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Target Group and Duration H’
A

® Target group:

m Project team members involved in performance tuning,
such as:

¢ SAP System administrators
¢ Database administrators
¢ Developers in SAP Systems

® Duration: 3 days
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Course Prerequisites F’
SAF

® Mandatory prerequisites:

m courses SAPTEC and ADM100
(or SAP50 and BC310, BC360 or equivalent)

m Basic knowledge of Windows NT / Windows 2000

® Recommended prerequisites:

m Experience with SAP System administration
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Course Goals F’
A
@, This course enables you to:

® Analyze the workload distribution
in an SAP System

Find critical performance bottlenecks
Tune SAP Basis and database components

® Find poorly written ABAP programs
that cause performance problems
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Introduction to Workload Analysis H’
DA
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Contents:

o Review of multi-tier SAP architecture

e Workload analysis theory

Objectives:

At the end of this unit you will be able to:

e Outline multi-tier SAP architecture

® Interpret the Workload Monitor

e Outline the tuning potential of an SAP System

e Explain the standard methods for approaching
a performance problem
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Introduction: Performance Bottlenecks H’
AP

System bottlenecks may

cause long-running

System bottlenecks

® Hardware (CPU, RAM, I/O,
network)

® Configuration
(memory/buffer
configuration,
process configuration)

Long-running programs

® Unnecessary functionality

® Non-optimal implementation

m  Technical implementation (e.g.
database indexes, table
buffering, ABAP coding)

m Logical implementation (non-
optimal use of SAP standard
functionality

© SAP AG 2003

programs may cause
system bottlenecks
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Typical Tuning Measures H’
DA

Basis Tuning

® Goal:

m Distribute the given workload
optimally to avoid performance
bottlenecks

® Responsible persons:

m  Technical team leader
m System/database administrator

m Technical consultant

© SAP AG 2003

Application Tuning

® Goal:

m  Avoid unnecessary workload by
optimised programs and
optimal usage of applications

® Responsible persons:

m ABAP developers

Application consultant

System/database administrator

Technical consultant

© SAP AG
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SAP Basis Tuning Tasks !’
SAF

® Optimize system parameters (S)
m SAP System parameters (for example, for memory management) _‘/
m Database parameters (for example, for database buffer sizes) /

m Operating system and network parameters
® Optimize database disk layout through 1/O balancing (S)
® Optimization of workload distribution (S) /
m  Number of work processes, background scheduling, log-on groups

® Verify hardware sizing by detecting hardware bottlenecks (S) /

/: Covered in this course
S: Performed by the SAP System administrator

© SAP AG 2003
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SAP Application Tuning Tasks H’
AP

® Find and apply SAP Notes from SAPNet (D,S)
m Bug fixes, corrections, patches, hints
® Optimize the SAP Customizing (D)
m For example, in SD and PP
® Optimize ABAP-coding of customer’s modifications (D)
m For example, Z reports, user exits
® Create, change or drop indexes (D,S) /
Design table buffering (D,S) 3/

/: Covered in this course
S: SAP System administrator
D: SAP developer, SAP application consultant

© SAP AG 2003
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Multi-Tier Client/ Server Architecture

LE— | | | |
— e Y e Y e Y e Y
LAN / WAN |
o O [ e
=
—
LAN / WAN |
I o | I | |
——1 ——1
— —
LAN
|
I |
—1
Database

© SAP AG 2003

The diagram shows a common way of setting up the hardware components for a multi-tier system
architecture.

for administration and monitoring work.
® A number of application servers, each on its own machine, allow the connection of users and form
the application layer.
The internet layer translates SAP screens to HTML readable format. It consists of SAP Internet

One larger machine contains the database as well as the central application server that is mainly used

Transaction Servers and Web Servers (such as the Microsoft Internet Information Server or Netscape

Enterprise Server).
m The presentation layer consists of the SAP GUIs or Web browsers that run on user PCs.

© SAP AG BC315
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Dialog Step: Wait Time Hr
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m This and the following slides describe the sequence of actions that contribute to total response time
in multi-tier architecture.

m To complete the logon process, the presentation server connects with a dispatcher.

® When the user tries to run a transaction, the user's request comes from the presentation server to the
dispatcher and is put into the local wait queue.

® When the dispatcher recognizes that a work process is available, the user's request is taken from the
wait queue and sent to the work process.
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Dialog Step: Roll-in time Hr
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® When a user is dispatched to a work process, "user context" data — the user's logon attributes,
authorizations, and other relevant information — is transferred from the roll buffer, extended memory,
or the roll file into the work process. This transfer (by copying or mapping, as appropriate) of user
context data into work process memory is the mechanism known as a "roll in".

m Transaction processing then begins.
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Dialog Step: Database Time
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m [f data from the database is required to support transaction processing, a request for data is sent to the
database interface, which in turn sends a request through the network to retrieve the information
from the database.

® When it receives the request, the database searches its shared memory buffers. If the data is found, it
is sent back to the work process. If the data is not found, it is loaded from the disk into the shared
memory buffers.

m After being located, the data is taken from the shared memory buffers and sent back across the
network to the requesting database interface. Transaction processing resumes.
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Dialog Step: Access to SAP Buffers
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m Before accessing the database service, the database interface searches for the data in the SAP buffers.
If the data is found, it is relayed back to the work process where processing resumes. If the data is
not found, the database interface sends a request over the network to retrieve the information from
the database (as described on the last slide).

m [f the data loaded from the database is eligible for SAP buffering, it is placed in the SAP buffers.
Transaction processing resumes.
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Dialog Step: Response time H’
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® When transaction processing is completed, the dispatcher is notified of its completion. The results of
the transaction are then sent back to the presentation server.

© SAP AG
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Dialog Step: Roll out time H’
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m After the transaction finishes and the work process is no longer required, the user context data is
rolled out of the work process.
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Summary: Response Time Components H’
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m This slide summarizes the previous slides describing the sequence of actions that contribute to total
response time in multi-tier architecture.
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CPU Time !'
AL
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m CPU time is the amount of time during which a particular work process has active control of the
central processing unit (CPU).

© SAP AG BC315 1-15



Workload Statistics (1) !’
AT
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m Workload time statistics include:

* Response time in milliseconds: Starts when a user request enters the dispatcher queue; ends when
the next screen is returned to the user. The response time does not include the time to transfer from
the screen to the front end.

* Wait time in milliseconds: This is the time a user request sits in the dispatcher queue. It starts
when user request is entered in the dispatcher queue; and ends when the request starts being
processed.

* Roll-in time in milliseconds: The amount of time needed to roll user context information into the
work process.

* Load time in milliseconds: The time needed to load from the database and generate objects like
ABAP source code, CUA, and screen information.

* Processing time: This is equivalent to response time minus the sum of wait time, database request
time, load time, roll time, and enqueue time.

¢ Database request time: Starts when a database request is put through to the database interface;
ends when the database interface has delivered the result.

¢ CPU time in milliseconds: This is the CPU time used by the SAP work process

B Roll wait time and GUI time are covered in the unit Interface Monitoring.
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Workload Statistics (2)

CaQ CHE SDL0 BE @
Load Analysis in System T70
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[+ 53 Collector and performance DB ALE 1 1.720,0 3440 7410 0,0 0,0 10
AutoABAP 122 90.512,9 401784 8.035,3 00 04 1.2
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@ Time profils Updatez 134 5526 88,2 4481 00 14 0.0
b 3 Hitlists

@ Memory use statistics
B [ RFC profles
> (L1 User and seflement statistics
Frontend statistics
B Spoal statistics
B Response time distribution

SAP Transaction STO3N,
the Workload Monitor,
summarizes statistics

LRl

m To access the Workload Monitor, use Transaction STO3N. or, from the SAP entry screen, choose
Tools — Administration — Monitor — Performance — Workload — Analysis. Choose
Performance database and make the selections required by the dialog boxes. The Performance:
Workload Overview for Server is displayed.

m [n the “Administrator’s Mode” that is chosen by default the time frame of the workload analysis is
the current day.
® Important for this training:
¢ Change to “Expert Mode”. Choose under “Detailed Analysis” -> “Last minutes load”
* During a workload exercise, restrict the time period to the time when the exercise is running.
® Under Analysis views, you can access, for example:
* Workload overview - Workload statistics according to work process type
¢ Transaction Profile - Workload statistics according to transaction.
* Time Profile - Workload statistics according to hour
B Roll wait time and GUI time are covered in the unit Interface Monitoring.
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Initial Analysis Roadmap (1) H’
A

Problem symptoms:

Large roll-wait time

Performance
2
Pl'oi'em - Large load time
Yes Check: Large database
All Workload request times
transactions =P
e on all servers (Cont.)

Large CPU times

‘No

Program Procltﬁsing tiﬁne
i much larger than
SUEIATE CPU time

© SAP AG 2003

m [fa problem is detected, the data in the Workload Monitor (Transaction STO3N) can be used as
follows to identify the area of the system where the problem is located.
m First check for general performance problems affecting all transactions. Good general performance
is normally indicated by:
* Wait time < 10% response time
* Main menu (choose Transaction Profile) < 100 ms
m [n the Workload Monitor, the following values normally indicate good performance:
¢ Average roll-in time < 20 ms
* Average roll wait time < 200 ms
* Average load (and generation) time < 10 % of response time (<50 ms)
* Average database request time <40 % of (response time - wait time)
* Average CPU time <40 % of (response time - wait time)
¢ Average CPU time Not much less than processing time
* Average response time - Depends on customer requirements — there is no general rule

© SAP AG BC315 1-18



Initial Analysis Roadmap (2) H’
A

Large roll-wait time = Communication problem with GUI
9 or external system

Large load time — Program buffer, CUA buffer, or screen buffer too small

CPU/memory bottleneck on database server, network
:,': rg:sc:atm‘beasse = problems, expensive SQL statements, database locks,
q missing indexes, missing statistics, small buffers

Large CPU times —p Expensive ABAP processing, for example, processing
large tables, frequent accessing of SAP buffers

Processing time
much Iarggr than l CPU bottlenecks, network problems,

CPU time communication problems

© SAP AG 2003

These are some of the more common problems indicated by Workload Monitor statistics.
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Analysis Roadmap: Using the Workload Monitor H’
DA

I I SAP Workload Monitor (STO3N)

Wait time > 10% of response time
General performance problem

High database time: database time > 40% (response time - wait time)

Detailed analysis of the database

Processing time > CPU time x 2

358

Detailed analysis of hardware bottlenecks

Load time > 50 ms

Detailed analysis of SAP memory configuration (is the program buffer

too small?)
Roll-wait time or GUI time > 200 ms

656

Detailed analysis of interfaces and GUI communication

To

© SAP AG 2003

®m For more detail on analyzing:
* The database, see the unit Expensive SQL statements
* SAP memory configuration, see the unit SAP Memory Management
¢ Hardware bottlenecks, see the unit Hardware Capacity Verification
¢ Interfaces and GUI problems, see the unit Interface Monitoring

© SAP AG
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Performance Monitors for the SAP Basis H’
AP

) Transaction
Workload Monitor ST03 or
B STO3N

Work Process | Operating System | Database Setups

Overview Monitor Monitor Buffers
Transaction Transaction Transaction Transaction
SM50/ SM66 ST06 ST04 ST02

© SAP AG 2003

®m To begin a workload analysis, use the Workload Monitor (Transaction ST03 or STO3N).

m [f you find statistics that indicate a performance problem, use the other monitoring tools to
obtain further data on the problem.

© SAP AG BC315 1-21




Transaction Profile
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m In the Workload Monitor, choosing Transaction Profile enables you to find out:

* The most-used transactions. Tuning these transactions creates the greatest improvements in overall

performance.
* The average response times for the transactions used on the SAP instance analyzed.
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Statistical Records

Worklo Monitar :
& A H @Ee DHE DDLD BEE &R =<
Worlkdoad - Single Statistical Records: Detaiis

ngewrd Time | DB TaskiMem | Bytes

System: T70 Instance: iwdfS50FO_TTF0_QOQ
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Record: 11:14:088 RZ20 REALSTHO [ ESCHH

Analysis of time in work process

CPU time 297 ms Number Ro11 ins 2
RFC+CPIC time o ms Ro11 outs 8
Engueues o
Total time in workprocs 3.535 ms
Load time Program 185 ms
——Response time———— 3.638 m Screen 1 ms
CUL interf 121 mg
Wait for work process o ms
Processing time 2,088 ms Ro11 time  Out 5 ms
Load time 227 ms In 3 ms
Generating time O ms Wait 3 ms
Ro11 {in+wait) time G ms
Database request tine 1.237 ms Frontend Mo .roundtrips 1
Engueue time o0 ms GUI time 1.880 ms
Net time o ms

© SAP AG 2003

m To access the statistics records for a specific server:
e As of R/3 Release 4.5, use transaction STAD
* Prior to R/3 Release 4.5, use transaction STAT or, from the SAP system’s initial screen, choose
Tools — Administration — Monitor — Performance — Workload — Statistics Records.
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Analysis Roadmap: Using the Transaction Profile H’
DA

I I Workload Monitor (transaction STO3N)

—D Transaction Profile (Transaction STO3N) sorted by “Response time total”

Programs with high CPU time: CPU time > 40% (response time - wait time)
Detailed analysis with ABAP-Trace

Programs with high database time (databases time > 40% (response time - wait time)

Detailed analysis of SQL statements

Problems with high GUI times (> 200 ms)

Network check

© SAP AG 2003

m To analyze transactions with a large CPU time, use an ABAP trace.
m To analyze transactions with a high database time, use an SQL trace.
m To analyze transactions with a high GUI time, use a network check.
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Statistical
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Workload Monitor

SQL trace Application
Monitors

Transaction
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ABAP trace

Transaction
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Transaction Transactions
ST07/ST14

Transaction
SE30

Performance Monitors for SAP Applications H'

m Transactions S707, ST14, and SE30 are not covered in this course.
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Availability of the New Workload Transactions H’
DA
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First
STO3N | availability f': '-
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Workload Statistics (until 4.6B)

HI @D a0
Performance: Workioad Overview for Server iwdf5070_T70_00
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© SAP AG 2003

m To access the Workload Monitor, use Transaction ST03 or, from the SAP initial screen, choose
Tools — Administration — Monitor — Performance — Workload — Analysis. Choose Performance
database and make the selections required by the dialog boxes. The Performance: Workload
Overview for Server is displayed.

To display the 40 slowest dialog steps by response time, choose Top time.

Under Goto — Profiles, you can access, for example:

* Task Type Profile - Workload statistics according to work process type

¢ Time Profile - Workload statistics according to hour

¢ Transaction Profile - Workload statistics according to transaction.

The proportion of database calls to database requests gives an indication of the efficiency of table
buffering. If access to information in a table is buffered in the SAP buffers, then database calls to the
database server are not needed and performance is better. Thus, the fewer database calls result in
database requests, the better.

Roll wait time and GUI time are covered in the unit Interface Monitoring.
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Transaction Profile (until 4.6B)
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m In the Workload Monitor, choosing Transaction Profile enables you to find out:
* Which transactions are used most? Tuning these transactions creates the greatest improvements in
overall performance.
* What are the average response times for typical transactions?
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Summary of this Unit !’
A

. Now you are able to:

® Outline multi-tier SAP System architecture

® |Interpret the Workload Monitor

® Outline the tuning potential of an SAP System
o

Explain the standard methods for approaching
a performance problem

© SAP AG 2003

© SAP AG BC315 1-29




Performance Analysis Monitors

1. Introduction to
Workload Analysis

2. Performance Analysis ]

Monitors
3. SAP Memory
Management
4. Hardware Capacity
Verification
X 5. Expensive SQL
Statements

4

© SAP AG 2003

6. SAP Table Buffering }

[\ 7. Interface Monitoring }
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Performance Analysis Monitors !’
DA

Contents:

® Monitors: Work Process Overview, Operating System Monitor,
Setups/Tune Buffers

o Getting Started Exercise

e Workload Analysis Exercise

© SAP AG 2003

Objectives:

At the end of this unit you will be able to:
® Use the performance monitors
® Analyze the performance of an SAP System

e Find performance bottlenecks

© SAP AG

BC315
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Performance Monitors for the SAP Basis H’
AP

. Transaction
Workload Monitor STOSN
A 2 N

Work Process | Operating System | Database Setups/

Overview Monitor Monitor Buffers
Transaction Transaction Transaction Transaction
SM50/ SM66 ST06 ST04 ST02

© SAP AG 2003

m To begin a workload analysis, use the Workload Monitor (transaction S703).
m [f you find statistics that indicate a performance problem, use the other monitoring tools to
obtain further data on the problem.

m The Database Monitor (transaction S704) will be discussed in the unit Expensive SQL statements.

© SAP AG BC315
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Work Process Overview

Process Overview
BdH @ DHE bDhoan BE @
Process Overview
S OEEK AP R AT B EE R chse @ sae | TERZEB| @
Mo Ty. PID Status  Reasn Start Err Sem CPU Time  Report C1. User Action Tahle
[] @ DIs 308 Running fes 73 SAPLCKDZ qo6 SAP_PERF
[ 1 DIA E13 Running fes SAPLTHFE 9008 WOELKERG
[ 2 DIAh 664 Running fes 10 90@8 SAP_PERF Direct read DE1BSINF
[ 2 [DIA 408 Running Yes 1 CL_GUI_DYM 900 SAP_PERF Load program
[ 4 DIA 482 Running fes 4 RSDBSPGS 9008 SAP_PERF Insert DDFTYE
[ & DIa 227 waiting Yes
[ B DI& 375 stopped CPIC Yes 34 SAPLSFTP [oe SAPSYS
[ 7 DI& 545 waiting Yes
[ & DIs 585 Running Yes 38 SAPMHOGE o0 SAP_PERF Direct read Do1O5INF
[ 9 DIAh Faz Running fes 46 SAPMMOGE 9008 SAP_PERF Direct read DE1BSINF
[ 1@ DIA &e2 Running fes 19 90@8 SAP_PERF Direct read DE1BSINF
[ 11 DI& 346 Running fes 32 SAPMHOGE qo6 SAP_PERF Direct read Do105INF
[ 12 DIL 475 Running Yes 28 o6 SAP_PERF Load program
[ 13 DIA 357 Running fes 22 SAPMMOGE 9008 SAP_PERF Direct read DE1BSINF
[ 14 [DIA 477 waiting Yes
[ 18 UPD 430 waiting Yes
[ 16 UPD 354 waiting Yes
[ 17 UPD &7 waiting Yeg
[ 18 UPD 671 waiting Yes
[ 19 ENOD 619 waiting Yes
[ 20 BGD 437 waiting Yes
[ 21 BGD 663 waiting Yes
[ 22 sp0 389 waiting fes
[ 23 upz 278 waiting Yes
© SAP AG 2003

m To display a snapshot of the current activities on the instance you are logged on to, use the Work
Process Monitor. Call transaction SM50, or, from the initial screen of the SAP System, choose Tools
— Administration — Monitor — System monitoring — Process overview.

® The information displayed includes:

- Type of work process

- Name of the ABAP program running
- Operating system PID number

- Client being used

- Name of the job executing

- Current action

- Number of detected errors in the work process
- Table being utilized

- Semaphore resource being used

- CPU accumulation

- Time in process accumulation

- User holding the resource

m If all work processes are being blocked by long running transactions, the above information is also
available on operating system level by using program dpmon.

®m [n an SAP System with more than one instance, you can access a global work process overview
using transaction SM66.
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Analysis Roadmap: Using the Work Process

Overview

A

5°

A

6

N

Work

W

© SAP AG 2003

I I Work Process Overview (transaction SM50 /| SM66)

_9 Work processes in status “running”?

ction: “Dir. Read”, “Seq. Read”, “Insert”, “Update”, “Delete”, “Commit”
Detailed analysis of the database
ction: “Load program”?

Detailed analysis of SAP memory configuration (program buffer too small?)

Action: “Roll In” | “Roll Out”?

Detailed analysis of SAP memory configuration (problems with extended
memory or roll buffer)

processes in status “stopped”?

Reason: “PRIV”?

Detailed analysis of SAP memory configuration (problems with extended
memory or roll buffer)

Reason: “CPIC”?

Problems with CPIC connections such as "All work processes blocked in
destination system"?

m The diagram shows the procedures for analyzing the current workload using the Work Process

Overview (transacti

on SM50).

®m For more detail on analyzing:
* The database, see the unit Expensive SQL statements
* SAP memory configuration, see the unit SAP Memory Management

© SAP AG
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Operating System Monitor

Edit Goto  Monitor termn Help
2l E e DRE D0
L ocal (iwdf5070) / Operating System Monitor: Windows NT

Refresh display  Detail analysis menu = Operating System collector

Fri Mar 14 11:32:08 2003%# interval 18  sec.

CPLF
Itilization user % Count
system % Load average 1 min
idle E 5 min
System calls/s 15 min
Interruptsis Context switches/s

Memory
Physical mem avail Kb < 3.931.688 > Physical mem free Kh 1.096.928
Pages infs Kb paged infs GE3

Pages outls 113 Kb paged out/s 452

Swap
Commit charge Timit Kb < 17.402 076 , Maximum swap-space Kb 13 628 416
Commit charge free Kb Actual swap-space Kb 13 628 416

Disk with highest response Lime

Mane _Total Response time ns 145
Utilization 5  (Queue 5
Avg wait time ms MIA Mvg service time ns 24
Kb transferedis 2 842 Operations/s 243
Lan {sumy

Fackets inls 1.527  Errors infs ]
Packets outis 1.521 Errors out/s ]
Collisians )

© SAP AG 2003

m To call the Operating System Monitor, use transaction S706, or, from the initial screen of the SAP
System, choose Tools — Administration — Monitor — Performance — Operating System — Local
[or Remote] — Activity.

®m [mportant statistics displayed in the Operating System Monitor include:

* CPU load average and % CPU utilization
* Operating system swapping and % memory utilization
* % disk utilization
* QOperating system configuration parameters
m CPU bottlenecks are indicated during several snapshots by:
* Idle CPU <10 %
* Load Average: N processes waiting in front of the CPU

m Note: you must refresh your screen several times, as each display is a momentary snapshot.

® Memory bottlenecks are indicated during several snapshots by:
* An increase in page outs for UNIX or page ins for NT.
* This topic is covered in more depth in unit Hardware Capacity Verification.
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OS Monitor: TOP CPU Processes

L ocal (twdf0641) / Top CPU Users
Refresh display
Fri Mar 14 11:41:43 2003% interval 10  sec.
Pid Instance Command CPU Util CPU Time Working Private Prior.
[%] [¢] set [kE] pages [kB]
eLe] mos‘t32 T2,23\ iz 2.408 3.676 g
533 [WP] DEV_BGQf |disp+work 59,14 G:3 | 154.904 34264 g
423 ssflwbox. scr 36,27 [: 3.192 2. 008 g
163 | [WP] DEV_0f |disp+work 13,88 2:3 22.408 34.736 8
29 ORACLESD G, 46 92 205 . 260 286.144 g
407 | [WP] DEV_00 [Mgp+work 4.1 30: 133.632 35.388 8
143 Pat et . 104:1 4.112 3.132 4
352 | [WP] DEY_DD |disp+work 2,05 34 92 168 34 616 3
303 THSLESNRED 0,94 [z 1.844 T.736 g
2 System 0,47 ] 200 36 g
206 FatrolPert 0,47 7 G&6 g9z 4
182 inetinfo 0,31 11:4 476 1.204 g
426 | [DP] DEV_00 |disp+work 8,31 B:2 5.344 23.896 g
414 sapdha 0,31 [ T.344 10,676 g
377 | [WP] DEV_00 |disp+work 8,00 5:5 11,556 29.792 8
449 | [WP] DEY_DOD |disp+work 0,00 2:1 3.644 34.040 3
395 | [WP] DEY_DD |disp+work 0,08 2:1 3.648 34 096 3
382 [WP] DEV_BO |disp+work o,e6 1:5 2.976 34136 g
187 [WP] DEV_BO |disp+work o,e0 1:5 3.440 33.928 g
360 | [WP] DEV_0O |disp+work 8,080 104 3.944 34.272 g
372 | [WP] DEV_00 |disp+work 0,00 1:3 3. 456 34.072 8
238 conghost o,e6 1:1 1.612 1.248 g
373 | [WP] DEV_0O |disp+work 8,00 0:5 208 29.904 8
247 cpgwmgmt o,0e [:5 2 628 2 468 8
176 SHHP o,e6 [:2 1.5852 1.728 g
38 CSRSS o,0e B:2 1.684 1.524 13
354 [WP] DEV_BO |disp+work o,e0 [ 208 29.640 g
595 [WP] DEV_BO |disp+work o,e6 [ T.844 27.948 g
546 | [WP] DEV_0O |disp+work 8,080 01 228 29.020 g
© SAP AG 2003

m “disp+work" signifies an SAP work process.

m "ORACLES0" signifies a database process.

m “awhost32" and “ssflwbox.scr” are external processes which do not belong to an SAP instance or to
the database (they are PCAnywhere and a running screen saver...). External processes may affect
performance critically.

® On detecting hardware bottlenecks, see the unit Hardware Capacity Verification.
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Setups / Tune Buffers Monitor (1)

Tune Edit Golo  Emironment  Monitor
S 3ol €@ DHE DL DR @@ St

Tune Summary (Iwdf5070_T70_00)
o

@ currentparameters | & | Detall analysis menu | 2

System: iwdfBAFO_TFO_BQ Tune summary
Date & time of snapshot: 14.03 2003 11:45:52 Startup: B8.03.2003 07:21:21
Buffer Hitratio A1 1ocated Free space bir. size Free directory Swaps Databhase
[%] [kB] [kE] [%] Entries Entries [%] ACCES5ES
o
Nametah (NTAB)
Table definition ga,29 6.725 |G EEE 40,060 [IIIINEN mEEE 30,579
Field description 98,49 B63.129 28. 269 47,12 80.081 70.551 8.4
Short NTAE 99,85 5.629 736 29 44 80. a1 G2.0805 12.085
Initial records 99,65 T.629 279 6,20 80.aa1 64.0823 29.877
Program 98,18 615467 43.154 7,18 150608 135126 812648
CuA 99, 30.800 9.446 35,38 15.008 11.371 2}
Screen 98,3 78.125 26.768 34,562 10.008 3.639 33.035
Calendar 99,37 488 354 T4, 08 200 106 3r3
Tables
Generic key 99,34 B8.359 6.730 10,08 10.088 2.513 TO07.328
Single record 89,62 20800 18.420 92,30 400 oz T4
Export /i mport 85,65 30000 9.112 32,67 10.000 [ a
SAP memary Current use Max. use In memory On disk
[%] [kE] [kE] [kE] [kE]
Roll area 16,77 25.352 55.712 161.200 o
Paging area 6,34 16.632 70.9608 G8.480 183 664
Extended Memory 58, 64 099.2608 1.651.712 1.688.576
Heap Memory o 1.1608.267

© SAP AG 2003

m For the instance on which the user is logged on, the Setups / Tune Buffers monitor shows the
percentage usage of buffers and memory. To access the monitor, use transaction S702 or, from the
initial screen of your SAP System, choose Tools — Administration — Monitor — Performance
— Setup/buffers — Buffers.

®m The Setups / Tune Buffers monitor displays data on:

* Buffer sizes
* Buffer qualities (hit ratios)

m Bottlenecks may be indicated if buffer swaps occur.

® Choose Detail analysis menu to display other data, such as :
* Memory usage
* Semaphores usage
* Table calls
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Getting Started Exercise H’
A

Objectives:

In this exercise you will learn how to:

® Use the SAP performance monitors

Activities:

® Log on to the training system

® Determine:

CPU load

Size of allocated memory and available physical memory

Which transactions were executed in which SAP modules
Response times for these transactions

Whether there are buffer swaps and
operating system paging

© SAP AG 2003

To perform the Getting Started exercise, enter the required data:

CPU Utilization  .....ccoeeeeveennen.

Allocated Memory ...........cccecueenee. MB

Physical Memory  .......cccceeeenene MB

Top 5 transactions ................. e [ s e e

- Related response times................. s eeeeeeeee e, ) eeereeeee e s eeeeeeee e ) eeeeeeee e
Buffer Swaps:

Buffer: ....coooveeieiiie Amount: .......c.coeeveeiiiennnen.

Buffer: ..o Amount: .......cocoeeveeiiiennnnn.

Buffer: .....oooveeieiie Amount: .......cccoeeeveerviennnnn.

