO/SCOUNTRY ~BE1 ]
5} 1 [t} [BIOfEFISCYEAR I 2} fBIO/SFISCYEAR~DOT o
i} 2 4 [BIC/DZARSATI207T I 1 JBIC/DZARSATZOTTOZ o =

I I [«][]
| 14

Figure 36: Query using sparse indexes on workfiles

In Figure 36, on the lines QBLOCKNO 1, PLANNO 5-8, the METHOD 1 (Nested Loop Join) is used with
ACCESSTYPE T (sparse index on workfile). This denotes use of a dynamically generated “sparse index”
on the workfile. The MATCHCOLS 0 on these lines can be a bit misleading. An index is being used, but
it is not a permanent index, such as would be defined in a normal table.
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11. Reviewing overall efficiency of the system

When the goal is to examine the overall efficiency of the BW system, to search for queries that use excessive
resources, or have long database request times, you can narrow the scope of the problem, by using SAP
statistics, in conjunction with DB2 performance indicators.

11.1. Examine infocubes and queries using lots of database resources

Two indicators of inefficient queries have already been discussed:
e Rows selected per second (QDBSEL/QTIMEDB)
e Ratio of rows selected to rows transferred (QDBSEL/QDBTRANS)

This section will show ways to use SAP transactions and queries to search for infocubes with slow
performance, or queries that have performance problems.

Since infocube and query statistics contain averages for many queries, many problems will not be seen in
the averages. Queries that need aggregates, and infocubes or queries that would benefit from new indexes
may be found in this way.
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11.1.1. STO3N to find infocubes with long DB time

STO3N has been enhanced to provide statistics on BW navigation steps. According to SAP note
403039, STO3N replaces ST03 (which does not have BW navigation step statistics) at support package
10 in 4.6D. One can use STO3N to review the BW performance statistics looking for infocubes and
queries that may have performance problems.

Load display Goto  Epvironment  System Help

i H e I DEE ah48 I ER @M

Load Analysis in System PEW
& = | ﬁj E.! Full screen anioff ﬁ.ﬁ Save view
rﬁ%E“DE't mode &l Instance TOTAL First recard 1000452002 ao:o0:00
B 2] Detailed Analysis ; Feriod 100472002 Last record 100472002 23:59:48
D &% Load history and distrib (|| Taskype Time period 0 Day(s) 235859
2 2 B workload
5l Last minute's load : : :
< 3 pay Share of runtime | Average fimes (8VG)  Alldata |
Today N
10/04/2002 Fri Fjtagegaton @G| (& | R [0 B2| [ @alz:) | B Go|@a|E) |08 H
10/03/2002 Thur, )
< (32 week Reporting - InfoCubes: All data
This week InfoCube Query .| Mo.Gueries| MNo.of nav.| Total time| @ Total| MED: Total T DBTime| % DB| @DB|OLAPINIT .| % OLAP
08/23/2002 - D8 TOTAL TOTAL 76 1623 | 59,0032 | 364 25 [463471 | 7845 | 286 | 11238 1.91[«]
08/18/2002 - D8/ SDEUPCBIL |TOTAL 15 895 | 20,8038 | 232 17 [145645 | 7049 | 163 384.1 18[=]
< {3 Month DPEUCCOY | TOTAL B 23 | 85252 | 3837 | 3236 | 56,2204 | 70.48 |2705 143.2 18] |
Tl O COEUPPRO1 [TOTAL 1 54 | 55764 | 593 548 | 54980 | 9850 | 584 BE.0 12
g:gggi || [pPEUCCO: [TOTAL 4 22 | 54626 | 248.3 B0 | 52508 | 8612 |238.7 a4 0
|| [SDEUPBIOE [TOTAL g 318 | 52437 | 16.4 26 | 40256 | 76.77 | 126 2111 40
b & Collector and performar—
[+1| [cOEUPPROZ [TOTAL 1 9| 39543 | 4394 | 5658 | 38184 | 9909 4354 36 0.0 |
[ [l SDEUPFOR |TOTAL 5 106 | 27348 | 258 72| 25087 | 8177 | 237 487 17
= B Analysis views OFIAR_CO03  |TOTAL B 32 | 13808 | 434 138 | 1,3002 | 8355 | 406 104 o7
= §3 Reporting MMEUINYVCO |TOTAL 3 38 | 1,0666 | 274 00 | 1,0401 | 8733 | 267 Y3 0d
Maturity periods SDEUDELOR [TOTAL 2 9| 5696 | 632 180 | 4762 | 8375 | 5249 1532 26
iy Ranking Lists SDEUDELTR |TOTAL 3 10| 1,580 | 115.8 328 | 36bd | 3164 | 366 278 Z4|=
BE Augregates MMEUPPUIZ |TOTAL 3 5| 6811 | 136.2 774 | 2588 | 3800 | 518 69.0 1001 %
K] [ [l
| 4 7

Figure 37: STO3N infocubes
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In STO3N, one can check for infocubes with large total or average DB time.

Since performance problems are generally related to the characteristics a specific query uses to accesses
the infocube and its aggregates, the query level statistics give better hints in finding slow or inefficient
queries.

@ 2 maideee cuk anod AF @R
Load Analysis in System PEW

4 = | ) T Fuisereen onioff | (@ Save view

aufmpet mode 5
b @
¢ @
b B Total

b [B Detailed Analysis
[+ & Load higtory and distrib

= =L B workload
0 Last minute’s load
< Day
Todoy Hitlists - Top20 By database runtime
(21 10/04/2002 Fn Infocube | Narme of query Tolal lime| QLARINIT lime| % OLAPINIT| OLAP time| % 0L4P| DB Time| % DB|Frontand lime| %
- B 10032002 Thu DPEUCCOT |MDPELICCO_|_&P0_511 | 1,5008 0.1 0.0 28| 018 [1,4833 |99.49 | 47 | |[a]
7 1 Week COEUPPRD3|ACOEUPPRO3_|_LAD_501 | 1,357.7 71 | 015 18| 01313481 (9937 | a8 | |=
B his week DPFEUCCO3 |MOPEUCCO3_|_APO_S06 | 1,0138 03 003 36 | 035 [1,0037 |99.00 B3| |
%”‘“m"“'“w DPELCCD3 [WDPEUCGCOI_|_APO_S07 | 8843 | AT 0aT| 45| 048 sees 9733 | 294 |
_— mn”;” B2002-0% | IOPEUCCD [MDPEUCCOI_LAPO_507 | 9763 07 007 | 47| 048 | 9444 (9673 | M6 |
Thi ontf SDEUPCBIL [MSDEUPCBIL_I_BW_501 8925 0o | p.og 13 015 | 891.0 (9983 | 0.0 |
B osin02 SDEUFBIOR |ASDEUFBIOR_|_FD_501 9737 441 477 16| 016 | 8657 |93.72 nr
B 0aiznn || |DPEUCCD3 | WDPEUTCO3__APO_506 | 8651 A 008 37| 043 | 84BA |98.09 | BEN
b B Collector and performail~.| | "PEUPCEIL [MEDEUFCBIL |_BW_ST1 4378 00 0.00 14| 017 | 8364 |90.82 | fil]
= | |SDEUFPCEIL |MSDEURCEIL_|_BWwW_501 FIE8 oo | 0.00 11| 013 | 8376 [99.66 | [
[ T DFEUCCO3 |MOPEUCCO3_|_APO_S06 | 8047 05 0.06 65| 0B | 7864 |97.79 105
< B Anaysi vews SDEUPCBIL (WSDEUPCBIL | BW 501 | 7683 | 00| 000 | 14| ofs| 7ea7 (e8E3| 00
= & rReponting DPEUCCOY [MDPEUCCO1_|_APO_510 4194 4249 524 3 038 | 7563 9230 16,6
B maturity periods COEUPFROIACOEUPPROI_LLAD 501 TaB.7 02 | 003 0.6 008 | 7540 (9938 | 38 | I
fy Ranking Lists DFEUCCOT |MDFEUCCOI_I_APO_510 | 7657 328 478 27| 035| 7263 |9485 | 39| (B
BE 2qgregates COEUPPROZ[ACOEUPPROZ__LAD_501 | 6862 13| GEE] 10| 014 | 5891 (98588 | Zu ||l
DPEUCCDT (MOPEUCCO) | APO 510 | 7044 487 | £33 1Bl 026 | 6483 19218 | EEE
(][] ] [ 41 ¥ ]

Figure 38: STO3N queries by DB time

In Figure 38, queries with high DB time per navigation step (0 DB column) could be examined for
performance problems. Queries with a high Select/Trans ratio (QDBSEL/QDBTRANS) are candidates
for improvement via new aggregates.

After finding a query that seems slow or inefficient, one would then use SE16 to display RSDDSTAT
and RSDDSATATAGGRDEEF to find individual executions of the query, and then use ST04 examine
the SQL for the query.
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11.1.2. Excel spreadsheet to find slow queries

One can compute the average QDBSEL/QTIMEDB for queries using STO3N statistics. Download the
STO3N statistics in Figure 38 to Excel, and create a new column defined as ‘Selected’ / ‘DB Time’.

=
J Ele Edit Yiew Insert Format Tools Daka Window Help ;[ilﬂ
DR ERY iR - |& = & 8 2] @ &wwe -7 aa -0 -|B U EE=E 2
Al3 j =| unknown
A c [ b [ £ +~F [ 6 | H I [ I O T s
1 Maw. steps Total time ZellDB Time @ tohal Med. total OLAPINIT time % OLAPINIT @ OLAPINIT OLAP time % OLAP EJ
2 |TOTAL TOTAL 2415400 785219 B618.8  32) 35 83706 1.07 0.3 524842 .68
Z_5L5_0ORD QBPOOO11 113300 87 212, /8.0 245 230.4 0.26 0.2 857.9 0.98
| 4 |YIC_SSC  QBPSS0005A 2428000 383123 1609.4 5.4 523.4 1.35 0.2 101343  26.04
| 5 |¥IC_SSC  QBPSS0005 2357.00] 346538 . 3.3 424.0 1.22 0.2 79503 2297
| 6 |7 COPA_IC QBPPADONG 2,133.00) 304956 20923 143 5.4 651.9 224 0.3 43598 1430
| 7|2 SLE_INY QBRI000E 5276.000 287716 1659.5 55 2.4 20251 7.04 0.4 4 967 1 17.26
| B [ZIC_SWMPOS QELPOE 859.00 27 300.0 22616 318 5.5 261.2 0.96 0.3 25569 9.37
| 8 |ZIC_SFAPD QIELMEDMTHL ~ 879.00) 20275.4 Zn 4.5 210.9 1.04 0.2 827.0 4.08
10 |ZIC_MINFC  QSELMTDSSTOT  436.00] 19,3385 4.5 3585.9 2.01 0.9 1,131.0 5.85
Z_5LS_0ORD QBPOO0O1 760.00 19,084, 35 90.5 0.47 0.1 1,303.0 B.83
12 |ZIC_FAPSD QSELNSAADZ 37200 16,306 4 75 108.8 0.67 0.3 B50.3 417
unknown __ |SMOPZGOESRIR 65.00 13,238.5 A 33.9 46.1 0.35 0.7 296.5 224
| 14 |Z_SL5_O0RD QBPOO007 37300 130278 4.9 3.6 1423 1.09 0.4 13146  10.08
|15 |AC_SUM QSELAAASTOM 246.000 12,570.0 13573 523 5.9 2852 222 1.2 15455 1201
|16 |2 SLE_INY QBPIND0T 1043.000 12,142.0 2764 16 4.5 267.0 220 0.3 32789  27.00
|17 |JIC_SFAPOD QSELMKTGEDC — 165.000 11,%40.0 28429 724 6.3 1151 0.96 0.7 440.0 3.69
18 |ZIC_ORD  QSELSLSORDO 72100 80571 BEE2 112 4.4 530.8 6.59 0.7 12940 16.06
W 4]b pihsheett /1 e ene Rl
JD[ankc-j Autoshapes + \DO‘@|&*£'£'E_E.9.
Ready [ Bum=i5s43738.37 | | 0 s

Figure 39: XL spreadsheet to highlight slow queries

In Figure 39, the queries that are slow in terms of rows selected/second have been highlighted. Queries
such as QBPO0011 could be executed and evaluated, to determine the reason they have a slow
rows/second rate.
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11.2. Review need for aggregate tables

As mentioned in section 6.5.4, aggregates are a very important tool in improving BW query performance.
Aggregates can improve query performance in several ways:

e When data is aggregated, the query can search and retrieve the user’s result in fewer rows.

e When data is aggregated based on navigation attributes, the navigation attributes are incorporated
into the aggregate dimension tables. This simplifies the SQL to retrieve rows, and improves
performance.

e Aggregation is a way to offload some of the processing needed to create reports to nights or
weekends, rather than doing it all real-time.

Well-defined aggregates are generally the most effective performance-tuning tool in a BW system. For
queries where QDBSEL/QDBTRANS > 10, one generally has the potential to get much larger performance
improvements through aggregates than through other DB and OS level tuning.

Sections 11.2.1 and 11.2.3 show some of the technical reasons for improved SQL performance using
aggregates. Subsequent sections in this chapter show how to evaluate aggregates.

11.2.1.

Strategies for including attributes in an Infocube

Please note that an attribute based on a characteristic (e.g. material group based on material number)
can be included in an infocube in several different ways. Each method has implications for
reporting, and for performance.

11.2.2.

Attribute defined in master data table — the attribute is defined in a master data table, while
its characteristic is in the dimension table. When a report or aggregate groups using this
attribute, rows will be grouped using the current material/material group structure in the
master data. But, this may cause performance problems, since the navigation attribute table
must be joined to the dimension table in order to do the grouping.

Attribute defined in dimension table — the attribute, as well as its characteristic, can be
defined in a single dimension. Since the value of the attribute is set at the time each row is
added to the cube, then this would allow one to group material according to material group,
using the material group structure at the time of the transaction. This can offer better
performance than when the attribute is defined in master data, since the grouping can be done
from the dimension table, without a separate join to master data. However, the report or
aggregate will reflect historical material grouping (that is, the material group for the item at
the time the row was added to the cube), not current.

Attribute in time-dependent master data — the attribute is in the master data table, and its
characteristic is in the dimension table. One can report using the material/material group
relationship as it stood at any time, since all changes to the material/material group
relationship are available in the master data. Since the material group is in master data, and
has validity dates, this can have the highest run-time cost of the three options listed here.
Aggregates, as shown in Section 11.2.5, can be built with a specific ‘Key Date’ to improve
performance of queries using time dependent navigation attributes.

Navigation attributes in aggregate dimension table

In the next example, the query uses navigational attributes. Since infocube navigational attributes are
stored in attribute SID tables separate from the dimension tables, DB2 must make an extra join step to
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incorporate navigation attributes into the result. This is often processed as a subquery. When an
aggregate is defined based on navigation attributes, the navigation attributes will be incorporated into
the aggregate dimension tables, and DB2 will not need to evaluate a subquery to process the navigation
attribute. Along with the row summarization that occurs with aggregations, this simplification of the
SQL can speed up the query.

Here are the characteristics used in a query that used the aggregate.

Table entry  Edit Goto  Settings em  Help
aldH e BHE Do FEE @
Data Browser: Table RSDDSTATAGGRDEF Select Entries 10
TS BRE a9 3| @ 2AFEh T B8EE

= STATUID AGGRMUM| 10BN QUERYCUBE|AGGRST| HIESID| TLEWEL |WALUE| FIXSID
EPASMB3IZDA425LDF OIS OBILL_T¥PE__EDOCGRP 100083 F i gLs 4
EPASMBIZDA2SLDFOLMWIQSVLIWD OCALMONTH 100089 * 0 02 0
EPASMNB2ZDA2SLDFOWIQSLIND OCUST_SALES_ ECLISTHRZ(100029 * 0 02 0
EPASMNB2ZD42SLDFOLWIQSLIAD OCUST_SALES_ ECLISTHRS( 100029 * 0 02 0
EFPASMNBIZD42SLDFOWIQSVLIWD OMATERIAL__EPRODHOE 100089 * 0 02 0
EFPASNB3ZDA25LDFOUWIQSLIWD 0SALESORG 100088 F 0 2798 26
EFPASNB3ZD425LDFOWIQSLIWD 0S0OLD_TO__EINTCOIND 100089 F 0 0z 2
EFPASNB3ZD425LDFOWIQSLIWD EINVATYCA 0 0
EFPASNB3ZD425LDF OISO EINYATYSL 0 0
EPASNB3ZDA42SLDFOUWIQSVLIWD ESUBTOTZM 0 1]

| d

Figure 40: RSDDSTATAGGRDEF display of query using navigation attributes

Explaining the SQL that executed the query, there are no subqueries for joining the navigation attributes
to the dimension tables. The dimension tables contained the navigation attribute.

Goto

aldH@@a CHEDDhonIER @
Explanation of SQL Access Path

Not 311 table fields are selected =)
OBLOCKND FLANND METHOD THAME ACCESSTYPE | MATCHCOLS ACCESGHAME MERGE_JOIN_COLS | CORRELATION_MA[ |
1 1 o /BIC/MOOEBIP I 1 /BIC/D100ABAP~E30 2] bP
1 2 1 /BIC/DMOOE3IT R 1] ] oT
1 3 1 /BIC/E100089 I 2 JBIC/E1EOOET~E 2} E
1 4 1 /BIC/DO0BB31 I 1 /BIC/D1008831~0 ] [
1 5 1 fBIC/DSDEUPCEBILU I 1 fBIC/DSDEUPCBILU~B 2} ou
1 i 1 /BIC/DMOOEEYZ I 1 JBIC/D100ABA2~0 2] b2
1 7 3 1] ] L
[~

RNl |[4][]
| 44

Figure 41: Explain plan of query on aggregate containing navigation attributes

11.2.3. SID index columns in aggregates

If a dimension for an aggregate contains only a single characteristic, or if an aggregate contains only a
few characteristics, SAP can create the aggregate fact table keys using SIDs, rather than DIMIDs.  This
removes a dimension table join when the aggregate fact table is accessed. When SID is used to create

© Copyright IBM Corp, 2003 All rights reserved Page 50



IBM Americas Advanced Technical Support

the fact table key, and the indexed characteristic is used, rather than joining by SID to DIMID to Fact
table, DB2 can join using the SID to Fact table.

In Figure 42, the explain table information for a query using an aggregate shows only two dimension
tables (P and U) and an attribute SID table (/BIO/XMATERIAL) being joined to the aggregate fact table.

System

Help

& aldH I Q@@ EHE B0 a8 BE @ b

Explanation of SQL Access Path

s DB2 installation parameters Wiew plan table

ElERIEEREEE ~
SGL statement ]
SELECT"S__ o0Z8" "5__ 001y","S__ 000g" "S__ o002" s 0019, “k__ 0019 ,"s_ oot

VM5 0004t "s_ 001t M ROWCOURT CEINYETYCA"  "EINVATYRME" | "EINVATYPC" | "EINWATTSL [=]
" 'EIMYQTYUE" "ESUBTOT2M FROM { SELECT "E""KEY_1001691" A5 "S__ 00238" "E" "WEv_100169%" [~]

Access path - Table information k Index information |
] ||E|E || El |E-:ﬂ g |@ || DDIC editar | Starage | T ablespace Col.card. Col.dist.
Schema |Mame Rows Fages| RLUNSTATS? REORG?Y Bufferponl —
1] 0 Mot needed Mot needead

SAPR3 /BIFSEALESORG 46 1 |Mot needed Recammended|BP2

SAFRZ IBIDEMATERIAL 155917 5,712 Mot needed Recommended |BPZ

SAFR3 fBICIDT 001 69F 1 1 Mot needed Mot needed BFZ

SAPR3 fBICIDSDEURCBILL) TH 1 Mot needed Mot needead BP2 ||
SAFPRZ /BICIE1001 69 1,627,889 180,877 Mot needed Mot needed BP2 [+]

[+]

| d 7

Figure 42: Aggregate fact table information
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But if we look at the SQL statement, there are predicates on other columns in the E fact table, too.

List Edit Goto Settings System  Help

& || 2dH a8 DHE Hhoan BE @

Explanation of SQL Access Path
FNEAFF AT H @

|[4][¥]

SUL statement

SELECT "S__ @@28" , "S_ O817" , "S_ BAOE" , "S_ @OE2" , "S_ @E19" , "K__ @019 , "S5 @ef1"
"5 QEE4" , "S5 041" , "IROWCOUNT" |, "EIMVOTYGA" , "EINVOTYM3" , "EINVOTYPC" , "EINVOTYSU
, "EINVOTYUE" , "ESUBTOT2M" FROM [ SELECT "E"."KEY_1001691" A5 "S__ @828" ,"E"."KEY_1001699"
A5 "S__ @R17" ,"E"."KEY_1081692" A5 "S__ AOOG" ,"DP"."SID_OREGORDTR" AS "S__ @OA2" ,"E"."KEY_10
B168" A5 "S_ 0018" ,"51"."SALESORG" A5 "K__ @019" ,"DU"."SID_EMKT_CURR" &5 "S__ Aoi1" ,"E"."K
EY_108169T" AS "S___0AA4" ,"X1"."S__EPRODHOE" A5 "5__ A041" , COUNT{ * ) A5 "1RONCOUNT® , SUM ¢
E* "JBIC/EINYOTYGA" 3 AS "EINYOTYCA® , SUM ( "E"."/BIC/EINYOTYM3" ) A5 "EINVOTYM3" , SUM { *E
" */BIG/EINVOTYPC" y A5 "EIMVOTYPC® |, SUM { "E"."/BIC/EINVOTYSU" ) A5 "EINWOTYSU® , SUM [ "E"."
(BIC/EINYOTYUE" § AS "EINVOTYUE® , SUM { “E*."/BIC/ESUBTOTZH® 3§ AS "ESUBTOTZM® FROM “/BIG/E1001
69" "E" ,"/BIC/D10B169P" "DP" ,"/BIO/SSALESORG" "S1" ,"/BIC/DSDEUPCBILU" "DU* ,"/BIB/XMATERIAL"
"Y1" WHERE "E" "KEY_100169P" = "DP" "DIMID" AND "E"."KEY_1001698" = "S1" "SID" AND "E"."KEY 5D
EUPCBILU" = "DU"."DIMID" AND "E"."KEY_1001697" = "X1"."SID" AND ((({{ "E"."KEY_1001691" = 4 }) &
ND ({ "E"."KEY_1001692" BETWEEN 208212 AND 200301 1) AND (( "DP"."SID_OGHNGID" BETWEEN O AND 18
2 - L = "DP"."SID_GREQUID" <= 159277 }) AND ([ "E"
Mj1 AMD "¥1"."OBJVERS" = '8’ GROUF BY "E".
DR "SID_ORECORDTP" |, "E" . "KEY_1001698" "

oD

Figure 43: Aggregate fact table SQL statement

For instance, in Figure 43, some of the predicate columns (E.KEY 100169x) are used to directly access

the E fact table.
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Viewed from RSA1, the aggregate contains the usual characteristics and navigation attributes on
characteristics.

Anogregate  Edit

Goto

Fropose  Extras

= @ Billing (5D) b & APODF Recc BE @ - =]
> 98 customer |SDE! b B Baseshet sal [ T - =]
[ 4 material SDE\N = & Cal Day Repo 100169 [« =] -]
P 4 Organisatior SDE! = & Customel SDEUPCEIL
b & Billing type { | SDE! A& Interct0SOLD_TO__EINTCOIND 0z
I> & additional D;SDE! = & waterial | SDEUPCHILZ
> 4 Sales EmpldSDE! A Materi DMATERIAL
b 4@ OrderreasolSDE! = &8 Organisal SDEUPCEILZ
> 48 version | SDE! A Salas 05ALESORG
P 48 item Catego SDE! = & Rilling typn SDEUPCAIL4
[ 4 Indicators |SDE! A2 Billing 0BILL_TYPE__EDOCGRF 5LS
P 4 Taxcode | SDE! < & Time | SDEUPCBILT
L 4 Time SDE! {E) Calen OCALDAY
() Calen OCALWEEK
(%) Calen DCALMONTH
@) Calen ICALYEAR |
(T) Calen DCALQUARTER
() Calen DCALMONTHZ
B & Cockpit Maxir 100186 e - |
b & Cockpit Minin 100187 @ Q@ =
b B Cockpit_CP1/100166 ee - I=
 — o | S VDR ' —
| 4 7

Figure 44: Aggregate fact table RSA1 display
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Viewed from DB2, we see that the fact table has been built using SIDs as the index columns for many of
the characteristics. Note the “field type” of RSSID for SID columns, and RSDIMID for dimension
columns.

JHICEe CHE Do BEE @M
Dictionary: Display Table

| | \i\ | | \i” Technical settings || Indexes... || Anpend structure...

_."EIIZ."E'IEIEHBQ
Billing (500

Aftributes Fields | Currencyfquant. fields

M @[@ EE [ Ey rones I @ @m | Data elementDirect type |
Fields Key|Init. IField type Data.. |Lgth. |Dec.p..|Check table Short text ﬁ‘
KEV TU0TE9F REDIMID INT4 10 OYBIC/D1BE169F  [Dimension
KEY 1081697 RSS1D INT4 10 o Mastar dat:
KEY SDEUPCBILU RSDIMID INT4 10 OYBIC/DSDEUPCEILU Dimension
KEY 1801691 RSSID INT4 10 o] Master dat:
KEY 1801692 RSSID INT4 10 o] Master dat:
KEY 1081693 RSE1D INT4 10 o Master dat:
KEY 1001694 RSSID INT4 10 o Master dat:[«]
|_|KEY 1001635 RSS1D INT4 10 o Master dat:[~]
(] (4] ]

Figure 45: Aggregate fact table SE11 display
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The characteristics that correspond to the key columns on the fact table
RSDDIMEIOBYJ, as is shown in Figure 46.

Table entry  Edit Goto  Settings

s EEICE

Data Browser: Tabie RSDDIMEIOBJ Select Ent...
@S BRI AT E| G EAETCEHT| EHE G

can be found in table

IMFOCUBE OBIMVERS| DIMERSION | POSIT| QBN
100169  |A 1001691 1|0BILL_TYPE__EDDCGRP
100169  |A 1001692 1|0CALMOMNTH
100169 A 1001653 1{0CALMONTHZ
100169  |A 1001694 1|0CALOUARTER
100169  |A 1001695 1|0CALWEEK
100169  |A 1001696 1|0CALYEAR
100169  |A 1001697 1|0MATERIAL
100169 |A 1001698 1|05ALESCRG
100169  |A 1001694 11050LD_TO__EINTCOIND
100169  |A 100169F 1|0CHMNGID
100169 A 1001659F 2|IRECORDTF
100169  |A 100169F 3 |0REGQUID
100169  |A 100169T 1|0CALDAY
100169  |A SDELIFCAILL 1|0BASE_LOM
100169  |A SDELIRPCAEILL 2|0D0C_CURRCY
100169 |A SDELIPCAILL 3|08ALES_UNIT
100169  |A SDELIFCAILL 4| 05TAT_CURR
100169  |A SDELIPCAILL 5| 0UMIT_OF W
100169 A SDEUFCEILU 6 | VOLUMELIMNIT
100169  |A SDELIFCABILL T EMET_CURR

W

Figure 46: RSDDIMEIOBJ - dimensions and characteristics

Compare the table field names in Figure 45 with the dimension names in Figure 46 to find the
characteristics associated with the indexes on the fact table. Queries are created using characteristics,
and SQL is executed using table columns. RSDDEMEIOB]J links them together to make it easier to

interpret the business function of the query.

The BW administrator does not control whether SAP creates the fact table key with SID columns or by

DIMID columns. Ifthere are few characteristics in the aggregate, SAP

does this when the aggregate is
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created. This example is included here to help interpret SQL using aggregates, and to show another
performance benefit of aggregates.

11.2.4.

Navigation attribute processing with aggregate query

While navigation attributes can be defined in the aggregate to optimize query performance, if the
characteristic on which the navigation attribute is based is included in the aggregate, and a query uses a
navigation attribute, SAP may still choose the aggregate. DB2 will join the attribute SID table to the
aggregate to evaluate the navigation attribute.

te Edit Goto Propose

Maintaining aggregates
D1 i a3m| s fsdn s B
2% & S | [H 2= |a
Template for agg... | Technical .. || [ Teshnical Name [s[r]s]r [a]H.[r]Frea. [vawaton [Recores [Re. [u. |
= @ Billing (5D) v PI1100140 ee |+++ 277079 32 188 [4]
D 4% Ccustome SDEUFCEIL rillg 100131 [+ ] - 1594814 B 69 [*]
b 48 Material |SDEUPCBILZ = G Customel SDEUPCEILT ]
b 48 Organisal SDEUPCBIL3 A& Interc0S0LD_TO__EINTCOIND F 02
b 4 Billing typ SOEUPCBILS A Sales|DCUST_SALES_ 0SALES_DIST * B
D 4 Additiona SDEUPCBILS A& C05-(0CUBT_SALES__ECUSTHR2 *
> 48 Sales Err SDEUPCBILG A& C0Ba|0CUST_SALES__ECUSTHR3 *
D 4 Order rea SDEUPCEILT A CO7-(0CUBT_SALES__ECUSTHR4 *
[ 48 version |SDEUPCBILS A& C03-f0CUST_SALES__ECUSTHRS *
D 4 item Cala SDEUPCEILY A& C09-f0CUST_SALES__ECUSTHRE *
b 4 Indicators SDEUPCBILA AF C10-]0CUST_SALES__ECUSTHRT *
D 4 Taxcode | SDEUPCEILE A& CO3-KEMARKET *
b 48 Time |SDEUPCBILT = & material | SDEUPCBILZ
AF Mater] EMATPALL @
et EPALLET T *
AF Materi DMATERIAL @
7 gNgrnanisal SDEUPCEIL
AL Do == S
= 4B Billing typ SDEUPCBIL4
A& Billing DBILL_TYPE__EDOCGRP F 5LS
< 48 Time  |SDEUPCBILT
(&) Calen DCALMONTH - —]
(E) Calen ICALYEAR @
() Calen DCALQUARTER - | |
(B Calen DCALMONTHZ a [«]
D B Material Hier: 100113 @@ +++++ 42455 214 24 [
— e [ Do /Dy
| QL7

Figure 47: aggregate containing OMATERIAL characteristic

In Figure 47 the aggregate contains the OMATERIAL characteristic.

© Copyright IBM Corp, 2003 All rights reserved

Page 56



IBM Americas Advanced Technical Support

RSDDSTATAGGRDEEF shows that the query executed by the user (Figure 48) uses navigation
attributes on OMATERIAL, such as OMATERIAL EPRODHO1.

Tahle entry  Edit Goto  Settings

Al EH I CEQ I DHE D0oa BRI @

em  Help

Data Browser: Table RSDDSTATAGGRDEF Select Entries 16

*TQ BE AFTE A O T EHEE

=R (| STATUID AGGRMNUM|IOBJMM QUERYCUBE|AGGRST|HIESID | TLEWEL |WALUE FIXSID
3CTAGDMBANIMEY W4T RE] 86 OBILL_TYPE__EDOCGRP 100131 F 1] SLE 4 |Z|
3CTAGOMBANIMEY1WARCRET 86 OCALMORNTHZ 100131 * 1] nz ] IZ|
3CTAGOMBANIMEY 1WA 2CRET 86 OCALYEAR 100131 * 1] nz ] ]
3CTAGOMBANIMEY 1WA 2CRET 86 OCUST_SALES  ECUSTHRS| 100131 F 1] 0018501186(5,171
3CTAGDMBANIMEY 1WA 2CRET 86 OCUST SalES  ECUSTHRETI100131 * 1] nz 1}
3CTAGOMBANIMEY 1YW 2CRET 86 OMATERIAL_ EFRODHD 100131 * 1] nz ]
3CTAGOMBANIMEY 1YW 2CRET 86 OMATERIAL __EFPRODHDZ 100131 * 1] nz ]
3CTAGOMBANIMEY 1YW 2CRET 86 OMATERIAL _EFPRODHD4 100131 F 1] 101112 z
3CTAGDMBAINIMEY1YW42CRET 86 et =G 1] ]
3CTAGDMBAINIMEY1YW42CRET 86 0SALESORG 100131 F 1] 1799 14
JCTAGDMBANIMEY1YWA2CRET 86 0S0OLD_TO_ EINTCOIND 100131 F 1] 0z 2 |§|
3CTEGDMEAINIMEY1WA2CRE1 86 EINVOTYCA u] 1] |Z|

| 4 7

Figure 48: query contains navigation attributes on OMATERIAL

When SAP chooses the aggregate 100131 to use to support the query, DB2 joins the attribute SID table
/BIO/XMATERIAL to the aggregate fact table to evaluate the result.

Bld 0 @e CHE DDoan BR @
Expianation of SQL Access Path

Not a1l table fields are selected. ;
-
OBLOCKND | PLANNO METHOD THAHE AGCESSTYPE | MATGHCOLS | AGCESSNAME MERGE_JOIN_GOLS | CORRELATIO
1 1 0 | (BIB/XMATERTAL I 1| /BIB/XMATERIAL~Z5 B | 7
1 2 2 | (BIC/DIEE1312 R o 1 | b2
1 2 1| fBIG/ETEE13Y I 1| /BIG/E188131-050 B o|E
1 4 1| (BIG/D1001311 I 1| /BIG/D1EB1311-0 o | o
1 5 1| fBIG/DIAEIET I 1| {BIG/D1EE131T~0 o | o7
1 6 1| fBIG/DSDEUPCBILU | I 1 | /BIC/DSDEUPCBILU~B o | ou
1 7 1| fBIC/D1AE131P I 1| /BIC/DTEB131P~0 B | DoP
1 8 3 B B L
]

K [[4][»]
\ 4 7

Figure 49: DB2 join attribute SID table to aggregate for navigation attribute processing

The point of this example is that while navigation attributes can be included in an aggregate to improve
performance, if the characteristic is contained in the aggregate, then the navigation attribute can be
processed at execution time by DB2. This is a partially optimized aggregate, which will probably give
better performance than using the infocube, but not be as fast as an aggregate that contains the
navigation attributes.

11.2.5. Time dependent attributes in aggregates

As mentioned in section 6.5.1.7, starting in BW 3.0 time-dependent attributes can be defined in
aggregates. Previous to 3.0, time-dependent attributes must be processed at runtime, by joining the
time-dependent attribute table to the infocube or aggregate fact table.
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When a time-dependent attribute is defined in an aggregate, the aggregate will be time-dependent, and
will have a “Key Date”. Queries that select the results as of the time of the ‘Key Date” can use the
aggregate. Queries that select the results as of another time cannot use the aggregate.

Time dependent attributes in aggregates can be used in a situation where a single reference date is used
when selecting the data, as when the aggregate would contain data as of the end of the most recent
month or fiscal period.