Operating system paging: Yes/No  AmMOUNt .........ccceeceevuererenene KB/s

© SAP AG BC315 2-9




Workload Analysis Exercise H’
DA

© SAP AG 2003

Objectives:

In this exercise you will learn how to:
e Analyze a workload problem related to the program buffer

e Distinguish an optimal system configuration from a poor system
configuration with respect to its effect on the program buffer

Activities:
After your trainer starts the workload simulation:
® Log on to the training system

o Use the workload monitors to identify the problem

e Make recommendations

© SAP AG
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Work Process Overview

1]

210 @O DHE fRoD D @B

Process Overview
SOEH@W N EF &F BEEER @G choose @ sw | FEHZ

No Ty. PID Status Reasnh Start Err Sem CPU Time Report C1. User Lr
i B DIs 391 Running Tes 4 CL_DD_TABL 900 SA&P_PERF Direct read
1 1 DIA 511 Running es T CL_DD_TABL 900 SA8P_PERF Direct read Dol
[1 2 DIs 529 Running Yes 2 a@o SAP_PERF Load program
1 3 DpIs 521 Running Yes 13 SAPLHBUWL @0 S5AP_PERF Load program
14 prn 2m4 Runming Yeg 12 SOPLMBLL apo SAP PERF Load program
[ ] & DIa 3225 Running Yasg T CL_DD_TABL 900 SAP_PERF Direct read
[1 & DIA 3264 Running Yas SAPLTHFE 900 TRAIMER
(] 7 DIR 445 Running Yes [ SEPLYDID 9080 SAP_PERF Load progran
] 8 DIAR 464 Running Yes 7 SEPLYDAD 980 SAP_PERF Load progran
[] & DIA 555 Running Tes 4 CL_DD_TABL 900 SA&P_PERF Direct read
(] 18 UPD 365 waiting Yes
1 11 Upr 319 waiting fes
(1742 UPD 395 waiting fes
(1743 UuPD 483 waiting Yes
[] 14 END 256 waiting Yes
[] 18 BGD 209 waiting Yes
[] 16 BGD 3275 waiting Yes
[] 17 SP0 492 waiting fes
[]'18 UPz 375 waiting Yes
[]
[+]
I | DEV (1) (300) P2l | twdf0G41 | OVR o

© SAP AG 2003

m To access the Work Process Overview, use transaction SM50.
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Workload Monitor

i B

Q@ DHEB anon AR @

Last Minutes Load on twdf0641_DEV_00
& = | [y Full screen onfoff & Save view

_—
SLErpert mode @

= 2 workload

> B twdme41_DEV_00

B Total
= [ Detailed analysis

ﬁ] Business transaction analy
= [l Last minutes load
B twdfie41_DEW_00

[ &F Load history and distribution
[» 53 Collector and perfarmance DB

K1 E[<]+]

= B Analysis views
A2 warkload overview
I» 3 Transaction profile
B Application statistics
@ Time praofile

Instance twedf0641_DEY_00 Start of interval 14.03.2003 11:69:34
Period User-defined End of interval 14032003  1214:34
Tasktype All Time period a Day(sy  00:15:00
Times | Database | Rollinformation | Paris afresponsetime | Al data
IBEEEREREREIEEEER R
Workload overview: Average time per step in ms
Tasktype .| Mumberofs..|@ Respo...| @ CPU~| @ DB~| @ waitt..| @ Roll-in~| @ Roll-wait~| @ Load~ + Gen.~| @ Lock~| A
AlUtoABAF 3| 602967 | 3.0050 | 746 | 9.250,0 10,7 0.0 1.080,3 1.0
Backaround 30| 28587 | 2021 | 748,65 | 2.880,1 0,8 0,0 1404 5.8
Buffer syn... G | 60334 0 | 356 | 59688 0,0 0.0 0,0 0,0
Dialog 3536 | 58885 | 30 5450 | 9445 35 [€ 180, 133,4 24
RFC 2| 23080 | 26875 | 4000 75 0,0 25 14,0 0,5
Update 2494 1.562,0 1104 | 1.04.. 326,7 0,0 0.0 i0,4 40,1

m To access the Workload Monitor, use transaction S703 and choose Performance database. Make the

selections required by the dialog boxes. The screen Performance: Workload Overview for Server is

displayed.

© SAP AG
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Setups / Tune Buffers Monitor

Tune Edit

aH e DHE Do BE @m
Tune Summary (twdfoé41_DEV_00)
o

@ Current parameters | BF  Detail analysis menu 2

System: twdfO641_DEY_00 Tune summary
Date & time of snapshot: 14.03.2003 12:16:52 Startup: 14.03.2003 11:53:27
Buffer Hitratio Mlocated Free space Dir. size Free directory Swaps Database
[%] [kE] [kE] [%] Entries Entries [%] ACCRSSES
Nametah (NTAR)
Table definition 95,18 5.045 3.897 95,00 30. 008 28.501 95,00 ] 2.432
Field description 94,38 g.348 1.488 24,80 Go. 6o 58.597 97 66 ] 2.548
Short NTAEB 99,27 4.848 2.397 95,88 Go. 601 59.411 99,062 ] 590
Initial records 98,76 G.348 3.713 92,83 GO 601 59131 98,55 ] g7e
Program 61.787 1.853 3,26 15. 008 13.893 92 62 @ 79.935
cua 2.080 1.1508 64,35 1.000 o8 90,80 o
Screen 98,85 19.5631 18.048 93,67 4500 4375 97,22 o 181
Calendar gz2,01 488 403 a4,31 200 99 49,50 ] 101
Tahles
Generic key 99,97 29.297 17.188 61,79 10. 008 9.133 91,33 ] 1.0844
Single record 99,61 20. 008 19.236 95,43 500 466 93,20 ] o
Export/import 94,149 20. 008 18.016 98,61 g.192 8.815 97,84 ] o

© SAP AG 2003

m To access the Setups / Tune Buffers monitor, use transaction S702.
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Poor Configuration Example H’
AP

=
2
e
1‘3 —= — == ] i ——| e —— ]
o
® L | I— | — L || —
[
o
> Work Work Work Work
Lo
o Process Process Process Process
n o PERFORM Costing.o o SELECT*FROM. © o SeLeCT+FROM. ©
c ©  ENDIF. 3 o VBAK. ° °  VBAK. °
© SELECT*FROM ° 9 CALLFUNCTION © © CALLFUNCTION °

O : : : ENDSELECT g g ENDSELECT :
= -
©
Q \
= Program buffer
% \ Code Code,’ P

° o
< § IE’EI;IFFORMCcsting.E: \slskt;:(c'rwkom. ° \

O SELECT'FROM 2 2 CALLFUNCTION J |
3 MaARA oo ENDSELECT IR o

Q
%

L} L

© REPORT RFBIBL00. ©
g o PARAMETERS:A. o

o °
-l‘-sl o SUBMITRFBIBLO1 o
(=]

m The program buffer is set to a very small value (e.g. 90 MB), the SAP instance profile parameter

abap/buffersize is set to 90,000, and the simulation of 10 users for each of MM, SD and PP is started.

© SAP AG
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Optimal Configuration H’
AP

c
Q
=
E = —— |E=TnER— ETmen— EnA—— S — f =i —
c
e | I | — | I— | I— | I— | —
(]
et
o
)
S Work Work Work Work
@ process process process _process
) o PERFORM Costinga| o SELECT * FROM. o o SELECT * FROM. ¢
S b SELECT + FROM 9 o CALLFUNCTION 9 b CALLFUNCTION 9
Q > MARA o s ENDSELECT  §) s ENDSELECT  {]
= I e g Lt
S \
= AN \ Program buffer ,*
Q. E 4 -
o Code \ Code Code Code e e o S .
< DATA: ATYPEI, o |o PERFORM Costingg| Jo SELECT * FROM. o |o REPORT RFBIBLOG| ! [ 1
5 of [o SNOIF. q :X%E'FUNCUON o| o PARAMETERS: A. o i i i i
SELECT * FROM A
peRFORM DOIT 5| fo PELE o | enbstiecr o L I ]
Q
0 \
©
2
© ‘l
-t
©
(]

m The program buffer is set to a normal value (e.g. 500 MB) the SAP instance profile parameter
abap/buffersize is set to 500,000), and the simulation started. The program buffer is now big enough

to hold all necessary code.

© SAP AG
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Workload Monitor

BldH I eae SHE aDLD BE @
Last Minutes [ oad on twdfoe41_DEV_00
& = | Sl Full screen onfoff | EF) Save view

—_—
auErper mode B Instance tadf0G41_DEV_00 Start ofinterval 14.03.2003 12:26:36
¢ A?kaluad Feriod User-defined End of interval 14.03.2003 12:41:36
b EMUWMLDE\’_UU Task type Al Time petiod 0 Day(s) 001400
[ Total
= [ Detailed analysis
& Business transaction analy Times | Database | Rollinformation | Paris ofresponsetime | Al data

< (el Last minutes load
twdf641_DEV_00 EIRE AR ERERIEER R ERT

> &% Load history and distribution B B B
b B Collector and performance 08 | |VWorkload overview: Average time per step in ms

Tasktype .| Mumberof 5...|@ Respo...| @ CPU~| @ DB~| @ waitt..| @ Roll-in~| @ Roll-wait~| @ Load~ + Gen.~| & Lock~
AUtDABAP 3 (117347 [1.8163 [ B11... 5,0 13,0 0,0 75,0 54,7
Background 27 1631 741 | 738 2,9 0,3 0,0 11,7 135
Buffer syn... 7 296 2,3 0,0 0,0 0,0 0,0
Dialog 1.958 4242 | 285 866 3.6 23 13,0 C 131 ]) s
RFC 2 6645 | 3985 ; 75 0,0 2,0 - 0,0
Update 178 3292 81,4 | 233,6 47 0,0 0,0 6,2 6,3

[l [END
= B Analysis views
A2 vworkload overrigm
I» (23 Transaction profile
B Application statistics
@ Time profile
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Setup / Tune Buffers Monitor

Tune Edit o v En itar i
B H SCaQ DHE DDLOO BE @E
Tune Summary (twdf0641_DEV_00)

Q Current parameters 5% Detail analysis menu | 2

System: twdfOG41_DEY_0R Tune summary
Date & time of snapshot: 14.03 2003 12:40:18 Startup: 14.03 2003 12:19:45
Buffer Hitratio A1 acated Free space Dir. size Free directory Swaps Datahase
%] [kB] [kB] [%] Entries Entries [%] accesses
Mametab (MTAE)
Table definition 96,79 5.045 3.908 95,27 30. 000 28.582 95,27 ] 1.754
Field description 90, 01 42.348 3a5.721 89,30 GO 001 58.680 97,80 ] 1.738
Short NTAB 98, 46 4.848 2.4080 96,60 GO 001 59.428 99,65 ] 573
Initial records 97,98 5.348 3.739 93,48 GO a1 59.191 98,65 ] ale]
Program 410. 087 255.538 63,88 100. o8 97.535 97 .54 - 7.3495
cua 5.0080 3.854 86,20 2500 2.421 96,84 o o
Screen . 18.5631 18.089 93,89 45008 4.3 97,58 o 119
Calendar 80, 66 488 403 g4, 31 200 99 49,50 ] 101
Tahles
Generic key 99,96 78.125 G6.124 a6, 27 10. 008 9.171 91,71 ] 1.087
Single record 99,28 50. 000 40,244 98,62 =121) 467 93,40 ] o
Exportiimport 86,20 20. 600 18.049 98,79 8.192 8.042 98 17 ] o

© SAP AG 2003

© SAP AG BC315 2-17



Reasons for Program Buffer Swaps H’
AP

Buffer size is too small:

Programs are swapped out, and the reloads cause high load and long DB request times

= Solution: Increase buffer size

Frequently changed programs:

Programs are changed frequently and have to be reloaded, causing buffer swaps

= Solution: Avoid frequent transporting and development in the production system

© SAP AG 2003
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Summary of this Unit !’
AP

. Now you are able to:

o Use the performance monitors
® Analyze the performance of an SAP System

® Find performance bottlenecks

© SAP AG 2003
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SAP Memory Management

1. Introduction to
Workload Analysis

2. Performance Analysis

Monitors J

3. SAP Memory
Management

© SAP AG 2003

4. Hardware Capacity
Verification

X 5. Expensive SQL ]

Statements

R |
6. SAP Table Buffering }

[\ 7. Interface Monitoring }

© SAP AG
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SAP Memory Management H’
AP

Contents:

® SAP memory areas

® SAP memory allocation
= Concepts
m  Allocation sequence for dialog work processes
m Allocation sequence for non-dialog work processes
= Freeing heap memory
® Demonstration: testing memory limits

Workload analysis exercise

Implementing SAP extended memory

© SAP AG 2003

m SAP memory areas introduces the various SAP memory areas, which may be physically located in
one or more of the following:
* Local memory
¢ Shared memory
¢ File system

® SAP memory allocation explains what the different memory areas are used for.

m After the demonstration and exercise, the topic Implementing SAP extended memory compares
memory management for different hardware platforms:
* UNIX versus Windows NT
* 32 bit versus 64 bit architecture

®m This unit does not explain how large you should make the various memory areas. This is explained
in the following unit, Hardware Capacity Verification.

© SAP AG BC315 3-2




SAP Memory Management H’
AP

Objectives:

At the end of this unit you will be able to:

e Outline the types of memory in SAP memory
management

e Explain how these types of memory work together
e Use SAP memory management monitors

e Configure parameters as part of SAP memory
management

© SAP AG 2003
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First Topic in Unit !’
AP

= © SAP memory areas

© SAP AG 2003
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SAP Memory Areas !’
SAP

SAP Memory
Users need two
i : [_SAP buffers |
kinds of memory: [SAP buffers ]

= SAP buffers
Memory accessible to all users, for:

¢ Programs
¢ Table and field definitions
¢ Customizing tables
= User context @
Memory attached to individual users, for:
¢ Variables, lists, internal tables

¢ Administrative data (such as authorizations)

© SAP AG 2003
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Physical and Virtual Memory H’
DAL

Server

Virtual memory

Physical Operating system
memory paging file* =
operating system

swap space

v

Maximum virtual memory <

physical memory +

operating system swap space * Do not confuse
- Gt Sl with SAP paging !

© SAP AG 2003

m Unlike physical memory, virtual memory can be allocated. The operating system determines if the
allocated memory area resides in the physical memory or in the operating system swap space.

m Depending on the operation system, the maximum size of the virtual memory may vary between the
size of the operating system swap space and the sum of physical memory and operating system swap
space.

m Sece relevant SAP Notes in the Online Service System (OSS), for example:

* SAP Note 38052, System panic, terminations due to low swapspace
* SAP Note 36410, AIX: early versus late swapspace allocation

S
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Administrator
附注
操作系统内存分页文件＝操作系统交换空间 

Administrator
附注
虚拟内存最大值<=操作系统交换空间

Administrator
附注
不像物理内存，虚拟内存是可以被分配的。操作系统确定内存区域是在物理内存还是系统交换空间。

依赖系统，虚拟内存的最大值可能随系统交换空间和物理内存的总和的不同而变化。

SAP Note 38052,
SAP Note 36410,


SAP Memory I: Local Memory for Work Processes H’
AP

=)

Server

Virtual memory

Shared memory

Local memory

Local memory
is associated with
individual work

©® Buffer for database transfer
® Local roll area
® Local paging area

processes
Local Local Local
memory memory memory
A A A
1:1
Elj Local work process memory is for: v \ 4 v
1 ® Executables Work Work Work
process process process
® Data, stack

© SAP AG 2003
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Administrator
附注
共享内存

Administrator
附注
本地内存与每个进程相关联

Administrator
附注
本地进程内存用在：

可执行的
数据堆栈
数据库交换缓冲
本地roll空间
本地内存分页空间


SAP Memory IlI: SAP Buffers H’
AP

Server

Shared memory is

associated with
Virtual memory all the processes of
Shared memory Local memory one instance
SAP buffers
1:n * * *
— Work Work Work
e process process process

SAP buffers contain global objects for all
users and work processes, such as
programs, and buffered Customizing table
content

© SAP AG 2003
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Administrator
附注
SAP缓冲包含使用者全局对象和工作进程，如：程序、被制定的上下文。

它是共享的


SAP Memory lll: Extended Memory H’
AP

Server

Virtual memory

Shared memory

Extended
memory

Local memory

v v

v

1:n
Extended memory contains Work Work Work
objects associated with process process process
individual users, such as
variables, lists, and internal
tables
© SAP AG 2003
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Administrator
附注
扩展内存包含 对象 关联到个别用户，
如：
变量 、列表、内表


也是在共享内存里


SAP Memory IV: Heap Memory !’
AP

Server

Virtual memory |

’ Allocated on demand
Shared memory Local memory
Heap memory
Allocated at instance start (temporary)
4
h 4
Local Local Local
memory memory memory
3 3 3
— 1:1
Heap memory: Y Y Y
. ’ Work Work Work
® Contains the same type of data as process process | | process
the extended memory; is used when

extended memory is full
® |[s allocated and released
on demand

© SAP AG 2003

m In the course of time, none of the memory areas varies in size except SAP heap memory.
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Administrator
附注
内存块

包含同一类型的扩展内存，当扩展内存满的时候用到，是临时性用到
根据需求分配并释放


SAP Memory V: Roll Memory H’
AP

Server

Virtual memory

Shared memory

Roll buffer<

Local memory

VY mm—

SAP roll file

—

Roll memory contains the
initial part of user contexts

v

v

v

Work
process

Work
process

Work
process

© SAP AG 2003
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Administrator
附注
动态内存包含用户初始部分的上下文


SAP Memory VI: Paging Memory H’
SAF

Server

Virtual memory

Shared memory

SAP paging memory contains:
® ABAP objects such as extracts

® Context-independent objects such as exports

\4

SAP paging file

v v v

Work Work Work
process process | *** process

© SAP AG 2003
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SAP Memory - System Point of View

Server
Virtual memory
Shared memory Local memory
SAP buffers H
(programs, tables) eap memory
Roll buffer (temporary)
A
SAP Paging Extended :ne:nory ‘}
buffer (user contexts) Local Local Local
memory memory memory
A A A
1:1
v 1:n * 4 * \ 4 * ) 4
Work Work Work
process process process
© SAP AG 2003
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Setups / Tune Buffers Monitor (2) H’
AP

Tune Edit Goto  Environment  Monitor

= qe@

Tune Summary {(iwdf5070_T70_00)

© SAP AG 2003

@ Current parameters | |[&F | Detail analysis menu £
System: iwdfBAYO_TTO_QAQ Tune summary
Date & Time of snapshot: 14,03 2003 11:45:562 Startup: Q8.03.2003 OF:21:21
SAP memory Current use Max. use Ih memory On disk
% e e [kB kB
L8] et Prot— 8] [KE]
Rol11 area 16,77 25 352 Bh. 712 1651 200 2]
Faging area g,34 16.632 7B 960 Ga. 420 G664
Extended Memary b8, 64 QaQ . 208 1.651.712 1 .G8B.57G
Heap Memory B 1.160.267

S

® Max. use (in KB) should be less than In memory (in KB).
m The lower part of the Setups / Tune Buffers monitor displays data on:

¢ Extended memory size and usage

¢ Usage and configuration of the roll mechanism

m Bottlenecks may be indicated if:

¢ For extended memory: Max use. = In memory (Extended Memory only exists in memory)

¢ For roll area: Max use. > In memory (part of the roll data might be stored on file level)

© SAP AG
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Administrator
附注
使用的最大值应当小于内存值 


扩展内存的使用方法
Roll的配置和使用方法


SAP Memory Areas - Summary H’
AP

The six SAP memory areas are:

Shared memory area:

® Buffers (Program, Screen, Data Dictionary...)

® Extended memory

® Roll buffer

® SAP paging buffer

Local memory areas:

® Local work process memory (local roll, local page)

® Heap memory

© SAP AG 2003
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Next Topic in Unit !’
AP

® SAP memory allocation

> m Concepts

© SAP AG 2003
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User Context Data !’
AP

SAP user SAP user SAP user

Dialog Dialog
Data Data
for user 1 for user 3

© SAP AG 2003

®m [n an SAP system, many front end users are connected to one or more application servers. The work
that users request from the system is performed in work processes. Normally, there are fewer work
processes than front end users.

m A work process is dedicated to a front end user only while a specific dialog step is being processed
by the application server. A user can be dispatched to one work process in one dialog step, and to
another work process in the following dialog step. Over the course of time, users are dispatched to
different work processes.

m In the course of their work in dialog work processes, users accumulate various pieces of data, such as
pointers to programs they are using. This accumulated data is called the "user context". A user
context enables, for example, the material number you are working on to be remembered by the
system and proposed as the default in a following transaction.

© SAP AG BC315 3-17



Roll Out (1) !’
DAL

fag fY0

=
SAP user SAP user
T o
Dialog
Data
for user 1

User 2 cannot overwrite the
user context data of user 1

© SAP AG 2003

e

‘ f‘@ ~
SAP user

Dialog

Data
for user 3

® The mechanism known as a "roll out" ensures that when user 2 needs to use the work process which

has just been used by user 1, the user context data of user 1 is not be lost or overwritten.

BC315

3-18

© SAP AG



Roll Out (2) SAE

Dialog Dialog

Data

\ for user 3
N

Data
for user 1

© SAP AG 2003

m The roll out saves the user context data for the dialog user when he or she exits the work process.

© SAP AG BC315
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SAP user SAP user SAP user
 /
Dialog Dialog
Data
for user 1

Data
for user 3

© SAP AG 2003

m Work process 1 is occupied by another user. When user 1, who was formerly working in work
process 1, is therefore dispatched to work process 2, the user context data is copied into work process
2 by the mechanism known as a "roll in". User 1 can thus continue from where he or she stopped in
the earlier work process.
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Roll Area and Paging Area H’
DAL

@ = =
= D {g 12)
SAP user SAP user SAP user

User context objects such as:

Dialog — Authorizations
] — Set/get parameters
area
— Internal tables
/ — Report lists
Paging
area
Memory for specific

ABAP commands

© SAP AG 2003

m The data processed in work processes is stored in two memory areas:

* The roll area, in which user context data is stored. User context data may include pointers to
active programs, set/get parameters (related to the most recent input of the user), authorizations,
internal tables, and report lists.

* The paging area, which stores the application program data that correspond to specific ABAP
commands including EXTRACT, IMPORT TO MEMORY, EXPORT FROM MEMORY, and
CALL TRANSACTION.

m The size of these areas is configurable using SAP System profile parameters.
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Roll Buffer and Paging Buffer H’
AP

{80 f2o

SAP user SAP user

area r Roll buffer }—
v
R

N\

C.O,oJ,k Paging buffer {/
L

© SAP AG 2003

® Where there is buffer space available, the roll area and the paging area are held in the respective
buffers in the application servers. When there is not sufficient buffer space, the roll area and the
paging area must be stored in the respective physical disk files (roll file and paging file).

m Thus, the user data processed in work processes is stored in two areas:
* The roll file and its associated buffer
* The page file and its associated buffer

© SAP AG BC315 3-22




SAP Extended Memory H’

foo K20 K20

= > =
SAP user SAP user SAP user

Dialog Dialog
Roll
area
Paging
area
—— Extended
— memory
— (shared)
|
L]
L]
|

Swap

© SAP AG 2003

m User contexts are not only stored in roll files and the corresponding buffers. As of SAP R/3 Release
3.0, they are primarily stored in extended memory.

m In extended memory, a large area of memory shared by all available work processes can be accessed
through pointers. Using extended memory as well as roll files thus reduces the amount of copying
from roll areas that is required during user context switches, and avoids the overhead caused by large
roll-in or roll-out tasks.
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Allocation Concepts - Summary (1) H’
AP

® [n SAP memory management:
m Work processes serve a large number of frontend users

m Each work process must be capable of loading the user context data
for successive frontend users

® The roll data and paging data is copied to the roll buffer and
paging buffer and the corresponding files when a user
leaves the work process.

© SAP AG 2003
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Allocation Concepts - Summary (2) H’
AP

® SAP extended memory uses mapping instead of copying
and therefore allows:

> Fast access to internal tables and lists through pointers
> Quick context switches
> Usage of hardware with large memory

2 Reduced load on CPU and disk
(because less paged data is moved physically)

® SAP extended memory requires sufficient physical memory

© SAP AG 2003
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Next Topic in Unit !’
AP

® SAP memory allocation

> m Allocation sequence for dialog work processes

© SAP AG 2003
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Allocation Sequence for Dialog WPs (1) H'

foo K20 K20

=
SAP user SAP user SAP user

9

A defined initial part
of the roll area is used

Extended
memory
(shared)

© SAP AG 2003

m To keep the usage of the roll area to a minimum and make more use of extended memory, only a
small portion of the roll area is used initially. The size of this portion is set by the parameter
ztta/roll_first.

m Note: Independent of parameter ztta/roll_first, there is a minimum amount of roll area that is always
used. For example, if ztta/roll first is set to 1, not just one byte is allocated, but the minimum
amount required for administrative data. As of SAP SAP release 4.6, this amount is approximately
170KB.

© SAP AG BC315 3-27




Allocation Sequence for Dialog WPs (2) H'

user SAP user

o
e
@
©

g (o
®
(7]
>
)

Extended memory is used

until ...
é’b
e / Extended
| L] e
| .| L]
| L]
I 1 1

© SAP AG 2&‘ )

m Extended memory enables the data to be stored in your system, where it is efficiently accessed by
pointers rather than by a copy process.
®m The extended memory per user may vary from 1 MB to several 100 MB.
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Allocation Sequence for Dialog WPs (3) H'

Dialog

Extended
memory
(shared)

© SAP AG 2003
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Allocation Sequence for Dialog WPs (4) H'

user SAP user

s
im
(H—?
©

W/
$ia
% (.
e
(7
>
)

Dialog
area
... until the user quota is reached
Extended
memory
7 (shared)

]
1l

© SAP AG 2003

®m The user quota defines the maximum amount of SAP extended memory that can be used by any one

user, and is set with the parameter ztta/roll_extension.
m The user quota thus prevents one user from occupying all available extended memory.

© SAP AG BC315

3-30



Allocation Sequence for Dialog WPs (5) H

gé"%ﬂ“i) [ég Lééiﬂ)

SAP user SAP user SAP user

The rest of the WP-local ‘
roll area is used

" . S e Extended
- " e . memory
- .. | | (shared)
L [ —
_—EEa—" " e .

I | —— —
— I | .

© SAP AG 2003

® The remaining portion of SAP roll memory is used when the system can no longer allocate SAP
extended memory, either because SAP extended memory is full or because the quota has been
reached.

m The reason for using the remaining portion of SAP roll memory is to avoid using heap memory,
which is local memory, and avoid entering PRIV mode (see below).
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Allocation Sequence for Dialog WPs (6) H'

The system is forced
to use local heap memory

Extended
memory
(shared)

L |
L
— 1
[
L

|

1

{1

© SAP AG 2003

m If the work process requires still more space after using up all available roll area and extended
memory, the system is forced to allocate SAP heap memory locally.
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Extended
memory
(shared)

© SAP AG 2003

m Heap memory allocated by one work process is not accessible to any other work process. This means
that a user is unable to continue the transaction in a different work process.
m The user is now effectively locked to the work process. This situation is called PRIV mode.
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Heap Memory and PRIV Mode (2) H’

Paging PRIV mode

Extended
memory
(shared)

LI
i
I
I

© SAP AG 2003

m A dialog process that was forced to allocate SAP heap memory automatically enters PRIV mode.

m While a user is in a transaction which caused the work processes to enter PRIV mode, no other user
can access the work process.

m Since SAP architecture uses a limited number of work processes to satisfy a larger number of front
end users, other users suffer when a user goes into PRIV mode.

m [f several users go into PRIV mode, they can work well, but other users can hardly work at all.
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Allocation Sequence for Dialog WPs - Overview H’
AP

) ) ® @

Extended memory Heap memory
up to up to
ztta/roll_extension abap/heap_area_dia
or EM exhausted or HM exhausted

Roll memory
up to
ztta/roll_first

Roll memory:
remainder of
ztta/roll_area

Time

Local
memory

Shared
memory

© SAP AG 2003

m Data in SAP roll memory is copied during context switch.

m Data in SAP extended memory is mapped during context switch.

m Data in SAP heap memory can never leave the work process. If heap memory is allocated, the work
process is exclusively assigned to one user in PRIV mode.

m Note: the sequence in which memory is used by work processes is not determined by the amount
memory initially allocated. Thus, while the entire roll memory is allocated on work process start, it is
not initially used up completely.
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Allocation Sequence for Dialog WPs - Summary H’
AP

® The memory allocation strategy for dialog work processes
aims to prevent work processes from allocating SAP heap
memory and thus entering PRIV mode.

® When a work process enters PRIV mode, it remains
connected to the user until the user ends the transaction.

© SAP AG 2003
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Next Topic in Unit !’
AP

® SAP memory allocation

> m Allocation sequence for non-dialog work processes

© SAP AG 2003
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Allocation Sequence for Non-Dialog WPs H’
AP

Allocation
sequence for
non-dialog
WPes on
Windows and
for dialog WPes
on all platforms

@

@

©)

@

Roll memory
up to
ztta/roll_first

Extended memory
up to
ztta/roll_extension
or EM exhausted

Roll memory:
Remainder of

ztta/roll_area

Heap memory
up to
abap/heap_area_dia
or HM exhausted

© SAP AG 2003

Allocation
sequence for ® @ @
non-dialog Roll memor Heap memory Extended memory
WPes on all . y up to up to
platforms 2t ta/Lll'z " oarea abap/heap_area_nondia ztta/roll_extension
except - or HM exhausted or EM exhausted
Windows
Time
Local

memory

Shared

memory

m As of SAP R/3 Release 4.0A (with implementation of the Zero Administration Memory

Management), Windows NT/2000 uses the same allocation sequence for non-dialog work processes

as for dialog work processes.