@ e@ae bR anon R @m
Maintenance for Aggregate
O 1% 1 85868 feE s B S wwws

EEN = A R S gl EN[EIR NN e Tl 5 D
Ternplate for Aggreg... | Testnical .. || § aggregates [ Technical Name [5.[P.[5.[F.[a. [ Hierarcry. [ Fixed .. [wvalation |
= @ Atticle:Sales & It = 3 Categary 100161 @@ | 2

P2 %Anicle ZARSAITSTY = 43, Properties

> 4 Article hased ZARSAITST2 Vanableforkeydate 0DAT

b 4@ site ZARSAITST3 B, KeyDate 1211212002

b 4 vendor | ZARSAITST4 = 4 Article ZARSAITSTI

b 4 Layout Modu ZARSAITSTS A& Area Hierarchy ZIARTICLE_ ZIAREA

> 4 Time ZARSAITSTT A Business Hierarchy | ZIARTICLE_ ZIBUSINES

A& Category Hierarchy  ZISRTICLE__FICATEGOR
A Company Hierarchy | ZIARTICLE__ZICOMP
ﬁ Custormer Group Hiera ZIARTICLE_ ZICUSGRP

P

ﬁ Shop Hierarchy ZIARTICLE__ZISHOP
7 4 Site ZARSAITST2
A site ZISITE *
b 4 Time ZARSAITSTT
LAl N aDEn| [«1[+]
ElIREEERIERERIE ER R G |
. |Message Text

Q Line itern 'Site' (ZISITE) is used in aggregate 'Category’
£y |Anoregate "Categony' has a variable key date. Schedule process "Adjustrment of Time-Dependent Agg...
@ |Anoregate ‘Category' (302VINCAZDCITHOUXENGDR34) is defined correctly

S5F

| [ o s
| 47

Figure 50: Time-dependent aggregate

In Figure 50, there are time-dependent attributes on the ZISITE characteristic. (One would use
transaction RSD1 to review the attributes for the ZISITE characteristic.) Since the ZISITE characteristic
is aggregated with level * (all characteristic values) the aggregate is time-dependent. The time-
dependent attribute table for ZISITE (/BIC/XZISITE) will be joined to the aggregate, to evaluate time-
dependent characteristic.

Tables starting with /BIx/Q and /BIx/Y are time dependent. If you see long running queries with time
dependent tables, review whether the queries reference a specific key date such that an aggregate
including the time dependent characteristic could help performance.
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If an aggregate is created at BW 3.0, and none of the characteristics in the aggregate are time-dependent,
then the aggregate will not be time-dependent, and will not have a “Key Date”

Aggregate  Edit Goto  Propose  Exra
afa =
Maintenance for Aggregate

O 1% 1 85868 feE s B S wwws
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i 0[N | \ > ]
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Figure 51: BW 3.0 Aggregate without time-dependent characteristics

In Figure 51, note that the “key date” is zero — this aggregate is not time-dependent, since none of its
characteristics are time-dependent.

11.2.6. Defining a navigation attribute and its characteristic in an aggregate
As described in section 11.2.1, defining an aggregate at the level of a navigation attribute has two
benefits

e The data is aggregated more than an aggregate on the navigation attribute’s base characteristic.

e The navigation attribute is incorporated into the aggregate’s dimension tables, which simplifies
SQL.

It is also possible to build an aggregate containing navigation attributes, as well as the characteristics on
which they are based. In this case, the data will be aggregated at the level of the characteristic, but the
navigation attribute will be incorporated into the aggregate’s dimension tables. The aggregate fact table
will be larger than a table aggregated on only the navigation attribute, but when the navigation attribute
is used, DB2 will be able to avoid one level of join, since the navigation attribute is in the dimension
table.

If end users will be using navigation attributes in reporting, it is generally preferable to build the
aggregate at the level of the navigation attributes (not characteristic), to reduce the aggregate size, and
simplify SOL. But, in the case of SQL performance problems related to navigation attribute processing,
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one can use the RSA1 ‘Expert Mode” to define an aggregate with both the characteristic and its

navigation attributes.

@ DHE SDLa I BRI @ m

Aggregate display
l?:E @ L2
%% |2 4l ESE] 2|5 | & >
Template for agareg... | Technical n...| N aggregates | Technical Mame |5.|P. |5 |F. . H.|H.|Fixed ... | valuation  |Recorss [R.. [Usa.. |
< (@ Billing (5D} < 3 Matarial Drillc 100131 Y] - 4200960 2 927 [+
D 48 Customer |SDEUPCBILY < @ CustomelSDEURCH | [v]
I 4 material | SDEUPCBILZ 0ld-40S0LD_TO * ]
b 4@ Organisation SDEUPCBIL3 £ 0S0LD_TO__FEINTCOIND F 0z
D & Billing type /| SDEUPCEIL4 A 5ales|DCUST_SALES__DSALES_DIST @
b & additional D4 SDEUPCEILS A7 C10-0DCUST_SALES__ECUSTHS @
D 4 Sales Empli SDEUPCBILE M C05-(0CUST_SALES__ECUSTHRZ *
D & Order reasol SDEUPCBILT A C0Ba{0CUST_BALES__ECUSTHRA *
D 4 version | SDEUPCEILS A COT-(0CUST_SALES__ECUSTHR4 @
D 4 tem Cateno SDEUPCBILY A C08-FOCUST_SALES__ECUSTHRS @
D 4 Indicators | SDEUPCBILA A C09-FOCUST_SALES_ECUSTHRS @
I» 4 Taxcode | SDEUPCBILB A ©11-10CUST_SALES__ECUSTHR? @
b & Time SDEUPCBILT A C12-20CUST_SALES__ECUSTHRS @
A& CO3-KEMARKET *
< & material | SDEUPCBILZ
A7 Materi EMATPALL -
AE Fallet EPALLETYP @
A Materi OMATERIAL @
3 * Crganisal SDEUPCBILE
& Sales|0SALESORG @
< 48 Billing typ SDEUPCBIL4
AE Billing 0BILL_TYPE__EDOCGRP F 5LS
< & Time | SDEUPCBILT
(%) Calen|ICALMONTH @
(%) Calen|0CALYEAR - |:
(%) Calen|ICALQUARTER - [«]
(8 Calen| 0CALMONTHI @ [+]
| <

)

Figure 52: aggregate containing both characteristic and navigation attribute on characteristic

In the RSAT aggregate display in Figure 52, the SOLD TO characteristic is included in the definition of
the aggregate, so the aggregate is built at the characteristic level for SOLD TO. The
SOLD TO__EINTCOIND navigation attribute is also included in the definition, which creates an index

column in the customer dimension on the aggregate.

© Copyright IBM Corp, 2003 All rights reserved

Page 60



IBM Americas Advanced Technical Support
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Figure 53: SE11 display of customer dimension on aggregate 100131

In the SE11 display of the dimension table in Figure 53, there are two columns in the aggregate’s
customer dimension related to SOLD TO. One column supports the SOLD_TO characteristic
(SID_OSOLD_TO), and the other is for the SOLD TO _EINTCOIND navigation attribute.

11.2.7. Recap of characteristic and navigation attribute definition in
aggregates

11.2.7.1. Aggregate defined at characteristic level

When aggregates are defined at the level of a characteristic, the data is not summarized as much as
an aggregate defined at the level of a navigation attribute on the characteristic. DB2 can process
any navigation attribute on the characteristic, by joining the attribute SID table to the aggregate
table.

This configuration is the most flexible, as it can support reporting on any navigation attribute on the
characteristic.

11.2.7.2. Aggregate defined at characteristic level with navigation attribute

These aggregates are summarized at characteristic level, but contain the navigation attribute in the
dimension tables. In the case of access path problems related to processing navigation attribute
(attribute SID) tables, this configuration can help improve SQL performance. One disadvantage of
this configuration, compared to a definition only at the characteristic level, is that when there are
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master data changes that affect the navigation attributes in the aggregate, it will be necessary to do a
“realignment run” to adjust the aggregate.

This configuration should be chosen to solve SQL performance problems, if the data cannot be
aggregated at the level of the navigation attributes.

11.2.7.3. Aggregate defined at level of navigation attributes

The data in this aggregate is more summarized than an aggregate defined at the characteristic level,
and performance can be better, as the navigation attributes are incorporated into the dimension tables
for the aggregate. One disadvantage of aggregation at the navigation attribute level is that if there
are master data changes that affect the navigation attributes in the aggregate, then it is necessary to
do a ‘realignment run’ on the aggregate to reflect the new master data.

For performance, defining aggregates at the level of navigation attributes is better than the previous
two alternatives. This configuration is less flexible for reporting than the previous two, as it will
only support reporting at the level of the navigation attributes defined in the aggregate. An
aggregate that includes a characteristic can be used by a query with any navigation attribute on the
characteristic.
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11.2.8. Propose aggregates in RSA1

The most important step in optimizing performance at a system level is ensuring that the correct
aggregates have been defined for the infocubes and queries that are most commonly used.

If there are queries that retrieve many rows, and summarize them to a few rows as in Figure 14,
optimizing DB2 to retrieve the rows more quickly will be of limited help. The root cause of
performance problems in such a situation is the lack of aggregates to support the summarization needed
by the end-users.

RSA1 > Modeling > Data Targets > Find > type infocube name

Al aldHICO0 DR H0o0 BRI e
Administrator Workbench: Modeling
& A R
Diata targets Techrm.name
(& Data Targets [+ i Sales Delivery Cube [ Z DLVR ll_i
&' infocbjects [ G Sales Forecasting Cube | I || b Z_FRCET P
Q infosources [ G Sales Invoice Analysis Cube | i | Z_SLE_INY
Source Systems 2 = ]
8 rs i@ Sales Order Analysis Gube ot B | 7 sLS_ORD i
lﬁ' ......................................................................... A e I - i i iminddtaredr bl i ik
[ Load Budget by Product et Z_BUDGET_BY_PRODUCT
1 [ Load Quota by Sales Force Hierarchy - Z_GUOTA_BY_SFH
o | [ sates Order e Data (s of 2.08) - LIS 11_VAITM
siisiog Aoen | Y FIAR Analysis 7 FIER_IA
Transport Connection l [ 4 Sales Histary Infokraa I_8LE_HIST_INFOAREM m
BusressConlent || o« Profitability Analysis Z_COPA_IA
. [ & £ Summary Infofrea Z_SLS_SUMMARY_INFOAREA
{leratizac Lt »| b @ BTN - Sales Summary (History) Infokrea Y_SLS_SUMMARY_INFOAREA
Tianlaiion fl v e Inmventory Info Area Z_INVENTORY_AREA B
Wetadata Repository | b 4  InfoArea 7a_SEL g

Figure 54: RSA1 modeling data targets
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Highlight cube > right click > maintain aggregates

——
2

[r.]R.Ju.]Lastu. |

' anch.:. [s]e]s]F [a]Herarchy [H]Foed. [ vauation

<@ Sala & Full Order De, aa I 0 0 0
b 4 Sales Order Z_5LS_OR.. b 3B Large Saless aa “eene] o 0 0
b 4 custormer |Z.5L5 0R.. | BB Loan Orderdl 1 T | 0 0 0
D 4 Material  |Z.8L8_OR.. f i BB Order Detail £ aa 45 0 0 0
b @ AsPostedS|Z_SLS_OR.. | 3| Quote Analys ae e I o o o
[+ *Salus Force|Z SLE_OR.. b B Guote fo Ordg e|aa 33 - | 0O 0 0o
b 4 Revised BucZ_SLE_OR..
b 4 Time Z 5LS OR..
[« [ ¢ ][+ |

& Carry outrepairs in non-original system only if they are urpent

Figure 55: RSA1 maintain aggregates

Here, all the defined aggregates have been deactivated (they are red and square). The screen shot is
from a test system. Normally, they would be active, and the status lights under “S” and “F” would be
green (and round).

Click propose > propose (statistics, usually query). Enter your time here. Though the time is stored
internally in GMT, since SAP is aware of time-zones, it will convert your time entry here to GMT to
match the internal data format. Type the range of queries to be analyzed.

BE/E1 /26002 0060060
B2/15/2002 000060

Figure 56: RSA1 parameters for aggregate proposal
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The proposed list of aggregates will look like this.

| 3iB cee LHR ansn B @B
Maintaining aggregates

D&% i3 & adB | B

Bl=|%]a QA% a
Template for aggre.. | Technical.. | | || aggregates | Tech. [s] P[5 |F [A]Hierarchy |H]Foed. |valuaton [R.JR.Ju.[La. |
Q@ Sale b & Full Order De| aa | 0 0 0 [=]
b 4 sales Order Z_5L5_OR. | b BB Large Sales/ a s s e o 0 0 [*]
|+ *Cuslnmnr Z BLS OR.. B B Loan Order &) ae @ e | 0o 0 o
B & material ZBLS OR. §b 3B OrderDetailf aa S atdy 0 0 O
I @ AsPosted 5 Z.5L5_OR. | b B quote Analys| - - | o o0 o
3 *Ealas Force|Z_SLS_OR.. b B Guote fo Orde a|e - | 0 0 o
[ & Revised BucZ_SLE_OR.. [ p B s1ATY Oram [#+=++ 0 0 2T
b 4 Time Z5L5 0R. b B sTATZ Hraa |++s4+ @ 0 220
[ =3T|".T3 f ae |++ee+ 0 0 10
b B sTAT4 Hram J+++++ 0 0 20 [«]
b 3B sSTATS Hrram |#4ssr @ 010 [+]
DO I [+ |
&9 M Be 2% Olda|@z 8| 0s) B &
Ty... | Message Text |LTwd
Aggregate "STAT 1' (3NZYVQE IWVWIQEMNAOF QMHAQI0D30H) is defined corracty E
DI @ |Aggregate 'STAT 1' (3NZYVOAIAICHMNAOF QNHSQIDIDH) is defined comecthy [l

Figure 57: RSA1 proposed aggregates

For each proposed (STATXx) aggregate, there is a Usage count — the number queries that could have used
the aggregate, if the aggregate had existed. SAP does not, however, display information about the
runtime of the queries. See section 11.2.11 for discussion about how to determine the response time
impact of queries that don’t use an aggregate.

After creating the list of proposed aggregates, use ‘propose > optimize’, to have SAP merge aggregates.
When SAP has merged all the aggregates it can, you get this message.
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11.2.9. Find aggregates which support many queries using roll-up hierarchy

In Figure 57, click goto > roll-up hierarchy. Then expand the roll-up tree. Hint: use the find button at
the bottom, and search for “STAT” to expand all the hierarchies.

Faoll up hierarchy for the aggregate

Rall up hierarchy for the aggregate | A | P.. |Va|uatinn | Reco... | Recar... | sage ||
2 B Full Order Detail Aggregate [ ----- |
= B STAT 56
~ B STAT A2
B STAT 35
7 B Large Sales Aogregate
B STAT 33
B Cuote to Order Analysis Agor
B Loan Order Aggregate
B cuote Analysis Agdregate
=7 B STAT A
= B STAT 114
~ B STAT 4
B 5TAT 3
~ B STAT 20
7 @ STAT 7O
B STAT 18
=7 B STATE&T
=7 B STAT 183
7 B STAT 133
B STAT 101
B STAT 154
B STAT 155

v B E H x

Figure 58: Z_SLS ORD roll-up hierarchy part 1
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Next, look for branches (going from upper left to lower right) of the hierarchy where there is a high
usage count for the proposed aggregates.

Each proposed aggregate supports queries with a unique set of characteristics. The aggregate proposed
at the top left of the branch will also support queries matching proposed aggregates to the right
underneath it. The proposed aggregates on the right of the branch contain some, but not all, of the
characteristics in the aggregates on the left of the branch. Though the top left aggregate may not be
optimal for queries matching all the proposed aggregates in its branch, it can be a starting point for
evaluating aggregate definition.

In the example above, the proposed aggregate called STAT 5 could have been used by over 50 times
(see hierarchy for STATS to STAT 3) during the analysis period, and STAT 20 would have supported
about 20 queries (STAT20 to STAT 155).
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Faoll up hierarchy for the aggregate

Rall up hierarchy for the aggregate |

. |F' |Va|uatinn
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B STAT 145
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Figure 59: Z_SLS_ORD rollup hierarchy part 2

In this example, the query called STAT 48 could be used by nearly 100 queries executed in the reporting
period. The tree for STAT 48 goes down to STAT 177.
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11.2.10. Evaluate proposals and determine which aggregates to create

When SAP displays two proposed aggregates that are on the same level, for example STAT 27 and
STAT 44 in Figure 59, it means that each aggregate contains some characteristics that are not in the
other aggregate. It may be possible to define a single aggregate that will replace two or more proposed
aggregates. This might be done to reduce administration, and reduce the time to roll-up aggregates,
while still giving a performance improvement via the new aggregate.

11.2.10.1. Two aggregates that should not be merged

In the following example, there are two aggregates (58 and 60) that are at the same level in the rollup
hierarchy, which means that each aggregate contains one or more characteristics that the other does
not have. We check the aggregate proposals, to see if it makes sense to merge them.

Rall up hierarchy for the aggregate |A |F' |Va|uatinn |Recn... |Rec|:|r... |Uaage LL
= H STATS2 O o |+ .. 0 i B [=]
< @ STAT 51 O [+... 0 0 B [+]
< B STAT 50 i |+... 0 0 B B
= B STAT 48 L1 7 [+... 0 0 B
B STAT 180 L1 1 [+ O 1] 1
B STATGE L1 1 [++++ 0 a 3
= B STAT105 1 7 [+++ 0 1] 2
B STAT 7S 1 1 [+ 0 1] 1
= B STAT 152 1 7 [+ 0 1] 1
B s7aT31 ([0 [+ 0 0 1 a
B staTie (O] [+... 0 0 a
B STAT 54 L1 7 [+ O 1] 1
B STAT A5 O [+ D 0 1
7 B STAT a8 L1 7 [+ O 1] 1 -
= B STAT 169 1 7 [+ 0 1] 1
= B STAT 129 1 7 [+++ O 1] 2
= B STAT 128 (1 g [+ 0 1] 1
B STAT 164 1 1 [+ 0 1] 1
B sSTAT 152 | [+++ 10 1 2
[» B STATED L1 g [+... 0 1] ]
B STAT 64 O p |+... 0 0 7 [«]
[» B STATET L1 7 [+... 0 1] a [=]
v B B R %

Figure 60: Z_SLS ORD roll up hierarchy part 3
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Leave roll-up hierarchy, and expand the STAT 58 and STAT 60 aggregates in the ‘propose
aggregates’ screen.

| Maintaining aggregates
O /e &0 5| ao | T2 /d® H s | B

Aggregates I Technical Manne

Sal = STAT 58

I+ i} o 1 |

+ ¢ % % 1 % % % ¥ % 3= L * % 4 & % %
oo E On

Islrls|Flalb|H]Fued. |vawanen R [R.]u. [L.]
Hr:raa

b 4 Sales Orde = 4 sales OrgZ_SLS_ORD1

> 4 custorner A Marme 0CREATEDEY

b 4 material A Sales 0DOC_NUMBER
[ 4 As Posted | A& Sales| 0DOC_TYPE

[» & Sales Forc & Order| DORD_REASON
[ 4B Revised Bl A Sales|08_ORO_ITEM
[ & Time A ComnZ_COMSALE
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= & =ales For Z_SLS_ORDS
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= 4 Time |I_SLS_ORDT
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{5 Calen/ 0CALMONTH
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Figure 61: Evaluate aggregate merge - STAT 58 - dimensions 1, 3, 5, and T
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Figure 62: Evaluate aggregate merge - STAT 60 - dimensions 1, 2, 5

STAT 58 reports on dimensions 1, 3, 5 and T. That is, it reports on sales (1) per material (3) per
sales manager (5) over a time (T). STAT 60 reports on dimensions 1, 2, and 5. That is, it reports
on sales (1) per customer (2) per sales manager (5). Since these two aggregates have different
reporting goals and access different dimensions, we probably would not merge them to create a
single aggregate to cover both types of query.