© SAP AG
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AP

® SAP memory allocation

> m Freeing heap memory

© SAP AG 2003

© SAP AG BC315 3-39



Freeing Heap Memory (1)

Swap

© SAP AG 2003

Roll
area

Paging
area

©

[
>
o
c
a
©
e

Roll
Heap memory is e

released by the work —
process after use area

{ Heap
memo%
e

Extended
memory
(shared)

L |
L
— 1
[
L
— 1

1

]
I
1]

© SAP AG
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Freeing Heap Memory (2)

Roll Roll
area But on UNIX OSs area
used swap space is :
Paging  not freed by the L
area .
operating system =
ea
4' { memg
L | [— e e Extended
| .| L ] e e memory
e | L] e e
(shared)
| ] L] e e
| ] L ] e e
| 1 L] e e
| 1 1 | e

Swap

© SAP AG 2003
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Freeing Heap Memory (3)

roi | When the limit set in
abap/heaplimit is
oaci reached, the work
%9M9 " process is flagged for
automatic restart ceslp .-
E—— — ) s S Extended
| .| L ] e e memory
= S L] e e (Shared)

Swap

© SAP AG 2003

m [f the heap memory consumption of a work processes exceeds abap/heaplimit, after ending the
transaction, the heap memory is automatically released and the work process restarted to release the
swap space.
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Parameter ABAP/HEAPLIMIT H'
AT

4
@ Restart
& of WP 1
Q
©
% :
> A
o
S
()]
= \
abap/heaplipit &) o

Swap space of WP 1

Used memory for WP 2

© SAP AG 2003

—~ Vv

m Operating system swap space is saved through parameter abap/heaplimit.
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Memory Management Parameters !’
DA

DIA
ztta/roll_first l Roll Roll buffer l
— ———— rdisp/roll_SHM
area
ztta/roll_area

omo =
memory rdisp/roll_MAXFS

For the current recommendations,
see SAP Note 103747

abap/heap_area_dia V

abap/heap_area_total
| ztta/roll_extension

1NN
e Ve SES——— — Extended
A/ ] — memory
e o—— (shared)
) ee—— S—— —
EEEa— . . e\ E—
em/initial_size_MBy | S——=== | L s

© SAP AG 2003

m ztta/roll first:
Defines the first part of the roll area that is allocated to a dialog process
m ztta/roll _area:
Defines the total roll area per work process
m rdisp/roll SHM:
Defines the size of the roll buffer
m rdisp/roll MAXFS:
Defines the size of roll buffer and roll file
W em/initial size MB:
Defines the fixed size of extended memory
W zita/roll_extension:
Defines the user quota for extended memory
W abap/heap _area_dia:
Defines the limit for the amount of local memory allocated to dialog work processes
W gbap/heap area_nondia:
defines the limit for the amount of local memory allocated to non-dialog work processes
B abap/heap _area_total:
Defines the limit for the total amount of heap memory allocated to all work processes
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Demonstration: Testing Memory Limits (1) H’
AP

Objectives

In this demonstration you will:
e See how SAP memory management monitors are used

® Learn more about the SAP memory allocation sequence

Activities

® Your trainer restarts the system and executes report
ZBC315_USE_MEM to allocate different amounts of SAP memory

® Your trainer shows you how the Setups/Tune Buffers monitor
(transaction ST02) and the Work process Overview (transaction SM50)
are used to monitor the amounts of allocated SAP memory

© SAP AG 2003

REPORT zbc315 _use_mem .

* report for checking memory limits

PARAMETERS mb TYPE i.

DATA itab(1024) TYPE ¢ OCCURS 0.

DATA str(1024).

DO mb TIMES.

DO 1024 TIMES. APPEND str TO itab. ENDDO.

ENDDO.

SKIP.

WRITE: / 'Currently', mb, 'MByte memory in use for this transaction.'.
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Demonstration: Testing Memory Limits (2)

® Parameters to be set:

m em/initial_size_MB 250
m ztta/roll_extension 180 000 000
m abap/heap_area_dia 150 000 000

® Problems:
m Processes in mode PRIV

m ABAP program terminates when no more SAP memory is
available (error message TSV_TNEW_PAGE_ALLOC_FAILED)

© SAP AG 2003

®m Your trainer restarts the system with the above parameters.

m These parameters can be displayed in the screen Current parameters. Use the Setups/Tune Buffers
monitor (transaction S702) and choose Current parameters.

m To cause a specified amount of memory to be used, the trainer uses report ZBC315 USE _MEM.
First the trainer allocates 50 MB of memory to be used. This can be monitored using the Mode List.
Function. Use the Setups/Tune Buffers monitor (transaction S702),and choose Detail analysis menu
— SAP memory — Mode list.

m Next, the trainer allocates another 200 MB of memory. As can be seen in Mode List, the newly
opened session is now also using heap memory. As can be seen in the Work Process Overview
(transaction SM50), this causes the corresponding work process to enter PRIV mode.

®m Your trainer allocates 400 MB of memory. The lack of sufficient SAP memory causes the report to
terminate and a dump log to be written.
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SAP Memory Consumption

Field description 75.50 4z, : :

[=H]

.348 37.125 92,81 60.001 50.049 a8, 41 o 1.939
Short NTAB 95,0 4.8438 2.43 a7, 24 60.861 50568 499,28 a 432
Initial records 89 84 6.348 3.798 94 95 G0 .881 59427 99, 84 o 574
Program 81,54 410,576 260,861 65,22 100,000 97.557 97,56 0 7.329
CuA 94,90 5.000 4.158 91,40 2.500 2.453 96 12 ] 0
Screen 97,28 19.531 18.819 97 67 4.500 4442 a8, 71 ] 63
Calendar 80,80 433 403 84 1 200 a9 49 50 L] 101
Tables
Beneric key 96,79 78.125 67.721 88,37 10.008 9.344 93,44 L] 1.742
Single record 74,69 50. Q00 49320 98,77 500 467 93,40 L] o
Export/import 99,65 20. 000 18.412 99,38 8.192 B8.134 99,29 o 1]
SAP memory Current use Max. use 1In memory On disk SAP cursor cache Hitratio
(%] [kE] [kB] [kB] [kE] [*]
Roll area 40,12 32_416 42 498 24 080 568680 1Ds 91,72
Paging area Q92 1.224 40,328 221.824 Statements 54,00 |
Extended Memory 254 976 254 976 254 976 i
Heap Memory 561 8.121 f

© SAP AG 2003

m [n the Setups / Tune Buffers monitor (transaction S702), you can see that the SAP extended memory
is completely in use.
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Mode List

In transaction ST02, double-click Extended memory, and choose Mode list.

Ext Mem| Heap I mode | E mode [I mode 8|1 mode 1|1 mo
No. | Name fttchd | [kB) [kB] |61ob1/KE|Glob1/kB| [KE] [KE] Ik
g~ g~
1 | SAP_PERF 644 0 1] 0 644 1]
2 | SAP_PERF 1.878 142 ] o | 1.878 1]
3 | SAP_PERF 644 0 ] 0 644 0
4 | SAP_PERF B4 0 ] 0 644 0
5 | SAP_PERF 1.884 142 ] D | 1.884 B
6 | SAP_PERF 1.879 142 ] 8 | 1.879 ]
7 | SAP_PERF 1877 124 ] 8 | 1.877 ]
& | SAP_PERF 877 124 ] a | 1.877 ]
9 | SAP_PERF 878 142 ] 8 | 1.878 ]
18 | SAP_PERF 984 8 ] 8 | 2.984 ]
11 | SAP_PERF 872 126 ] 8 | 1.872 ]
12 | SAP_PERF 878 142 ] 8 | 1.878 ]
13 | SAP_PERF fid4 8 ] i 6544 ]
14 | SAP_PERF 526 i 1] i 597 | 1.829
15 | SAP_PERF 644 0 0 0 644 0
16 | SAP_PERF X . 501 8 ] 0 507 | 1.984
17 | SAP_PERF X 2,447 0 ] 0 597 | 1.848
18 | SAP_PERF 547 166 ] i 597 ]
19 | SAP_PERF 1.567 115 ] i 597 ara
20 | SAP_PERF 2.395 8 ] i 597 | 1.798
21 | SAP_PERF 890 8 ] i 890 ]
22 | SAF_PERF 597 166 ] i 597 ]
23 | SAF_PERF 390 [} ] i 898 ]
24 | SAP_PERF 890 ] i 890 ]

© SAP AG 2003

m Call the Setups / Tune Buffers monitor (transaction S702), and choose Detail analysis menu — SAP
memory — Mode list. You can see that several work processes need to allocate SAP heap memory.

® Each modus using heap memory correlates to one dialog work process in PRIV mode. In the
example above at least 11 dialog work processes of the monitored instance are in PRIV mode.

m “Attchd” stand for “Attached”. This flag is set when a work process is working on a request by a
user. This means that of the 11 dialog work processes in PRIV mode shown above NONE is
currently working on some request, but waiting for the next request by “their” user. Two dialog work
processes, that are not in PRIV mode, are currently working on some user requests.
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Work Process Overview

Process Programifode List Edit  Got fings Syst Hel
(V] B dH G DHE 8hon @@
Process Overview
DO0EHEH U TE | AF|ERE M BEchse @se | TEAZE|®
/ \
No Ty. PID Status / Reash Start Err Sem CPU Tine Report C1. User Action
[ @ pIa 385 Stapped! PRIV\Y&S 1 18 960 SAP_PERF
[ 1 DIA 668 stoppec PRIV {Yes 1 33 900 SAP_PERF
[~ 2 DIA 436 stoppeg PRIV |Yes 44 900 SAP_PERF
[ '3 DIA 553 stoppeq CPIC fes 1 34 SAPLSFTP 00O SAPSYS
[ 4 DIA 418 stoppeq PRI¥Y Jes 34 500 SAP_PERF
[ BEEEDIA 362 Runnin es 2 2 SAPLSDIF 980 SAP_PERF
[ B DIA 352 Runnin es 2 2 SAPMSSYD 980 SAP_PERF 1
[ [ 7 DIA 153 stopped PRIV Jes 18 900 SAP_PERF
[ | 8 DIA 550 stoppedq PRIV Jes 1 2] 900 SAP_PERF
[ 8 DIA 707 Runnin es 2 1 SAPMSSYOD 9080 SAP_PERF
[ 18 DIA 330 Running es 1 SAPLTHFE 980 TRAINER
[ B pIa 304 stoppec) PRIV J¥es 1 50 900 SAP_PERF
L BEloIs 375 stopped) PRIV JYes 21 900 $AP_PERF
L EESESDIA 311 stopped\ PRIV J Yes 1 ] 900 SAP_PERF
[ ‘14 DIA 4139 Running Yos | 2 SAPLSXCH 980 SAP_PERF Load program
[ (15 WPD 322 Running Yes 900 SAP_PERF
[ (16 UFD 270 waiting Yes
C (17 uPD 482 waiting Yes
[ ‘18 UPD 360 waiting Yes
[ 19 END 421 waiting Yes
[ 128 BGD 433 waiting Yes
[ 21 BGD 336 waiting Yes
[ f220isp0 373 waiting Yes
[ i23 uP2 285 waiting Yes

m The Work Process Overview (transaction SM50) shows that the work processes that need to allocate
SAP heap memory enter PRIV mode. These work processes are locked to one particular user.
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Analysis Roadmap: Memory Configuration H’
AP

O

Check SAP memory configuration in the Setups/Tune Buffers monitor (transaction S702)

Many SAP buffer swaps

-©

q?@ If enough physical main memory is available, increase SAP buffer size
SAP extended memory is full if Max. used > 80%In memory
ST02: Detailed analysis of SAP memory using the Mode List

Single users with very high extended memory consumption

Identify and analyze respective reports/transactions

50

ﬂ@ If enough physical main memory is available, increase SAP extended memory

ztta/roll_first > 10247
dfe  ztta/roll_first =1

Roll buffer is full if for Roll memory, Max. used > 80%In memory

© ©

-ﬁ@ If enough physical main memory is available,
increase roll buffer (rdisp/ROLL_SHM)

© SAP AG 2003
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Workload Analysis Exercise H’
DA

®

© SAP AG 2003

Objectives

In this exercise, you will:

® Monitor current SAP memory usage in the system

Activities

® Your trainer starts the workload simulation

® Log on to the training system

e Use the relevant monitors to identify the performance problem

e Provide recommendations for solving the problem

© SAP AG

BC315
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Workload Analysis Exercise: Solution H’
DA

Identifiable problems:
® One program uses 150 MB of extended memory (60%)
® [nsufficient memory is available for other users

® Dialog work processes enter PRIV mode

Blocked work processes may cause system-wide wait time

© SAP AG 2003
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Insufficient Extended Memory H’
AP

Memory used

Roll

e Roll memory Heap memory

Local
memory

Shared
memory

© SAP AG 2003

m The parameter settings for roll memory and extended memory allocate only a small amount of
memory and thus force the work process to allocate heap memory too soon.
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Sufficient Extended Memory H’
A

Memory used

Roll

memory Extended memory Roll memory Heap memory

Local
memory

Shared
memory

© SAP AG 2003

m To avoid the problem of insufficient extended memory, you may need to increase the size of the
extended memory.
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Next Topic in Unit !’
AP

= ©® Implementing SAP extended memory

© SAP AG 2003
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SAP Extended Memory on UNIX (1) H’
AR

eml/initial_size_MB  abap/heap_area_(non)dia

User-independent data User context
Local | SAP buff Roll Extended H
WP uffers memory xtended memory eap memory

Address space (2 to 3.8 GB)

SAP
work
process Local
memory
Shared
Address space restriction memory

due to 32 bit architecture

© SAP AG 2003

m The parameter em/initial_size_MB is operating system-dependent in that it is restricted by the
address space of the work process.
¢ For 32 bit architecture, the address space is <4 GB (in some operating systems even smaller).
* For 64 bit architecture, the address space is < 1.8*10"® bytes.

m For 32 bit architecture, SAP recommends using em/initial size MB <= 2GB, (and even less for
some operating systems). For detailed recommendations, see SAP Notes 97497 (for SAP R/3
Releases 3.x) or 103747 (for SAP R/3 Releases 4.x).

® The amount of extended memory should be proportionate to the amount of physical memory.
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SAP Extended Memory on UNIX (2) H’
AR

eml/initial_size_MB  abap/heap_area_(non)dia

User-independent data User context
Local | SAP buff Roll Extended H
WP uffers memory xtended memory eap memory

Address space (2 to 3.8 GB)

SAP
work
process Local
memory
Shared
Address space restriction memory

due to 32 bit architecture

© SAP AG 2003

m For general recommendations, see:
* SAP Note 97497 Memory Management Parameter (3.0/3.1)
* SAP Note 103747 Performance 4.0/4.5: Parameter recommendations
* SAP Note 146528 Configuration of R/3 on hosts with much RAM
m For AIX, see:
* SAP Note 28992 AIX: Number of shared memories exceeds 10
* SAP Note 95454 A lot of extended memory on AIX
¢ SAP Note 117267 AIX 4.3.x: Shared memory segments larger than 256MB
* SAP Note 124555 AIX: Recommendation for maximum extended memory
* SAP Note 128935 AIX 4.3, large memory configuration
m For HP-UX, see:
¢ SAP Note 43427 HP-UX: Shared memory Limits
* SAP Note 106819 More than 1.75GB Shared memory for SAP R/3 on HP-UX
m For Tru64-UNIX, see:
¢ SAP Note 30606 Entries in /etc/sysconfigtab under Digital UNIX
* SAP Note 32915 OSF1 Kernel Parameters for 3.0x memory management
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Benefits of 64-Bit Address Space for SAP Systems H’

® Much more extended memory available
m No need to save shared address space
m Increases only swap space requirements

® No exclusive work process allocation by inactive users
(PRIV modes)

Minimal use of roll memory
Significantly reduced administration

m General purpose setup possible

= Uniform, optimal setup for both dialog and background
processing

m No performance loss due to sub-optimal setup
® Note 146289: Recommendations for 64-Bit SAP Kernel

© SAP AG 2003
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Zero Administration Memory Management H’
DA

® This strategy simplifies See also
SAP memory management by: SAP Note 88416

m Reducing the number of parameters
m  Making manual settings unnecessary
® Dynamically allocated extended memory:
m Dynamically adapts to users' memory requirements

m Allows extended memory to enlarge to em/max_size_MB or until
the operating system paging file is full

® New SAP System parameter: PHYS_MEMSIZE
m Provides the basis for other memory management parameters

m  Makes it unnecessary to configure several SAP memory management
parameters — such as emvinitial_size_MB, and abap/heap_area_total

© SAP AG 2003

m With SAP R/3 Release 4.0A, the Zero Administration strategy has been introduced for Windows
NT/2000. In subsequent SAP Releases, it will be introduced on other operating systems.
m Since on Windows NT/2000 the parameter em/max_size_MB has a default value of 20 000, the size

of SAP extended memory is limited by the size of the address space of the Windows NT/2000
paging file.
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SAP Extended Memory on NT H’
AP

em/initial_size_MB

A
v

Extended memory (initial total)

em/address_space_MB abap/heap_area_(non)dia

Loca Roll
WP SAP buffers memory Extended memory Heap memory

Address space (approx.. 1.8 GB)

SAP work Local
process memory
: Shared
m Parameter em/address_space MB is for the amount S

of extended memory per work process

m Parameter em/initial_size_MB can be very large

© SAP AG 2003

The default value of ztta/roll_extension is 2 000 000 000, which effectively deactivates this
parameter. The limit for the user quota is given by the parameter em/address _space MB (as part of
the new Zero Administration strategy).

On instance start, the extended memory is allocated by em/initial _size MB

With NT, the amount of extended memory can increase dynamically up to em/max_size_MB, as long
as the maximum virtual memory (that is, physical memory plus swap space) is not yet exhausted.

m There are no address space restrictions for extended memory, which is restricted only by the
maximum virtual memory.

With NT, the recommendations for SAP extended memory are more generous than under UNIX.
However, parameter em/address_space_MB determines the user quota (that is, the amount of SAP
extended memory, which may be used by one single user context).

For up-to-date recommendations, please see related SAP Notes in the Online Service System (OSS):
* SAP Note 68544, Memory management under Windows NT

* SAP Note 88416, Zero Administration memory management from 4.04/NT

® The amount of extended memory should be proportionate to the amount of physical memory.
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Summary of this Unit !’
A

. Now you are able to:

® Outline the types of memory affected by SAP
memory management

Explain how these types of memory work together
Use SAP memory management monitors

Configure parameters as part of SAP memory
management

© SAP AG 2003
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Appendix: Menu Paths for SAP Memory

Management

® SAP memory consumption:
Use transaction code ST02.
® Current parameters:

In transaction ST02, choose Current parameters.
® Mode list:

In transaction ST02, double-click Extended memory, and choose Mode list.

© SAP AG 2003

m To access transaction S702 from the SAP Easy Access menu, you can choose Tools —
Administration — Monitor — Performance — Setup/Buffers — Buffers.
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Hardware Capacity Verification

1. Introduction to
Workload Analysis

2. Performance Analysis
Monitors

3. SAP Memory

Management

4. Hardware Capacity

Verification

D

5. Expensive SQL
Statements

J

© SAP AG 2003

4

6. SAP Table Buffering }

[\ 7. Interface Monitoring }
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Hardware Capacity Verification H’
AP

Contents:

e Definition and consequences of hardware bottlenecks

e Analyzing hardware bottlenecks

e Workload analysis exercise

® Making the most of existing hardware
e Appendix:

m Configuration example

© SAP AG 2003
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Hardware Capacity Verification H’
AP

© SAP AG 2003

Objectives:

At the end of this unit you will be able to:

e Explain why hardware bottlenecks may harm the performance of the
whole SAP System

e Identify hardware bottlenecks, such as:
® Inappropriate hardware (CPU, RAM, disks, network)
m Non-optimal workload distribution
m Expensive programs (inside or outside the SAP System)

® Prevent, detect, and solve hardware bottlenecks

© SAP AG

BC315
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First Topic in Unit !’
AP

= @ Definition and consequences of hardware
bottlenecks

© SAP AG 2003
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What is a Hardware Bottleneck? H’
YA

® From a user’s point of view:

m High response time for transactions
® From the system’s point of view:

m CPU utilization is nearly 100 %

= High average number of processes waiting for CPU (load
average)

m High paging rates
m High disk response times

m High network response times (ping)

© SAP AG 2003

m To check the system values, use the Operating System Monitor (transaction S706).

© SAP AG BC315
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Hardware Bottlenecks !’
AR

® Types of hardware bottlenecks

High paging rates /
High CPU utilization &
High disk read/write (1/O) times

High network response times

® Reasons

Incorrect sizing (physical main memory, CPU)

Incorrect workload distribution

Expensive programs (SQL statements, external programs)
Incorrect disk layout or slow disks

Incorrect network topology

© SAP AG 2003

®m This unit deals mainly with bottlenecks related to memory and CPU (as indicated by the check marks

above).
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Next Topic in Unit !’
AP

= @ Analyzing hardware bottlenecks

© SAP AG 2003
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Hardware Analysis Roadmap (1) H’
AP

I I Operating System Monitor (transaction ST06)
CPU idle <20%7?
Is there CPU capacity on other servers that is idle?

% Redistribute SAP work processes and users
Operating System Monitor (transaction ST06): Top CPU Processes

SAP work processes with high CPU utilization?

Work Process Overview (transaction SM50) or Systemwide Work Process
Overview (transaction SM66)

Detailed analysis of report or transaction

Database processes with high CPU utilization?

Database process monitor (transaction ST04; for example ORACLE session)

Detailed analysis of SQL statements

External processes with high CPU utilization?

—©

% Stop or redistribute
—9 High paging rate (> 20% of RAM per hour)?

© SAP AG 2003

m This roadmap guides you in analyzing your hardware capacity. First, call the Operating System
Monitor (transaction S706). If the idle CPU is indicated as being less than 20 %, there is a CPU
bottleneck. In an optimal configuration, more than 35 % CPU capacity is idle.

m [f there is a CPU bottleneck:

1. If possible, redistribute load to other servers.

2. To find out which processes are using the most CPU, in the Operating System Monitor choose
Detail analysis menu — Top CPU processes. If the processes have high CPU utilization, proceed
as follows:

- For SAP work processes ("disp+work"): Using the process ID indicated in 7op CPU processes,
identify the corresponding program name and user name in the Work Process Overview
(transaction SM50).

- For database processes (for example, "ORACLES.0"): Identify corresponding long running
SQL statements in the Database Process Monitor. To access this monitor, call transaction ST04
(Database Overview), and choose Detail analysis menu. Then choose, for example, Oracle
Session.

- For external processes, find out whether the process can be stopped or redistributed.
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Hardware Analysis Roadmap (2) H’
AP

Operating System Monitor (transaction ST06)

CPU idle < 20%?

High paging rate (> 20% of RAM per hour)?
Memory capacity free on other servers?
dfe  Redistribute SAP work processes and users

File system cache > 10 % of RAM?

0 0

-@@ Reduce file system cache

Setups/Tune Buffers monitor (transaction ST02): Mode List
Programs / transactions with high memory consumption

ﬂ@ Detailed analysis of report or transaction

© SAP AG 2003

m [n the Operating System Monitor (transaction S706), note the amount of memory indicated beside
Physical memory available. Compare this figure with the paging rate. To obtain the paging rate,
double-click Pages in/s. The paging rates for the last 24 hours are displayed in the columns Paged in
[Kb/h] and Paged out [Kb/h]. If 20% of the total amount of physical memory is greater than the
amounts indicated in these columns, you can normally be sure there is no memory bottleneck.

m [f there is a memory bottleneck:

1. If possible, redistribute load to other servers.

2. Check the size of the file system cache — See SAP Note 78498 in the SAP Service Marketplace. If
necessary, reduce file system cache to < 10% of the total physical memory.

3. To identify users and their programs with a high memory consumption, call the Mode List for
the extended memory. To do this, in the Setups/Tune Buffers monitor (transaction S702), choose
Detail analysis menu — SAP memory — Mode List.
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Response Time Components H’
AP

The total response time consists of:
Wait time

Roll time

Load time

Enqueue time

Database request time

Processing time, including:
m ABAP processing time-share of total CPU time
m Work process waiting for CPU
= Waiting for 1/0O

© SAP AG 2003

® Time spent in SAP work process = Response time - Wait time

®m Processing time is the actual time required to process the dialog step inside the SAP work process.
Processing time = Response time - wait time - database request time - roll time - load time - enqueue
time.

®m Processing ABAP statements requires CPU. The more statements there are, the more CPU time is
required. Ideally, most of the processing time is used for processing ABAP statements. To achieve
this, you require:
* A low operating system overhead (the time that an SAP work process waits for CPU)
¢ Short I/O wait times, which occur, for example, when accessing external files, or as as result of

network time (RFC/CPIC)
m CPU time is also required for database access time, roll time, load time, and enqueue time.

© SAP AG BC315 4-10




Hardware Analysis Roadmap (3) H’
AP

Workload Monitor (transaction STO3N)
Wait time > 10% of response time
General performance problem

High database time: Database time > 40% (response time - wait time)

Detailed analysis of database

Processing time > CPU time x 2

5%6°

Detailed analysis of hardware bottleneck

Load time > 50 ms

Detailed analysis of SAP memory config. (program buffer too small?)

Roll in/ roll out time > 20 ms

Detailed analysis of SAP memory configuration (problems with
extended memory or roll buffer?)

656

© SAP AG 2003

m This part of the roadmap guides you in analyzing workload data when looking for hardware
bottlenecks:
1. Call the Workload Monitor (transaction STO3N). In expert mode, choose detailed analysis — Last
minute load. Select the current application server.
2. In the statistics displayed, a hardware bottleneck may be indicated if the following figures are
significantly high:
- Average wait time
- Average load time and average roll time
- Average database time
m A high average wait time means all programs are running slowly and blocking the work processes
for a long time. A high average load time and high average roll time mean that loading and rolling
are slow. A high average database time means the database is running slowly and may indicate a
hardware bottleneck on the database server.
m From the statistics displayed, you can calculate the processing time as equivalent to response time
minus the sum of wait time, database time, roll time, load time, and enqueue time. A large
processing time means the work processes are waiting for CPU while processing ABAP programs.
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Workload Analysis Exercise H’
DA

Objectives:

In this exercise you will learn how to:

e Analyze a hardware bottleneck

Activities:

After your trainer starts the workload simulation:
® Log on to the training system

® Analyze the performance problem

e Use transactions SM50, STO3N, and ST06

® Make suggestions for tuning

© SAP AG 2003

m Transaction SM50 is the Work Process Overview.
m Transaction STO3N is the Workload Monitor.
m Transaction S7T06 is the Operating System Monitor.
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Exercise Analysis: Work Process Overview

e I
& 3dH eae SHER OEDOLO BRI @
Process Overview
S oBE@E A P ET AT EEE & Gcams: s | TEHZE B

No Ty. PID Status Reasn Start Err Sem CPU Tine Report C1. User Action Tahle
1 8 DIE 525 Running Yes 15 SAPLYDGT 900 SAP_PERF Direct read VEKD
1 1 DIe 518 Running Yes 1 SAPLSZAD 900 SAP_PERF Sequential read LDRG
(1 2 DIn 196 Running Yes 1 SAPLSZAD 900 SAP_PERF Sequential read ADRCT
(10 3 DIn 291 Running Yes SAPLYSA1 9@ SAP_PERF Sequential read KNYD
(1 4 DIn 172 Running Yes 4 SAPFMMEX 900 SAP_PERF
1 5 DIn 434 Running Yes 1 CL_DD_AREA 900 SAF_PERF
(1 6 DIa 39 Running Yes 1 SAPLCNTH 980 SAP_PERF
(] 7 DIn 440 Running fes 30 SAPLYASW 9p0 SAP_PERF Sequential read VEDA
(] 8 DIn 396 Running fes az SAPLSDOO 0eo SAPSYS Sequential read (
1§ DIk 390 Running fes SAPLTHFE 900 TRAINER
1 10 UPD 560 Running fes 16 RSM13000 9608 S48P_PERF Cammit
[1 11 UPD 478 Running Yes 14 SAPLY4GY OO0 GAP_PERF Update VBES
[1 12 UPD 369 Running Yes 12 SAPLYDGT 9600 SAP_PERF Delete VEPYE
[1 13 UPD 500 Running Yes 14 SAPLY4GY 900 SAP_PERF Update VBES
[ ] 14 END 552 waiting Yes
(] 15 BGD 530 waiting Yes
(] 16 BGD &08 waiting fes
(] 17 sPO 373 waiting fes
(] 18 UP2 425 waiting Yes

&
\

© SAP AG 2003

m To access the Work Process Overview, use transaction SM50.
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Exercise Analysis: Workload Monitor

g

JTHICE ESHE SDon I BE @ m
Last Minutes [ oad on twdf0544 DEV 00
= = | (5| Full screen ondoff | |68 Save view

anExpertmode Bl |

Instance teedf0544_DEY_00 Start of interval 25.03.2003 19:10:00
S 4‘2 Worklnad Period User-defined End of intereal 25.03.2003 19:30:00
b E twoios4s DEV 00 Tasktype All Time period 0 Day(s) 00:20:00
b @ Total
= Detailed analysis
ﬁ] Busingss transaction analy Times k Database k Raoll infarmation k Parts of response time k All data

< [t Last minutes load
Rt Y E R ER ER = R ER R

[> A& Load history and distribution . g R
b B Collector and performance 08 | |VVOrkload overview: Average time per step in ms

Tasktype .| Mumber of .. |@ Respo..| @ CPU~ @ DB~| @waittime @ Roll-in~| @ Roll-wait~|@ Load~ + Gen.~| @ Lock~
AutoABAP 4 | 176.40 1.836,0 | 150.876,3 12 683,5 14,8 0.0 3485 1,3
Background 32 [ 11.394,1 44,0 2.3143 89014 0,3 0.0 21,8 0,1
Buffer syn.. 10 1123741 - g > . ali] 0.0 0,0
Dialog 504 | 156208 256,5 2.8911 9.831,0 2 1.087.7 378

RFC 1] 200213,0 m,u g oo g oo 1K) 2.0 0,0
Update 244 (110413 21,7 8.765,1 1.978,8 0,0 0.0 17.4 1.3

[ mED|
= B Analysis views
A2 workload overview
B [0 Transaction prafile
B Application statistics
(B Time profile

© SAP AG 2003

m To access the Workload Monitor, use transaction STO3N.
m Calculate the processing time as follows:
®m Processing time = Response time - Wait time - Database time - Roll time - Load time
=15620 - 9831 - 2891 - 1064 - 38
= 1796 ms
The processing time is thus more than twice the average CPU time:
1796 (processing time) / 256 (average CPU time) = 7
m This indicates a resource bottleneck. In this example, the CPU bottleneck is caused by external
operating system processes consuming CPU.
m Notice the large wait time, database time, and load time.
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Exercise Analysis: Operating System Monitor

Mdonitor

2l @EaG SHE Hh o

L ocal (lwdf0544) / Operating System Monitor: Windows NT
Refresh display | Detail analysis menu | Operating Systemn collector
Tue Mar 25 19:22:23 2003% interwal 1@ SEC. E
CFL [~]
Utilization user S 108 Gount
system % [l Load average 1 min
idle % C o) 5 min
System callsis 14 15 min
Interruptsis 145 Context switchesis _|
Memary
Physical mem avail Kb 2 095 544 Fhysical mem free Kh 714 . 200
Pages inis 0 Kb paged inis a
Pages out/s 63 kKh paged outis 252 E
[0l [ |[«][+]
| d 7

© SAP AG 2003

m To check for problems at operating system level, use the Operating System Monitor (transaction
ST06).

m Notice the high % CPU utilization: user 100 %, system 0 %, idle 0 %.

® Why is the CPU usage at 100 % capacity?
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Exercise Analysis: Top CPU Processes

Maonitor
@ BlaH @0 ODHE hLon BE @
Local (twdfo544) 7 Top CPU Users

Refresh display

Tue Mar 25 19:19:31 2003# interwval 10 Sec el
Fid Instance Command CPU Uti1 CPU Time Working Private Prior. LTl
[%] [=] =et [KE] pages [KEB]

348 DR_WATSON 84,24 5 204 172 ]
&l DR_WATSON f0,22 B 204 172 8
196 | [WP] DEY_ON Trrroysas) S 3:4 | 152.552 35.376 g
173 [WP] DEY_BO |disp+work 4,681 2:5 | G30.328 35476 8
361 ORACLEBD 3,43 54:2 222.812 294 834 8
291 [WP] DEV_BO |disp+work 3,43 2:4 | 130.736 34 .648 g
434 [WP] DEV_BO |disp+work 2,86 2:2 | 111.180 34.432 g
2 System 2,00 11:5 200 36 g
519 [WP] DEY_BO |disp+work 1,86 5:2 | 274.768 35. 656 ]

525 [WP] DEY_BO |disp+work 1,67 9:1 189,228 36.544 8 |
390 | [WP] DEV_00 |disp+work 1,43 2: 125.992 35.032 g
500 | [WP] DEV_00 |disp+work 1,14 a: 19.600 29,416 g
331 [ [WP] DEY_DO |disp+work 8,85 2:2 | 112 268 34 612 :
56O [WP] DEV_BO |disp+work o,85 0:5 21.880 30116 g
596 [DP] DEV_00 |disp+work o,57 o2 13.596 23.924 g
478 | [WP] DEY_00 |disprwork 8,57 0:2 20,448 30.028 g
440 | [WP] DEV_00 |disprwork 0,42 1:4 99.140 34.188 g
369 | [WP] DEV_00 |disp+work 0,42 8:1 19,436 29.720 g
211 PatralPert o,28 4:4 TRO a84 4
539 | [WP] DEV_00 |disp+work 8,14 0:3 4.552 29,288 g
278 saposcol o, 14 o: 1.808 1.808 8
459 [M5] DEV_BO |msg_server o,14 o: 1.1608 2.984 g

a
g

© SAP AG 2003

® From the Operating System Monitor (transaction S706), choose Detail analysis menu >> Top CPU
processes.
m Notice that the first listed CPU processes are currently using most of the CPU:
Process ID Command CPU Util %
630 DR_WATSON 84,24
382 DR_WATSON 80,22
m The DR WATSON processes are not related to the SAP system or to the database and therefore are
external processes.
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Exercise Analysis: Conclusion (1) H’
AP

c
(®)
=
©
-
c
o
0
o
S
o
==1 SAP wait
=
3 Work Work Work
b process process process
[}
» Database Database Database
g process process process
© External External External
) process process process
Q. process
< Database
process
Work
process
© SAP AG 2003

® We may conclude that external processes are causing a CPU bottleneck on the database server.

m Consequently, the operating system is too slow in executing SAP work processes and database
processes. SAP dialog steps are spending too much time waiting for CPU inside the SAP work
process or the database processes.
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Exercise Analysis: Conclusion (2) H’
AP

® External processes that may be creating
an unnecessary load on the CPU:

¢ Second Instance or another SAP System

¢ External system / external database

¢ Looping processes

¢ Running backup tool

¢ Other external tools or programs (for example, screen savers)

@ Solution:
Check if these processes are required to run the SAP System

m Ifyes — Use other machines, extend the hardware (CPU),
tune the processes

m Ifno — Terminate the processes

® In this example, the processes can be terminated

© SAP AG 2003

® One way of tuning the system in this case is to terminate the external processes that are creating an
unnecessary load on the CPU.
m Verify the solution by terminating the external processes and restarting the workload simulation.
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Checking Tuning Results (1) H’
AP

c
(o)
=
©
vl
c
o
0
o
S
o
| .
g’ Work Work Work
o process process process
0N
g Database Database Database
= process process process
© :
2 P
g p::zrekss
< e CPU wait
process
© SAP AG 2003

m Typically, not external processes but only the following processes run on the database server:
* SAP work processes of the central instance
* The database processes required for the database

m These processes have to share the available CPUs.

m As the database server is being accessed from all application servers, the performance associated
with database access is critical for overall system performance.

© SAP AG BC315 4-19




Checking Tuning Results (2) H’
AP

Edit Goto Monitor System  Help
BAH @ DRE OD
L ocal (twdf0544) / Operating System Monitor: Windows NT

Refresh display | Detail analysis rmenu | Operating Systern collector

Tue Mar 25 19:43:31 2003% interval 1@ Sec. El
CPL El
Utilization user % Count

system % Load average 1 min

idle % 5 min
System calls/s 2 hb 18 min
Interruptsis 154 Context switches/s _|
Memory
Physical mem awail Kb 2. 096 544 Physical mem free Kh 7a1.080
Pages infis o} Kh paged in/s 2]
Pages out/s 121 Kb paged outis 484 El

[~]

(L]l [ |[«][»]
| 4 7

© SAP AG 2003

Operating System Monitor

® To check CPU usage, display the Operating System Monitor (transaction S706).
m The CPU is less heavily loaded (44 % idle).

© SAP AG BC315
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Checking Tuning Results (3)

& A EHICER  ESHE SDOD I AR @
Last Minutes [ oad on twdf(544_DEV 00
$m = | i Full screen onfoff | R Save view

GaEspeit made Bl Instance twdfl544_DEV_00 Start of intarval 26032003 18:40:00
= 2 workload Period User-defined End ofinterval 26032003 2001500
D[] twims4d_DEV_00 Task type Al Time period 0 Days)  00:3500
b g Total
< [B] Detailed analysis
{8 Business transaction analy Times | Database | Rallinformation | Parts ofresponsetime | All data
= [l Last minutes load
twdfl544_DEV_00 ||E,|§|f|]|$|a|\ Sazz] Q|a|a|ﬂa|l
[> &4 Load histary and distribution B B B
b & Collector and performance 06 | |YVOTKload overview: Average time per step in ms
ool EE Tasktype .| Mumber of 5. |@ Respo. | G CELL oo o y il aaakaiion | G| ock~| A
L Y| [Dialog 23293429 | 3008 | 275 28 23 18 130 01 L1
~ BF Analysis views Update 262 169,7 AR = 4= - - ] 0,1
A2 warkioad overrigw
D [ Transaction prafile
Application statistics
(B Time profile
L[] [l
d 2

Workload Monitor

© SAP AG 2003

m [n the Workload Monitor (transaction ST03N), a comparison of the times before and after tuning
indicates:

* Response time: 15620 > 342 ms
* Wait time: 9831 > 2,8 ms
e Database time: 2891 > 27,5 ms
m Note that the average CPU time has not changed significantly:
CPU time: 256,5 is approximately the same as 300 ms

This is as you would expect, since the dialog step uses the same amount of CPU time in both
simulations.
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Next Topic in Unit !’
AP

= @ Making the most of existing hardware

© SAP AG 2003
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Optimizing Memory Configuration (1) H’
AP

\ j Memory for database (once per SAP system)
m Rule of thumb: 20% of the total physical memory (of all servers)

\ :f Memory for SAP buffers (once per instance)
m Approx. 500 to 800 MB (depends on applications used)

\ :f Memory for SAP work processes
m Approx. 30 MB per work process (initially — without any work done)

\ { SAP extended memory
m Approx. 10 to 20 MB per user

© SAP AG 2003
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Optimizing Memory Configuration (2) H’
AP

/ Physical main memory (RAM)
\,

= Virtual memory (in use after instance startup)
should be < 2* the physical memory

» Swap/Page space
\:] 3 x physical memory for UNIX-based systems

4 x physical memory for Windows based systems
At least 3,5 GB (for all systems)
20 GB for 64-Bit systems

/' Workload
\ m Number of active users

m SAP applications used

/" Using the tool: Quicksizer

\ m to be found here: http://service.sap.com/quicksizer

© SAP AG 2003
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Checking Virtual Memory Allocation

Storage Usage and Requirements

Shared rmermary detail Shared mermory technical

System: twdfoS44 DEY 0O Date 25.03. 2003
Yirtual storage usage and memory allocations Time 19:35:39

Storage shared between work processes

Memary key used free allocated
Mot in pool 911.8608 K 911.860 K
Total 911.860 K o kK 911.860 K

User storage for each of 18 work processes

Rol1 area 1.953 K Cursor Cache 2.008 K

Faging butter 1.200 K o+W user bss WO DATH

Short storage 1.367 K d+w user data WO DATA

Total 6.520 K

User storage for all work processes 117,360 K
Size of SAP executables (Disp+Work) Shared text WO DATH
Size of Extended Memory G63.552 K
Yirtual memory allocated *TOTAL* 1.692.772 K
ATTENTION : The size for the SAP executahles (disp+work) HOT INCLUDED
Maximum heap area for all work processes 1.953.126 K

© SAP AG 2003

m To check SAP virtual memory allocation for a specific instance, in the Setups/Tune Buffers monitor
(transaction S702), choose Detail analysis menu — Storage. The total memory allocated for this
instance is displayed beside Virtual memory allocated. To this figure, add the virtual memory
allocated to any other SAP instance or database running on this server.

m Compare the total virtual memory with the total physical memory. If the ratio is less than 3:2, you
can normally be sure that there is no memory bottleneck.

m [f the ratio is greater than 3:2, check how much of the allocated virtual memory is really being used,
especially in extended memory and the program buffer. To do this, in the initial screen of transaction
ST02, look at the columns Max. use [KB] and In memory [KB].
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Configuring CPU (1) H’

® For the database:
m Rule of thumb: 10 - 30% of the total CPU for all servers

m Ensure that there is never a CPU bottleneck
on the database server

® For update processing

m Rule of thumb: 10 - 20% of the total CPU for all servers
® For dialog / background processing:

= No general recommendation for CPU per user

m CPU required depends on applications used (see next slide)

© SAP AG 2003
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Configuring CPU (2) !’
SAF

CPU
usage
per
dialog
step

M Database

[ update

M Dialog FI WM MM sD PS PP

R/3 application

© SAP AG 2003

m This graph is from the R/3 Standard Application Benchmarks. For the complete documentation, in
SAPNet, perform a search for Benchmarks.

® CPU consumption per user differs substantially according to application. The calibration of the
vertical axis is defined by regarding the total CPU usage of an FI user as having a value of 1.

m The lowest part of the columns in the graph shows the database share of CPU consumption (10% to
15%); the middle part of the columns shows the update processing share (10% to 15%).

m Note that this graph does not take into account background processing or reporting activity. Thus, in
a normal system:
¢ The "dialog" part of the bar is split into dialog and background processing
* Reporting activity consumes more database resources.

®m Normally the database uses between 10% and 30 % of the total CPU of all servers.
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Summary of this Unit !'
A

. Now you are able to:

® Explain why hardware bottlenecks may harm the
performance of the whole SAP System

® Identify possible reasons for hardware bottlenecks:
= Inappropriate hardware (CPU, RAM, disks, network)
= Non-optimal workload distribution
m Expensive programs (inside or outside SAP)

® Prevent, detect, and solve hardware bottleneck
problems

© SAP AG 2003
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Expensive SQL Statements H'

1. Introduction to
Workload Analysis

2. Performance Analysis
Monitors

3. SAP Memory
Management

4. Hardware Capacity
Verification

Kl 5. Expensive SQL
Statements

R |
6. SAP Table Buffering }

[\ 7. Interfaces }
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Expensive SQL Statements H’
AP

Contents:

e Definition and consequences of expensive SQL statements

® Monitors for detecting and analyzing expensive SQL statements
e SAQL statement exercise
® Detailed analysis and tuning

e Workload analysis exercise

© SAP AG 2003
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Expensive SQL Statements H’
AP

Objectives:

At the end of this unit you will be able to:

e Explain why even a few expensive SQL statements may reduce
performance for the whole SAP System

e Use the monitors:
m Work Process Overview (transaction SM50)
m Transaction Profile (transaction STO3N; transaction profile)
m Shared SQL Area (transaction ST04; SQL request)
m SQL Trace (transaction ST05)
e Explain the most important tuning measures:
m Creating or changing an Index
m Checking the database optimizer decisions
m Optimizing ABAP coding

© SAP AG 2003
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Topics Covered Elsewhere H’
DAL

[ ]
. ® The BC5##/ADM5## Database Administration courses
for the respective database platform cover:

m General database tuning, such as tuning database
buffers, I/0, and redo logging

m Using STO04, state on disk, file system requests,
database message log, database wait situations

® The BC490 ABAP Performance Tuning course
covers:

m Avoiding expensive SQL statements
by efficient ABAP coding and indexing

m Using SQL trace, ABAP trace, ABAP debugger

© SAP AG 2003

m SQL statement tuning is a small part of database tuning, and is performed by many different people:
SAP System administrators, database administrators, ABAP developers, certified technical
consultants.
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First Topic in Unit !’
AP

= @ Definition and consequences of expensive SQL
statements

© SAP AG 2003
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What is an Expensive SQL Statement? H’
AP

® From a user’s point of view:

m High response time of transaction using the statement

® From the system’s point of view:

m Many data blocks are read to find the selected records

© SAP AG 2003

m [engthy response times result if the database needs a long time to return the requested data to the
SAP system, and the SAP system needs a long time to return the next screen to the user.

© SAP AG BC315
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Consequences of Expensive SQL Statements H’
AP

Application

Server ABAP program

A

Database instance

Database buffer process

BREE

Database

© SAP AG 2003

Database interface

Database

Database is busy reading many
data blocks

High CPU load on database server
Work process is blocked by report
=>» Wait times for other processes

Many blocks are displaced from
database buffer

=>» Cache hit rate for other SQL
statements suffers

Expensive SQL statements
reduce performance of the
entire SAP System

m For all databases, and both SAP and NON-SAP applications, expensive SQL statements can exhaust
hardware capacity and cause severe performance problems.

© SAP AG
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Next Topic in Unit !’
AP

=  ® Monitors for detecting and analyzing expensive SQL
statements

© SAP AG 2003
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Detecting Expensive SQL Statements H’
AP

® What to detect:

m Reports or transactions where the database request time is a large
fraction of response time

m SQL statements with a high number of buffer gets

® For each expensive SQL statement find out:
m Table name
= WHERE clause
m Indexes used

= Name of the report or transaction containing the statement

© SAP AG 2003

For each expensive SQL statement:
m To find out the name of the report or transaction that uses the SQL statement, use the:
* Work Process Overview (transaction SM50)
¢ Transaction Profile (transaction ST0O3N)
m To find out the names of the tables accessed, use:
¢ SQL trace (transaction S705)
¢ Shared SQL Area (transaction ST04 — Detail analysis menu — SQL request)
* Work Process Overview
¢ Database Process Monitor (transaction ST04 — ORACLE session)
m To find out the indexes involved, use the EXPLAIN function in:
* SQL trace
¢ Shared SQL Area
* Database Process Monitor
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Monitors for Detection and Analysis H’
DA

Transaction Work Shared SQL SQL trace  Where-used
profile Process area list
Overview
“3 STO3N “% SM50 or 3 ST04 —> Detail “® ST05 Y SE12 -
Transaction SM66 analysis menu — Utilities —
profile SQL request Where-used list
Learn the Learn the table = Learn the Learn the Learn the
report / name, and the = table name table name report /
transaction  report / trans- and the and the transaction
¢ Critical dNo information ¢ Report/ dTable name
transaction about report transaction required
must be active  name (as of name or user et
at time of SAP R/3 4.6C name required table |
analysis some a ad eis
information can used in many
be found) different places
© SAP AG 2003

m Performance monitoring methods other than those based on checking statistics have drawbacks. The
methods described here are all based on checking statistics.

© SAP AG
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Detection Using the Transaction Profile H’
DA

Times h Datahase h Parts of response time h GlUltimes h#\lldata |

FE ISR E R EBRIEREEEEE EE ER

Transaction profile: Times: T Total time (s), @ Time/step (ms)

Transaction name| Mumber of steps| Total reWMH&II CPU time (s)| @ CPU~ ToW—ﬁ.ﬂkﬂwaittime
WAD 155 C B.541 42.200,8 ) 161 [1.038,8 C 6.307 |40.689,7 ) 8,1
YADS a4 o 93 (10100 | ———— 147
YLOZN 83 141 1.695,5 70 | 8404 17| 2020 121
YFO1 102 104 1.015,8 47 | 4623 8 76,0 11,2
YLOTN 131 g4 F81,9 46 | 3482 g fd,3 £.2
YADS 83 87 1.081,1 53 | 6411 17| 1882 14,5

Transaction VA07 shows an "unusual” response time, caused by a high DB request time

© SAP AG 2003

m To access the Transaction Profile, call the Workload Monitor (transaction STO3N) and choose
analysis view Transaction profile.

m The screen shows an example where the database request time makes up more than 95% of the
overall response time.

m The excessively large request time is likely to be due to expensive SQL statements. If so, an SQL
trace (transaction S705) would be useful. Alternatively, the large request time may indicate a
problem with the database server.

® Depending on the workload caused by the expensive statements, other transactions may also be
affected. These transactions show a large wait time and possibly also a large database request time.
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Detection Roadmap (1) H’
AR

Workload Monitor (transaction STO3N)

In STO3N, go to the Transaction Profile (sorted by Response time total)

0 Programs where CPU time > 40% (response time - wait time)
o Detailed analysis using ABAP trace (transaction SE30)

Programs where database request time > 40% (response time - wait time)
SQL Trace

Detailed analysis of SQL statement

© SAP AG 2003

m This detection roadmap shows the procedure for using the Transaction Profile, accessed through the
Workload Monitor (transaction STO3N).

m Large database request times often indicate expensive SQL statements. Study the underlying SQL
statement in detail using the SQL trace (transaction S705).
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Detection Using the Work Process Overview H’
DA

a| DHE OOLD  FEE @

Process Overview
SOoBE@R AP EEET| R R E| & @ chose Foe | TEZ BB

/ N\

Mo Ty. PID Status  Reasn Start Err Gem CGPU Time  Report C1. User Letion / Table \
[1 O DIA G625 Running Yas 2 Z5ELECT 900 TRAINER Sequential read TADIR
[1 1 DIA &19 Running Yas 1 Z5ELECT 900 TRAINER Sequential read TADIR
[1 2 DIA 19G Running Yas SAPLTHFE 900 TRAINER
[] 3 DIs 291 waiting es
[] 4 pIn 173 waiting es 1
(] & DIn 434 waiting Yes
1 & DI& 3m waiting Yes
(17 DIA 440 waiting Yes

Find the information about accessed tables in transaction SM50

© SAP AG 2003

m To access the Process Overview, use transaction SM50. Refresh the data displayed at intervals of
several seconds.

m In the Process Overview, look for work processes with database actions such as sequential read,
direct read, update, insert, delete, and commit.

® The amount of time that a work process is occupied by a report is indicated if greater than one
second. If work processes are occupied for a long time by reports, the report name occurs repeatedly
in the Process Overview, as well as the table accessed by the report. In this example, ZZSELECT is
listed repeatedly in conjunction with table ZLIPS.

m [f work processes are occupied for a long time by reports, check for expensive SQL statements using
the Database Process Monitor (transaction S704 ; ORACLE session), and check for exclusive lock
waits using the Database Lock Monitor (transaction DB0I).
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Detection Using the Database Monitor

Monitar
24 HICE@ IEHE ah
Database Performance Analysis: Oracle Database Overview
Reset | Sincereset | Since DB stat | Detail analysis menu | &F Previous days ‘g Summa
Database DEY Database summary Day, Time 25 .03.2003 20:10:55
DB Server TWDFO544 Start up at 21.03.2003 19:298:39
Release 8.8.5.1.1 Elapsed since start (s) 348.076
Data buffer p—
Size kb 145.920 Reads 122 476287
Quality % 99,7 Physical reads 335 613
writes 33.675
Buffer busy waits 2. 140
Buffer wait time 5 538
Shared Pool Log buffer
Size kb 103,452 Size kb 1.032
DD-Cache guality % a1 .9 Entries 427 G676
S0L Area getratio % a8 Mlacation retries 15
pinratio % 108 MTaoc fault rate % oo
reloads/pins % 0,018 Reda Tog wait S 8
Log files (in use) 8 (8)
Calls
User calls 1.046.148 Recursive calls 595.872
commits 28066 Parses 98.838
rollbacks REY User/Recursive calls 1.8
Reads / User calls 1171
© SAP AG 2003

m To check for expensive SQL statements and other database problems, use the Database Monitor.
There is a Database Monitor for every database system. To call the Database Monitor, use
transaction S704, or, from the SAP Easy Access menu, choose Tools — Administration — Monitor
— Performance — Database — Activity.

®m [mportant statistics displayed in the Database Monitor include:

* Reads (logical reads)

* Physical reads

* Data buffer size and quality

¢ Shared pool size and quality

* Ratio of user calls to recursive calls
* Ratio of reads to user calls

m NOTE: Detailed database tuning is specific to the database platform and is therefore covered in the
respective Database Administration course (BCS##/ADMS5##).
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Detection Using the Database Process Monitor

Database Perfonnance: Active Sessions
&S & T RI3 WPs SOLtext | (@ Lockwaits =]

25.03.2003  20:21:03 Active sessiong
Database server: twdfo544

5ID |ORA proc. [CInt system Clnt proc. Status Event S0L statement
1| 00OEE TWDOFOS544 Shadow ACTIVE pmon timer
2| oeash TWDOFO544 Shadow ACTIVE rdhmns ipc message
3| 0013E TWDOFOG44 Shadow ACTIVE rdhms ipc message
4| 0OBE3 TWDOFOG44 Shadow ACTIVE rdhms ipc message
5| 00135 TWDOFOG44 Shadow ACTIVE rdhms ipc message
[ elelelts TWDFD544 Shadow ACTIVE sman timer gselect from f
7| Bepac TWDFOG44 Shadow ACTIVE rdhms ipc message select from p
8| eo1F2 TWDFO544 440: 349 ACTIVE dh Ti11e scattered read SELECT FROM *
9| 06185 TWDFO544 291:2495 ACTIVE db file scattered read SELECT FROM *
11| 00160 TWDFO544 539:584 INACTIVE |SOL*Net message from client UPDATE "TSTO
13| BO1ES TWDFO544 519:557 ACTIVE db file scattered read SELECT FROM *
14| 00240 TWDFO544 ACTIVE db file scattered read SELECT FROM *
16| BA1CC TWDFO544 : INACTIVE |SOL*Net message from client UPDATE "KOCLU
17| 00244 TWDFO544 GO8: 537 INACTIVE |SOL*Net message from client UPDATE "TSTE
18| 0E217 TWDFOG44 380:318 ACTIVE db file scattered read SELECT FROM "
19| 00192 TWDFO544 196327 ACTIVE dh Ti11e scattered read SELECT FROM *
200810 TWDFO544 GO0 361 INACTIVE |SQL*Net message from client DELETE FROM *
21| BO1EE TWDFO544 552:479 INACTIVE |SOL*Net message from client SELECT FROM *
22| Ba1a TWDFO544 J69:607 INACTIVE |SOL*Net message from client UPDATE "KOCLU
23| BO1CE TWDFO544 478326 INACTIVE |SOL*Net message from client UPDATE "VBES"
24lnntdn TUNFARAA ROR-R27 ACTTYE fh fila crattered road CELECT FROM_"

© SAP AG 2003

m To call the Database Process Monitor, use transaction S704, or, from the SAP Easy Access menu,
choose Tools — Administration — Monitor — Performance — Database — Activity.
Then choose Detail analysis menu — ORACLE session (or Informix session or SQL processes, as
appropriate).
m [n the Database Process Monitor for an ORACLE database, beside each ORACLE process listed in
column ORA proc, you find the following information:
* Client process (column Clnt proc)
In this column, the number before the colon is the PID of the related SAP work process. Use the
PID to identify the related SAP work process in the Work Process Overview (transaction SM50).
* Client System (column Cint system)
This column identifies the application server on which the related SAP work process is running
¢ Status
In this column, SQL statements currently being executed on the database are marked active. Use
the filter option to show only the active statements.
m To find out the text of the full SQL statement, position the cursor on the relevant row and double-
click. From the subsequent screen, you can execute an EXPLAIN.
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The Database Process Monitor

Databhase Perfonnance: Active Sessions

& Explain | ([
25.03.2003  20:24:08 Active sessions
Database server: twdfB5d4
SID [ORA proc. |Glnt system Cint proc. Status Event

13| B01ES TWDFOS544 519:557 ACTIVE db file scattered read

14| 00240 TWDFOS544 1730334 || ACTIVE dib file scattered read

15| 081 CC TWDFO544 BB 487 INACTIVE |S0L*Net message from client
Detailed Information for S1D 14
Event (Wait reason) dh file scattered read
Client Host TWDFOE44
Client Program G:hvusrhsapiDEVASYShexe\runidi sp+work EXE
SELECT

B
FROM —

"ZLIPS" Action Tahle
WHERE

"MAWDT" = A0 AWND “MATNR" = A1 AND “"WERKS" = (42 AWD "LGORT" = :A3% .

Sequential read ZLIPS
Seguential read ZLIPS

[ 3 DIt 291 Running il 74 ZZSELELT 900 SAP_PERF Sequential read ZLIPS
(I J0IA 173 Running fes 52 ZESELECT agp SAP_PERF Sequential read LIPS |
(1 &5 BOIR 434 Running Yes 114 SELECT oy 5AF_PERF seguential read LIPS
(1 & DIn 391 Running Yes 11 ZZSELECT o8 S5AP_PERF Seguential read ZLIPS
(1 7 DIA 440 Running Yes 93 ZZ5ELECT e SAP_PERF Seguential read ZLIPS
(1 & DIL 296 Running Yes 86 ZZSELECT age SAP_PERF Sequential read ZLIPS
(1 9 DIL 298 Running Yes G4 ZZSELECT age SAP_PERF Sequential read ZLIPS
M 4n non Een Wit na van

© SAP AG 2003

m The Database Process Monitor (transaction S704; ORACLE session) can be used to analyze high
CPU usage on the database server caused by expensive SQL statements. The Database Process
Monitor enables you to display:
¢ Database processes and the associated client processes (typically SAP work processes).

* The SQL statement currently being processed. (To reveal the statement, double-click the
ORACLE process name.) This is useful for statements that run for at least several seconds — short-
running statements that are not expensive disappear too fast.

m Screen A, showing the Database Process Monitor, indicates that database process 334 is associated
with the client process 173 on machine TWDF0544.

m After double-clicking the line containing this ORACLE process, the Database Process Monitor
displays the expensive SELECT on table ZLIPS: This statement is expensive because ZLIPS has
many records and the WHERE clause is not supported by a suitable index. The EXPLAIN function
for this SQL statement would indicate that a full table scan is being used.

m Screen B, showing the Work Process Overview (transaction SM50) for application server
TWDFO0544, identifies process 173 as an SAP work process that is currently processing program
ZZSELECT.
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Exclusive Lock Waits (1) H’
A

c . R e— -
& e Ic@an SHE DDOoOH "
ABAP Debugger
= & [ [ watchpoint

[ Fiewss | Tapie | Breakpoints [ watchpoints | cans || oveniew | settings
Main prograrm ZBC315_LOCK Fixed ptarithrmetic
Source code of ZBC316_LOGK B 14 |- 22 |w|Eg

Event Start-Of-Selection

. :
set an exclusive database Tock Brgem Ef Goo Unies Exiamme Sgem el w
Select Single For Update * From Wriv :
g B
Where Object 0 4 | e @ Q | Q IHI [ﬁ x

And Subobject
And Nrrangenr

ABAP Editor: Initial Screen
And Tayear a8 1 ||@ = f | '@ @ BB | & Debugging || & Executs with variant

* go to debugger while holding db Tock /
3 Break-Point.