11.2.10.2. Two aggregates which can be merged

Again, this example uses two aggregates that are on the same level in their roll-up hierarchy — STAT
3 and STAT 4. The roll-up hierarchy is not shown here. We check the definition of each proposed
aggregate.
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First, a note on the meaning of aggregation levels in the proposals.
T =

S  |Shorttext j

B Group accarding to characteristic values
H Group according to nodes for & hierarchy level |
F Filter according to fized value
Do not use characteristic in the agoregate
% SAP-internal use only (echnical: facts)

Figure 63: Definition of aggregation levels

F means that the user specified one or more fixed values for reporting, as when a single sales area or
sales person is selected. When creating an aggregate, we would often convert the ‘F’ to “*’, so that
the aggregate would support selection of any possible value for the characteristic.
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Figure 64: STAT 3 and STAT 4 comparison for merge

STAT 3 and STAT 4 both contain the same dimensions (Sales Order and Material, which are
dimensions 1 and 3). STAT 3 contains Z COMSALE with “*” aggregation for all values. This is
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* 4 % ® 4 % &

# 4 47} 4+ % % =
-
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broader than the STAT 4 definition of Z COMSALE with “F” aggregation for a specific value.
STAT 4 contains ODLV_BLOCK, which is not in STAT 3. One can create an single aggregate to

replace the two proposed aggregates by taking the characteristics that are in both STAT 3 and STAT
4, and adding Z COMSALE with “*” aggregation, and 0DLV_BLOCK with “*” aggregation.

11.2.10.3. Aggregate hierarchies

As shown above, the roll-up hierarchy can show many different levels of aggregates. The proposed
aggregates on the lower right contain fewer characteristics than the aggregates on the upper left. In
the case where there are many levels, one can choose several points in the branch and make several
aggregates to support the branch of proposed aggregates.

In the following examples, STAT 191 was taken from the upper-left of an aggregate tree, STAT 178
in the middle, and STAT 154 from the lower-right. Upper-left is less aggregated (that is, it contains
more characteristics for selection) and lower-right is more aggregated (it contains fewer
characteristics for selection). Since the entire tree covers several screens, here is the lower-right of
the tree.

Faoll up hierarchy for the aggregate
Rall up hierarchy for the aggregate |A F | Yaluation Fy{F|LL. |
= B STAT 11 O [+...0 0 23 [«]
< @ STATS O |[+...0 0 18 [+
B STAT 51 O l+...008 [
7 B STAT 154 L1 1 |[+... 0 0 B
~ B 5TAT 2 L1 [+... 0 0O 76
~ B STAT 34 L1 [+... 0 0 28
7 B STAT 25 L1 |+... 0 0 33
= @ sTAT1E2 [ | + oo
B sTeTa ] |[+... 0 0 130
L1 1 |[+... 0 0O 4
O 1 [+ 00 1
O [+ 001
L1 1 [+ 001
O [+ 001
OO 1 [+ 0 01
O 1 [+ 001
L1 1 [+ 00 1 | |
O g [+ 00 1
] 1 |[+++ 0 0 2
L] 1 |+++ 0 0 2 [
OIF I+ 001 [5]
an| Il ]Ladle ]l <]+
W B H %

Figure 65: Aggregate hierarchy
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Leave roll-up hierarchy and return to aggregate proposals, and check the definition of STAT 191,
which was listed on the upper left of a hierarchy.

I8 Qe NHE nnan [E @m
Maintammg aggregates
O/%id® &l Bels| B
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b 4 customer YIC_SSC1 < &4 CustomeYIC_S501 [~]
b & Material  YIC_SSC2 A& Custt DCUSTOMER .
b 4 Sales Force ¥IC_S5C3 7 & waterial YIC_S5C2
b & Document YIC_SSC4 A Mater DMATERIAL .
b 4 Restated BuYIC_S5CH < & Sales Fo YIC_S5C3
b & OrganizationYIC_SSCB A& SalesZ_SH_REST 7 SLS_GRF &
b 4 Time YIC_SSCT < & DocumerYIC_S5C4
& Comi Z_COMSALE .
A Tranz OREC_TYPE &
= & Time  |¥IC_SSCT
{® Fisca OFISCPER *
(5 Posth OFISCPERS X
() Fisca OFISCVARNT *
(D Fisca OFISCYEAR X =
b ﬂsuﬂez Braa I"° =
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Figure 66: Deep roll-up hierarchy STAT 191

Proposed aggregate STAT 191 has 5 dimensions.
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Next, check the definition of STAT 178.

a8 @@ O EE
Maintaining aggregates
D1/% 7/ 0% éa

A RAT L @ [

s @ H s |

iﬂi%i'ﬁ' | ﬁi&j Ei%i‘?iﬁi
| Template for aggre.. | Technica... Agoregales | Technical Mame ls|pls|Flalk]H]Fixed. | valuation |R. |
@ Sale b 3B STAT177 el oo [
b 4 Customer YIC_SSC1 | BETATITE Hraa |+ 0 [v]
b 4 Waterial  YIC_SSC2 < & material YIc_SsC2
b 4 Sales Force YIC_SSC3 A& Profit IMATERIAL__Z_PRF_CTR *
> & Document YIC_SSC4 = & Documen YIC_S5C4
[ & Restated Bu YIC_SSC5 A& ComiZ_COMSALE *
> & OrganizationIC:_SSCH & Trane OREC_TYPE y
b & Time YIG_S8CT < & Time  ¥YIC_S8CT
@® Fista OFISCVARNT . L
(¥ Fisca OFISCYEAR : =
W oeTaTiTe | M« = m [ i bl
. [ODon) [ a0

| Onw O]
[ W

Figure 67: Deep roll-up hierarchy STAT 178

Proposed aggregate STAT 178 has three dimensions. It has fewer characteristics and dimensions
than STAT 191. (Material is selectable only by navigation attribute OMATERIAL Z PRF CTR
in 178, while it can be reported at any level in 191, which contains OMATERIAL).
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Figure 68: Deep roll-up hierarchy STAT 154

© Copyright IBM Corp, 2003 All rights reserved

Page 74



IBM Americas Advanced Technical Support === =

Proposed aggregate STAT 154 has one dimension. It has fewer characteristics and dimensions than
STAT 178. The data in this aggregate will be very summarized, but the aggregate will only support
a narrow range of queries.

For situations where there are queries with different levels of selection and summarization, one may
want to create a hierarchy of aggregates, to support efficient reporting with queries referencing more
or fewer dimensions and characteristics.
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11.2.11. An RYO solution

As mentioned above, one limitation of the SAP aggregate proposal tool is that it shows counts of queries
that can use an aggregate, but does not show the fotal elapsed time of the queries. Since you may want
to focus on commonly executed queries (high count) and long running queries (long elapsed time)
additional data is needed to determine the characteristics of queries with long elapsed time.

One can write an ABAP program that joins RSDDSTAT (which contains runtime and row counts) with
RSDDSTATAGGRDEF (which contains characteristics) on STATUID and create a report that
summarizes the characteristic combinations used in queries. The program would sum QTIMEDB for
all queries that use identical characteristics. Each row in the report below lists the characteristics used,
as well as the frequency and total elapsed time of queries using each unique set of characteristics.

Here is a sample of a report created by one company running BW. With such a report, one can find
combinations of characteristics and navigation attributes used in frequently executed or long running
queries. One can also group the queries based on the characteristics used, to find “families” of queries
using similar characteristics.

By joining RSDDSTAT and RRSDDSTATAGGRDEEF, one can associate the total elapsed time with the
characteristic combinations, to more easily determine aggregates that will support long running queries.

E3 Microsoft Excel - query and chars
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Figure 69: Custom report from RSDDSTAT RSDDSTATAGGRDEF join
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11.2.12. Sample tools for aggregate proposal

The method described in Section 11.2.11, where RSDDSTAT and RSDDSTATAGGRDEF are joined to
find high-impact characteristic combinations is implemented in perl scripts that are available from the
IBM techdocs web site.

Techdocs document PRS713, which is available at
http://www.ibm.com/support/techdocs/atsmastr.nsf/WebIndex/PRS713 has sample programs which can
be used to find high-impact characteristic combinations.

11.2.13. View on RSDDSTAT and RSDDSTATAGGRDEF

In order to be able to examine the characteristics of individual long running queries found in
RSDDSTAT, it can be useful to create a view in SAP that joins RSDDATAT and
RSDDSTATAGGRDEF on STATUID.

Afributes  Tabiefoin condiions | Viewfids | Selection condiions | Maini status

m Juin condifions
- ___.|Tﬁ|3'|EI Fieid nama =(Tabie Fieldnams | 5
= REDDSTH STATULD - BSDDETATAGEREDEF STATUID -

Figure 70: View joining RSDDSTAT and RSDDSTATAGGRDEF

Not all the columns in RSDDSTAT are needed in the view. In order to review the characteristics used
in long running queries, include all the columns in RSDDSTATAGGRDEF, and the columns in
RSDDSTAT related to DB performance (QTIMEDB, QDBSEL, QDBTRANS) along with columns
identifying the infocube, query, user, etc.
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Figure 71: columns in RSDDSTAT RSDDSTATAGGRDEF view

One can then use the SE16 data browser, to review the characteristics used in long running queries.

(© & B B Numberofentries
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Figure 72: SE16 using RSDDSTAT/RSDDSTAGAGGRDEF view
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In Figure 72, we select queries over 2400 seconds, on a single infocube, within a date range. AGGRST
NE © “ is specified to exclude key figures from the report. Each STATUID is a separate navigation step.
In Figure 73, each navigation step performs single query (AGGRNUM is © °).

This process might be used when STO3N shows long database time on an infocube or query, or when
there are user complaints about response time using a query.

Table entry Edit Goto  Seftings
@ @@ CHE LS BE @ m
Data Browser: Table Z_CHECK_FPERFORM Select Entries 38
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m 23,836 82 2,451 167969 ELDFRGACT|OMAT_SALES__SUBBRAMND |F
I 23,838 32 2,451.167969 ELDFRGACT|0SALESORG F
| 23,836 82 2,451.167969 ELDFRGACT|0SOURSTSTEM F
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Figure 73: SE16 display with RSDDSTAT/RSDDSTATAGGRDEF view

Figure 73 shows this summarized view of long queries — the time, rows, characteristics, and whether an
aggregate was used, or the infocube was used. One can then compare these long running queries to the
defined aggregates, to determine whether existing aggregates can be extended new aggregates defined.

Here, two of the navigation steps may be aggregation candidates (QDBSEL/QDBTRANS > 10), but the
QDBSEL/QTIMEDRB ratio for all the queries is very low (between 1 and 10) so there are probably other
performance problems, such as I/O constraint, missing indexes, bad access path choice, etc.
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11.2.14. Proposing an aggregate for an individual query

If examination of STO3N or RSDDSTAT shows that a specific query needs an aggregate, use the
“propose (propose from query) option.

Load
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TOTAL TOTAL 1120 | 128,713.49 1149 108 | 118,358.4 1058.7 | 99,668,085 221
DPEUCCD3 [MDPEUCCO3_|_APO_509 74 24,866.0 314.8 6.4 241229 305.4 5,506,030 6.4
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SDEUPBIOB [MSDEUPBIOB_|_BWW 512 71 6,217.8 87.6 42.4 6,117.6 86.2 741,081 747
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COEUPPROT [MCOEUPPROT _|_CGJ_5... 82 54737 66.8 64.6 5,351.0 64.3 1,820,892 22,206.0 |Z|
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<[+ [ |[«[+]

| 4z

Figure 74: STO3N - query “MSDEUPBIOB_I_PUB_500” with high select / trans ratio

When we find a query with a high ratio for rows selected to rows transferred, use RSA1 to propose
aggregates for the query. MSDEUPBIOB I PUB_ 500 selects 4,629 rows for every row transferred.
An aggregate would improve performance.
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From RSA1 aggregates: Propose > Propose from query
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SAP will propose two queries. MIN is the minimum number of characteristics the query can contain.
That is, it is the most aggregated data that the query can use. MAX is the maximum number of
characteristics the query can contain. That is, it is the least aggregated data that the query can use. Ifa
query has many free characteristics, then the MAX query proposal may create an aggregate nearly as
large as the original infocube. One can examine the most frequently used characteristic combinations,
as shown above, to refine the aggregate definition.
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Figure 75: Sample MIN 0 proposed aggregate
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Use the rollup hierarchy to determine where MIN and MAX fit in relationship to currently existing

aggregates.
Fall up hierarchy for the agaregate
Roll up hierarchy for the aggregate IA I Proposed... I Waluation I Records I Recar... |
SiinCube
@ 100140 : Material by Plant |:| | +++ 277138 32
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@ 100113 Material Hierarchy Repord [] |+... 424B67 214
B Baseshet sales m @ =ee=s | 1] 1]
= B MAKD [l 1 | + 0 0
= T O 1 | + 0 0
@ 100114 : Custamer Hierarchy Rep|[] |+... ¥37a3 123
@ 100131 : Material Drilldown far OF | [] - 18496778
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Figure 76: Rollup hierarchy of proposed aggregate

In Figure 76, the query that was used for proposal is not supported by any of the active aggregates —
MAX 0 is on the same hierarchy level as the other aggregates.

11.3. Review SQL cache

Since QDBSEL information is not available in ST04, when starting a performance examination from ST04
statement cache, sort the statement cache by total elapsed time, by total getpages, or total rows examined. If
statements are found that have

e few rows processed per second,

e many rows examined per row processed, or

e many getpages per row processed,
then look for the corresponding RSDDSTAT data on the query. Without the QDBSEL information from
RSDDSTAT, it is difficult to say if the statement is efficient or inefficient. If QDBSEL is much larger than
‘rows processed’, then an aggregate may be helpful.

With only the ST04 cache information, one can explain the statement, and check for missing indexes,
catalog statistics which are out of date, and other DB2 related problems.

© Copyright IBM Corp, 2003 All rights reserved Page 82



IBM Americas Advanced Technical Support

11.4.  Further actions after aggregates are defined
After the query workload has been analyzed and aggregates have been created, there may still be some
queries that perform slowly, that is have a low QDBSEL/QTIMEDB ratio. In these cases, there can be
several different causes, the most common of which are:

e Missing indexes on master data or dimension tables

e Skewed data in dimensions, master data, and fact tables

e Correlated characteristics in queries

e [/O constraints and buffer pool constraints

In the case of missing indexes, skewed data, or correlated characteristics, the default RUNSTATS options
used with BW may not be sufficient to gather enough information for DB2 to choose the right access path.

11.4.1.

OLAP cache to offload database server

With 3.0, SAP provides an OLAP cache, which can be used to buffer query results, so that they can be
retrieved without accessing the database server. Queries that are the same (e.g. same characteristics and
same parameters) can be reused.

There is not an easy way to determine the effectiveness of the OLAP cache, that is the OLAP cache hit
rate. While the OLAP cache reports the number of times a query result was reused, this cannot be
easily correlated with the total executions of the query, to determine the percent of queries that have
been offloaded.

From RSRT, press the ‘Cache Monitor’ button, to see query statistics.
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afad B €aQ DHE S naa  EE @

Cache Monitor

Iﬁ‘ﬂefrﬂsh I TNelate I@I‘.anhﬂ Parameter ”ﬁﬁuffﬂr hd nnitor “ﬁﬁuffel Muwerview I@I nnicAl File Mames

I’ﬁl’]irﬂnrnru Muwrrvirw

[EMEviter Dbjects

[ENCache Parameter

- . Cache Pararmeter

R ain Men_mw @ |Cache Act.

B””er Obiects Local Cache Size 100 MB

Eﬁpplication FEIVES 300 e
Zache Persistence Mode Flat File

@ |Cache Persistence Logical File Mame

Eru:uss AppServer

Bwi_OLAP_CACHE

[EMBuiter Objects

| Global Cache Size
! @ |Comp. Cache for Persistent Logical File Name for AppServer

Bi_OLAP_CACHE_SPAM

d 7

Figure 77: RSRT cache monitor

To see cached objects, pick the cache location (main memory, application server file, cross application

server file).
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Figure 78: RSRT cached queries
This screen shows if the query has been re-used from cache.
11.4.2. Correlation information may improve access path

If the E fact table is partitioned, it will be partitioned by an SAP time characteristic, since only time
characteristics may be used for E table partitioning. Since BW statements are prepared with literals,
DB2 can evaluate the predicates, and use PAGE RANGE=Y access to eliminate access to unnecessary
partitions.

Since SAP also has a time dimension on the infocube, if DB2 does not know that the time dimension
and the partitioning column are correlated, DB2 may over-estimate the filtering when joining the T
dimension before the fact table in conjunction with PAGE _RANGE=Y filtering on the time
characteristic. For example, if two columns are uncorrelated and DB2 estimates that each dimension
will choose 10% of the rows, then DB2 will estimate that if both columns can be applied together, they
will retrieve 1% of the rows, since 0.10 * 0.10 = 0.01. But if they are completely correlated, then 10%
of the rows will be retrieved.