Frogram FBL3T5_LOCK \
Suhohjects

@ Source code

O Variants

O Attibutes

) Daocurnentation
) Text elements

|6%9 Digplay ‘ ‘ﬂ Change

© SAP AG 2003

m To demonstrate the effects of an exclusive lock wait situation on the database, execute
program ZBC315 LOCK in two different user sessions. The first session, session A, will create an
exclusive lock on table NRIV by using the SQL statement ”SELECT SINGLE FOR UPDATE”.
After this SQL statement is executed, the program is stopped by a breakpoint.

m While session A is debugged, the session remains in the work process. This means that no COMMIT
or ROLLBACK is sent to the database.

m In the second session, session B, start program ZBC315 LOCK. All you see is the hourglass. The
program is not responding. The same result occurs when two different users start programs that lock
the same table entry.

m Note: Parameter "rdisp/wpdbug max_no" must be set to ">= [".
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Detection Using the Database Lock Monitor H’
DA

2ldH I e@a SHER DDon | EE
Fast Access to Exclusive Lock Wait Situations
&1 ] vLock

25.03.2003 20:14:59 DEY twdfB&45
Fast Access: Exclusive session-lock situations

Level = 1 : Lock Situation detected
Level = 1 : Lock Holder is waiting on one or more Locks itself
Level = -1: Deadlocks detected

Object Holder (Oracle-SID, -5PID; Client-Host, -PID) Time (s} Level
Waiters (Oracle-5ID, -5PID; Client-Host, -FIDY Time (s} Level

NRIY 37, oezib TWDFO545, 613 51 1
* g , goz2o1 TWDFOS45, 383 12 1

Waiters without Hn]de%und 1%&!]!:!{
. / Waiter 1, Client-Host, -PID) ‘ Time {s) |
lock holder lock waiter

No Waiters without Holders found

© SAP AG 2003

m Database locks are set by, for example, the SQL commands select for update and update. Exclusive
lock waits can suddenly reduce system performance. To detect exclusive lock waits, use the
Database Lock Monitor: use transaction DB0!, or from the SAP Easy Access menu, choose: Tools
— Administration — Monitor — Performance — Database — Exclusive lock waits.

m If an exclusive lock wait occurs:

* Monitor the program which is holding the lock, using, for example, the Database Process Monitor
(transaction ST04; ORACLE session). Is the program executing expensive SQL statements after
setting a database lock? As rule of thumb, all expensive SQL statements must be executed before
setting the first lock.

* Find out the user holding the lock so it can be released. If this is not possible, delete the lock so
that other users can work. This will roll back the transaction of the lock holder. The transaction
may need to be repeated. For example, the seller may need to take the order a second time.

m Database locks are generally released at the end of a dialog step or by an explicit commit.

® Your trainer will demonstrate an exclusive lock wait situation on the training system using report
ZBC315 LOCK.
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Exclusive Lock Waits (2)

Help
24 H e BHE Do E
Fast Access to Exciusive Lock Wait Situations
&1 &) vELocK

25.03.2003 20:38:40 DEY twdfoS44
Fast Access: Exclusive session-lock situations

|[4][*]

Host with lock, PID
1 ¢ Lock Situation detected session A

Lewel

Lewel = 1 : Lock Holder is waiting on one or more Locks itself
Level = -1: Deadlocks detected Host, PID waiting
ion B
Object Holder (Oracle-SID, -SPID; Client-Host, -PIDY Time (s) Level
Waiters (Oracle-SID, -SPID; Cliept-Host, )] Time (s) Level
[ NRIY | 34, 08133 ; TWOFAS44 301 | 248 1
g , ooiFz TWDFA544, 440 214 1 oy

Locked resource

SO E@NCrNEE &7 BER GGche s | TEHZHE

Mo Ty. PID Status Reasn Start Err Sem CPU Time Report C1. User Actiaon Tahle
i 0 DIA &25 Running Yes SAPLTHFE 908 TRAINER
1 1 DIA 519 waiting Yes
] 2 DIs 195 waiting Yes
(] 3 DpIs 201 waiting Yes .
] 4 DIt 173 waiting Vs / Session A
(10 &5 DIA 434 waiting Yes
1 & DIs [391 stopped Dehug Yes 238 900 TRAINER
[ 7 DI& |440 Running Yes 217 ZBC315_LOC 908 TRAINE Direct read MRIY
;I‘ ? DIA 306 waiting l\’les Session B

T ORE T cuvo

In the Work Process Overview (transaction SM50), you can see that session B is not responding
during a DIRECT READ for table NRIV. SAP work process 440 has sent a DIRECT READ for table
NRIV to the database and is now waiting for the database to return the requested data.

In the monitor for database locks (transaction DB0I), you can see why there is no response to the
database request. Session B, which is run by work process 440, tries to create a lock on table NRIV,
which is already locked by the SAP work process 391. In the Work Process Overview, you can see
that work process 391 is processing session A.

To resolve the lock situation, session A must either release the lock or be cancelled.

The waiting session B causes SAP work process 440 to be blocked, which may cause wait situations
for other users.

Situations like the one described are typically not caused by breakpoints, but by lengthy processing
of ABAP statements or SQL statements after they set a database lock. The lock on the database is
released after the dialog step of session A is completed, and triggers a COMMIT or ROLLBACK.
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Detection Roadmap (2) H’
AR

Work Process Overview (transaction SM50 or transaction SM66)

Work process in status running
Action/reason: “Dir. Read”, “Seq. Read”, “Insert”, “Update”, “Delete” , “Commit”
—D Database Lock Monitor (transaction DB07)
Le Wait situations due to database locks (“Exclusive lock waits”)?

@3 Analyse lock holder
—D Database process monitor (transaction ST04: ORACLE Session)

|—° Detailed analysis: SQL statement

? SQL Trace (transaction ST05)
° Identify and analyse the SQL statement in detail

© SAP AG 2003

m This detection roadmap shows the procedure for using the Work Process Overview.
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Monitoring Buffer Gets / Disk Reads (1) H’
AP

Application server A
ABAP program

SELECT * FROM MARA
WHERE ...

SAP database interface Table buffer

+= < 3 Records processed
-_—

DBMS OO0 =
DBMS % [ [ ™= Database
I OO=0a

process buffer

™ ]
Database

© SAP AG 2003

m The SQL statement specifies a set of records in tables that it tries to locate. To find these records, the
database must scan the corresponding data blocks.

m All blocks that are not yet in the database buffer must be read on the disk. Logical reads or buffer
gets are blocks that are scanned in the database buffer. Physical reads or disk reads are the blocks
that are read from disk.

m A statement is efficient, if the optimizer can use an index that limits the number of blocks that must
be scanned, thus reducing the number of buffer gets.

m A statement is expensive if many blocks must be read to find the required records.
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Monitoring Buffer Gets / Disk Reads (2) H’
AP

List Edit Goto & T

B H Q@ SHR ODhan BE
Analyze Database Ferformance: Shared Cursor Cache

MDD EF | 2@ &SR/ AF RIS Ta A

Database start 21.03.2003 B7:03:39
Time of ewaluation 25.03. 2003 20:45:06

[_I[4][r]

tnalyze since database start

1. Sorted bﬂ

Executions|Curs ExiDisk reads|Reads/ExecyBuffer gets|Boetslexec!Proc. rows! Rproct/Exe! Bgetsirow
16.413 0 a o, oy 90 665,390 g.7ov.2 16.413 1.0 §.707 2
5 ] 22,907 4.581 4] 4.540.833] 908.166,6 o [N 0,0
g [£] 39 .85 I 59708 A8 185 437 U237 38l 258 470360 5.7
y 392 ] 12 g,0] 3.485.886) ° .2 392 1,0] 48 W5, 2 E
|—8 [0} 2. 357 204 6 2.712.397] 33 L_E 377.982 47.248.0 |—T,2 E
| 2. Number of | 3. Number of
Number of e
executions buffer gets buffer gets
i per execution ————————— per record
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To access the Shared SQL Area, use transaction S704, or, from the SAP Easy Access menu, select

Tools — Administration — Monitor — Performance — Database — Activity. Then choose Detail

analysis menu. For an SAP System with an ORACLE database as in this example, choose SQL

request. For other database systems, choose as follows: SQOL statement for Informix; Stored proc.

stats for MS SQL Server; Diagnosis monitor for SAP DB.

Buffer Gets: This column refers to the total number of buffers accessed by the statement.

To find the statements with the highest database load, sort the display using this column.

Bgets/row: This column refers to the average number of buffers accessed per record retrieved.

Find statements with a high number of buffer gets per record. These statements can normally be

tuned.

Executions: This column refers to the number of times the SQL statement was executed.

The program to which the SQL statement belongs can be identified using either:

* The WHERE-USED list option in the ABAP Dictionary (transaction SE12).

* The Systemwide Work Process Overview (transaction SM66) in conjunction with the Database
Process Monitor (transaction ST04; ORACLE session)

* ORACLE only: To display the last call point of the SQL statement in an ABAP program from
within the Shared Cursor Cache, choose Goto — Display call point in ABAP program.
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Monitoring Buffer Gets / Disk Reads (3) H’
AP

1nite H

A H Q@ SHR DDhan BEE A
Analyze Database Ferformance: Shared Cursor Cache

MDD EF | 2@ &SR/ AF RIS Ta A

Database start 21.03.2003 B7:03:39
Time of ewaluation 25.03. 2003 20:45:06

[_I[4][r]

tnalyze since database start

1. Sorted bﬂ

Executions|Curs ExiDisk reads|Reads/ExecyBuffer gets|Boetslexec!Proc. rows! Rproct/Exe! Bgetsiro
10.413 1] a g.0) 90 G68.330 8.707 .2 10.413 1.0 8.¥07. 2
5 ] 22,907 4.581 4] 4.540.833] 908.166,6 o [N 0,0
g [£] 39 .85 I 59708 A8 185 437 U237 38l 258 470360 5.7
y 392 ] 12 a,6] 3.485.866] _ ° 5.2 392 1.8(. 5.2 E
|—8 ] 2. 357 294 6] 2.712.397] 33 ﬁ 377.992| 47 .249.0 |—T,2 =l

Number of | 2. Number of | 3. Number of
executions buffergets [~ buffer gets
I per execution ————————— perrecord |
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® Your goal is to identify SQL statements which can be tuned. To display the actual statement being
executed, go to the Shared SQL Area (also known as the shared cursor cache) by calling transaction
ST04, choosing Detail analysis menu, and making the selection appropriate for your platform. In the
Shared SQL Area, double-click the appropriate row.
m Statements generated by an ABAP program are displayed in upper case and quotation marks. For
example: SELECT "MANDT", "VBELN", "POSNR” FROM "LIPS” WHERE ...
m Statements not generated by an ABAP program cannot be tuned in the SAP system. These include:
¢ Statements used by database administration tools accessing administration tables. These
statements are displayed in upper case without quotation marks. They stem, for example, from
check report RSORATDB, or from SAPDBA (options such as -check, -next). If such statements
generate the highest database load, schedule the DBA tool to be executed less frequently.
Example: SELECT SEGMENT NAME, ... FROM DBA SEGMENTS
* Statements selecting from SAP basis tables such as DDNTT, DDNTF, D010L, D0O10INF, and
ATAB. These statements are displayed in upper case. If such statements generate the highest
database load, there may be problems with the SAP buffers. Check the buffers for swaps.
Example: SELECT TABNAME, TABFORM, REFNAME FROM DDNTT WHERE ...
* Recursive statements (with ORACLE). These statements are displayed in lower case. Example:
select file#, block#, ts# from seg$ where type# = 3.
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Detection Using the SQL Trace (1) H’
SAP

Application server A
ABAP program

SELECT * FROM T001
WHERE ...

SAP Database interface ™| Table buffer

SQL trace
file é
< / Runtime
For each SQL
l - Records statement, SQL trace
audits:
DBMS O] O 1 = Records
. processed
DBMS |— > |:| |:| El | Database « Runtime
process <— OO ™= buffer
0
el N ]
Database
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m The database interface generates SQL statements that are transferred to the database, which
processes the statements and responds by sending data records to the database interface. If you
activate the SQL trace (transaction S705), a record of the SQL statements, the response time of the
database, and the number of records is written to the SQL trace file.

®m One trace file is written for each SAP instance on an application server. Therefore, you cannot run
more than one SQL trace at the same time in the same SAP instance.

m A large amount of data is written to the trace file. The standard size of the SQL trace file, which is
800 KB, is too low and should be increased to 16 MB (using parameter rstr/max_diskspace
=16 384 000).

m Note: The network time contributes to the response time. Therefore, network problems between the
application server and the database server are detected by an SQL trace.
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Detection Using the SQL Trace (2)

Trace Edit

240 CE@ CHE Ohoan BRI @m

Basic SQL List - Sorted by PID

& DDICinfo | 9§ Explain By [ Extendedlist [R Replacevar. & @ | Long nares

Transaction = SE38 PID = 390|P type DI.“.|E11'ent = 9008| User = TRAINER

Duration |Ohjectname|0p. Rec RC Statement

29|PROGDIR REOFPEN
721|PROGDIR FETCH
27 |PROGDIR REOPEN
497 |PROGDIR FETCH
26 |DWWASYNC [ REOPEN
ATT|DWWASYNC [ FETCH
20 |DWINACTIY [REOPEN
402 [DWINACTIY [FETCH
28 |DWINACTIY [REOPEN
309 (DWINACTIY [FETCH

B|SELECT WHERE "WAME" = 'ZSELECT' AND "STATE" = 'I' AND ROWNUM <=

B[SELECT WHERE “"MAME" = 'ZSELECT' AND “STATE" = 'A' AMD ROWNUM <= 1

SELECT WHERE "UWAME" = 'TRAINER' AND ROWWUM <= 1

SELECT WHERE "UWAME" = 'TRAINER'

B|SELECT WHERE "OBJECT" = 'REPS' AND "0OBJ_WAME" = 'ZSELECT'

mobbooooo o cooo
N
=
w

47| TADIR DECLARE B|SELECT WHERE "PGMID" = :AB AND “"OBJ_NAME" = @&

Eielzonrn goroooC o el e il

24| TADIR OFEN B|SELECT WHERE "PGMID" = 'R3TR' AWD "0BJ_WAME" = 'RSPFFAR
G.748 323|TADIR FETCH 1403
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In the SAP system, transaction S705 allows you to activate and view SQL, enqueue, RFC, and buffer
traces.

If the SQL trace was activated, to view the trace results, choose List trace. A screen is displayed like
the one shown above, indicating the:

* Time and duration of the respective database operation

* Table accessed

* SQL statement used

The lines with FETCH are part of the SQL statement in the previous row. For each FETCH, the
number of records transferred between application and database servers as a result of the SQL
statement are indicated in column Rec.

To find out which fields and indexes exist for the table accessed, choose DDIC info.

To find out which index has been used by the database optimizer for the SQL,

choose Explain SQL.
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Detection Using the Where-Used List F'

AT

An example of a where-used list for table ZLIPS (detailed view):

cts Edit Goto LUtilities E 1 Help
] B0 @@ OHE DDo0 BEE @
Database table ZLIPS (3 Hils)
@n-}|ye@|u§—>ﬁ|g|5'§'§j@|5@.$| Combined list
Program Found locations/short description
[w] S4PLZEC315
LZBC315U04 22 TABLES ZLIPS.
23 DATA: IZLIPS LIKE ZLIPS OCCURS 10680 WITH HEADER LINE.
if:] DELETE FROM ZLIPS CLIENT SPECIFIED WHERE MANDT = SY-MANDT.
a7 INSERT ZLIPS FROM TAELE IZLIPS.
106 DELETE FROM ZLIPS CLIENT SPECIFIED WHERE MANDT = SY-MAWDT.
[¥iZBC315_SYSTEM_CHECK 3 TABLES: zmara,
zlips,
183  SELECT COUNT{*) FROM z1ips INTO dhcnt.
[¥] 2ZSELECT 13 TABLES: LIPS, ZLIPS.
17 INCLUDE STRUCTURE ZLIPS.
20 SELECT * FROM ZLIPS WHERE MATNR = INT_LIPS-MATHR AND
WERKS = INT_LIPS-WERKS AND
LGORT = IWT_LIPS-LGORT.
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® The where-used list helps you to find expensive ABAP statements for a specific table. You may, for
example, learn that a specific table is associated with performance problems by looking at the Work
Process Overview (transaction SM50), the Statistical Records monitor (transaction STAD), or SQL
trace (transaction S705).

m [fa table is used in many programs, the where-used list may not be useful.

m To obtain the where-used list:
¢ Call the ABAP Dictionary with transaction SE/12.
* Enter the name of the table
* Choose Utilities — Where-used list
* To view the program lines of a specific program displayed, double-click the program name.
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Detection Roadmap (3) H’
AR

ork process Transaction

overview profile
Transaction code Table name
Table name Wait time WHERE clause
transaction / Database time
report name
\ 4
Database SaQL
monitor trace
‘/L {\‘ Table name l
WHERE clause WHERE clause
EXPLAIN SQL EXPLAIN SQL
statement statement

Index used /l J\‘ Index used

Expensive
SQL statement

Go to Tuning
Roadmap
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m [n the exercise that follows, use all of the analysis tools discussed in this unit to find expensive SQL
statements.

® You can only detect expensive SQL statements using the Work Process Overview during the running
of the transaction using the SQL statement.
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SQL Statement Exercise (1) H’
AP

Objectives
In this exercise, you will learn how to:
® Perform and analyze an SQL trace and an EXPLAIN

© SAP AG 2003

Activities

After your trainer executes report ZBC315_SELECT_ZMARA,
and creates an SQL trace for this report:

Log on to the training system

Monitor the trace activated by your trainer

Perform an EXPLAIN on the expensive SQL statements
Make recommendations

© SAP AG
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SQL Statement Exercise (2) H’
SAP

R3| e Table ZMARA
o = MANDT Client
= MATNR Material
= MFRNR Manufacturer number
= MATKL Material group
= BISMT Old material number
® Existing index: ZMARA~T on (MANDT, MATKL)
® SQL statement 1:
m SELECT * from zmara where bismt = 'A00000000000999999".
® SQL statement 2:
m SELECT * from zmara where bismt in ("00000000000099999',
‘00000000000099991') and matkl ="' "
© SAP AG 2003
m SQL Trace:
Duration  Object Database op. Rec. RC SQL statement
1.195 ZMARA REOPEN 0 0 SELECT WHERE
"MANDT" ='900"' AND "BISMT" ='A00000000000999999'
3.830.731 ZMARA FETCH 0 1403
59 ZMARA REOPEN 0 0 SELECT WHERE
"MANDT" ='900' AND "BISMT" IN ('99999','99991' ) AND "MATKL" ="'
4.001.023 ZMARA FETCH 0 1403

m EXPLAIN for SQL Statement 1:
SELECT STATEMENT
TABLE ACCESS BY INDEX ROWID ZMARA
INDEX RANGE SCAN ZMARA~T
m EXPLAIN for SQL Statement 2:
SELECT STATEMENT
TABLE ACCESS BY INDEX ROWID ZMARA
INDEX RANGE SCAN ZMARA~T
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Exercise Solution for 1st SQL Statement H’
AP

R31 e Withoutindex on BISMT
m INDEX RANGE SCAN ZMARA (MANDT, MATKL)
m Runtime 1600 ms
® With index on BISMT
m INDEX RANGE SCAN ZMARA (BISMT)

® Runtime 1 ms

|

© SAP AG 2003

m Note: The times indicated above may differ from the times revealed in your training system.
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Exercise Solution for 2nd SQL Statement H’
AP

R/3 ® Without index for BISMT & without statistics
m INDEX RANGE SCAN ZMARA (MANDT, MATKL)
m Runtime 1600 ms
® With index for BISMT & without statistics
= INDEX RANGE SCAN ZMARA (MANDT, MATKL)

® Runtime 1600 ms
® With index on BISMT & with statistics
m INDEX RANGE SCAN ZMARA (BISMT)

|

® Runtime 1 ms
® Without index on BISMT & with statistics
m TABLE ACCESS FULL ZMARA

® Runtime 450 ms

© SAPAG 2(o.

m [t is important to create table statistics regularly. If you do not create current table statistics:
* In some situations, the database optimizer will take the optimal index (as for statement 1)
¢ In other situations, the optimizer will choose a non-optimal index (as for statement 2 with index on
BISMT and without statistics)
® Do not spent too much time trying to understand optimizer decisions, as they are strongly database
dependent.
m Note: The times indicated above may differ from the times revealed in your training system.
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Next Topic in Unit !’
AP

= @ Detailed Analysis and Tuning
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Two Types of Expensive SQL Statements H’
AP

1

Appl.- Appl.-
Server ABAP program Server ABAP program
A A
Database interface Database interface
. 8 B § B | L 1 ] |
. 8 &8 0 B | L __ B | |
DBMS DBMS
DBMS DBMS
Database buffer process Database buffer process
-1 11 A — = A

Database Database
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m Distinguish between two types of expensive SQL statements:

m Type I: The statement scans many data blocks in the database and is expensive because many
records are transferred to the ABAP program. Database performance is optimal.

m Type II: The statement scans many data blocks in the database but transfers only few records to the
ABAP program. Database performance is not optimal — for example, due to an inefficient search
strategy.
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Detailed Analysis of Expensive SQL Statements H’
AP

0 Expensive Statements Type 1:
m Large number of records processed but performance OK
m Suitable access path
m For example: SQL Trace: > 10 fetches per statement

Expensive Statements Type 2:

g = Small number of records processed, but large number of reads per record or
high response time per record

m Inefficient search strategy, unsuitable access path
m For example:
¢ Shared SQL Area: > 100 buffer gets per record
¢ SQL trace: FETCH duration > 500 ms

© SAP AG 2003

Analyzing the two types of SQL statements using SQL traces (transaction S705) reveals:

For type I: Average duration of < 5 ms per record or < 100 ms per FETCH. Data are transferred with
optimal performance.

For type II: FETCH duration is more than 500 ms

If you look at the Shared SQL Area (transaction ST04; Detail analysis menu,; SQL request) for the
two types of SQL statements, you find:

For type I, bufgets per record < 5. This is the optimal relation between the number of records
processed and the number of data blocks scanned.

For type II, bufgets per record > 5. This non-optimal relation between the number of records
processed and the number of data blocks scanned is caused by an inefficient search strategy.
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Detailed Analysis of Expensive SQL Statements H’
AP

o Expensive Statements Type 1:

m Problem: Too many records are transferred

m Solution: Rewrite ABAP coding

Expensive Statements Type 2:
m Problem 1: No suitable index exists
m Solution: Create or change secondary index
¢ or
m Problem 2: Optimizer does not use the right access path

m Solution: Check table statistics; if WHERE clause is too complex
rewrite ABAP coding

© SAP AG 2003
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Index Use in SQL Statements (1) H’
SAP

® SELECT * from MARA where MATNR = 10001
Index scan
LR DA Full table scan
If table growth = n, :::::: grﬁoc\::ttl; j)?l,o n)
access effort = O(n) g
|qde|x MARA~M
Total Buffer Bufgets per
execution gets record
28 1.333.625 666.812,5
© SAP AG 2003

m A poorly qualified SQL statement is one which does not use an index correctly to access data. To
identify poorly qualified SQL statements, in the Shared SQL Area (transaction ST04; Detail analysis
menu), look for expensive statements with a high number of bufgets per record.

m [n general, using indexes is recommended because they make data access more efficient.

m Statements are regarded as poorly qualified if:

* No appropriate index is associated with the table being accessed

¢ An incorrect index is being used

* Anindex is being used but a full table scan is more effective (for example, for small tables or
where a large number of records are retrieved)

m Note: Do not change the standard SAP index design unless this is recommended in an SAP Note.
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Index Use in SQL Statements (2) H’
SAP

® Results of using EXPLAIN:

*No index being used
*Full Table Scan

4

SELECT STATEMENT ( Estimated costs = 158)

Execution Plan

TABLE ACCESS FULL MARA

® Use EXPLAIN TO find out whether:
m A full table scan is used

m Index fields do not match fields in WHERE clause

© SAP AG 2003

m To find out whether an SQL statement uses an index to access the database, use the EXPLAIN
function on the SQL statement. EXPLAIN can be accessed from any of the following:
¢ SQL trace (transaction S705)
¢ Database Process Monitor (transaction S7T04, ORACLE session)
¢ Shared SQL Area (transaction ST04; Detail analysis menu)

m After choosing Explain, to find out the index structure or the structure of the table and all associated
indexes, double-click on the index or table name. This also reveals information about the statistics
used by the cost-based optimizer, such as when the statistics were last refreshed.

m For example, a statement is expensive if an index is missing, thus making it necessary to use a full
table scan.

® Even an index range scan can be expensive if the index is not selective or not utilized properly.
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Index Use in SQL Statements (3) H’
SAP

EXPLAIN output: —
® Access path SQL statement
execution plan

m Table access full

m Index range scan

—
m Index unique scan ,
m Concatenation L
m Sort
m Index used %

© SAP AG 2003

m Using the EXPLAIN function tells you which techniques are used by the database when executing an
SQL statement. For example:

When using an index range scan, the database retrieves a number of records using an index to
limit the results before going to the data pages. This may not make access more efficient, for
example, if only non-selective columns are evaluated by the index, or if the wrong index is used.
When using an index unique scan, the database retrieves a single row from an index. This access
method is very efficient.

When using full table scan, the database retrieves all rows from the table to build the set of
results. This is normally inefficient, unless, for example, the table is small or the application
genuinely needs all the rows in the table.

When using concatenation, the database makes a union of a set of rows retrieved for the query.
For OR or IN statements, concatenation normally makes access more efficient.

When using a sort, the database sorts the data before returning it.

When the database uses an index to retrieve data, EXPLAIN tells you the index name. This helps
you to recognize whether the database is choosing the wrong index.
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Rules for Creating a Secondary Index (1) H’
AP

1. Use only selective fields in the index:

m A selective field may be, for example, material,
personal number, or customer number

m A non-selective field may be, for example, client,
company code, plant, or document type

2. Use few fields in the index, for example, 5 or less

3. Position the most selective fields at the beginning of
the index

© SAP AG 2003

m Use selective fields in the index:
The fields in the index must significantly reduce the set of results selected by the SQL statement,
thus causing the SQL statement to read less than, say, 5% of the table. If more than approximately
5% is read, the cost based optimizer chooses a full table scan as the most effective access method.
m Use few fields in the index — as a rule, no more than 5 fields:
If you use too many fields in the index:
¢ Each added field requires additional operations to adapt the index when the value of the field is
changed.
* The amount of data to be stored and read is increased. This decreases the efficiency of the index
and of the probability that the optimizer chooses an index.
* The optimizer has a greater chance of making mistakes.
* The time necessary to prepare the statement increases considerably, especially when tables with
many indexes are tied together using a JOIN operation.
m Position the most selective fields at the beginning of the index:
Examples of selective fields can be document numbers, material numbers, or customer numbers.
Examples of non-selective fields are normally client, company code, main account. Thus, if an index
has the fields for plant and material number, position the field material number at the beginning of
the index.
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Rules for Creating a Secondary Index (2) H’
AP

4. Exceptions to rules 1 to 3:

m May sometimes be necessary to convince the optimizer to
choose the correct index

m For example: adding non-selective fields to the index

5. Use few indexes per table, for example: <5

© SAP AG 2003

m Exceptions to rules 1 to 3:
Due to the behavior of the Oracle rule-based optimizer used in SAP Releases prior to 4.0, SAP
standard indexes normally start with fields like MANDT (client), BUKRS (company code), or
WERKS (plant). The Oracle rule-based optimizer chooses the index with the largest number of fields
specified in the WHERE clause with an “=".

® Only few indexes per table — as a rule, no more than 5 indexes:
This rule does not apply to tables used mainly for reading, for example, tables containing master
data. The ABAP Dictionary defines the upper limit as 16 indexes per table, but this is usually too
many. The problems which arise with too many indexes per table are the same as those for indexes
with too many fields. Avoid overlapping indexes (indexes which consist of the same fields).
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Additional Tips for Creating a Secondary Index H’
AP

1. Avoid creating indexes for transaction data tables:
m For example, tables VBAK, MKPF, or BKPF

m Instead, use SAP matchcodes and index tables, for example:
matchcode VMVA, delivery due index VEPVG

2. Do not use indexes on SAP Basis tables, for example: DD,
D010* NAST

3. Before creating a new index:
m Check for missing indexes in transaction DB02

m Read the performance hints for the relevant table
in SAP Notes in the Online Service System (OSS) or
on http://service.sap.com/notes

© SAP AG 2003

® Avoid creating secondary indexes for transaction data tables:
Transaction data tables and any indexes associated with them grow linearly over time. Therefore,
SAP creates almost no secondary indexes for transaction data tables, but instead provides a large
number of index tables and matchcode tables for searching in transaction data tables. Use these SAP
standard search methods instead of creating your own indexes for transaction data tables. For details,
see SAP Notes 185530, 187906, and 191492.