In this example, we’re testing the performance of a query that has been identified as being slow. We
could have run the query and retrieved the STATUID, as shown in Section 10.1, or could have retrieved
the STATID from RSDDSTAT as shown in Section 10.2. We use ST04 to select the STATUID for the
specific query to be examined.
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Figure 79: ST04 correlation example

Since there are both E and F fact tables in this example, there are two SQL statements, one on each fact
table. The statement with 65 second elapsed time has an unusual time profile — 63 seconds CPU time.
In general, I/0 delay will be a larger percent of elapsed time.

Select the 65 second statement, and press “BW statistics”.

Systern  Help
2dH G CHE SDon BE @
DB2 BW Analysis Tool - Overview

3| Refresh | NB Time Limit | B8 Fixed STATUID

Observation Intervall Hours O Minutes 0 Seconds %
Fr. oo:oo:ae |
To 0o 60 e

Gl al?lﬂﬂl?l@“ EIE|%I! | al@l@@l@“w Diynamic Statement Cache Infalbjgcts

Date |Time |Report User |Cells|hMax..|Aggr. | Anahzed Rows| Selected Ro...| Transpore...|UndenSelect| SelectTrans| Select/D.

10/, |20:2... |Z5D_C01 F SBALESTESTS |GOR...| 38 113,584,954 3,401 3 33,3975 11337 a0.49 L |

| 17

Figure 80: BW statistics correlation example

Rows examined/rows selected (here Under/Select — early translation which will be changed to
‘examined/selected’ in support package) is over 30,000. This can be a symptom of an SQL problem,
where DB2 has to read many rows, to create the result set.

QDBSEL/QDBTRANS (here Select/Trans) is over 1,000, which shows that an aggregate could also help
the performance of the statement. In this example, we will focus on finding the cause of the high ratio

of rows examined/rows selected.

In Figure 79, select the 65 second statement, and press ‘Details’.
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Statistics  Edit Goto

Statement Cache Statistics: Details

SE Statistics field | [Z ABAP | R BWY statistics

‘Subsystern; DFFD at 20:25:50
DB start B9:19:40
Last reset

1042142003
1041642003

DB system DEZ2
DB release r.1.e

Diata since DB start

o Avgtime distrper exec k Total time distr.across all execs  Awg.statistics per exec “. anoE
Execs fsec b OR523560204
A oetpages BA, BOY . BB
Rows examiexecs 113,584 958 0A
Rows proclexecs 3.00
Getpages fprocessed 20269 .00
Examined / processed 37861653 .00
Sync reads J execs g.0a
Synch writes [ execs B.oo
A sync [0S 0.oo
A 110 duration (i
Avg sorts 5.00
Ay idx scans 3,494 BA
A thl scans 34 BD36.00
Avg RID fails star g.0a
Avg RID fails limit g.0a
g parallel groups B.o0
| d 7

Figure 81: ST04 details correlation example

Since parallel groups = 0, the statistics for this statement are valid. See Section 6.6.1, for information on
how parallelism can affect statement statistics.

Select the ‘Statement text’ tab.
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Statement Cache Statistics: Delails

B Statistics fleld | [By ABAP R BW statistics

20:45:58
g9:19:40

10421 /2003

10416/ 2003 _?.1.EI
_DE start

e 1 e e e —
y : y S onoE

Staterment text

E}{plainl
SELECT "5 g4t "5 pra" "S5 Q16" , "OINYCD_WAL"

"OOPORDNWABLSC" | “"ORTWSYWAL" . "1ROWCOUMT® FROM ( SELECT
“DT" . "SID_OCALMONMTH" A5 "5 g4t tEto"S__@MATL_GROUP" A5 "S5 byg"

L] ] ] [« [

DL

Figure 82: ST04 correlation example

And explain the statement.

Figure 83: parallelism prompt

Answer “yes” to the prompt, since BW SQL is executed with parallelism enabled.
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2B &eE I CHE ShLO8 I RAE @

Expianation of SQL Access Path

wiewy plan table

“& DB2 installation parameters

0[=:)[S@amas

SaL statement

SELECT"S 014" "S

o7o"

- 016" "0INYCD_YAL" , "D0PORDVALSC"  "ORTMHSYAL" " 1ROV

COUNT' FROM ( SELECT "DT"."SID_0CALMONTH" A5 "S 014" "¥1""5__OMATL_GROUP" AS "S5 orar

DU "SID_0STAT_CURR"AS"S 016", SUM ("F""INVCD_WAL" ) AS "0INVCD_MWAL" | SUM ("F" "OPORD

(4] | I

Hierarchical access path | Access path | Table infarmation | Indexinformation |

7 48% INDEX SCAM {1 matching column)

7 & SAPDTF . /BIC/DZSD_CA1U~D

m SAPDYF . /BIC/DZSD_CE1U DU

[«]
[]

-

I[<][»]

[+]
[+]

anm

E[ 4[]

1 7z

Figure 84: correlation example explain

Press ‘View plan table’.

Goto

em  Help

ala B @E o DHE HTtos BAE @

Explanation of SQL Access Path

Mot all table fields are selected. i
QELOCKND PLANND METHOD TNAME THREND ACCESSTYPE MATCHCOLS ACCESSNAME FAGE_RANGE JOIN_TYPE B

1 1 [t} fBIC/DZSD_CEMT 8 I [t} fBIC/DZSD_CEMT~E10

1 2 1 {BIC/DZSD_CAMP 7 2]

1 8 1 /BIC/EZSD_CA1 2 I 1 /BIC/EZSD_CO1~020 '

1 4 1 DSN_DIM_TELX (04} 1 T [t}

1 I} 1 DSN_DIM_TBLX (03} 1 R [t}

1 G 1 fBIC/DZSD_Catl I 1 [BIC/DZSD_CETU-0

1 T 8 [t}

8 1 [t} fBIB/XMATERIAL I} [t} /BIO/XMATERIAL~0

8 2 2 /BIC/DZSD_CO12 4 R [t}

4 1 [t} fBIB/XCUSTOMER 9 I [t} fBIB/XCUSTOMER-Q -

4 2 2 fBIC/DZSD_CAE11 g R [t} Z
[0l [<][+]
| 17

Figure 85: plan table correlation example

Now here is the problem. ACCESSTYPE R MATCHCOLS 0 (table space scan) has been chosen to join
the materialized subquery (XMATERIAL joined to Dimension 2) to the fact table. If the intermediate
result is large, or if the materialized subquery is large, this is an inefficient way to process this step. In
the case where they are large, then the ACCESSTYPE T MATCHCOLS 0 (sparse index — see line
QBLOCKNO 1 PLANNO 4) would be a better choice.

If the available statistics lead DB2 to estimate that the predicates will filter better than they do, then DB2
may underestimate the rows after the fact table, and use R 0 access instead of T 0 access.
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In this case, since dimension T and P are being joined before the fact table, we will start with the
assumption that the problem is that the T dimension and the partitioning column, which is also a time
characteristic, are correlated, and SAP is over-estimating the filtering from joining T before the fact
table.

Table Edit

Goto Utilities

Extras Helg
B aH e DHE DDLO HE @m
Dictionary: Dispiay Tahle

= ®| 2 95 |6 | T - | AN | BB Technical Settings | Indexes.. | Append Structure...

Enwironment  System

Transp. tahle fBIC/EZSD_CO1 Active
Shart Text Benchmarkcube

Aftributes | Delivery and Maintenance  Fields | Entry helpicheck | CurrencyiQuantity Fields |

MR EE 2| & 2 L8] srehneip | [ Buitintpe | 114 25

[ ] Key|Initi..|Diata element Data T... \Length |Deci.. |Short Text
RSDINID INT4 10 B|Dimension Table Key ]
RSDIMID INT4 10 0 Dirnension Table Key
RSDIMID INT4 10 BDirnension Table Key
RSDIMID INT4 10 0Dirnension Table Key
RSDIMID INT4 10 0Dirnension Table Key
RSDIMID INT4 10 0Dirnension Table Key
RSDIMID INT4 10 B Dirnension Table Key

EEY Z50 CE15 RSDIMID INT4 18 BiDirmension Takble Key |§|

_|SID BCALMONTH | [] R3SI0 INT4 10 OMaster data D [+]
K| [ [ [¥]

| Az

Figure 86: SE11 display of E fact table

We create statistics on the combined columns KEY ZSD CO1T and SID 0CALMONTH. Since the
goal is to show that the two columns are correlated, not to encourage DB2 to use these two columns,
DSTATS should be used to gather the statistics. (Creating an index on the two columns will also
create the statistics, but it will take up space, and would not be an index that would offer a benefit.)

After creating the statistics, run the query.
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Statistics Edit Goto  System  Help

] BdHIeEaQ CHE fDoan BRE @m

Statement Cache Statistics: Overview

| Refresh Details | [Zy ABAP S Statistics field | NB String | Reset | Sincereset % BV statistics

Subsystern  DVFO at 19:34:02  10/14/2003 DH system bB2 E‘
DB start 09:56: 26 1041372003 DB release 7.1.0 |
Lastreset Diata since DB start

HIREEERIFEER IS ERER D

Tahle name By STATLID | Executions|Avg.elap time Elapsed time A CPLU time A wiait tirme
/BI0/0300041918 | 3RFMNAFTEIIQKP 36ZHYYVOEIG 1 |39.367 00:00:39. 3666 2418 36.948 E
/BI0/0300041817 1 Qo:0o:00.0002 EZ
/BI0I0300041916 | 3RFMNX1 QCESGAYFDFKADBGG2JA4 1 |45.075 0000:45.07454 2.449 42627 Fz
LDl [

| d 7

Figure 87: ST04 statement after correlation stats

In this example generated on a test system, elapsed time was reduced by 30%, but CPU use was reduced
by 95%.  When this problem has been encountered at productive BW sites, the elapsed time reductions
are often much more than 30%.

View the plan table, to see what has changed.

Goto

BaHI@EG SHB Dhoan BE @@
Explanation of SQL Access Path

Mot 211 table fields are selected. =
OELOCKMO FLANND METHOD THAME TAENDO ACCESSTYPE MATCHCOLS ACCESSNAME PAGE_RANGE | JOIN_TYFPE

1 1 2] JBIC/DZSD_COTT 3 I o fBIC/DZSD_CO1T~B10 5

1 2 1 DSM_DIM_TBLX (B4) 11 T o 5

1 3 1 /BIC/EZSD_CE1 2 I 2 /BIC/EZSD_CO1~B ki 5

1 4 1 DSN_DIM_TELX (03) 10 T o

1 5 2 {BIC/DZED_CAMU ] [ o

1 G 2 /BIC/DZSD_COTP 7 R o

1 T E o o

a 1 2] JBIB/XMATERTAL 5 I o fBIB/XMATERIAL~B

3 2 2 /BIC/DEZSD_CO12 4 R o

4 1 L2} /BI0/XCUSTOMER a I o fBIO/ECUSTOMER-B (-

4 2 2 JBIC/DZSD_CA11 ] [ o [=]

gl [ |[[]
\ 1.7

Figure 88: plan table after correlation stats

With the correlation statistics, dimension 1 is now joined ahead of the fact table with the T dimension.
There is still ACCESSTYPE R MATCHCOLS 0 access after the fact table, It is used for the P and T
dimensions, which are very small, and it occurs after all the other dimensions have been joined to filter
and group the result.

In summary, if CPU time is a very large percentage of statement elapsed time, and if DB2 chooses
ACCESSTYPE R MATCHCOLS 0 to join a subquery result after the fact table is read, this could be a
sign that DB2 has over-estimated the filtering of some of the dimensions joined earlier. On E fact
tables, correlation between the T dimension and the clustering column is one of the possible causes.
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11.4.3. More column distribution information may improve access path

When an index is created on a table, by default the statistics collected by SAP are KEYCARD,
FREQVAL 1 COUNT 10. Column distribution information will only be collected on the first 10 values
of the first column in the index. Ifthe data is skewed, where for example there are 1000 different
values, and the top 10 values account for 50% of rows, but the next 10 account for another 40%, then,
then if a query is executed using the 11" most frequently occurring value, DB2 will calculate that it
occurs in 0.05% of the rows (50%/990 values), where it may actually occur in 4% of the rows. In this
case, creating FREQVAL statistics on the index using a higher COUNT can help. Set the COUNT to a
high enough value that most of the values with high occurrences have statistics collected.

A query has been reported as a performance problem, find and explain the SQL as shown above.

Goto Systern Help
] ald H I @e0 DHB DDLn BE @
Expianation of SQL Access Path
Character field truncation occured. el
Not a1l table fields are selected. il
UELOCKMO PLAMND METHOD THAME TAEND ACCESSTYPE MATCHCOLS ACCESSMAME
1 1 o] DESM_DIM_TELX (B3} 11 R 2}
1 z 1 fBIC/FZIC_SFC 2 1 1 fBIC/FZIC_SFC~OZ2E
1 3 1 fBIC/DZIC_SFC4 g 1 1 fBIC/DZIC_SFC4~0
1 4 1 fBIC/DZIC_SFCP 10 1 1 fBIC/DZIC_SFCP~0
1 5 1 DSN_DIM_TEBLX (04 12 ]
1 G 1 DSM_DIM_TELX (G5 132 2}
1 7 3 o a
3 1 2} fBIO/SFISCYEAR 4 R ]
3 2 1 fBIC/DZIC_SFCT 3 1 ] fBIC/DZIC_SFCT~010
4 1 2} fBIC/XZ_PRODCD 5} 1 1 fBIC!XZ_PRODCD~ZEZ
4 2 1 f{BIC{DZIC_SFC3 5 I 1 fBIC/DZIC_SFC3~010
15 1 o] f{BIC/DZIC_SFC1 T R 2}
5 z 1 fBIC/MZ_SHIPTO 8 1 2 fBIC/XZ_SHIPTO~O
[~]
LAl I[4][»]
| 4 7

Figure 89: plan table for example of increasing freqval count

Dimension T is joined ahead of the F fact table, and there is ACCESSTYPE R MATCHCOL 0 (table
space scan) join as the last query step. This R 0 join is a sign that DB2 may have over-estimated the
filtering of some of the predicates applied earlier.

Since this is a query on an F fact table, which is not partitioned by time, this is a different scenario that
the correlation problem in Section 11.4.2.

The statement statistics show that CPU is the majority of elapsed time, which is what is generally seen
when DB2 erroneously chooses ACCESSTYPE R MATCHCOLS 0 for a join after the fact table.
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Statement Cache Statistics: Details
B Statistics field [ ABAP

§12:13:23
21:04:27

Avg. elaplexet 26:39.703
Avg. CPU time 20:56.248
Mg, wait time 5:43.455
Awg. sync O time 27.249
Awg. read wait 2:22.161
Avg. write wait 0,406
Avg. lockiatch wait 0.074
Avg. global lock wait 0.000
Avg. EU switch wait 0.000
2wy, other waittime 253562

Figure 90: ST04 times for freqval count example
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Examine the SQL, to determine the local predicates, since they will be the candidates for RUNSTATS
changes.

__
rEELECT o 104" , "s____gFa" , "s____gFe'" , g g74" , IROWCOUNT" , "Z_COMMA'"
"Z_COMMQ', "Z_NSA" , "Z_N5O" FROM [ SELECT "51"."FISCPER" AS "K___ 104" ,
MM M F_SLSOFF" AS "S__ 571" D4 "SID_Z_OTWH! AS s &Fa'
Mz MS__F_MAICAT AS S EF4" , COUNTC * 1 AS “1ROWCOUNT"

SUM [ "FULUABIC/Z_COMMAY 1 AS UZ_COMMA" , SUM [ “FULU/BEIC/Z_COMMOM 0 AS “Z_commot
SUM [ "FYLUYBIC/T_MSA" 0 AS UZ_NSA" , SUM [ “FYLU/BIC/Z_NSQY ) AS “"Z_MsSQ"
FROM " BIC/FZIC_SFC™ “F" " BICADZIC_SFCT" "DT" "/ BIOSSFISCPER' "sS1V

b FBICOZIC_SFe1” "Dl " /BIC/¥Z_SHIPTO" 'l |, " BIC/DZIC_SFC4” D4

1

NWABRTC/OZIC_SFCI" "03" M /BIC/wZ_PRODCOD" "=2" " /BIC/0ZIC_SFCR" "OP"
WHERE "F'"."KEY_ZIC_SFCT" = "DT"."DIMID" AND "DT"."SID_OFISCPER" = "51"."SID" AND
HEYUMKEY_ZIC_SFC1Y = "0A"."DIMIDY AWD "01"."SI0D_Z_SHIPTO"! = "1"."SIO'" AND

UFULUKEY_ZIC_SFC4" = "D4"."DIMID" AND "F"."KEY_zIC_SFC3"
"p3t."SID_Z_PRODCOD™ = "x2"."SID" AND "F"."KEY_ZIC_SFCP" = "DP"."
(000 "s1"."FISCPER" BETWEEM '2003005' AND 'z003011' J17 AND
(f “DP"."SID_ORECORDTF"= 0 11 AND ([ "DP"."SID_OREQUID" <= 101406 11 AND

"D3"."DIMID' AMND
IMID" AND

al l

(0 "D4"."SID_Z_DIWN" = 2 10 AND ([ "wx2"."S__ Z_MAJCAT" = 95 1717 AND
Yy1"  UOBIVERS! = 'A' AND Tz'."OBIJVERS" = 'A' GROUF EBY
"M MFISCPER" ,'x1"."5__F_SLSOFF" ,"D4"."SID_Z_DIWH" ,"®2"."S__ Z_MAlCAT" 1 "/ BI0/0300811765"

FOR. FETZH ONLY WITH UR

Figure 91: SQL for freqval count example

The local predicates of the query:
e FISCPER between
e SID ORECORDTP =
e SID OREQUID =
e SID Z DIVN =
e S Z MAICAT =

SID ORECORDTP and SID OREQUID are SAP administrative characteristics, and can generally be left

out of the evaluation. ~ So, one needs to evaluate the frequency distribution of FISCPER, SID Z DIVN,
and S Z MAIJCAT.