® An experienced database administrator should support the application development team with his or
her knowledge of how the optimizer works and how to design effective indexes.
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Optimizer Determination of Access Path

Possible access paths

Index A -~
N
\
’ N \
SELECT * FROM ADDR ad \
WHERE 7 Index B N Database
) A 9 b’ table
name ="Schneider” _ _ _ _ -> 277 —
AND pnum = ”69126"
AND city = "Heidelberg" ~
N ad &
S Fun
table
scan

The optimizer determines the optimal access path
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m The optimizer determines the most effective way for an SQL statement to access data. The data
access strategy used in executing an SQL statement depends on information in:
¢ The queried table (or, for a view or join, the queried tables)
¢ The fields specified in the WHERE clause of the SQL statement
* The indexes defined for the queried tables

m As of R/3 Release 4.0, all databases used with SAP systems use a cost-based optimizer. The cost-
based optimizer calculates the cost of several strategies for accessing the data, and chooses the most
efficient one. To calculate the cost of a strategy, the optimizer requires statistical information about
the tables and indexes of the database, such as the number of:
¢ Table or index rows, and blocks allocated for the object
* Distinct values in each column of the table
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Table Statistics for the Optimizer H’
AP

® The optimizer requires statistical

information. For example, the cost-based
optimizer needs to know the number of Execution plan
entries in a table or index. —

® Outdated table statistics may lead to _ A
incorrect optimizer decisions and
inefficient table accesses. L

® Schedule the periodic update of table
statistics using the DBA planning
calendar (transaction DB13).
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m The sizes of tables and indexes and the distribution of values in tables can change. If the current
number of rows of a table has changed greatly since the last time the statistics were updated, the
optimizer may choose an ineffective strategy that increases the time required for database access.
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Checking the Optimizer using EXPLAIN

Report

ZSELECT

FAE

|8 2] | 2] 2 DI

1
2
3
4
5
]
-

SELECT STATEMEWT ( Estimated Costs = 1.376

REPORT ZSELECT .
ables tadir.
select * from tadir
where obj_name =
endselect .
write: tadir-author.

'RSFFPAR" .

*No suitable index found

*Full table scan

TAELE ACCESS FULL TADIR

Cl

Index Information"
screen

ick to see “Table aind
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Estimated #Rows = 2 )

Tahle and Ind

¢ Information for TADIR:

Table  TADIR

e —

Last statistics date
Analyze Method

Numher of rows

Number of hlocks allocated
Wumber of empty hlocks
Average space

Chain count

Average row length

UNTQUE Index  TADIR

Column Name

S
20.02.2002
Sam G0. 000 Rows

9,061
220

7

Up-to-date
statistics?

)

FGHID
OE.JECT
OB.J_NAME

779,

115
5490

NOWUNIQUE Incdex  TADIRAZ

Column Name

#Dbistinct

AUTHOR

NONUNIQUE  Index

TADIRADEY

Column Name

#Distinct

DEVCLASE
FGHID
OE.JECT

1

.364

115

m To find out the index structure (or the structure of the table and all associated indexes), in the screen

Display Execution Plan for SQL Statement, click on the index or table name. This also reveals

information about the statistics used by the cost-based optimizer, such as the number of distinct
values, and when the statistics were last refreshed.
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Why Optimizer Decisions May Cause Performance !'
A

Problems

Statistics ® Statistics are outdated or have
tables the wrong level of accuracy

' SYSTEM ® Incorrect assumptions of

cost-based optimizing

To refresh the statistics, only use SAP tools

© SAP AG 2003

The statistical information for a table or index is stored in the data dictionary of the database.

To ensure that statistics are regularly updated (at least once a week), schedule the update statistics

function by using the DBA planning calendar (transaction DB13). For details on how to perform

scheduling for your particular database system, use the SAP Online Documentation. To update

statistics for one table, use transaction DB2(0). Note: Running update statistics is a process that

consumes considerable system resources.

The decisions of the cost-based optimizer may cause performance problems if:

¢ Statistics are outdated or have the wrong level of accuracy

* The assumptions of cost-based optimizing (such as uniformly distributed data within the object)
are incorrect in a particular case

Performance problems deriving from outdated statistics or insufficient accuracy can easily be fixed

by restarting the analysis with a higher accuracy for some objects.

To refresh the statistics of the SAP tables, use only the relevant SAP tools. SAP tools ensure that the

update is performed using the frequency and accuracy defined for the table in the control table

DBSTATC. Statistics updates not performed by SAP tools can create severe performance problems

by incorrectly setting the accuracy level for the update.
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Tips for Optimizing ABAP Coding (1)

Runtime of ABAP Objects Statements
&

S0L Interface
& Select Where vs. Select + Check
& Select single ws. Select-Endselect
& Select aggregates
@ Select with wiew
& Select with select list
@ fArray Insert V5 Single-row Insert
& Using Subgueries

Select with index support

Select Into Table t
Select-Endselect vs. Array-Select
Select with join

Select with huffer support
Column Update

RERRRER

Context:
& Supply/Demand vs. SELECT

——5tring Manipulatiom
@ Special operators in IF (CA, ...} & String concatenation
@ 5tring concatenation II String split

@ Deleting Teading spaces String length

& Initializing strings

G &

—Internal Table
& Using explicit work areas

& Dynamic vs. static key access

@ Key access Lo multiple lines

@ Part. seq. access. Hashed vs. sorted
@ Building unigue sorted/hashed tahles
& Inserting tables

& Modifying single lines

& Building condensed tables

& Deleting a sequence of lines

&= Comparing internal tables

@& Joining internal tables

& Intersection of internal tahles

Linear search ws. binary search
Secondary indices

Single Read. Sorted vs. hashed tahles
Building unigue standard tahles
Appending tahles

Filling nested internal tahles
Modifying a set of Tines directly
Deleting duplicates

Copying internal tables

Sorting internal tables

Nested Toops

FERRRRERRRE

© SAP AG 2003

m To access the developer help and the guidelines for efficient ABAP programming in the ABAP
Runtime Analyzer, choose System — Utilities — Runtime analysis — Execute — Tips & Tricks.
These guidelines are illustrated with examples taking into account performance-critical aspects of
ABAP programming, such as:

* Database accesses
¢ String manipulation
¢ Internal table processing

m Before accessing Tips & Tricks, you must use report SAPBC_TOOLS GENERATOR _NEW to fill the

tables of the ABAP flight data model (tables SBOOK, SFLIGHT, and so on).
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Tips for Optimizing ABAP Coding (2)

tnients  Edit Goto

A0 COQ I CHEE BHDH 4O 8
Select ... Where vs. Select + Check

4 4 » Fii List examples | &g

El microse H micrnseccﬁ.ﬂm

Select + Check staterment Selectwith WWhere condition

ISELECT * FROM SBOOK INTO SBOOK_ WA, SELECT * FROM SBOOK INTO SBOOK_WA

CHECK: SBOOK_WA-CARRID = 'LH' AND [} WHERE CARRID = 'LH'AND
SBOOK_WWA-COMNID = '0400", (=] CONMID ='0400"

EMDSELECT. [+]||EMDSELECT.

[« ]I Ko [ERf: I[«]
* Mways speciTy your conditions in the Where-clause instead of ﬂ
[+]
[~]

3.206.114

* checking them yourself with check-statements.
The datahase system can then use an index (iT possible) and the
network load is considerahly Tess.

[0 L[]

© SAP AG 2003

m In Tips & Tricks, types of SQL statements are listed. Clicking a type causes a comparison of two
sample statements of that type to be displayed. The two statements are differently formulated but
have an equivalent goal.

m To find out which variant is the most efficient, measure the runtime for both variants. The lower
section of the screen contains comments on the two variants. You can also enter and test a variant of
your own. The most efficient solution is displayed in the right part of the screen. To display the data
accessed by all examples, including the variants you entered, choose Display data.
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Detection Roadmap (3) H’
AR

ork process Transaction

overview profile
Transaction code Table name
WHERE clause
Table na_me Wait time
transaction / Database time
report name
\ 4
DB Process SaQL
Monitor Trace

‘/L ‘ Table name {

WHERE clause

WHERE clause
EXPLAIN SQL EXPLAIN SQL
statement statement
Index used /l J\‘ Index used
Expensive Go to Tuning
SQL statement Roadmap

© SAP AG 2003
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Tuning Roadmap H’
DA

Detailed analysis of SQL statement
Many records transferred?
9  Optimize ABAP coding
Use EXPLAIN

Is the optimal index used?

Special database tuning methods

— An optimal index exists but is not used by the optimizer?
Are table statistics up-to-date?
|— Refresh statistics

WHERE clause of SQL statement too complex?

98 Rewrite WHERE clause
Are there missing indexes?

Recreate missing indexes

‘? Is it possible to create a new index that matches the WHERE clause?

Create new indexes

© SAP AG 2003

® The Tuning Roadmap summarizes the procedures to be used in tuning expensive SQL statements.
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Workload Analysis Exercise H’
DA

Objectives:

In this exercise you will:

® Analyze and tune an SAP system with performance problems
caused by expensive SQL statements

® Use the Detection Roadmaps and the Tuning Roadmap for
analyzing SQL statements

Activities:
After your trainer starts the workload simulation:
® Log on to the training system

® Use the monitors described in the Detection Roadmaps to
identify expensive SQL statements

e Use Tuning Roadmap to find solutions for the problem

® Determine which recommendations
should be made

© SAP AG 2003

®m Analyze the system and give recommendations for performance tuning. To express your
recommendations, fill in the blanks in the following text:

Recommendation:

We found an expensive SQL statement on table

This SQL statement causes % of the whole database load (in terms of buffer gets).

The SQL statement originates from report

To tune the execution of the SQL statement, we recommend applying the following changes:
1. Create an index on table , comprising fields
2. ...

)
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Workload Analysis Exercise: Detection H’
DA

® Process Overview:

m Critical report ZZSELECT accessing table ZLIPS
® Database Process Monitor:

m Find the SQL statement accessing table ZLIPS
® Transaction Profile:

= Lengthy database request time for transaction VA071
® Shared SQL Area:

= Huge number of buffer gets for an SQL statement on table ZLIPS
® EXPLAIN:

= Full table scan is used
® Trace of VAO1 (performed by trainer):

m SQL statement accessing table ZLIPS

¢ Specifying MANDT, MATNR, WERKS and LGORT

© SAP AG 2003

® Your use of the monitors during the exercise should yield the results listed above, and enable you to
detect an expensive SQL statement.

m The next step is to determine what should be done to improve the performance of the expensive SQL
statement.

m The size of table ZLIPS is 15 MB.
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Workload Analysis Exercise: Solution H’
DA

® Solution:
m Create a secondary index for table ZLIPS (MATNR)
® \Verification:

m Trainer restarts workload simulation and
trace of transaction VA01

m View the results of tracing VA0T:
SQL statement shows improved performance

© SAP AG 2003

m Create a secondary index for table ZLIPS containing the field MATNR. Use the ABAP Dictionary
(transaction SE11).

m Verify that the new index was created properly.

m To verify that there is a performance improvement:
* Run and view an SQL trace (transaction S705) for transaction VA0!
¢ Check the Transaction Profile (transaction ST0O3N)
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® Before

Before-and-After Comparison !'
SAP.

Help

390 eaQ BHE DO BE @@
Basic SQL List - Sorted by PID
@ oDicinfo | 99 Explain | S Extended list | [ Replacevar. &y &

Transaction = YAO1 PID = 291 ‘P Type DI.".|C11'ent = 9@8| User = TRAINER
Duration [Objectname|Op. Rec RC Statement
B0 ZLIPS REOPEN ] U|SELECT WHERE "MANDT" = '4@@' AWD "HATNR" = ' ' AND "WERKS" = ' ' AND “"LGORT" = '
16.164 14 [ZLIPS FETCH 5B 1403
® After

Trace Edit

Zato

Bl dH cEa CHE DDOD BE @
Basic SQL List - Sorted by PID
G DDIC info | 2G Explain [ Extended list | [ Replacevar. ||& &

Transaction = WAO1 PID = 291|P Type DIM|C11’ent = 9008| User = TRAINER
Duration |Objectname|0Op. Rec RC Statement
50 (ZLIPS REOPEN o B|SELECT WHERE "MANDT" = '9@8O' AND "MATWNR" = ' ' AND "WERKS" = ' ' AND "LGORT" = * '
52 87T |ZLIPS FETCH 500 1483

© SAP AG 2003

® As you can see in the relevant screens, access times have been improved considerably.
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Summary of this Unit F'
A

. Now you are able to:

® Explain why even a few expensive SQL statements may reduce
performance for the whole SAP System

® Regarding SQL statements, find out:
m Report and table name and database action: in the Process Overview
m High database request times: in the Transaction profile
m Table and index name: in the Database Process Monitor
m Statements with lengthy response time: through an SQL Trace
= High number of buffer gets: in the Shared SQL Area
® Tune expensive SQL statements by:
m Creating or changing an index
m Checking the database optimizer decisions

m Optimizing ABAP coding

© SAP AG 2003

® An experienced database administrator should monitor the database performance and detect
expensive SQL statements.

m ABAP developers, application consultants, and business process owners are responsible for tuning
expensive SQL statements.

® An experienced database administrator should support the application development team with his or
her knowledge of how the optimizer works and how to design effective indexes.

®m General rules:
¢ Specify the WHERE clause as precisely as possible.
¢ The application development team must ensure that indexes are optimally designed
* Ensure that the statistics are up-to-date
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SAP Table Buffering

1. Introduction to
Workload Analysis

2. Performance Analysis
Monitors

© SAP AG 2003

3. SAP Memory
Management

4. Hardware Capacity
Verification

X 5. Expensive SQL
Statements

4
6. SAP Table Buffering ]

[\ 7. Interface Monitoring }
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SAP Table Buffering !’
AP

© SAP AG 2003

Objectives:

At the end of this unit you will be able to:

e Explain how buffering objects locally in all SAP instances:

m Avoids database accesses and thus reduces the load on the
database server

® Reduces the load on SAP work processes

® Detect incorrect buffering using the monitors:

m Statistical Records (transaction STAT)

m Table Call Statistics (transaction ST70)

© SAP AG
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SAP Table Buffering H’
AP

Contents:

® Buffers in SAP systems

® Exercise: Buffering database accesses

Which tables should be buffered?

Monitoring SAP table buffering

© SAP AG 2003
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First Topic in Unit !’
SAF

= @ Table Buffers in SAP systems

© SAP AG 2003
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Table Buffers in SAP systems H’
AP

O O
SAP GUI SAP GUI

Application Server A

SAP Buffers

0

[ ] z
0 ¢
| SAP GUI | SAP GUI

#

Table Buffers

Application Server B

Number Range Buffer
PXA Program Buffer

SAP Buffers Presentation Buffer
CUA Buffer

Nametab Buffer

Communication System

3

Database

DBMS
Management

Processes

Database
Cache

)

C)

System

Database

)

© SAP AG 2003

m The SAP systems use several buffers that are local to the application server and hold primarily run-

time data:

* SAP dictionary buffers

¢ Table buffers

* Program buffer

¢ GUI buffers

¢ SAP roll and paging buffers
¢ SAP calendar buffer

© SAP AG
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Why Use Table Buffers in SAP systems?

Application Server A

ABAP/4 Program
SELECT * FROM T001
WHERE ...

|

Database Interface Table Buffer

L — Database
DBMS rgsengzes \—/C Buffer )
\
\ )

( \ Database )

© SAP AG 2003

m By specifying that a table is to be buffered, you can reduce database accesses and thus improve
performance.

m The difference in the time required for local buffer accesses and that required for database accesses is
significant and affects:

¢ Database server load (CPU usage, size of database buffer required)
* Dispatch time for dialog steps (avoids blocking work processes)
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Table Buffering Types !’
A

Resident Buffering Generic buffering Generic buffering Partial buffering
(100%) 1 key field 2 key fields (single record)

key1 | key2 | key3 data

1000 A 2

key1 | key2 | key3 | data 1000 A 4

1000 A 1000 B 1

key1 [ key2 [ key3 | data 1000 A 1000| B 3

1000 1000 B 1000 B 5)

1000 1000 B 1200 A 1

1000 1200 A 1200 A 3

keyl | key2 | key3 | data 1000 1200 | A 1200 | A 6

1200 1200 B 1200 A 8

1200 1200 B 1200 B 1

1200 1200 B 1200 B 2

1200 1200 (o] 1200 B 3

1200 1200 (9] 1200 C 0

1200 1200 D 1200 (9 3

1400 1400 A 1200 D 5)

1400 1400 A 1400 A 2

1400 1400 A 1400 A 3

1400 1400 B 1400 A 6

1400 1400 B 1400 B 2

1400 1400 Cc 1400 B 4

1400 1400 C 1400 C 2

1400 1400 Cc 1400 C 3

1400 D 1400 C 5

1400 D 1400 C 8

1400 D 1400 D 1

1400 D 2

1400 D 3

1400 D 4

© SAP AG 2003

m There are three types of table buffering:
* Full buffering ("resident buffering"): 100% of a table's contents is loaded into the buffer on the
first access to any data from the table.
¢ Generic buffering: a number of generic key fields (first n key fields) is specified when setting this
option for a table. When accessing any data, all data records whose first n key fields are the same
as those in the data accessed are loaded into the buffer. The diagram shows generic buffering with
one and two fields as generic keys.
A typical case of generic buffering is client-dependent buffering, where the client name is the first
key field. If you specify resident buffering for a client-dependent table, the ABAP Dictionary
automatically uses generic buffering with one key field.
¢ Single record buffering ("partial buffering"): only single records are read from the database and
loaded into the buffer.
m All three table buffering types can be seen as special variants of generic buffering:
* For full buffering, n =0
* For generic buffering, 0 <n < all key fields
* For single record buffering, n = all key fields
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Buffer Synchronization (1) H’
AR

Local buffer is
up to date

Application Server

UPDATR 7001...

A\,

\ Communication System

NManagement System

C \Q\ ~ Database is

Database j up to date

Table Buffer

rdisp/bufrefmode = sendoff

© SAP AG 2003

® Two things happen when a buffered table is updated:
* The update is executed on the database table

* The buffer of the local SAP instance on application server A is either updated or the contents are

marked as invalid and reloaded on the next access.

© SAP AG BC315
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Buffer Synchronization (2) H’
AR

Local buffer is
up to date

Application Server A Application Server B

UPDATE T7001...
Table Buffer

Buffer is

NOT up to
( Table Bufer | | date

?

\ Communication System

N ¢

%Management System
INSERT DDLOG N N
DDLOG D%e j

rdisp/bufrefmode = sendon

Database is
up to date

© SAP AG 2003

m This example shows an SAP System landscapes consisting of more than one SAP instance: one SAP

instance on application server A and one SAP instance on application server B.
m The buffer of the non-local SAP instance (on application server B) is not updated immediately.
m The updating statement is executed by the SAP Database Interface (DBIF), which inserts a record

into the table DDLOG indicating the change to, for example, table 7001.

m There are two profile parameters which control synchronization between buffers and the database:

* rdisp/bufrefmode
Possible values of this parameter are:

- sendoff, exeauto: Used for a central system — an SAP System with only one instance

- sendon, exeauto: Used for a distributed system
* rdisp/bufreftime
Used to indicate the time interval in seconds
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Buffer Synchronization (3) !’
AP

Buffer synchronization

Local buffer is occurs every 1-2 minutes
/ up-to-date
Application Server A Application Server B

Buffer is

Communication System /

¢

Database Man%nt System
Database is

)
C ( DDL OG> Database %/ up-to-date

rdisp/bufrefmode = sendon, exeauto

© SAP AG 2003

® A non-local SAP instance (such as application server B in the diagram) performs synchronization
every one or two minutes (depending on how the relevant profile parameter is set). That is, the
instance reads database table DDLOG to check whether the tables in the instance buffer have been
changed in another instance. If there have been changes, the instance invalidates some or all of the
buffered tables that are affected by the changes.

m [n the time period between synchronizations, users read the 'old' data. After data is invalidated, on
the next access to that data, the data is updated from the database.
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Granularity of Invalidation H’
AP

® Fully buffered tables: Any change invalidates the buffered
table
® Generically buffered Changes within one buffered area
tables: invalidate data with the same generic
field keys
® Single-record Changes in work area mode
buffered tables: invalidate one buffered record

© SAP AG 2003

m [n work area mode, only one line of a table (the work area) is used to transfer data. This occurs, for
example, when using the ABAP command: UPDATE <dbtab> (where <dbtab> was defined using
command TABLES <dbtab>).

® Changes not made in work area mode invalidate the whole table. This occurs, for example, when
using the ABAP command: UPDATE <dbtab> WHERE <Field> = <Condition>.
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Setting the Buffering for a Table H’
AP

In transaction SE13, you can set
the buffering for a table:

= No buffering
m Full buffering
= Generic buffering

m Single record buffering

© SAP AG 2003

m Transaction SE13 (Technical settings — Change) allows you to select the type of buffering (or no
buffering) for a specific table. The most important question is whether a table should be buffered at
all.

m A table should only be buffered if the table is read frequently and if it is acceptable from an
application or business point of view that changes to the data in the table are not immediately visible
on all other SAP instances.

m [n addition to full, partial, and generic buffering, another buffering type, "installation-dependent", is
sometimes used that enables a table to be initially not buffered, but later set to one of the above
buffering types in the running system. This buffering type is used if the table can be buffered from an
application point of view, but, for example, the size of the table and the amount of main memory
(hence the space for buffering) vary with the SAP installation.

® Normally, the programmer has set a buffering type, which can be revealed in the access profile for
the table.
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SQL Statements Bypassing the Buffer (1) H’
AP

These kinds of SQL statements bypass all buffering types:

SELECT ... BYPASSING BUFFER
SELECT FOR UPDATE

Any aggregate function (COUNT, MIN, MAX, SUM, AVG): for
example, SELECT MIN(F1) FROM T1 WHERE ...

SELECT DISTINCT
WHERE clause contains "IS NULL"
ORDER BY (other than PRIMARY KEY)

Any native SQL statement

© SAP AG 2003

m SQL statements that cannot be satisfied from the buffer, bypass the buffer and access the database.

m Statements that bypass any type of buffering should be avoided when programming with buffered
tables in order to optimize performance. An exception is maintenance transactions on buffered
tables, which should use an explicit SELECT ...BYPASSING BUFFER to ensure the retrieval of the

most-up-to-date data directly from the database.

© SAP AG
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SQL Statements Bypassing the Buffer (2) H’
AP

® This kind of SQL statement bypasses partial buffering:

= A non-single select: for example,
SELECT * FROM T1 WHERE ...

® This kind of SQL statement bypasses generic buffering:

m Select without specifying the generic key: for example,
SELECT * FROM T1 WHERE ...

© SAP AG 2003

© SAP AG BC315

6-14



SQL/Buffering Exercise !’
SAP

© SAP AG 2003

Objectives:

In this exercise you will become familiar with:

® Information in SQL traces

® When different types of buffering are used
Activities:

After your trainer creates an SQL trace of program
ZBC315_SELECT_BUFFER:

® Log on to the training system
® Display the SQL trace and the program source code.

® For each SQL statement, determine whether the data is retrieved from
the database or from the buffer.

® If the data is retrieved from the buffer, determine whether partial
buffering or generic buffering is used.

© SAP AG
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SQL/Buffering Exercise Solution (1)

@® SELECT* FROM RESB
WHERE RSNUM ='1234567890'
AND RSPOS = '0987654321" Thus, conclude: Database access
AND RSART ='A'
AND BDART = 'XX'.
ENDSELECT.

> Buffering of RESB: Not Buffered

® SELECT * FROM TITLE
WHERE DDLANGUAGE ='E'
AND PROGNAME ='RSORA000’
AND DDNR ="110".
ENDSELECT.

=> Buffering of TITLE: Partial Buffered
Full primary key specified
BUT NOT specified as
SELECT SINGLE * FROM ...

Thus, conclude: Database access

© SAP AG 2003
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SQL/Buffering Exercise Solution (2)

@® SELECT SINGLE * FROM TCOLL > Buffering of TCOLL: Buffered
WHERE RNAME = 'RSHOSTDB". Thus, conclude:
®  SELECT SINGLE * FROM T001 => Buffering of T001: Generic (1 Field)
WHERE BUKRS ='0001".
Thus, conclude: Generic key is specified
Thus, conclude:
© SAP AG 2003
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SQL/Buffering Exercise Solution (3)

@ SELECT * FROM ZZBUF_SNGL > Buffering of ZZBUF_SNGL: Partial Buffered
WHERE FIELD_1="1". Full primary key NOT specified and
ENDSELECT. NOT specified as SELECT SINGLE

Thus, conclude: Database access

@® SELECT * FROM ZZBUF_FULL -> Buffering of ZZBUF_FULL : Full
WHERE FIELD_1 ="2". Thus, conclude:
ENDSELECT.

© SAP AG 2003
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SQL/Buffering Exercise Solution (4)

@® SELECT * FROM ZZBUF_NONE -> Buffering of ZZBUF_NONE : Not Buffered
WHERE FIELD_1 ="3". Thus, conclude: Database access
ENDSELECT.
® SELECT * FROM ZZBUF GEN3 => Buffering of ZZBUF_GENS : Generic (3 Fields)

Thus, conclude: Generic key is specified
Thus, conclude:

AND FIELD_4="4

AND FIELD_5="4'

AND FIELD_6 ='4".
ENDSELECT.

© SAP AG 2003
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SQL/Buffering Exercise Solution (5)

© SAP AG 2003

® SELECT * FROM ZZBUF_FULL
WHERE FIELD_5 ="'5'.
ENDSELECT.

® SELECT * FROM ZZBUF_GEN3

WHERE FIELD_1 ="'6’

AND FIELD_2 ="6'

FIELD_3 AND FIELD_4="6"
'NOT specified AND FIELD_5="6"

AND FIELD_6 ="6".

ENDSELECT.

=> Buffering of ZZBUF_FULL : Full

Thus, conclude:

=> Buffering of ZZBUF_GENS3 :
Generic (3 Fields)

Generic key is NOT specified

Thus, conclude: Database access

© SAP AG
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SQL/Buffering Exercise Solution (6)

® SELECT SINGLE * FROM ZZBUF_FULL > 4 Buffering of ZZBUF_FULL : Full
WHERE FIELD_1 ="7" Thus, conclude:
AND FIELD_2="T"
AND FIELD_3="T"
AND FIELD_4="T"
AND FIELD_5="7".

ENDSELECT.
® SELECT* FROM ZZBUF GEN3 -> Buffering of ZZBUF_GENS3 : Generic (3 Fields)
WHERE FIELD_1 ="8' Thus, conclude: Generic key is specified

AND FIELD_2 ="8'
AND FIELD_3 ='8'
AND FIELD_5 =8’
AND FIELD_6 ="'8'".
ENDSELECT.

Thus, conclude:

© SAP AG 2003
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SQL/Buffering Exercise Solution (7)

® SELECT * FROM ZZBUF_GEN3 => Buffering of ZZBUF_GEN3 : Generic (3 Fields)
WHERE FIELD_1 = '9'

AND FIELD_2="'9"
AND FIELD 3="9' Thus, conclude:
AND FIELD_4 ="'9'
AND FIELD_6 ='9".
ENDSELECT.

Thus, conclude: Generic key is specified

® SELECT * FROM ZZBUF_GEN3 -> Buffering of ZZBUF_GENS3 : Generic (3 Fields)

BYPASSING BUFFER Thus, conclude:

BUT this statement is specified as
BYPASSING BUFFER

AND FIELD_4 ="0' Thus, conclude: Database access
AND FIELD_5="0".
ENDSELECT.
© SAP AG 2003
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SQL/Buffering Exercise: 2nd Run of ZZBUFFER H’

SQL trace results:

hh:mm:ss.mm Duration T Table Database Request

11:26:24.694 8.404 D TRDIR REOPEN 98 SELECT WHERE "NAME" = ZZBUFFER AND ROWNUM <= 11
11:26:24.703 2.182 D TRDIR FETCH 98 Array: 192 Records: 1 Return code: +1403

11:26:24.745 89 D TITLE REOPEN 110 SELECT WHERE "DDLANGUAGE" = E AND "PROGNAME" =
11:26:24.745 1.135 D TITLE FETCH 110 Array: 412 Records: 1 Return code: +1403

11:26:24.763 94 D ZZBUF_SNGL REOPEN 111 SELECT WHERE "FIELD_1"= 1

11:26:24.764 1.114 D ZZBUF_SNGL FETCH 111 Array: 1571 Records: 0 Return code: +1403

11:26:24.769 102 D ZZBUF_GEN3 REOPEN 115 SELECT WHERE "FIELD_1"= 6 AND "FIELD_2"= 6 AND "F
11:26:24.769 1.052 D ZZBUF_GEN3 FETCH 115 Array: 1571 Records: 0 Return code: +1403

© SAP AG 2003

m The above SQL trace shows all statements which are sent from the SAP system to the database while
running the ABAP program ZZBUFFER. These SQL statements cannot be satisfied from the local
SAP table buffers.
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Next Topic in Unit !’
AP
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= @ Which tables should be buffered?

© SAP AG
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Buffering Strategy: Technical Criteria H’
AP

® You can buffer SAP system tables that are:
m Seldom changed, for example, changes < 1% of reads
m Frequently accessed
= Relatively small, normally <1 MB*

= Not immediately required to be consistent in all application
server buffers

m Accessed by primary key
® Note:
= Only buffer tables > 10 MB in special cases
m Buffer searches by secondary index are not possible

= When buffering new tables, ensure that the table buffers are
large enough

© SAP AG 2003

m Even if a table is technically eligible for buffering, this does not mean that buffering is acceptable
from an application or business point of view.

m Buffering of SAP standard tables requires you to obtain a modification key in the SAP Service
Marketplace.
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Buffering Strategy: Application Criteria H’
AP

® Transaction data is never buffered

= Examples: accounting documents in table BKPF, sales documents in
table VBUK

m Reason: These tables are too large or too often changed
® Master data is normally not buffered

= Examples: customer master in table KNA1, material master in table
MARA

m Reason: These tables are normally too large and are often accessed
by secondary indexes (not possible through SAP table buffers)

® Customizing data is normally buffered

= Examples: company codes in table 70071, exchange rates in table
TCURR

m Reason: These tables are relatively small or rarely changed

© SAP AG 2003

m This slide shows some of the criteria that must be met in addition to the technical criteria, in order to
make a table eligible for buffering.
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Buffering Strategy: Condition Tables H’
AP

® Condition tables include tables for pricing, material, text
determination, and partner determination

® Examples:

m Tables A<nnn>, B<nnn>, C<nnn>, D<nnn>, KOTE<nnn>,
KOTF<nnn>, and KOTG<nnn> - where "nnn" is a number
ranging:

= From 000 to 499; indicates that the table is part of the SAP
standard and is buffered as delivered

= From 500 to 999; indicates that the table is customer created,
and is often not buffered. You should check whether the table
is or should be buffered.

© SAP AG 2003

®m The following rule of thumb can be also used to determine tables that are eligible for buffering:

* For a table size of less than 1MB, there should be no more than 1% changes per read, and there

should be at least 300 sequential reads /day.
¢ For a table size of between 1 and 5 MB, there should be no more than 0,1% changes per read,
and there should be at least 1000 sequential reads /day.

© SAP AG BC315
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Buffering Optimization H’
AP

® Taskl:
m Check for tables which are not buffered, but should be.
m For example, check the customer’s:
¢ Customising tables, (table names beginning with Y or 2)

¢ Condition tables (for example, table A<nnn>, where nnn = 500 to
999)

® Taskll:
m Check for tables which are buffered, but should not be.

m For example, check large and frequently changed Customising tables,
such as:

¢ Table TCURR (exchange rates)

¢ Tables A005 (prices), A017 (customer/material), and A078
(vendor/material)

© SAP AG 2003

m In the SAPNet, see also, for example, SAP Notes 23877, 91335, and 34910.
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Next Topic in Unit !’
AP

= @ Monitoring SAP Table Buffering
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Analysis Roadmap: Using the Transaction Profile H’
DA

Workload Monitor (transaction ST03) for all task types dialog, and update

Choose Transaction Profile and sort by Response time total

Programs with lengthy database time: > 40% (response time - wait time)

For programs with a lengthy database time, in ST03, choose Statistics records

Do the statistics records indicate changes to buffered tables (with Note:
Tables were saved in the table buffer)?

Analyze table buffering using Table Call Statistics (transaction ST10)

—o

© SAP AG 2003

®m This roadmap shows you how to leads you to find problems with table buffering problems:

1) Display the Workload Monitor (Transaction S703) for task types dialog and update

2) For both respective task types, choose Transaction profile and sort according to response time

3) For the programs or transactions that have a large response time, look at the adjacent columns to
find out whether they have a lengthy CPU time or a lengthy database time.

4) For transactions with database time > 40% (response time - wait time):
Analyse single records by viewing statistical records using transaction STAD.

5) To analyze statistical records with a lengthy database time, double-click the appropriate line.

6) To find out whether a buffer reload occurred in the corresponding dialog step, choose DB and
check for the note Tables were saved in the table buffer.

7) If this note occurs for many statistical records, it indicates frequent buffer reloads.
The table buffer should be analysed using the Table Call Statistics monitor (transaction S7°70).
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Table Call Statistics (Transaction ST70)

Perfonnance analysis: Table call statistics
Choose || Generic buffer || Single record buffer || Mothufiered | Sort | Analzetable = Servers =-=tables | [} Reset  Refresh

System: A1l servers 811 tables

Date & time of snapshot: 25 03,2083 29:42: 41 System Startup: 25.83.2003 11:52:42

Sorted by ABAP requests
Tahle Buf Invali- LEAP/IYV Processor reguests DE actiwity
key | dations Total Direct Seq Changes Calls Rows
apt reads reads affected

*Total* 17 28424 078 21748 698 6.5609.943 106,437 479,945 1.627.398
MTAE DDNTF ] 9.886.109 9.883.846 2263 2} 4.525 2.2083
WTAE DDNTT ] T.736.164 T.736.164 [0} 1} 7.545 3.772
usT12 gen ] 4.030.480 o 4.030.480 2} 13 5
USoBY_C sng ] 1.375.432 1.375.432 o o 80 35
TOBJ_OFF Tul ] 1.375.430 1.375.429 1 2} o [t}
INDX ] 1.059.635 o 1.058. 491 144 176 203
ATAB T1614 gen ] 340.2008 o 340.200 2} T 103
CSMCONTY ful ] 313.853 o 313.853 o o o
TG25 gen ] 157 .G86 139.590 18.098 2} 1 [t}
TG254 gen ] 139.589 139.588 1 1} 3 1
ATAB TCURX Tul ] 134.871 134870 1 2} o 54
MNRIY ] 123.859 61.251 T2 61046 183.585 122300
LTDX ] 122.858 o 122.858 2} 49 40
ToaG aen ] 120,896 1208.895 1 1} o o
D342L ] 113.893 o 113.885 g 210 244
MONT ] 87892 o 86.944 948 1.538 5.599
YBKD ] 43.428 41360 1.551 517 84.309 42 911
D346T ] 42.884 o 42.882 2 1141 2.157
DOKIL sng ] 39.049 39,036 13 2} 517 243

m To call transaction Table Call Statistics, use transaction ST/0, or, from the initial screen choose:
Tools — Administration — Monitor — Performance — Setup/buffers — Calls.

© SAP AG BC315 6-31



Size of buffered tables

FPerfonmance analysis: Table cail statistics
Choose | Generic buffer  Single record buffier | Motbufferad || Sort Anahzetable | Servers =-=tables [& [2] Reset  Refresh

Systen: A11 servers A1 tables

Date & time of snapshot: 25.03.2003  21:42:41 System Startup: 25.03.2003 11:52:42

Sorted by size in buffer
Table But | Inwali- | Buffer Size ABARIIY Processor r
key dations | size maximum Total Direct Seq. Update
opt [hytes] [hytes] reads reads
*Total? 17 16960, 387 15964 927 28424 078 21748 698 6.569.943 72.150
TSTC Tul ] 5.089.770 5.089.770 13.173 13.168 ] ]
TWDIR Tul ] 1.611 . 464 1.611 . 464 7 i 1 ]
TSTCA Tul 0 836.480 836,480 1 ] 1 0
DDFTY gen ] 40z, 950 402, 950 25661 g3 25.520 ]
TRDIRT gen 0 550663 550 663 2.582 ] 2.582 0
TOJTE Tul ] 5458130 548 .130 24.338 24300 et} ]
TOJTT Tul ] 412476 412 476 2.871 2.070 1 ]
THROT ful ] 398,307 398307 4 3 1 ]
TSLAT Tul ] 366 864 366864 62 61 1 ]
TFDIR shg ] 204 912 204 912 26.877 25.829 1.048 ]
THRO Tul ] 278,194 278.194 2.915 2.914 1 ]
ICONT ful ] 269.230 269,230 16 14 2 ]
ATAB T342 gen ] 264168 264 168 5.482 5.481 1 ]
ALGRPCUSGE shg ] 253,952 253,952 2.893 2. 066 2] ]
TEg2Z Tul ] 220.125 220.125 12.926 2] 12.926 ]
ALTOOLEXEC ful ] 207.612 207 812 13.694 13.690 4 ]
ALCLASTOOL gen ] 203.592 203 .592 2.498 2] 1.355 ]
THAPR ful ] 161.008 161000 1.0836 1.035 1 ]
SDOKCLPROP Tul ] 145,400 148400 2 2] 2 ]
UsTo4 ful ] 132.192 132 192 v 2] a7 ]
ATAE TTDTG Tul ] 116,702 115,702 i 7 1 ]
EWTXT ful ] 105.534 105 534 3 ] 3 ]
ALGRPCUSPF sng ] 98.304 g8 304 79z 79z 2] ]
T185F gen a 89.631 89 631 4 658 4 653 ] a
© SAP AG 2003
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Analysis Roadmap: Using Table Call Statistics H’
AP

Call the monitor Table Call Statistics (transaction ST70)
Are there buffered tables with a high number of invalidations?
.‘{F@ Consider the buffering rules — should tables be unbuffered?

Are there buffered tables with a large buffer size?

-ﬁ@ Consider the buffering rules — should tables be unbuffered?

Are there buffered tables with a high number of “Rows affected” in the database?

g2 Consider the buffering rules — should tables be unbuffered?

Unbuffered tables with many “Total ABAP Processor requests”?

6. 6,6 60

gfe  Consider the buffering rules — should tables be buffered?

© SAP AG 2003

This roadmap helps you to decide which tables should be buffered.

1) Call transaction ST10. Select all tables, since startup, and this server. Then choose Show
statistics. The screen Performance analysis: Table call statistics is displayed, and contains a list of
tables and the related statistics. To sort the list by the figures in a particular column, place the cursor
anywhere in the column and choose Sort.

3) Sort the list by Invalidations.

For the tables at the top of the list, consider the buffering rules and decide whether these tables
should be unbuffered.

4) Choose Next view and sort the list by Buffer size [bytes].

For the tables at the top of the list, consider the buffering rules and decide whether these tables
should be unbuffered.

5) Sort the list by column Rows affected under DB activity.

For the tables at the top of the list, consider the buffering rules and decide whether these tables
should be unbuffered.

6) Sort the list by column Total under ABAP Processor requests.

For the unbuffered tables at the top of the list, consider the buffering rules and decide whether these
tables should be buffered.
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Detection Roadmap: Monitoring Table Buffering H’
AP

® To detect incorrectly buffered tables, use:
m Table Call Statistics (transaction ST70)
m SQL trace (transaction ST05)
® To determine the rate of table change:
= In Table Call Statistics, look at field Changes
m Ask the developer or user
® To determine table size:
m For tables which are already buffered, use Table Call Statistics

m For tables which are not buffered, use Analysis of Table
According to Index (transaction DB05)

© SAP AG 2003
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® Incorrect table buffering can reduce performance for critical
transactions

® As arule, tables can be buffered if the table buffers have
enough free space and if the tables are:

¢ Small
¢ Frequently accessed
¢ Rarely changed

¢ Not time-critical (inconsistencies between application server
buffers are acceptable for short time periods)

© SAP AG 2003

m Also check that the table buffer has enough free space. If necessary, increase the buffer size.
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Interface Monitoring

1. Introduction to
Workload Analysis

2. Performance Analysis
Monitors

© SAP AG 2003

3. SAP Memory
Management

4. Hardware Capacity
Verification

X 5. Expensive SQL
Statements

R |
6. SAP Table Buffering }

F‘ 7. Interface Monitoring ]
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Interface Monitoring !’
AP

Contents
3 User interfaces and system interfaces
Monitoring RFC calls
Controls technology and GUI communication
Communication between systems and RFC configuration
Exercise: Monitoring RFC Load

Objectives

At the end of this unit, you will be able to:

® Understand the basics of the SAP RFC interface

® Monitor RFCs that are used to build up Enjoy screens as of SAP 4.6

® Identify and optimize performance of RFCs that are incoming from a
partner system

© SAP AG 2003
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Processing Modes F'
DA

® Business documents in an SAP System can be processed
in the following ways:

m By users working online in the system (SAP GUI)

m By background jobs

m Driven by interfaces to other systems (SAP or external)
¢ Batch input interface (transfer by file)
¢ RFC interface

© SAP AG 2003

® Online processing: Users logged on to the SAP system create or process documents in dialog mode,
for example, at a call center, where calls from customers are entered as orders in SAP.

® An example of background processing is delivery due list processing. During the night, customer
orders are automatically analyzed in bulk and converted into deliveries. Typically, in background
processing a program reads and creates documents using data already present in the system.

m Example of Batch Input processing: The data to be converted into the SAP system documents often
already exists in electronic form, for example, as a file. Rather than have users manually enter this
data, the SAP system enables you to transfer file data into the SAP system using programs that run in
background processing via an interface. This is a special form of background processing that is often
used as a communication interface between an SAP system and other systems. One example is
accessing customer orders on non-local servers. One strategy is that the non-local servers send their
data to a central server from which it is transferred to the SAP system using Batch Input.

m RFC interface processing: the SAP system can communicate with other data processing systems not
just through files, but also directly, using remote function calls (RFCs). RFCs exchanges can be
between SAP Systems or between SAP and external systems. Using RFC, an external system can
transfer data to, and trigger programs in the SAP system — and the SAP system can do the same in an
external system. For example, the SAP system creates transport requests for stock movements and
sends them via RFC to an external warehousing system. After executing the goods movements, the
warehouse system triggers the necessary [Docs and ALE movements in the SAP system to confirm
delivery.
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Interfaces in an SAP System Environment !r
A

User Interfaces System Interfaces

SAI
SAP R/3

SAP GUI for
Windows or
NEVE]

RFC, ALE

sAP cUl B SAP R/3
for HTML ' Enterprise

SAP APO
—>

Mobile -
Clients l Interfa

© SAP AG 2003

System

®m Occasional users (for example users that log on through Internet or intranet) work with the SAP
GUI for HTML. No installation of a GUI is necessary on the desktop computer (except a Web
browser). A Web server and the SAP Internet Transaction Server handles the communication
between the Web browser and the SAP System.

m Specialists and power users normally work with a SAP GUI for Windows or Java.
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Remote Function Calls (RFCs) H’
AP

® Remote function calls (RFCs) are used for
m Communication between SAP application layer and SAP GUIs

m Communication between two SAP Systems, or between an SAP
System and an external system

m Starting processes in parallel within one SAP System
® These are the 3 most common types of RFCs:
m Synchronous RFCs (sRFC)

¢ For communication between systems

¢ For communication between SAP application layer and SAP GUIs
m Asynchronous RFCs (aRFC)

¢ For communication between systems

¢ For parallel processing
m Transactional RFCs (tRFC)

¢ For "safe" communication between systems

© SAP AG 2003
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'Simple’ Transaction Step H’
AP

Presentation §
Server s

<

Application g Database
Server g Server

Response
time

© SAP AG 2003

Roll out time

User starts transaction

Dispatcher receives request

GUI displays result

© SAP AG

BC315
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Transaction Step with Synchronous RFC H’
AP

<

Presentation § Application g Database External
Server [ Server [ Server System
__-l{____ RFC start
e ————————— T T CPIIC Communication] ~~ "~~~ """

‘ after RFC is started

Roll out time
Response RFC + CPIC

i time
time Roll wait time

= Program not in
work process

© SAP AG 2003

m For dialog steps with synchronous RFC, RFC+CPIC time is the runtime of the RFCs plus the time
for setting up the connections. During a synchronous RFC, the ABAP program is rolled out from the
work process. This time can be observed as roll wait time

m For dialog steps with asynchronous RFC, RFC+CPIC time is the runtime for setting up the
connections to the external system. No rollout occurs. The program continues the work after starting
the asynchronous RFC.

m See also SAP Note 8963 in SAPNet.
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RFC Monitoring : Statistical Records H’
AP

B H @R ERE BBOH
Workload - Singie Statistical Records_Del3ils

4 Record || w Record §| Time | DB || TaskMemf RFC

i

Example: Statistical record with RFC processing; See multiple roll

processes, RFC+CPIC time and roll wait time
Record: 12:48:49 SHMEG SAPMSHEE [0 DB22899

fnalysis of time in work process

LRI time 109 Number _f Rol11 ins 4
[ RFC+CPIC time 6.469 bq— 1 FRo11 outs 1
T
Total time in workprocs 1.820 ms
Logd time Frogram 0 ms
——Response Lime——— 6.724 m Screen 0 ms
CUA intert. g ms
Wait for work process o0 ms
Processing time 1.813 ms Roll time out 3 ms
Load time o ms Lo 5t
Generating time o ms —}l Wait 4.904 ﬁ
Ro11 (in+wait) time 4.910 ms L |
Datahase reguest time 1 ms Frontend No.roundtrips 4 L~
Engueue time o ms GUI time 160 ms z

© SAP AG 2003

m Statistical Records (transaction STAT until 4.5 or STAD as of 4.6):

m RFC+CPIC time can be found under time details in the single records. For dialog steps with
synchronous RFC, RFC+CPIC time is the runtime of the RFCs plus the time for setting up the
connections.

m There is one record per dialog/batch step. For RFC calls an additional record is written at the end of
the dialog/batch step where they occur if the RFC connection is closed. In case of registered external
programs the RFC connection may remain open beyond the end of the dialog/batch step. Then the
RFC record is written after the connection is closed.

® Trouble-shooting:

* RFC+CPIC time >> Roll wait time (as shown in this slide) indicates a problem during the
communication between the systems. Check whether the reason is due to:
- A slow network connection
- No work process available in the receiver system

* If RFC+CPIC time = Roll wait time, this indicates that the communication between the systems is
fast. You may need to perform further performance analysis of the RFC function module in the
receiver system.

m To see the RFC subrecords (as shown on the next slide), use the “RFC” button or scroll down.
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RFC Monitoring : Statistical Sub-Records

RFC target records

RFC's - Single Client Records, Target: pawdfo85_CTP_25

Target pawdfO85_CTP_25

User ID po22899

Local destin. pawdfO71_CTP_24 IF address 155.56.4 .60
Remote destin. pawdfO85_CTP_25 IF address 155.56.5.98
Program SAPLSTUH

Function STUM_WP_SERVER_ACTIMITY

Transaction ID

Received data 4. 7hG Bytes

Sent data 1.619 Bytes

Calling time 4. 516 ms

Rem. exe. time 922 ms

® The RFC sub-record shows, for example:
m The target destination

m The user, the program that calls the RFC, and the function
module called

m The transferred data, as well as the calling and execution time

© SAP AG 2003

A separate RFC statistical record is created for every dialog step (or batch step) where remote
function calls occur. In this record, all outgoing and all incoming RFC calls are collected (outgoing
calls are client subrecords and incoming are server subrecords).

The instance profile parameter stat/rfcrec gives the max number of individual RFC sub records
shown. The program name RFC is artificial. You cannot map one single report to this statistic record,
because every RFC call could be located in a different program.

In the RFC stat record details, you can see the individually called function modules and their report
names. The task type R is also artificial, since RFC calls could be made from any other task type.
Under Client destination subrecords, you get the summary of all calls per destination (for up to the
stat/rfcrec number of destinations).

Under Server destination subrecords, you get the summary of all incoming calls per destination (for
up to the stat/rfcrec number of destinations). In the summary, you see the total number of calls for
the destination, not only those which have detail entries in the record. If there are calls for more than
stat/rfcrec destinations, you do not see the number of calls for destinations with no summary entry.
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RFC Monitoring: RFC Destinations

Transaction SM59

List  Edit 0 Help
] 2ldH I eEa SHE D
De i 1 information Te Tl R F C - Connection Test
& 3o eaq LS
RFC Destl-naﬁon TEST Connection test TEST
Remate logon Test connection Connection type: R/3 connection
Logan: 45 msec
0 KB: 2 msec
10 KB: 4 msec
RF C destination TEST 20 KB: 5 msec
30 KE: G msec
Technical settinas
Connection type 3 F#3 connection L] lrace
Load distrit. @ ‘Yes ) No
Target systermn DEY
MEg. server twdf544
Group SPACE|
Save as ) HostMame @ IP address twdfD544
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RFC destinations are maintained with transaction SM59 or choosing Tools — Administration

— Administration — Network — RFC destinations. A double-click on a destination takes you to a
detailed screen.

Button "Test Connection" leads to response times or error message (should be the first topic to check
in case of trouble).

Sample connection types (use F4 to get complete list):

* [: Connection to application server with same database

* 3: Connection to R/3 System

¢ T: Start an external program via TCP/IP

Depending on the connection type, you get different options, for example:

* R/3 System: Target host and System number

* External program via TCP/IP: Start or Registration

* External program via TCP/IP: Program (external program name), host

Trouble-Shooting: Test response times by using button "Test connection".

Recommendation for configuration: Use setting "Load distribution" instead of a single target host!
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20 eae DHE DL BE @

Extended SQL list - sorted by PID
&I | DDIC info || Explain SAL || ABAP display | [ Replacevar. | & Sort
Transaction = FPID = 168 |Ptype = DIA|CTlient = B81|User = DO22899 z
hh:mm:gs.ms |Duration |Program |Objectname|Oper Curs|Arr5z ([Rec RC Statement
12:54:04. 340 21.062[SAPLSMTR | INDX REEXEC [14B 1 1 0| UPDATE SET “LOEKZ" = ' ' , "SPERR" = ' ' "
12-84-04 361 A190Eap| SHTRLTNDY BEEYEC 1442 1 il QLDELETE WHERE “MENDT" = 'AQ1' AND “RELIL" =

[ 12:54:04 363 11 .B63[ SAPLSEUT [p4B8212 Client 0| pawdfO71_CTP_24 p48212 Client SAPGUI_PROGRES ]
P Bl mr e BT L0 B e b e 1 ) = 1 3 1
12:54:05.411 19.211| SAPLOLEA EXECSTA ] O] COMMIT WORK OW COMMECTION O
Transaction = SMEN PID = 168 |Ptype = DIA[CTlient = O01|User = DO22899
hh:mm:gs.ms |Duration |Program |Objectname|Oper Curs|ArrS5z (Rec RC Statement —]
12:54:04 394(1.749 286| SAPLOLES |pd4B212 Client O pawdfO71_CTP_24 pd8212 Client OLE_FLUSH_CALL
12,54 06 15 a0 B 2l Sapl Ol ER|pdaa] Client ] |
12:54:06.187 48| SAPLRHWI | SWWHRINDEX | REOPEN | 443 ] 0| SELECT WHERE "HMANDT" ‘optt AND “O0BJID"
12:54:06.188 5. 068 SAPLRHWI | SWWHRINDEX|FETCH | 443 1 1 ] - -
12:54:06.198 42| SAPLRHWO | SWWHRIWDEX| REOPEN | 443 1] O] SELECT WHERE "MANDT" = "@BB1° AND “OBJID" = °
12:54:06.198 12,058 SAPLRHWD | SWWHRINDEX|FETCH | 443 1 1 ] —
12:54:06. 324 GO[ SAPLRHDE | HRP1 001 REOPEN [ 445 ] 0| SELECT WHERE "MANDT" = '@01' A&ND "PLYAR" = ' =

© SAP AG 2003

To start the performance trace, enter transaction S705.

The slide shows the SQL and RFC part of a performance trace of a transaction-SM66 dialog step.

(Before creating the trace, choose button "settings", deactivate the option "Display only abbreviated

information”, and activate the option "Display connection and status".)

In the upper part of the screen, you see the RFC trace record: “pawdf085 CTP_24 p48212 Client

SAPGUI_PROGRESS INDICATOR?”. This provides us with the following information:

¢ Sender: pawdf085 CTP_24 (local SAP instance)

¢ Receiver: p48212 (in this example my local PC)

¢ Function module: SAPGUI_PROGRESS INDICATOR (sets the status message "Connection to
<instance>")

In the lower part of the screen, you see the SQL trace records (for example accesses to table

SWWHRINDEX): “SELECT WHERE MANDT = ,001° AND OBJID ...”
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Next Topic in Unit !’
AR

Contents
® User interfaces and system interfaces
® Monitoring RFC calls
3 Controls technology and GUI communication
® Communication between systems and RFC configuration
® Exercise: Monitoring RFC Load
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SAP Release 4.6: Enjoy SAP !’
AT

® In the Enjoy SAP initiative, SAP
demonstrated its commitment to
producing easy-to-learn, easy-to-
use software. The innovativeness
of the 4.6 Release is based on:

m A new design for user interaction
m A new visual design
m New personalization features

® These architectural changes have
implications for performance and
sizing

© SAP AG 2003
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Interaction Model: Controls Technology H’
A

E] OIS

| &

Function Builder: Display Z2_BC315_ADAPT_ALlL _FILE...
ﬁ#\‘?@%ﬂl{u f @ﬂ—"ﬂg‘@ Fattern | Pretty Printer

Function graup =}
|zC318

e
Ohject name
< [17BC315
= {3 Function modules
Z_BC35_ADAPT_ALL_FILEN

IL4]]

7_BC315_ZMARA_SELECT |[=]

I» [ Dictionary structures s
[ [

[]

Function module Z_BC31S_ADAPT_ALL_FIL
. Impart | Export | Changing | Tables

B R

10N Z_BC315_ADAPT_ALL_FILENAMES.
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HO_AUTHORITY

IDERT' AND S%-UN!
y for system seti

Text-Edit
Control

es after system s¢

TP I EE & UL -------c======-
ntrol

[«]v]
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L]l | Il
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Controls technology
provides application
programmers with a
means of
incorporating more
complex screen
elements called
controls.

The new elements are
software components
with their own
independent
functions on the GUI.

For example,
scrolling, navigating,
or searching no
longer need to
connect to the
application server.

The new Enjoy SAP Release elements are not screen elements in the classic SAP sense, but software
components with their own independent functions acting on the GUI. GUI screens can now consist

of one or more controls. Typical controls are

* APAP list viewer control (ALV control)

* Tree control (like in SAP Easy Access Menu)

¢ Text edit control (texts in the GUI)

¢ HTML control (display of HTML documents in the GUI)

For examples, from the SAP initial screen, choose: Tools >> ABAP Workbench >> Development

>> ABAP Editor >> Environment >> Controls Examples (or use transaction DWDM)
Literature (http://sapnet.sap.com/performance >> Media Center >> Literature):

* Performant Programming With Controls

¢ Poster: Performant Programming with Controls
¢ Using Controls With WAN Logons

Transactions that were redesigned with the Enjoy SAP Release are usually indicated by a "N" after
the former transaction, for example, ME2IN, VLOIN, STO3N. (But not necessarily: VA0! is also an
"Enjoy transaction”.)
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Interaction Model: Implications for Performance F'
AP

® Old interaction model

m Each ‘click’ in the GUI (for example a scroll in a list)
requires its own dialog step

® New interaction model

m Functions scrolling, navigating, or searching no longer
need to connect to the application server

® Advantage
m Fewer dialog steps
® Disadvantage

m High initial GUI load (network and CPU)

© SAP AG 2003

® What do the new controls imply for the network?

* The network load per dialog step will increase considerably as more information is pushed to the
SAP GUI in one step. On the other hand, the user can navigate in the screen without connecting to
the application server.

¢ Example: When you scroll in a "normal" list, you do a dialog step each time. If you use a new "list
viewer" control, all information in the list are pushed to the GUI in larger portions. Therefore, the
SAP GUI does not connect each time to the application server when scrolling but is able to handle
many requests locally. This is a clear advantage if you scroll up and down the list often. However,
it is a disadvantage if you enter the list once and leave it again immediately.

* Consequence: The network load per dialog step will increase. Depending on the user behavior, the
number of dialog steps will decrease, thus compensating for part of the increased network load.
However, in total, we expect an increase in network load.

m For details, see SAP Note 164102 and the related white paper under http://sapnet.sap.com/sizing.
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Transaction Step with Roundtrip H’
DAL

Presentation § Application ‘é Database
Server Server [ Server

Roundtrip to GUI starts

Program rolls out after

. RFC to GUI is started
Time spent for

network transfer R_eSpOnse
Roll time
Time spent for building wait

up the screen in the GUI .
time
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B Roundtrips, Roll wait time, GUI time: During a roundtrip to the SAP GUI, the ABAP program is
usually rolled out of the work process. Therefore, you may observe a high roll wait time due to SAP
GUI communication. This time is measured as GUI time.

m [f the dialog step includes no RFC communication with an external system (only RFC
communication to GUI), then the GUI time = roll wait time.

m [f the dialog step includes RFC communication with an external system, the GUI time may be less
than the roll wait time, since roll wait time covers roll wait situations due to all RFCs, GUI time only
covers the roll wait situations due to SAP GUI communication.

m See also SAP Note 8963.
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Example (I): ST03 - High Roll Wait Time

Edit

Performance: Workload su...