In this case, the solution was to increase the COUNT of FREQVAL statistics on SID 7Z DIVN, since

SID Z DIVN=2 occurred relatively frequently, though not frequently enough to be in the top 10 and in
the default statistics.
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After executing runstats to increase the FREQVAL COUNT on the table (/BIC/DZIC_SFC4 -

dimension 4) containing SID_Z DIVN, run the query again, and DB2 processes the query with a sparse

index on the workfile on QBLOCKNO 1 PLANNO 6.

(V] 2l H @ DHEA HDhLHH DR @m

Expianation of SQL Access Path

Character field truncation occured,
Not all table fields are selected.

UBLOCKNO PLANND METHOD THAME TABNOD ACCESSTYPE | MATCHCOLS ACCESSHAME
1 1 o DSN_DIM_TBLX (03) 11 R 0
1 2 1 {BIC/FZIC_SFC 2 I 1 {BIG/FZIC_SFC~B20
1 < 1 {BIC/DZIC_SFC4 9 I 1 /BIGC/DZIC_SFC4~B
1 4 1 {BIC/DZIC_SFCP 10 I 1 /BIG/DZIC_SFCP~B
1 5 1 DSN_DIM_TBLX (0O4) 12 I 0
1 6 1 DSN_DIM_TBLX (05) 13 T 0
1 7 3 ) 1]
3 1 o {BID/SFISCYEAR 4 R 0
3 2 1 {BIC/DZIC_SFCT < I 0 {BIC/DZIC_SFCT~E10
4 1 o {BIC/XZ_PRODCD i} I 1 {BIG/XZ_PRODCD~Z02
4 2 1 {BIC/DZIC_SFC3 5 I 1 {BIC/DZIC_SFC3~B10
= 1 o {BIC/DZIC_SFCH 7 R 0
5 2 1 {BIC/XZ_SHIPTO g I 2 {BIC/XZ_SHIPTO~D

Figure 92: plan table after increasing COUNT in FREQVAL

In this case, the first symptom of the problem is similar to the correlation example, tablespace scan on a

workfile being joined after the fact table. The cause was uneven distribution of values in one of the

dimension table columns, and the solution was to increase the COUNT of FREQVAL statistics gathered

on that column.

I[«][>]
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11.4.4. New index may improve access path

Not all characteristic and navigation attribute columns are indexed when master data tables are created.
After examining the SQL statement to determine all the local predicates, use explain plan to review
which indexes are being used, and check that the predicate columns have indexes that can be used.
New indexes may be required on columns in dimension, attribute SID, or master data ID tables.

Goto Systen  Help

Bd L @ea CHE ODOO EE @m

Expianation of SQL Access Path

Mot all table fields are selected.

(BLOCKND FLANND HETHOD THAME TAEND ACCESSTYPE | MATCHCOLS ACCESSHAME FAGE_RANGE

JOIN_TYPE

JBIC/DZSD_ LT
JBIC/DZSD_Codp
JBICSEZSD Lo
DSN_DIM_TBLX(04)
DSN_DIM_TBLX(03)
JBIG/DZSD_Call

/BIC/EZSD_CO1-~020 ¥

o R e e ]
—— ——mm

fBIGC/DZE0_CATU-0

[BIO/XMATERTAL
[BIC/DZSD_COM2
JBI0/XCUSTOMER
JBIC/DESD_CO11

fBIO/XMATERTAL~0

fBIO/XCUSTOMER~ZCO

B B 0 L0 s
(ST I I RN S
N R N R =
Do ooo oo oo

oo

B [

I[[v]

14101

[l

i/
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Figure 93: ST04 plan table display for material group example

In Figure 93, the T and P dimensions are being accessed before the fact table, and then dimensions 1, 2,

and U are joined after the fact table.

Since PAGE RANGE=Y denotes that partition elimination is

being done on the E table, and since E tables are partitioned by a time characteristic, joining the T
dimension ahead of the fact table will probably not help filter too much. We want to see whether DB2
can be encouraged to join dimension 1 or 2 before the fact table, and this join, combined with the

PAGE _RANGE=Y access, will give filtering by two uncorrelated dimensions.
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In Figure 93 there were two subqueries that join navigation attributes to dimensions tables,
/BI)/XMATERIAL joined to dimension 2, and /BIO/XCUSTOMER joined to dimension 1.

afa B eaQ@ IS lE anan EHE e

Analysis of an SQL Statement to be Entered (Expiain)
€@ Explain

FAER

SELECT "5 a4t "5 grag" ., "5 g16" , "OINVCD_WAL" , "O0PORDWALSC" , “"GORTHSWAL"
"1ROWCOUNT™ FROM ( SELECT "DT"."SID_BCALMONTH" A5 "5 14 UEFtO"5__OMATL_GROUP" A5 "5 oret
"DU" "SID_BSTAT_CURR" A5 "5 016" , SUM { "F"."INWCD_WAL" ) A5 "OIWWCD_WAL"
UM ( "F"."OPORDWALSC" ) AS "OOPORDWALSC® | SUM ( “F"."RTMSWAL" ) A5 "ORTNSWAL" | COUNT({ * ) AS
"1ROWCOUNT" FROM “"/BIC/EZSD_COM" “F"
“/BIC/DZED_CATT" “DT" ,"/BIC/DZSD_CA12" D2 [“/RI0/XMATERIAL® “x7°l  "/BIC/DZS0_CATU"
“buto “fBICSDZSD_CEAP" “DP"  “/BIC/DZSD_CEMT" "D1* | "/BIOJXCUSTOMER" “X&8" WHERE
"Fr OUKEY ZSD CEYT" "DT MDIMID" AWD "F" "SID GCALMONTH" = "DT" "SI0 ACAL MOWTH" AND

LEr "KEY ZSD Coqae “pgr “DIMIDY AWD D2t CSID OMATERIAL® = “xy" “"SID" AND
"F" "KEY ZSD CAE1U" “out . "DIMID" AWD “F" “"KEY Z50 COMP" = "DP" "DIMID" AND
"F" "KEY Z5D CH11" “D1t "DIMID" AWD D1 "SI0 O50LD TO" = “X8" “"SID" AND
(¢ "DT" . "SID_BCALMONTH" BETWEEM 199361 SND 199512 AWD “"F" . "SID_GCALMOWTH" BETWEENW 1993m1
BND 198512 ) AND (( Pir s QMATI GROUP" = 44 )h AND (i “DP"."SID_BRECORDTR" = O )} AND
(( "DP"."SID_BREQUID" == 213 ) AND (f "¥X8". "5 BCOUMTRY" = 32 %h)) AWD "X¢" "OBJYERS" = 'A&°
BND X" "0OBJYERS" = 'A' GROUP BY "DT"."SID_OCALMOMTH" [ “X7" . "S__OMATL_GROUP"
"DU" "SID_BSTAT_CURR" ) "/BIB/B300641353" FOR FETCH OMLY WITH UR

ELH,CM Lh1-Ln16of16 lings

17

Figure 94: Statement for material group example

X8 (/BIO/XCUSTOMER) is joined to dimension 1. The local predicate is on X8.S COUNTRY, which

is a navigation attribute on customer.

X7 (/BIO/XMATERIAL) is joined to dimension 2. The local predicate is on X7.S  OMATL GROUP,

which is a navigation attribute on material.

© Copyright IBM Corp, 2003 All rights reserved

Page 96



IBM Americas Advanced Technical Support

BdH @ SHRER SHDOa0 EE @
Expianation of SQL Access Path
8 DBZ installation parameters Wiews plan table
= ~ B
HIIEE=I - E = =]
SaL staternent ]
SELECT"S a4 "5 aroge "5 o168 "OIRCGD ALY "OOFPORDWVALSC" "ORTHSWAL"  "1ROWY
COURNT FROM { SELECT "DT" "SID_0CALMORTH" A5 "5 14" "5 OMATL_GROLUP" AS"S aror, E|
DL SID_0STAT_CURRE" AS"S 016", SUM (P IR WAL ) AS " OIMCD WAL | SUM (" F"OFPOR E|
Hierarchical access path k Access path k Tahle information  Index information |
(= ||E|E || | | El ||3 El I_Ejll DLIC editor | Storage Indexspace —]
Schema |Index Fart. | Index columns Clusterratio [%]| 15t key card.| Full key card.| Tree lew
SARPDYF  |/BIOSCUSTOMER~0 o | siDoBVERS 100 110,010 110,010 E|
SARPDYF  |/BIOCUSTOMER~Z. . 0 |5 0COUNTRY 40 22 s El
SARPDYF  |/BIOSCUSTOMER~Z. . 0 |CUSTOMER 95 110,010 110,010
SAPDYF  |/BIOSMATERIAL-O o |sIDoBIVERS 100 495,939 499939 El
SARPDYF  |[/BIC/DZSD_c011-~0 0 | DIMID 100 32,7649 32,7649 El
[][»][ W«][+]
| d 7

Figure 95: check indexes for material group example

There is already an index on S OCOUNTRY, but none on S OMATL GROUP. Without the index
DB2 gathers cardinality information on the column, but does not gather column distribution.

Select the Table tab, to check table column statistics.
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COUNT' FROM { SELECT "DT"."SID_0CALMONTH" AS"S5____ 014" "s7""5_OMATL_GROUP"AS"S____ 070",
"DL"SID_0STAT_CURR"AS"S____ 016", SUM ("F""INYCD_VAL" ) AS "0INVCD_WAL" , SUM ("F""OPOR

Hierarchical access path k Access path

& DB2 installation pararneters

I[«][>]

][> ] ]

" Tableinfarmation | Indexinformation |
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Schema |Mame Fart. Rows Fages| Rowlength|RUMSTATSY? |RECRG? Bufferpoal
SAPDTF  |JBIOMCUSTOMER 1] 110,010 2,337 83 Mot needed Mot needed BP2 [+]
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Figure 96: ST04 Table Information for material group
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Press “Col card.” to display the cardinality information.

[EE- =T = T

Calumn name Cardinality
CHARMGED 1
MATERIAL 138,674
OBIMNERS 1
S_ OCOMPETITOR 1
5_ OCRM_FROD
S_ ODMISION
S DEATMATLGRP
S_ OIMD_SECTOR
S_ OmATL CAT

_ OMATL_GROLUP
S__WATE=F¥RE
5_ OPROD_HIER
S_ ORT_COMFMAT
5_ ORT_FPRBARD
5 ORT_PRRELULE
S_ ORT_SEASOR
S_ ORT_SEAYR
5 ORT_SUFS
5_ 0STD_DESCR

—_

—

== = =] O

—

3

—| d
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Figure 97: Cardinality information for material group

Material group has cardinality 11, which means that it will not filter well, unless the data is skewed.

If the data in a column in a dimension table or master data table is skewed, and the skew corresponds to
the distribution of data in the fact table, creating an index on the column will cause DB2 to gather
FREQVAL statistics, and DB2 will be able to detect the skew.
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Create an index on S OMATL GROUP column in /BIO/XMATERIAL, and run RUNSTATS. Use the
“Col dist.” button to display distribution statistics.

PR AR e R

Column group | Column value Type Cardinality,  Frequency [%]/
S__OMATL_GROUP |€ Freq. 1- 2.003644 |
S OMATL GROUP £ Frenq. 1- 2013444
5__OMATL_GROUP € Freq. 1-] 2026245
S__ OMATL_GROUP |€ |Freq. 1-| 2.027845
5 OMATL_GROLIP £ Fren. 1- 79999560
S__OMATL_GROUP £ Freq. 1- 1.985044
'S__OMATL_GROUP e \Freq. 1-| 1.987644
5 OMATL_GROLP £ Fren. 1-| 1.992044
5__OMATL_GROUP £ Freq, 1- 1032644
S__OMATL_GROUP € \Freq. 1- 1.993244

Figure 98: Material group column distribution

[

Here, we see that through there are only 11 values in material group, the distribution is very uneven.
Ten of the material groups each have only 2% of materials. Ifone of the 10 material groups should be
chosen, then few materials would be chosen.

Run the query again.
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Figure 99: ST04 plan table with material group index

In Figure 99, after the material group index is created, DB2 applies its dimension, D2, before the fact
table. This, in conjunction with PAGE RANGE=Y access on the fact table allows DB2 to filter by two
dimensions when accessing the fact table.

In order for column distribution statistics to work to the benefit of a query, then the skew on the indexed
column in the dimension table or master data table should reflect skew in the fact table. If the master
data material / material group distribution was skewed, but all the item sales were in one of the small
material groups, then creating the index on the master data table would be counter-productive.
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11.4.5. Check data model

In the following example, dimension 1 (table /BIC/DZ_SLS ORDI) is nearly as large as the fact table.
SAP’s recommendation is that dimension tables should be less than 15% as large as the fact table, for
efficient processing.

& 2 H I @@ SHE aTanl HEE -

Expianation of SQL Access Path
e DBZ installation parameters Wiews plan table
ENEE = EEEEE ]
S0L staterment ]
SELECT"DP" . "SID_ORECORDTR" AS"S_ 0002 "DL"  "SID_0OSALES_UMITAS"S_ 0016" "D1" . "8l
D_0DOC_TYPE"AS"S___ 0030, "D1" "SID_0DSDEL_DATE"AS"S__ 0031","D1" . "SID_OREASOM_REJ" AS E‘
"S__ 0038","D1" . "SID_DSCHED_DATE"AS"S_ 003", "«1" "S__ F FKEAA"AS"S_ 0171", "«1". E‘
Access path  Table information | Indexinformation |
] ||E|@ || El ||3 El | ==z | || DDIC editar | Storage | Tablespace Col.card. Col. dist.
Schema |Mame Rows Pages|RUNSTATS? |RECRGY Bufferpool
a 0 Mot needed Mot needed |
SAFPR3 BICIDZ_SLs ORDM 984 540 15,331 |Motneeded Mot needed BF10
SAPR3 IBIC/DZ_SLS_ORDP ot 1 [Mot needed Mot needed BPZ
SAPR3 IBIC/DZ_SLS_ORDU 7 1 Mot heeded Mot needed BPZ
SAPR3 IBICIFZ_SLS_0ORD 1,541,169 154,288 (Mot needed Mot needed BP12
SAPR3 IBICIZ0ORD_STAT 2R6,623 G400 (Mot needed Mot needed BPZ | |
%
| d 7

Figure 100: Dimension 1 data model problem

This infocube is not using SAP compression, so all the rows are in the F fact table. Dimension 1 is
about 65% as large as the F fact table.

The characteristics in the dimension should be evaluated, to determine if dimension 1 should be split
into multiple dimensions, or whether there is a characteristic with very high cardinality that should be
separated into a line-item dimension (a configuration setting in RSAI).

11.4.6. Not a data model problem

Since the same dimension tables are used with both the F fact table and E fact tables of an infocube, if

SAP compression is activated and the F fact tables contain very few rows, the dimension tables may be
relatively large when compared to the F fact tables. When SAP compression is activated, compare the

ratio of dimension size to the E fact tables when checking the data model.

In Figure 101, the ratio of the size of the dimension tables to the F fact table looks bad; dimension 2 is
about 25% as large as the fact table. Next, check the E fact table, seen in Figure 102, and we see that
the dimension table cardinality is less than 10% of fact table cardinality, which is within the SAP
guideline. It does, however, exceed the 1 to 25 ratio (dimension to fact table) specified via DB2
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STARJOIN=0, so queries using dimension 2 on this infocube may not be eligible for star join
optimization.

System  Help

BdH @@ SHE BDON FAE @m
Expianation of SQL Access Path

#a DB2 installation parameters Yiew plan table

HIERINERERE]
S0L staternent
SELECT"S___0039","S___ 0008","S__ 0031" "K___0031","S___0002" "S__ 0004","S__ 0012

VS 0022 MROWCOUNT' "ERECQTYCS"  "EISSQTYCS" "ERECQTYM3"  "EISSQTYM3" FROM ( SELE
CT"D2""SID_OMATL_TYPE" AS"5___0039" "DT""SID_0CALDAY' AS"S__ 0006" "D1"."SID_OPLAMT" AS

Access path " Tahle infarmation k Index information |

KD

L[] ]

Eh =2m || [} | E ||3 e |ﬁ || | DDIC editar | Starage | T ablespace Col.card. Col. dist.
Schema |Mame Rows Fages|RUNSTATS? REORG? Bufferpoal
1] 0 Mot needed Mot needed

SAPR3  |/BIDISPLANT 244 2 |Motneeded Mot needed BP2
SAPR3  |/BIDKMATERIAL 153,014 5,508 |Motneeded Mot needed BP2
SAPR3  |/BICIDMMELUPINYM1 2490 2 |Motneeded Mot needed BP2
SAPR3  |/BICIDMMELUPINYMZ 113,520 1,402 |Not needed Mot needed BP2
SAPR3  |/BIC/DMMELUPINYMP 5 1 |Motneeded Mot needed BP2
SAPR3  |/BIC/DMMEUPINYMT 373 3 |Motneeded Mot needed BP2
SAPR3  |/BICIFMMEUPINM 499,408 41,618 [Motneeded Mot heeded BP2

N

| q

Figure 101: F fact table - dimension table cardinality 25% of fact cardinality
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System
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SELECT"S__ 0038","S__ QODA',"S_ 0021","K___ 003", "S__ 0002, "5 0o04", 'S oo2"
VB 0022 MROWCOUNT' "ERECATYCS"  "EISSATYCE" , "ERECATYMI" "EISSQTYM3I" FROM { SELE |E|
CT"DZ""SID_OMATL_TYPE" AS"S___D039" "DT'"SID_0CALDAY" AS"S____0006" "D1""SID_OPLANT" AS |Z|
Access path | Table infarmation k Index infarmation |
] I|EI@ || El ||3 El | == || DDIC editar | Storage | Tablespace Col.card. Col. dist.
Schema |MName Rows Fages RUNSTATS? |REORG? Bufferpool
0 0 (Mot needed Mot needed
SAPR3 IBIOSSPLAMT 244 2 [Mot needed Mot needed BPZ2
SAPR3 /BIOSMATERIAL 153,014 5,508 Mot needed Mot needed BP2 n
SAPR3 IBIC/DMMELUPIMYRT 2490 2 (Mot needed Mot needed BRF2
SAPR3 [BICIDMMELIPIMY 2 113,520 1,402 Mot needed Mot needed BP2
SAPR3 /BICIDMMEUPIMVMP 5 1 |Mot heeded Mot needed BP2
SAPR3 IBIC/DMMEURIMVIAT 373 3 [Mot needed Mot needed BRF2
SAPR3 JBIC/EMMELIPINY 1,794,652 179,466 Mot needed Mot needed BP2 E‘
[~]
| d 4/

Figure 102: E fact table - dimension cardinality less than 10% of fact cardinality

11.4.7. Evaluate new indexes on fact table

If aggregates, indexes on dimensions and master data, or additional catalog statistics do not help
performance, then one may be able to improve query performance with multi-column indexes on the fact
table. Due to the space requirements, and difficulty in planning the index requirements, this is generally
a last resort.

For ad-hoc queries against infocubes, one can improve SQL performance with multi-column indexes on
the fact table. Adding a multi-column index is most useful when the dimensions filter the result set well,
and when the column with the highest filter-factor (that is, the column that will choose the fewest rows
out of the fact table) is the first column in the multi-column index.

As shown in Figure 3, there can be one to three tables joined to the infocube fact table for each
characteristic or navigation attribute in the predicate:

e One table (dimension) when the SAP ODBC interface can substitute the SID in the query,

e Two tables (dimension and SID table) when master data IDs are used, and

e Three tables (dimension, SID table and attribute SID table) when navigation attributes are used.
This makes it rather difficult to accurately determine which dimensions will filter best, since one would
need to check column cardinality and column distribution data for several tables.
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11.4.7.1. Searching for filtering dimensions and characteristics

The cardinalities of the characteristics and navigation attributes can often be used to estimate how
well each dimension will filter.

For example, when reviewing an SQL statement and the business hierarchy, we can assume that
material may filter well, but that marketing company will not (since there will be many materials in a
marketing company), and sales person may filter well, but sales region will not (since there will be
many sales people in a sales area). This can be confirmed using table cardinality statistics, as shown
in Figure 104.

We can examine the statement predicates using ST04 statement cache.

List Edit Goto

Expianation of SQL Access Fath
G a9F AcaT B O

[[+]v]

SOL statement

SELECT "S1" . "/BIC/Z_SLSARER" AS “"Coo4"  "S52" . "/BIC/Z_SLEMAN" AS "CPOS", "53" . "/BIC/Z_SLSM
GR" &5 "Coog", "S54 . “/BIC/Z_SLSZONE" AS "Coov", "S55 . "/BIC/Z_MAJCAT" A5 "Cops", "Sg6" . “/BI
C/Z_MODEL" A5 "COo8" FROM “/BIC/FZIC_SFC™ “F", “/BIC/DZIC_SFC2" “D2", “!BIC/SZ_SLSAREA" “"51*,
/BIC/SZ_SLSMAN" "52", "/BIC/5Z_SLSMGR" "S53", "/BIC/S5Z_SLSZOWE" "S4", “/BIC/DZIC_SFC3" "D3", "/B
IC/XZ_PRODCD" “X1", “/BIC/SZ_MAJCAT" "S5*, "/BIC/SZ_MODEL" "S6", "/BIC/DZIC_SFCT" "DT", "/BI®JS

CALMONTH" "57" WHERE "F" . “"KEY_ZIC_SFC2" = "D2" . "DIMID" AND "D2" . "SID_Z_SLSAREA" = "51°

"SID" AND "D2" . "SID_Z_SLSMAN" = "S52" "SI0 AWD "D2" . "SID_Z SLSMGR" = "53" . "SID" AND "D2

" "EID_Z_SLSZNEs TG0 WD F “REY_SIC_sFLaT = SO ML WD "D3" . "SID_Z_

PRODEES * . “SID" AWD At . "S__Z_MAJCAT" = "BB" . "SID" AND "X1" . "5 _TE= " "56"
ID" AND “F" . "KEY_ZIC_SFCT" = "DT" . "DIMID" AND "DT" . "SID_ACALMONTH" = "57" . o BLHD

(¢ ("s7" . "CALMONTH" BETWEEN 'Z00201' AND 'Z00206° ) ) &ND ( ( "S5 . "/BIC/Z_MAJCAT"

G6' 3 ) AND { ( "S1" . "/BIC/Z_SLSAREA" BETWEEMW '47' AND '48' 3 ) ) ) AWD "X1" . "OBJYERS"

' FOR FETCH ONLY WITH UR

| e — — d 2

Figure 103: ST04 statement cache - examine predicates

In this case, CALMONTH, /BIC/SZ MAIJCAT, /BIC/Z_SALESAREA, and OBJVERS are the
predicates. The DB2 Administration Guide has details on how range predicates (such as the
BETWEEN used above) affect optimization. OBJVERS=A is for SAP management of
active/inactive objects. We can ignore it.

Since ST04 explain will gather information on all the tables and indexes used by the statement,
explain the statement, and check the cardinality of the tables in the predicates. Check the master
data ID tables (/BIC/S*) for cardinality of the CALMONTH, /BIC/Z MAJCAT, and
/BIC/Z_SLSAREA characteristics.
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GR" AZ"CO03", "S4" “YBIC/Z_SLEOFF" AS"CO04", "345"  “BICKZ_SLETIER" AS "C005", "S6" . "Bl
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Rows

Schema |Mame FPages|RUMNSTATS? REORG? Bufferpoal
SAPR3 BISCALMOMNTH \ 176 2 |Mot needed Recommended |BF2
SAPR3 IBICIDZIC_SFC2 5 |Mot needed Mot needed BF2
SAPR3 IBICIDZIC_SFC3 8,000 48 |Mot needed Mot needed BF2
SAPR3 IBICIDZIC_SFCT 4449 7 |Mot needed Mot needed BF2
SAPR3 IBICIFZIC_SFC ?W\ 78927 |Not needed Mot needed BF2

SAPR3  |/BICISZ_MAJCAT ( 1,222 ) 10 |Mot needed Mot needed BF2
SAPRZ  |IBICISZ_MKTCO \iﬁ_/ 1 |MNotneeded Mot heeded BF2
SAPR3  |[/BICISZ_METDNMN 275 3 |Motneeded Mot needed BF2
SAPR3  |IBICIEZ_MODEL P e 73 |Mot needed Mot needed BF2

SAPR3  |[/BICISZ_SLSAREA ( 555 \ 3 |Motneeded Mot needed BF2
SAPR3  |[/BICISZ_SLSMAN 747 7 |Motneeded Mot needed BF2
SAFR3  |IBICISZ_SLSMGR 346 3 |MNotneeded Mot needed BF2
SAPR3  |/BICISZ_SLSOFF 103 1 |Motneeded Mot needed BF2
SAFR3  |IBICISZ_SLSTIER 7 1 |MNotneeded Mot heeded BF2
SAPR3  |BICHZ_PRODCD 11,0588 £93 (Mot needed Mot needed BF2
SAPR3 DEM_DIM_TBLX... 11,058 0 |Mot needed Mot needed
SAPR3 DSMN_DIM_TBLXK... 11,0588 0 Mot needed Mot needed
SAPR3 DSM_DIM_TBLX... 11,058 0 Mot needed Mot needed

| d4 7

Figure 104: ST04 explain - table cardinality information

Since the cardinality of /BIC/SZ_MAJCAT (1,222) is greater than /BIC/SZ SLSAREA (355), we
can start with the assumption that selection by major category will filter better than selection by sales
area, and so a new multi-column index should have the column for the dimension containing major
category before the column for the dimension containing sales area. In order to have a good cluster
ratio on the index, multi-column fact table indexes should usually start with dimension T or
dimension P.

Next, determine which dimension contains which characteristic, since the indexes on the fact table
are usually dimension indexes, not characteristic indexes. Line-item dimensions are an exception —
their keys are based on a single characteristic. Find the dimension for a characteristic by following
the join conditions in the statement (Figure 105), or by using ‘find’ in the RSA1 infocube data model
(Figure 106).
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First, we will find the dimension that contains the sales area characteristic (/BIC/Z SLSAREA).

List Edit Goto Settings

& 2 d L @O DHE a0 BE @, —

Expianation of SQL Access Fath
@ a9 v AT H O
[+]
SOL statement []
SELECT "S1* . “"/!BIC/Z_SLSARREA™ AS “"Ce@4" "52" . "/BIC/Z_SLSMAW" A5 "COBS" "S53 . "fBIC/Z_SLSM
GR" AS "CHOG", "S4" . "/BIC/Z_SLSZONE" A5 "CEO7", "S5" . "/BIC/Z_MAJCAT® AS "COOS", "S6" . */BI
C/Z_MODEL" A5 "COAS" FROM */BIC/FZIC_SFC" "F", "/BIC/DZIC_SFCZ" "D2', "/BIC/SZ_SLSAREA" "S1*,
fBIC/SZ_SLSMAN" “52" “/BIC/S5Z_SLSMGR" "S53", "/BIC/SZ_SLSZOWE" "54" "“/BIC/DZIC_SFC3" "D3", "/B
IC/XZ_PRODCD" "¥1", "/BIC/SZ_MAJCAT® "S5, "/BIC/SZ_MIDEL' Lisdemsesprmmrprmrrsmsmiii, " /E10/S
CALMONTH® "S7" WHERE "F"  "KEY_ZIC_SFC2" = "D2" . "DINING * "SID_Z_SLSAREA" 1
"SID" AWD "D2" . "SID_Z_SLSMAN" = "52" . "SID" AND "D2" . " . 5 "OBND D2
" "SID_Z SLSZONE' = "S54" . "SID" AND "F" . "KEY_ZIC_SFC3" = *D3" . "DIMID" AND "D3" . *SID_Z_
PRODCD® = "¥1" . "SID" AND "¥1"  "5_7_MAJCAT® = "SE" . "5SID" AND "X1" = "S__7_MODEL" = "5&"
"SID" MWD “En.. "KEY_ZIC_SFCT" = "DT" . "DIMID" AND "DT" . "SID_BCALMONTH" = "S¥" . "SID" AND
(C(("s ALMONTH" BETWEEN '200201' AND '200206' ) ) AND ( ( "S5" . "/BIC/Z_MAJCAT® = '5
GE' 7 0 A 51" . "/BIC/Z_SLSAREA" BETWEEM 47" AWD '48°' 3 3 3 ) AND "X1" . "OBJYERS" = 'A
" FOR FETOH ONLYJWITH UR L
NS =)
| d 7

Figure 105: Find dimension from join conditions

In the where clause, S1 is the correlation ID for the master data ID table containing
/BIC/Z_SLSAREA. Next, check the join conditions for S1 — it is joined to D2. So, sales area is a
part of dimension 2, which is table /BIC/DZIC_SFC2 in Figure 104.
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In another example, use RSA1 to find the dimension (RSA1 > modeling > data targets > choose
infocube > display data model > find).
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Reparting Agent | H APO Forecasi| ‘_- Billio Group Mumber Z SHIPTO__Z BTGRPMNO -
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Figure 106: RSAL1 find characteristic

In Figure 106 major category is a navigation attribute on the product code characteristic
(Z_PRODCD). Navigation attributes have concatenated names — the name of the characteristic (e.g.
Z PRODCD), two underscores, then the name of the navigation attribute on the characteristic

(Z MAJCAT). Page back up in the data model (not shown here) and major category was part of the
product detail dimension, which is dimension 3, the table /BIC/DZIC _SFC3.

Now we have seen above that the characteristics for the product (Z PRODCD, Z MAJCAT, etc)
have higher cardinality than the sales characteristics (Z SLSMAN, Z SLSAREA), and have also
determined that dimension 3 contains the product characteristics. Now we can use SE11 to define a
multi-column index on the fact table to support queries on these dimensions, specifying dimensions
T, 3, and 2.

Cardinality of the master data ID tables (/BIC/S*) does not always predict how well a dimension will
filter rows. The distribution may be skewed, where some characteristic values have many rows in
the fact table, and some have few rows, or if not all the master data values are present in the cube.

If there are several characteristics specified for a single dimension, their correlation, or lack of
correlation, will also affect the filtering. The process above is meant to offer a simple way (that will
often be correct) to determine which dimension columns should be in the index, and what column
order should be chosen.
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11.4.7.2. Using listcube to determine dimension filtering

One can use the LISTCUBE transaction to determine the actual filtering of predicates on
dimensions.
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AND “DT" . "SID_BCALMOMTH" = 199361

AND "F" . "SID_ACALMOMTH" = 19931

AWD “DP" . "SID_ORECORDTP" = O

AnDe "DP" O "SID_BREQUID" == 213

AnD "D3" . "SID_BSALESORG" = 1671

GROUF BY

"DT"."SID_OCALMONTH"|

b2t orToen2t

D3t "SID_ASALESORG"

)

: Li 25, Co 21 Lnt-Ln28of 28 lines
| 4 7

Figure 107: sample SQL statement

We will use LISTCUBE to determine whether D3 (SID_0SALESORG) or DT
(SID_O0CALMONTRH) filter better.
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Run LISTCUBE and select the cube to be queried.

Program  Edit Goto  Systern Help
& Bl @ DRE D050 E
Data tgt. browser: Z5D_C07', Selection scrn
@ Fid Selectn for Qutput | Execute in Bokgrnd
Custamer %
Sald-to party to —
Sald-to pary(SI0Y ta
BF Ma. Sald-to Party to
BP Mo. Sold-to Party(S10) to
Sold-toPartyCountry| ta
Sald-toPartyCauntry (5100 ta
Industry sectar[Sald to
Industry sector[Sold(S100 to
Material B
Material 1o
Material{SI00 to
Material Group[Mater to
Material Group[Mater{SI00 ta
Material Type[materi ta
Material Type[mMateri(SI100 to
Frod. Hier.[Material] to
Prod Hier [Materiall{5100 ta
Sales Area
Distribution Channel 1o
Distribution Channel{SID) ta
Divisian 1o
Divigion{3I0 to
Sales Crypanization to
Sales Organization(SI0) 1,071 to E
[+]
L[]l [ I[d[+]
| 4/

Figure 108: LISTCUBE - enter selection criteria

Since there is only one predicate on dimension 3, and it is a SID value, use the SID value from the
SQL statement as the only selection criterion.
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System  Help
24 Ca@ DERE HDO0 E
Data tgt. browser: ZSD_C01, Selection scrm

@ Fld Selectn for Qutput | Execute in Bekgrnd

Erogram  Edit  Goto

[] Do notuse any conversion

[«I[+]

[] Use mat. aggregates

se DB aggregation

Max. no. of hits 10,000,000
Output number of hits

] Display modified structures

key date with time-dependent ¢ 1141272003
[] Display SGL query

] Display execution plan

Specification for return type

Return as a list @)
Store in a new DB table )
Insert in existing DB tahle @]
Store in file fworkstation) O
Stare in file (appl. server) ]
Mame ofthe table or file

=]
]

amy nn
| d 7

Figure 109: LISTCUBE options

Turn off ‘Use mat. Aggregation’, so that aggregates will not be used, and turn on ‘Use DB
aggregation’, to summarize the rows. Press ‘Fld Selectn for Output’.
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Selections  Edit Goto  Systern  Help

i B €a@ | D EE &S 08 E

Data tgt. browser: "Z8S0D_C01", Fid Selectn for Output

@ Selectall | Deselectall | Highlght all key figs

Custamer
] Sold-to party
[] Saold-ta party(SI0y
] BP Ma. Saold-to Party
[] BF Mo. Sold-to Party(SI0)
] Sold-taPartyCaountry|
] Sold-toParyCauntry[(S100
] Industry sectar[Sald
] Industry sector[Sold(SID0)

|[«I[¥]

Material

[ ] Material

] materialisio)

] Material Group[Mater

] Material Graup[MaterSI00
[ ] Material Type[Materi

] material Type[Materi(SID)
] Prod.Hier.[Material]

] Prod Hier.[Material](S100

Sales Area

] Distribution Channel

] Distribution Channel{S100
[ ] Divisian

[] Division(SID)

] Sales Crganization
Sales Organization{SI0Y

Version
] %ersion

(][>

Kn|

[+

Figure 110: LISTCUBE output field selection

Select only the field that is being used in the selection conditions.
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Selections  Edit  Goto

Systern  Help
BdHICaQ SERE BD4a8 F
Data tgt. browser: "Z8S0D_C01", Fid Selectn for Output

@ Selectall | Deselectall | Highlght all key figs

‘ [ Sldtsl LOr- LS

[«1[*]

ke fins

] credit memas (cost)
] Credit memo gty
] Credit memo

] Incaming Orders (C4)
[ order Entry Quantity
] Incoming Orders
[] =ales Wolume (MC)
] Invoiced quantity
] Sales Yolume

[] Open orders gy

[] Open orders

[] COrder ltems

] Returns (cast)

] Returns gty

[ ] Returns

[ ] Returns items

Lalel [+
| J

[l

N

Figure 111: LISTCUBE output selection

De-select the key figures, since we only want the row count.

Execute.

List Edit

Goto Wiews Seftings  Systern Help
BdEHCaQ BREE DDa8 F
Data tgt. browser: "Z28D_C01", List output

@ a¥Y ¥ 3¢ B@Eh B @

OSALESORG| 1ROWCOUNT
1,071 29,797

| Yy

Figure 112: LISTCUBE 0SALESORG count
There are nearly 30,000 rows in the fact table that match SID 0SALESORG = 1071.
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If we do the same process for SID 0CALMONTH, we find more rows.

List Edit Goto Views Seftings System  Help

& BdH eEe SRE Do FE E
Data tgt. browser: "Z28D_C01", List output
Qa9 ¥ a ¢ oHak EBdEs @
OCALMOMNTH |1 ROWCOLINT
188,301 248,000
[+]
[+]
(]l W]
| 4 4

Figure 113: LISTCUBE SID_0CALMONTH row count

Different indexes will have different cluster ratios, and thus will be more or less efficient for table
access, so the count of rows is not the only factor to evaluate. However, it can give you an idea as
to which dimension(s) might offer the best performance, when joined before the fact table.
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1

1.4.8.

Check for symptoms of I1/O constraints

From within SAP, ST04 ‘global times’ can be used as an indicator of whether there are system-wide 1/0O
constraints.

Database analysis

Edit Goto

]

Systerm Help

JH @@ SEHE DD a0 FEE E

Global Times: DB2 for 057390

Since DB start

Reset | Since reset

Perczent oftime spent in B2 E
CPUin DAZ 8.170 [~]
Suspended in DB2 ¥9.880
Mat attrib. in DB2 14.733
Suspensions
% oftime waiting Avarage duration {ms)
i suspensian 14,974 94498
Cammit phase [l susp. 1.188 10.7
Other read susp. hE B34 133808
Other write susp. a.\37 20 465
Lockilatch susp. 1.091 f.2
Fage latch susp. o.eon n.202
Openfclose susp. 2 055 106 . 775
Data set susp. 3,324 135.144
SYSLGRMG rec. susp. b 451 22 044
Other serv. task susp. o112 1.381
Global lock susp. oo ]
Motify mess. susp. o, a2 2. 356
Dirain lock susp. oo o.63
Claimrel. susp. oo ]
Arch. read susp. oo ]
Archlog quiesce susp. oo ] E
[~]
| y.

Figure 114: ST04 global times with long 'other read' duration

STO04 “global times” is a summary of the DB2 delay times of active threads in DB2. (See the DB2
administration guide, referenced in section 13.1 for details of delay categories). Since threads terminate
and start while SAP is running, the “global times” data cannot be correlated with any specific time

period. It is, however, useful as an indicator of recent I/O performance in DB2.

For DB2 subsystems running SAP BW, it is normal for “other read susp” to be the main cause of delay
in DB2. “Other read susp” is mostly prefetch I/O for sequential, list, and dynamic prefetch. On a
system with good I/O performance, CPU in DB2 will often be 35%-50%, where here it is 9.17%.
Together with the high ‘other read susp.’ above, it indicates an I/O constraint.

Checking the ‘Average duration’, note that the average “other read susp” event is 133 ms. The average

I/O times for prefetch I/O were 133 ms, which is very long.
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For shorter intervals if using the RFCOSCOL-based ST04, one can also check ST04 dataset statistics to
review /O activity and times.

ics  Edit Goto  Systern  Help

BdH SO SHE ODLO0 AR @
Data Set Statistics: Overview

3| Refresh Details & B ¥ Qualification

Subsystem; DR11 at 16:20:04 | 04/29/2003 DB systemn DB2

DB start 15:14:57 04/29/2003 DH release 7.1.0

Statistics interval from 16:17:57 | 04/29/2003 to 16:22:57  04/29/2003
Data set statistics

]| Database |PageSet |Partpiece  |Type [Member BP D GBEP-dep |Avg.sync.delay Max.sync.delay  |Sync.fO per min Avg.a
DI30xAAA DDOAS 1|Data [DR11 BP2 Mo 7 114 43.00
DI33%993 TADIRHO 1lindex [DR11 BP3 Mo G g2 8.60 ﬂ
L+B0X999 LREPODWE 1|Data [PR11 BF40 Mo 6 112 38.80
DI30xAAN DDOSSHO 1indesx [DR11 BP3 Mo 3 a7 G2.40
L+B0X999 LREFODWF 2|Data [DR11 BP40 Mo 3 30 37.20 [+]

| |DSMDBOB|SYSDBASE 1|Data [DR11 BPB MNo 1 40 61.20 [+]
[ [ IL<1[+]

I 4z

Figure 115: ST04 Data Set Statistics

Having seen symptoms of I/O constraints, the next step would be to use OS/390 performance tools such
as RMF monitor I or RMF monitor III to examine I/O performance, and find disks with excessive
response time.

The solution to I/O performance problems could be:

Create aggregates, for frequently run queries where QDBSEL/QDBTRANS is high

Implement PAV functionality on DASD to get more 1/O parallelism on active volumes

Move active volumes to different controllers or storage subsystems, to distribute I/O activity
Partition active tables (using SAP partitioning), to distribute I/O to more volumes

Implement DB2 hardware compression, to increase the number of rows per data page and reduce
/O

e Create indexes to enable more efficient SQL access path

11.4.9. Check DB2 buffer pools for signs of constraints

First, it is important to separate the fact tables, and their indexes, out of the default SAP table (BP2) and
index (BP3) buffer pools. Infocubes and aggregates are large, and processed in a way that makes it
unlikely that their data will be re-referenced frequently, so DB2 caching of these objects in buffer pool
or hiper pool is not generally effective.

SAP note 536074 describes a process for implementing buffer pool isolation with BW using the SAP
data dictionary. Iftable and index buffer pool assignments are changed without using the SAP DDIC,
and the object is dropped and re-created, then the object will be placed back in its SAP default buffer
pool.
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The SAP ST04 transaction summarizes several indicators of buffer pool and performance problems into
a single field, “Buffer pool shortage”. Monitor this field, and if it shows “YES”, then drill into the
buffer pools to examine which one is having the shortage.

Vi \< H o SHE DL BE @ m

DB2 Subsystem Activity: Overview

| Reset | | Since reset | | Since DB start” Since last refresh || Listfnrmat|

: : W 1110442002 _DE start
1110442002

. Lockwaits | GBP activ Data sharing locking

| Buffer pool activity |
Wax active pages 55,760 % BP1 Buier poul shortage
Mtir. hit ratio 14.38 % BPBKOD | e i

Logging activity

Locking activity

Deadlocks 19 Active log write ratio Mot avail.
Timeouts 18
Suspensions 2668242

Figure 116: ST04 subsystem activity with bufferpool shortage
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The indicators for each bufferpool are summarized in the field “virtual pool shortage”. Use F1 in this
field to get a description of the different DB2 indicators summed here.

El B

DB2 Subsystem Activity: Buffer Pool List

| Reset” Since reset || Since DB start || Since last refresh || Details || List format

PEWA 15:25:14  11/04/2002 DB start
15:20:03  11/04/2002 DB2
6.1.0

Active buffer pools

mme Type [Virtual po... Fandom H...|Seguentia|... Ot thres... |Curre... [Virtual Eoul shortages f
EF@Q F g 95.50 GEE020 ol 2.60 ]
EF1 P 20080 99.28 31085777 0/55.75 a8
EF2 F 16080 9g.80 5215338 oo1.29 4824527
EF3 P 20080 93.98 5839720 ol 7.43 381296
EF 32K P 1@ 94 17 177 oo, ]
BFEKO P 300 89.24 8877 ol o.eg ]
[«]
[~]

e L ] [« | ]

Figure 117: ST04 buffer pool list with virtual pool shortage
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Here, BP2 had a very high count, so we use “Details” to examine the cause.

o sis  Edit Goto  Systerm Help
& 2 aH Q@ SHE DDOa0 EHE @M
DB2 Subsystem Activity: Buffer Pool Activity (Detail)
Reset Sincereset  Since DB start Since lastrefresh | Listformat
Subs\;stem FPEWS  at 15:25:14  11/04/2002 Data since DB start %
Last reset 15:20:03 11/04/2002 DB system DB2 1
Lastrefresh DB release §.1.0
Buffer Paol name BP2
Gereral | Read | Write | Hiperpool © Queryparallelism | SorfMerge |
Frefetch If streams WPSIZE 16000
Cancurrant streams WPSEQT 50
High water mark 242 WPPSEQT 1]
Streams reduced YPHPSEQT ]
Buffer shortage 265
Parallel query requests RETE
Reduced parallel guery requests 20 [
Prefetch quantity reduced to 152 2891600
Prefetch quantity reduced ta 154 1932642
Lnavailahle page
at conditional getpage request 1]
[]
| d Z

Figure 118: ST04 buffer pool detail for query parallelism reductions

There are several categories of problems that can occur — reduction in parallelism, reduction in prefetch,
and reduced streams. See the “DB2 Administration Guide” and “DB2 PM Report Reference” for
details.

In Figure 118, the counters for “Prefetch quantity reduced to 2" and “prefetch quantity reduced to '4”
are both very high. When prefetch quantity is reduced, DB2 must do more I/O operations to read the
data, which can cause excessive load on the DASD.

There are also indicators for reductions in parallelism, such as “Reduced parallel query requests”. Here,
less than one percent of parallel query operations (20/5076) were reduced.

While DB2 may reduce parallelism or prefetch when the bufferpool is too small, hitting these limits can
also be a symptom of I/O or query problems. For example, if there are I/O performance problems, then
queries will run longer than they should, and there will then be more queries concurrently running.
Check that I/O performance is good, before increasing the VPOOL and VPPSEQT parameters.
Likewise, if suitable aggregates do not exist, then there will be many queries using infocubes rather than
aggregates, and this will cause increased use of DB2 bufferpool and sort areas, compared to queries
using the summarized aggregates.
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As a rule-of-thumb on sizing the bufferpools to optimize parallelism, check that the VPPSEQT buffer
count is larger than (or at least close to) “concurrent streams high water mark” * 32.  VPPSEQT is a
percentage of VPSEQT, which is a percentage of VPOOL In Figure 118,
VPOOL*VPSEQT*VPPSEQT (16000*0.50*0.50) is 4,000. “Concurrent streams high water mark™ *
32 =242*32 =7744. Inthis case, assuming that the limits are not being hit because of I/O or query
problems, we would need to enlarge VPOOL, and increase VPPSEQT to enlarge the buffers contained
in the VPPSEQT area.

Bufferpool storage requirements will change, and often decrease, as aggregates are defined, since the
data can usually be retrieved more efficiently from an aggregate than from an infocube.

The STO04 statistics are available “since startup”, and “since reset”. If the “since startup” counters
indicate performance problems, one must review when the problem occurred, and how often it occurs.
This can be done using DB2PM, or a similar tool for historical DB2 reporting.
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12. Appendix 1: correlating RSDDSTAT and ST04 before 3.0B SP 15

In this example, the query uses the aggregate fact table 100090. Since there is data in both the E and F
fact tables for this aggregate, a single query shown in RSDDSTATAGGRDEF will generate two SQL
statements.

This query has not been chosen as a performance problem, it has been chosen to show how a single
query can generate two SQL statements. QDBSEL/QTIMEDB is about 600, so DB performance is OK.
QDBSEL/QDBTRANS is about 10, so an aggregate would speed up this query.

Here, we start from RSDDSTAT and then search for the corresponding statement cache statistics using
ST04.

) 208 QOO DN DNon NE @B
Data Browser: Table RSDDSTAT Select Entries 249
@R BR  AYTFE Q  AEAT B &

[ STATUID INFOCUBE | UNAME QAGGRUSED | GDBSEL| GDBTRA..| GTIMEDE| STARTTIME| NAY
\G8R3FEOBVHLZESZTDILESQEYS [DPEUCCOT |~~~ 54,368 40,352 |756.324219 |20,021,004,134,319.9770000 |85C
CINTQNOPSPLIMEENQZCPETIC..| SDEUPFOR 100090 66,911 6,275 [103.390625 | 20,021,004,134,258.7200000 B"-."iJ
|MBHQMBFIMYOFOEGCS1NO}L. COEUPPRDY 22,208 1 | 61.531250 | 20,021,004,134,137.5790000 |AD7

_,5?L?BJWWB1FMBNRWQ5I|3H‘J... SDEUPCHBIL 7,303 FTT | 37.453125 |20,021,004,132,640.6960000 E1E|E|

_IBDJAGBDBM2K50MVFE{E'YNM... COEUPPRMM 22,208 1 | 75.687500 | 20,021,004,132,615.6960000 CWEI

L4]Ir]] [ ajo
| 17

Figure 119: Aggregate 100090 RSDDSTAT

BlaH Saa DME OTOa0 BE @0

Data Browser: Table RSDDSTATAGGRDEF Select Entries 32
X BEE AT TE & HEET e
| BTATUID AGGRMUM | IOBIRM QUERYCIUBE AGGRET) HIESID| TLEVEL WALUE FLSI0]
CJM QNOPIPLIMABHRICPE] CT DCUSTOMER__EINTCQIND | 100030 F i [iF] 2 | [=]
CJM1 QNOPIPLIMABNAZICPEI CTR OCUST_SALES__ECUSTHR2|1 00020 F i |oo1Es01418] 10,668 | |[=]
CNT ANOPIPLIMABHNAZICPEI CTR OCUST_SALES__ECUSTHRS 100050 - i 1310 i
UM GMOPIPLIMMEMRZCPE] CTR OMATERIAL__EFRODHOZ 100080 g 0 1310 | 0 r
|| M GMOPAPLIMAENAZCFEI CTR OMATERIAL__EFRODHOE | 100030 * i 1310 | 0|
CJN1 GNOPAPLIMAENAZCPEICTR DSALESORG 100020 F i 1310 3 |
T | Edm GNOPAPLIMAENAZCRE] CTR EIMWVOTVCA i [ i i
CMA GNOPIPLIMAGHNRICPE] CTR EINVETYMI i 0 i
| |[CJN1 GNOPIPLIMKENGZCPE CTR EIMVETYSU i 0|

Figure 120: Aggregate 100090 RSDDSTATAGGRDEF

Note that QDBTRANS is 6,275 in Figure 119. We will use the QDBTRANS and ST04 “rows processed”
to verify that we have the right statements in the statement cache. Check the STARTTIME field,
13:42:58, as it will be used to match the statements in ST04 statement cache.
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When analyzing performance problems for a query with both E and F fact tables, there is one gap in the
available statistics. There is no ST04 statement cache indicator equivalent to QDBSEL. We can use
STO04 ‘rows processed’ to determine how many rows a statement processed after the ‘GROUP BY’
clause, but cannot see which statement had the most rows that satisfied the predicates (QDBSEL). In
the following example, one of the statements runs much longer than the other. The statement may run
longer because it had more rows that satisfied the predicates, or it may run longer because of a
performance problem. We would have to examine the statement cache statistics and the access path in
STO04 ‘explain plan’ to determine where the problem may be.

Go into ST04 statement cache, and use the ‘strings’ filter to search for SQL referencing the aggregate
table. This will make it easier to find the statements referencing the aggregate. Also, check the
‘Statement text’ (see Figure 122) to look for multiple copies of the same statement. If a query is run
against an infocube with E and F fact tables, the same columns will be in the statement text of each
statement.

Specify Strings to 5

100630

v X

Figure 121: ST04 'String' filter

Statistics  Edit Goto

Systern  Help
B9 H @@ CHE DDas BE @

Statement Cache Statistics: Overview

¥3| Refresh Details | &= B |SE Statistics field | B Sting | Reset | Since reset

DB2 subsysterm 14:01:00 10/04/2002 Data since: DB start
Lastreset

Highlights = Status | Timers | Execution statistics |

| |Executions Avy. elapsed ti.. |Initial prepare ti... |Status |WITH HOLD |Current co... |Total copies |Statement text E
1 1:24 . 046/10/04 13:45:251nva11’d-DRDP.-'.“.LTER|Nu ] 1|SELECT "S__ B@ooz2" |
1 11.289110/04 13:44:49 1nva11‘d-DRDPMLTER|N0 ] 1|SELECT “"S__ Booz" | H
i 1:26.174/10/04 13:43:22 1n\ra11d-DRDPMLTER|N0 ] 1)SELECT "S5__ @o@2" | [«]
| 1 5.17710/04 13:15:06(valid |Nu ] D|SELECT "S__@a@2" |, [+]
[l [ |[«[¥]
| d 7

Figure 122: Filtered ST04 statement cache
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13.
13.1. IBM manuals

Planning Guides, which contain detailed description of architecture of SAP to DB2 connection:

The statements in the cache nearest to the RSDDSTAT timestamp have elapsed time 11.289 and
1:26.147. Remember that RSDDSTAT is application server time, and GMT. The ST04 ‘Initial
prepare time’ is based on DB server time, and in this example is also GMT. The DB server time can be
a few seconds off from application server time.

Appendix 2: Reference Materials

SC33-7966-00 “SAP R/3 on DB2 for OS/390: Planning Guide SAP R/3 Release 4.6A”
SC33-7966-01 “SAP R/3 on DB2 for OS/390: Planning Guide SAP R/3 Release 4.6B”
SC33-7966-02 “SAP R/3 on DB2 for OS/390: Planning Guide SAP R/3 Release 4.6C”
SC33-7966-03 “SAP R/3 on DB2 for OS/390: Planning Guide SAP R/3 Release 4.6D”
SC33-7959-00 “SAP on DB2 UDB for OS/390 and z/OS: Planning Guide” (SAP Web AS 6.10)
SC33-7959-01 “SAP on DB2 UDB for OS/390 and z/OS: Planning Guide” (SAP Web AS 6.20)

DB2 Administration Guides, which contain detailed description of DB2 access paths, prefetch capabilities,
buffer pool parameters, and components of DB2 elapsed time:

SC26-9003-02 “DB2 Universal Database for OS/390: Administration Guide” (DB2 V6)
SC26-9931-01 “DB2 Universal Database for OS/390 and z/OS: Administration Guide” (DB2 V7)

DB2 PM Report Reference, which contain details of DB2 PM reporting, and descriptions of events
(hitrates, limits exceeded) monitored by DB2

SC26-9164 “DB2 Performance Monitor for OS/390 Report Reference Volume 17
SC26-9165 “DB2 Performance Monitor for OS/390 Report Reference Volume 2”
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