Other period  TopTime  Transaction profile  Titme |

Dialog steps 194 750 High roll wait time
_ may indicate high

Ayv. CPU time 9250 ms GUI times

Av. REC+CPIC time 6,0 ms

Ay response time 3.520,1 ms

Ay wait time 7.8 ms

Ay load+gen time 17,4 ms

Ay, Rall i+w tirme B23.6 ms

Ay, DB req. time 433,5 ms

Ay enguede time 0,2 ms

© SAP AG 2003
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Example (ll): STAD - Statistical Record

Workdoad - Single Statistical Records: Details

4 Record w Record Alldetails DB TaskiMern @ Bytes

System DEW Instance: twdfo544_DEY_BO
fnalysed time: 26.03 2003 / 18:00:00 - 26.03.2003 / 18:10:00 Time frame: +/- 00:02:00
Record: 18:02:33 SEBO SAPMSELG [ TRAIMER

&nalysis of Lime in work process

CPU time 203 ms Numher Ro11 ins 3
RFC+CPIC time o ms Ro11 outs 3
Engueues o
Total time in workprocs 396 ms
Load time Program 2 ms
—Response time——— 1.106 ms— Scresen g ms
CU& intert. o ms
Wait for work process 0 ms
Processing time 352 ms Ro11 time Out 7 oms
Load time 2 ms In 1 ms B
Generating time o ms Wait 710 ms
Ro11 {in+wait) time 711 ms
Database request time 41 ms Fraontend Mo . roundtrips 10
Engueue time o0 ms GUI time 785 ms
i i - Fronten_d data are
shown in transaction
= STAD only
Record: 18:02:33 SEBO SAPMSELD M (not shown in STAT)
Task and memory information /
Terminal In-message 390 Bytes
Terminal Qut-message 126.201 Bytes

© SAP AG 2003

® Monitoring:
¢ as of SAP Release 4.6B, statistics about roundtrips and GUI time are available in transaction
STAD. (In SAP Release 4.6, you should no longer use transaction STAT.)
* You can also activate a performance display. To do this, choose System — Utilities
— Performance display.
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RFC Monitoring: Performance Trace

Trace Edit

o dl a0 a0 e O N 2 M P ) B
Extended SQL fist - sorted by PID Function module to set GUI process indicator in
status bar (messages such as "Loading data")
& |DIC info || Explain SGL || ABAP display || Replace

Can be deactivated, if GUI connection is slow

1« ][]

158‘P‘type = DIA(Client = 001(User = DB2289\ ‘

155 MS Frogram [Ubjectname|Dper Curs|ArrSz [Rec RC Statement \

UPDATE SET "LOEKZ"\= ' ' , "SPERR" = ' ' , "
LELETE LUEDE o P T E NI 1 1 L =1 = f L

pawdTO71_CTP_24 p48212 Client SAPGUI_PROGRES

12:54:04.340 SAPLSHMTR | IWDX REEXEL | 140 1 1
EE A=Y R =T dolcip crplThn DEEYEC laao 4 o

[ 12:54:04 363 11.563( SAPLSGUT [p4a212 Client

=]

o

=

PR TE PRSI SN

12:54:85.411|  19.211| SAPLOLEA EXECSTA B COMHIT WORK ON CONNECTION ©

2]
Transaction = SHEN PID = 168 |Ptype = DIA|CTlient = 001 (User = DO22599 ‘
hh:mm:ss.ms |Duration |Program |Objectname|Oper Curs|ArrSz (Rec RC Statement —]

[ 12:54:04.204(1.749 286( SAPLOLES |p4B212 Client O pawd fO71_CTP_24 p48212 Client OLE_FLUSH_CALL § |
12 o4 pe 182 b = 2 Y A e e Client I il
12:54:06.187 48| SAPLRHWS | SWWHRINDEX| REOPEN | 443 o o ‘ge1t AND "OBJID™
12:54:06.188 8068 SAPLRHWO | SWWHRINDEX| FETCH [ 443 1 1 Lo}
12:54:06.198 42| SAPLRHWY | SWWHRINDEX| REOPEN | 443 o 0| SELECT WRERE "MANDT" = '@61' AND "OBJID" = °
12:54:06.198 12.058( SAPLRHWS [SWWHRINDEX| FETCH | 443 1 1 o —
12:54:06.324 G| SAPLRHDE |HRP1 001 RE " AND "PLVAR" = '+ &

Function module "OLE_FLUSH_CALL"
indicates a roundtrip to GUI to build up the
tree control

el ——

© SAP AG 2003

m Activate the Performance Trace (S705) including SQL trace + Enqueue Trace + RFC trace.

m SAPGUI PROGRESS INDICATOR: As of 3.0F, application progress indicators can be switched
off by setting the SPA/GPA value SIN to 0 in the user master record (see SAP Note 51373).

m OLE FLUSH_CALL indicates a roundtrip to GUI to build up the screen
¢ Ideal case: 1 call of OLE_FLUSH_ CALL per dialog step.

m GUICORE BLOB DIAG PARSER:
¢ With one roundtrip, a maximum of 32 kByte of data can be transferred. If more than 32 Kbyte has

to be transferred, function module GUICORE_BLOB_DIAG PARSER is executed.
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Trouble Shooting : High GUI Time H’
AP

First case: GUI time versus network transfer ("Terminal Qut"message")

m Guidelines:
¢ on average, 100 ms for 1 KB
¢ in the worst case, 1 sec for 1 KB
m Possible reasons for a high GUI time:
¢ Time spent for network transfer- see Network bottleneck

¢ Time spent for building up the screen in the GUI -
see CPU / memory bottleneck on the desktop computer

m Unfortunately there is way to distinguish between time for network transfer
and time spent in the GUI, so:

¢ Try to identify network problems with function LAN Check by Ping in
transaction ST06

© SAP AG 2003

® What do the new controls imply for the network?
The network load per dialog step will increase considerably as more information is pushed to the
SAP GUI in one step. On the other hand, the user can navigate in the screen without connecting to
the application server. Depending on the user behavior, the number of dialog steps will decrease thus
compensating a part of the increased network load. However, in total we expect an increase in
network load. See SAP Note 161053.

® What is the impact of the new controls imply for the resource consumption of the desktop
computers?
As of 4.6, the SAP GUI comes with a new "New Visual Design". CPU consumption on the desktop
is reduced significantly when you switch from "New Visual Design" to "Classic Design" according
to Note 173028.

m See also SAP Note 203924.
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Example (lll): ST06 - Network Check by Ping

LAN Check by PING (Presentation Server) Guidelines (4KB ping)

Servername Server-IP Hin i Nax Loss * No losses

3 N3 n3 ;i + Response times:
dk1016 193.3.14. 251 1ee =LAN < 50ms
dk1822 193.3.14.251 100
dk1824 193.3.14 251 [1om *WAN < 150ms
dk1825 193.3.14 251 100
salamanna 194,194 192,226 476 511 549 ] *56K Modem< 500ms
moretti 194.194 192 .25 175 534 1260 2]
GFDHTE 194 253.242 65 168 619 989 | —
GFDJMB 194 253 242 67 192 518 937 10
ohBE39 195.118.134.72 281 288 I 2]
ababi 195.118.134. 749 278 296 aro ]
Impossible Tinks: 4 168 461 | 1.260

© SAP AG 2003

m To perform the LAN Check by ping, run transaction ST06, the choose Detail Analysis Menu — LAN
check by ping.

m To choose the size of the package that is transferred by each ping, choose Edit — Block size.

m For a package size of 4KB, the average response time should be less than 50 ms in a LAN.

m The response times seen above in the screenshot indicate severe network problems.
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Trouble Shooting : High GUI Time (2) H’
AP

Second case: High network transfer; High number of roundtrips

m Guidelines:
¢ 2 or less roundtrips for a normal screen;
¢ 10 roundtrips as upper limit, even for complex screens
¢ Average network transfer 5 to 8 Kbytes

¢ Network transfer should always be less than 80 Kbytes, even for
complex screens

m Possible reason for a high number of roundtrips :

¢ Program or program usage error (send a message to the
developers)

© SAP AG 2003

m In the new Enjoy architecture, GUI and network performance must be considered. In particular, you

should look at:

a) Number of roundtrips
The number of roundtrips is determined by the application program. Roundtrips are processed in
an sequential order. If the number is too high, the GUI time will increase considerably. For a
normal screen, the number of roundtrips should be 2 or less. An upper limit, even for complex
screens (long lists or tree structures), should be 10.

b) Network transfer
When you scroll or click to a tab strip in a "classical" SAP system screen, you perform a dialog
step with each scroll. If you use the new controls (tree, textedit, or HTML), a large amount of
information is pushed to the GUI in the first dialog step (if necessary, with multiple roundtrips).
Therefore, the SAP GUI does not connect to the application server when scrolling, but is able to
handle many requests locally. This is a clear advantage if you navigate in the screen many times.
However, this is a disadvantage if you enter the screen only once and leave it immediately.

¢) Use of the drop-down list box.
This is a further critical issue for network transfer. The content of the list box is transferred to the
GUI in advance. This may be a performance improvement, because no connection to the
application server is necessary when the user clicks the list box. However, it will be a performance
problem if the list box contains many entries (100 or more).
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Trouble Shooting: New Visual Design H’
AP

Create Purchase Order

| @ | Print preview HMessagesH Help ‘ Personal setting ‘

[+]
(5] PO to sister plants @ Wendor Doc. date =
E Deliveryinvaice h Conditions h Texts h Address h Communications data h Partners h Add—|
Payment terms Currency h | a ﬁ a8 | | @
Payment in days % Exchange rate I hes [EllHeln ] Personal setting
Payment in days %
FPayment in days net | I—
Incoterms [] &R message Communications data | Partners I
=4S |itern A || [Material Short text PO guantity ... |ClDeliv. date  |het price CUrrency I

Exchange rate I

[l

KDl [ I 68 wessage
1
Use SAP Visual settings icon [tem |& | I|Material Short text PO uantity 0t De
on your desktop to switch i
on/off new design.
There are no functional ST : ILI
13

changes when changing to
the old design.

m [f there is a CPU bottleneck on the frontend, see the following SAP Notes:

* SAP Note 161053: CPU consumption on the frontend is reduced significantly when you switch
from "New Visual Design" to "Classic Design". The corresponding program is stored in
"SAPpc\sapgui\". It is particular useful when you use older graphic boards.

* SAP Note 196238: Deactivate "New Visual Design" for all users

¢ SAP Note 203924: Collective performance note for Release 4.6.
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Trouble Shooting: LOW Speed Connection H’
AP

® For WAN Connection set the flag "LOW Speed Connection”
in SAPLOGON.

m Menus are only transferred on request

= Quantity of the transferred data is reduced for tree and ALV
controls.

= No images are transferred
m The network load is reduced significantly.

® You can find this setting option under:
SAPLOGON — PROPERTIES - ADVANCED

® No functional changes Advanced Dptions
when changing to low
speed connection

Connection speed
|7|7 Low Speed Connectioré

(1] Cancel |

© SAP AG 2003

m [f there are long response times due to performance problems in the network (in particular when
using SAPGUI in WAN), you should use configuration "LOW Speed Connection” in SAPLOGON.
As a result, menus are only transferred on request, and the quantity of the transferred data is
accordingly reduced. This reduces the network load significantly.

® You can find this setting option under: SSAPLOGON — PROPERTIES — ADVANCED.

m See also SAP Note 203924.

© SAP AG BC315 7-24



Trouble Shooting: SAP Easy Access Menu H’
AP

Menu  Edit

Display documentation shit+F6 #9548 &) 1@

Settings Shift+F9
SAP Easy Access -
Set starttransaction Shift+F7

= | Bl | M B =

[ Favarites A
= {3 AP standard menu v 4 F—

I 1 Office =" ‘ >

[ (1 Logistics " M’

[ [ Accounting » <4 ; ‘
B (1 Human Resources Y

[ (3 Information Systems
B (3 Tools

SAP Easy Assess Menu

m Transaction
SESSION_MANAGER

m Avoid big pictures

m Avoid large user menus
(not more that 1000 entries)

© SAP AG 2003

As of SAP Release 4.6, SAP provides the "SAP Easy Access Menu" for navigation to transactions

and report. (Technically, this is transaction SESSION _MANAGER.)

Instead of having the menu in the header area of the screen, you now see the menu in the left area of

the screen in form of a tree. All users belong to one role (or activity group). The user sees only the

transactions that belong to their own role.

If you use the SAP Easy Access Menu:

¢ The menu should not contain more than 1000 entries. (For comparison: The complete SAP menu
contains 70,000 entries.)

* The tree is loaded to the user context. A high number of menu entries leads to high memory
consumption on the application server and to long response times for the menu.

¢ If you cannot restrict the menu to less than 1000 entries, use the global SAP menu instead.

For details, see SAP Note 203617.

To find out the number of nodes in the menu tree, use transaction SE37 (function builder) and choose

Test; enter function module BX READ USER MENU.

See also SAP Note 203924.
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Next Topic in Unit !’
AR

Contents
® User interfaces and system interfaces
® Monitoring RFC calls
® Controls technology and GUI communication
3» Communication between systems and RFC configuration
® Exercise: Monitoring RFC Load

© SAP AG 2003
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Remote Function Calls (RFC and aRFC) H’
AP

Program  Edit Goto  Utilities  Environment
ala B @@ B
ABAP Editor: Display Report ZSBOX_START_RFC
= | 2|9 | a8 1 |2 | 2 S [F0 B | (@] Patem

® Synchronous RFC

= Sender program sends

Report Z5BOX_START_RFG Active
AREREIEEE RFC waits for response
(rolled out) and proceeds
* E)SDEFEE ﬁ;gsTu]ﬁp]e asynchronous RFCs in parallel Wlth processing after
EEHEEEEN;TEY:%HEE&' NO_TASK INTO TASK. RFC returns

CONDENSE TASK.
WRITE: / 'Starting task', TASK. Y Asynchronous RFC
* asynchronous RFC (rfcs times) "STARTING WEW TASK ... DESTINATIO
CALL FUNCTION 'DE_DRA_EXTENTS' (aRFC)
DESTINATION DEST
STARTING NEW TASK TASK

PERFORMING RETURN_INFO ON END OF TASK m Sender program sends
THBLES multiple RFCs in parallel
EXCEPHSEE_UF_EMENTS = THBLE_OF_EXTENTS without waiting for
COMMUNIGATION_FAILURE = 1 MESSABE MSG
SYSTEM_FAILURE = 2 MESSAGE MSG response.

RESOURCE_FAILURE 3

I e
[ lmg [Li7s,Cod Ln&1-Ln 72 o105 lines

© SAP AG 2003

m See example programs in your training system : ZSBOX START RFC
m Synchronous RFC:
* ABAP coding: "CALL FUNCTION ... DESTINATION ..."
* Only one RFC can be started in parallel
¢ “RFC+CPIC time” should always be greater than “roll wait time”.
® Asynchronous RFC (aRFC):
* ABAP coding: "CALL FUNCTION ... STARTING NEW TASK ... DESTINATION ..."
¢ For asynchronous RFC calls, the sending work process is free as soon as all function input data is
transmitted and this transmission is confirmed by the receiver. For asynchronous RFC, the
RFC+CPIC time only shows the time for setting up the connection to the receiver and starting the
RFCs, not the runtime of the RFCs. The statistical record shows RFC+CPIC time but no roll wait
time.
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Troubleshooting: Incoming RFC Load (Problem) !’
AP

. Online requests
m Online may be blocked if
requests RFC requests are
not limited

requests

Sender (client) Receiver (server)

© SAP AG 2003

® Online requests may be blocked if asynchronous RFC requests are not limited. This may result in
bad response times for online users. Therefore, it is necessary to control the incoming aRFC load on
the receiver side

® On the receiver side for aRFC with an RFC server group specified, performance also depends on the
available resources and the setting of the RFC resource parameters depending on whether the call is
performed synchronously or asynchronously (see SAP Note 74141).
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Troubleshooting: Incoming RFC Load (Monitoring) H’

® Work process monitor (SM50)
® Running reports SAPLARFC and SAPLERFC (aRFC and tRFC only)
m Accesses to tables ARFC (tRFC only)
m Work processes in status "stopped"”, reason "CPIC"
® User Overview (SM04)
m Type: "RFC"
m Up to release 4.0: Terminal name "APPC-TM"
® Workload Monitor (STO3N): RFC Profile
Statistical Records (STAD)
m Records with task type "R"
® TRFC Monitor (SM58)
= (tRFC only)

© SAP AG 2003
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Troubleshooting - High RFC Load: Client statistics

Workload: RFC: Client Statistic

@ 4 » ‘E‘[Transacnun codes  Usernames | Funclion modules | Targets  Local destinations ]

Instance

SAP System DEW First record 000047 Date 26.03.2003

Server twdf0544 Last record 170055

Instance no. * Elapsed time 170008 Task type Tota

Sort: Remote destin. Entries: 4

Remote destination Quantity Send data Received data Executiaon time Call time

(Byte) (Byte) (s) (s)

*TOTAL* 1.160 4 G50 GEG 11 .606.327 317,3 Ga1, 7

PGWT3S03 5 9.089 2362 2.4 7.8

twdfOGdd 922 4,389,335 919,196 47.3 68,2

twdto544_DEV_00 g A5 ERL AT 4 el
5_| 2 2.684 9.089. 466 194,2 261,7

Workioad: RFC: Client Statistic

.
Double- click e [ o[ | i oo | [ st
Remote destination Quantity Send data Received data Execution time call time
(Byte) (Byte) (8) (s)
twdfO544_DEY_DO 231 249 578 1.595 303 73,4 274,0
twdf0545_DEY_00 2 2. 684 9.089 466 194, 2 251,7
RFCs for remote destination: twdfO545_DEV_00 Entries 5
Teode/Rep. /Job SE37
User name TRAINER RFC User ID TRAINER
Target DEY_twdtO545
Local destin. twdfOS44_DEV_00 IP address 10,16, 168,116
Program RFC_READ Function RFC_READ_TABLE
Quantity 2
Received data 0.089 466 Bytes Send data 2.684 Bytes
calling time 251,704 5 Rem. exe. time 194,171 5

© SAP AG 2003

m To call the Workload Monitor, use transaction S703 and choose Performance Database — ...
— Goto — Profiles — RFC Profile.
¢ Choose "Clients" for monitoring the incoming load, "Servers" for monitoring the outgoing load
¢ Under "Function modules", find performance data for specific RFC modules
¢ Under "Remote destination", find for example the incoming requests by destination

m To perform troubleshooting, identify the sender program of the RFC load:

* To identify critical function modules and the sender system, use the RFC profile (S703) or the
Statistical Records Monitor (STAD/STAT).
Hint: Function modules "ARFC_DEST CONFIRM", "ARFC_DEST SHIP",
"ARFC_RUN_NOWAIT" and "RFC_PING" build the framework for tRFC processing. You need
not analyze them in detail.

* To find the sender program, use Function builder (SE37) and the where-used list.

m In the example above a lot of data was received by RFC. This is shown in the Client statisitcs. A
double-click on the line containing the reception of the largest data chunk shows that this data was
demanded by the function call RFC READ TABLE.

Similarly load caused by tRFC-modules (beginning or containing "ARFC...") can be identified.
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Troubleshooting: Incoming RFC Load (Solution) H’
AP

® Create a SAP instance dedicated for RFC requests
m if the number of incoming RFC calls is very high
® Use RFC resource management parameters
m RFC server groups

m Set SAP parameters that limit the number of work processes
used for RFC processing

m The SAP instance profile parameters for configuring aRFC
resource management are the same as for tRFC:

rdisp/rfc_... Description Default value =
...use_quotas Activate/deactivate resource determination (0..1) | 1=on
...min_wait_dia_wp Number of dialog wp to be kept free 1

(1..#dialog wp), #dialog wp = rdisp/wp_no_dia

...max_own_used_wp Max. allowed quota of dia WPs used by this user 75 (0..100)

See detailed description for parameters in SAP Note 74141.

© SAP AG 2003

m [f you expect a high incoming RFC/ALE load (as a rule of thumb > 10000 requests per hour), you
should configure an SAP instance dedicated to RFC processing. Limit the number of work processes
on the instance so that the CPU is not overloaded. If you expect a low volume of RFC load, use the
SAP instance profile parameters to control the incoming RFC/ALE load.

m See example programs in training system: ZSBOX START ARFC:
¢ Starting the aRFCs with "DESTINATION dest" leads to a blocking situation (no resource

management)
¢ Starting the aRFCs with "DESTINATION IN GROUP" enables the resource management (no
blocking situation).

®m Preconditions for using RFC resource management parameters are:
¢ RFC server groups defined and used
¢ Ifused together with ALE: Inbound dispatch mode = scheduled; Inbound processing mode =

parallel
* Kernel patches as prescribed in SAP Note 74141
® To dynamically set RFC resource management parameters, use SAP program RSARFCD.
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Troubleshooting: Outgoing RFC Load (Monitoring) H’

® Work Process Monitor (SM50)

® Running reports SAPLARFC and SAPLERFC
(aRFC and tRFC only)

m Accesses to tables ARFC (tRFC only)

m Work processes in status "stopped”, reason "CPIC"
Workload Monitor (STO3N): RFC Profile
Statistical Records (STAD)
m Records with high Roll wait time
® TRFC Monitor (SM58)
= tRFC only

© SAP AG 2003
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Remote Function Calls: tRFCs H’

SAP System 1 SAP System 2

Reports Reports
SAPLARFC SAPLARFC
SAPLERFC tRFC SAPLERFC

Status tracking Status tracking

Tables Tables
ARFCSSTATE ARFCRSTATE
ARFCSDATA ARFCRDATA

® Transactional RFCs (tRFCs) allow safe communication
between systems

® Use transaction SM58 for error analysis

© SAP AG 2003

Transactional RFCs (tRFC): ABAP coding: "CALL FUNCTION ... DESTINATION ... IN
BACKGROUND TASK. Don't get confused by the key words 'IN BACKGROUND TASK’: the
tRFC is started in a dialog work process.

tRFC are not executed immediately. Instead, they are stored in an internal table and processed
together after the next COMMIT WORK.

All the calls are stored in the tables ARFCSSTATE and ARFCSDATA. Each LUW is identified by a
unique ID. When a COMMIT WORK occurs, the calls attached to this ID are executed in the
relevant target system. If an LUW runs successfully in the target system, the function module

ARFC DEST CONFIRM is called and confirms the successful execution in the target system.
Finally, the entries in ARFCSSTATE and ARFCSDATA are deleted.

tRFC errors can be displayed in transaction SM58 (which provides a view on tables ARFC*).

If the target system cannot be reached, for example, because the connection is not active, the report
RSARFCSE with the ID as a parameter is scheduled as a background job and called at regular
intervals. To display the standard values for this, in transaction SM358, choose Info — System setting.
If you want a separate setting for each destination, specify this with the tRFC options in transaction
SM59.

See example programs in the TCC system “TCD”: ZSBOX START TRFC.
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Next Topic in Unit !’
AR

Contents

® User interfaces and system interfaces

® Monitoring RFC calls

® Controls technology and GUI communication

® Communication between systems and RFC configuration
3 Exercise: Monitoring RFC Load
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Workload Analysis Exercise H’
DA

In this exercise you will learn how to:

® Analyze a workload problem related to the RFC calls
Activities:

® After your trainer starts the workload simulation:

® Log on to the training system

® Use the workload monitors to identify the problem

)

Make recommendations

© SAP AG 2003

m To find the user and the program that is blocking the work processes, use the Work Process
Overview (transaction SM50).
m To find the RFC user, use the User Overview (transaction SM04).
¢ RFC users are indicated by “RFC” in column “Type”
* For R/3 Releases up to 4.5: Terminal "APPC-TM" indicates that a user is logged on through RFC.
m To identify the following data, use the Workload Monitor (transaction S703), selecting This
application server, Last minute load; then choose Goto — Profiles — RFC Profiles — Servers:
* RFC client. This is the destination that sends the data.
* Name of the critical RFC module. Tip: Function modules "ARFC_DEST _CONFIRM",
"ARFC _DEST SHIP","ARFC RUN_NOWAIT" and "RFC_PING" build the framework for
tRFC processing.
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Exercise: Work Process Monitor

ramfode List Edit

1oL @ DHE DDLD OF @B

Process Overview
@A FT|ED | | B G onoose | B sae | W@ E
No Start Err Sem GPU Time Repaort G1. User Action Tahle
B ‘ves SAPLZBC315 90 RFC_USER
C 1  ‘Wes 10 SAPLZBC315 QA0 RFC_USER
C 2 ves 1 API FECA1S 900 RFC_USER
C 3 ves 1 _S.".PL.“.RFE 980 RFGC_USER Insert —.".RFESD.".T.".
C 4  ves 1 TFCETCA. 980 RFC_USER Insert e
[ & ‘es 1 SAPLZBC315 QA0 RFC_USER
C 6 ‘Wes SAPLZBC315 QA0 RFC_USER
C 7 es ~SUBMCCYL OO RFC_USER Direct read ISRO2 ]
C & ves 1 SAPLARFC| 980 RFC_USER
C 9  ves SAFLTAFE) 980 RFC_USER |
C 1@ ‘Ves SAPLARFC| 980 RFC_USER Insert |.".RFESD.".T.".
C 1 Ves TATLANT & 900 RFC_USER |
C 12  ‘Ves 42 980 STAERCK o
C 13  ves [«]
[ 14  Ves =]
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m In the Work Process Monitor (SM50) you see:
¢ Running reports SAPLARFC and SAPLERFC (aRFC and tRFC only)
* Accesses to tables ARF'C (tRFC only)
* Work processes in status "stopped", reason "CPIC"
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Exercise: User Overview F'
A

Edit Goto List

User List
5 Sessions |2 14 4 P DI|§|?|E?|B@|&|&|CMDSE

Clnt User Terminal Transaction Time Sess. Type
ia00  TRAIMNER 16.53.29 1 | RFC
[lamg T f 16.53.19 1 | RFC
[ lasg T 16.53.18 1 | RFC
[lapg T User o type RFC 16.53.18 1 | RFC
[]a@@  S4P_PERF swlE19:0  WaRs 165320 1 “BOT
[ 1apg  S4P_PERF swi@19:0  Waos 16.53. 20 1 GUI
[]apg  SAP_PERF swl@19:0  WFM 16.53.16 1 GUI
[la@@  SAP_PERF swlE19:0 YA 16.53 .29 1 GUIL
[lapg  SAP_PERF swl@19:0 WA 16.53. 26 1 GUI
[la@@  SAP_PERF swlE19:0 YA 16.53.17 1 GUIL
[lapg  S4P_PERF swiE19:0 WA 16.53.22 1 GUI

© SAP AG 2003

m To find the RFC user, use the User Overview (transaction SM04).
¢ RFC users are indicated by “RFC” in column “Type”
* For R/3 Releases up to 4.5: Terminal "APPC-TM" indicates that a user is logged on through RFC.
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Exercise: Workload Monitor (RFC Profile)

@ CHE SNhad BE @

Workioad: RFC: Server Statistic

@ 4 ) Transaction codes | Usernames | Targets | Remote destinations | Local destinations

Instance

SAP System DEY First record 16:41:20 Date 26.03.2003

Server twdfo544 Last record 17:06:12

Instance no. * Elapsed time oo:24:.52 Task type Total

Sort: Send data Entries: 8

Function module name Quantity Send data Received data Execution time Call time
(Byte) (Byte) (s) (=)

*TOTAL* 2.074 370,991 1.520.910 36,3 36,8

Z_BC315_START_TRFC 800 207.310 608502 o1 o,z

RFC_PING 407 107. 045 322.721 o8 o,1

ARFC_DEST_SHIP 402 28.314 418.080 146,49 1472

MRFC_DEST_CONFIRM 402 12136 a7 284 169,3 1649, 3

TRFC_SYSLOAD_BP 40 10.240 41.120 o8 o,0

ARFC_RUN_MNOWATT 20 5.120 36,800 o, 0,0

SAPTUME_PROFILE_PARAHETER 2 570 956 o8 o,0

SAPWL_WORKL_PARALLEL_COLLECTOR 1 256 1.347 0.0 0,0

© SAP AG 2003

m Call the Workload Monitor (transaction S703) and choose Performance Database — ... —> Goto
— Profiles — RFC Profile.
Or during the exercise, call the Workload Monitor (transaction S703), selecting This Application
Server and Last minute load; then choose Goto — Profiles — RFC Profile.
* To monitor the incoming load, choose "Clients"; to monitor the outgoing load, choose "Servers"
¢ To find performance data for specific RFC modules, choose "Function modules"
* To find, for example, the incoming requests by destination, choose "Remote destination"
m To perform troubleshooting, identify the sender program of the RFC load:
* To identify critical function modules and the sender system, use the RFC profile (S703) or the
Statistical Records Monitor (STAD/STAT).
Hint: Function modules "ARFC_DEST_CONFIRM", "ARFC_DEST_SHIP",
"ARFC_RUN_NOWAIT" and "RFC_PING" build the framework for tRFC processing. You need
not analyze them in detail
* To find the sender program, use Function builder (SE37) and the where-use-list.
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Exercise: Transactional RFC Monitor

& |l 2 H e  SHER Do EE @ mE

Transactional RFC
T & Reiresh
Caller Function module Target system|Date Time Statys text

—
TRAINER Z_BC316_START_TRFC twdTE544_DEV_(26.03 2003 (16:53:563 ﬁstem overloaded, repeat immediately by batch
TRATNER Z_BC315_START_TRFC twdTP544_DEY_[26 03 2803 (16:53 3% System overloaded, repeat immediately by batch
TRAINER Z_BCI1S5_START_TRFC twdf0544_DEV_|26.03.2003|16:52 3@ Transaction recorded
TRAINER £_BC315_START_TRFC twdfOo44_DEY_| 26.03. 2003 |16:53 39| System overloaded, repeat immediately hy hatch
TRAINER £_BC315_START_TRFC twdfOo44_DEY_| 26.03. 2003 |16:52 44| System overloaded, repeat immediately by hatch
TRAINER Z_BC315_START_TRFC twdfB544_DEY_[26.03 2003 (16:53: 00| System overloaded, repeat immediately by batch
TRAINER Z_BC215_START_TRFC twdTE544_DEY_[(26.03 2003 (16:53 ;38 System overloaded, repeat immediately by batch
TRAINER Z_BCI1S5_START_TRFC twdfO544_DEV_|26.03.2003|16:53 5| System overloaded, repeat immediately hy hatch
TRAINER £_BC315_START_TRFC twdfOo44_DEY_| 26.03 2003 |16:52 30 System overloaded, repeat immediately by hatch
TRAINER Z_BC315_START_TRFC twdfB544_DEY_|26.03 2003 (16:52: 46 tem overloaded, repeat immediately by batch
TRAINER Z_BCI1S5_START_TRFC twdfO544_DEV_|26.03.2003|16:53:18|System overloaded, repeat immediately hy hatch
TRAINER Z_BCI15_START_TRFC twdfO544_DEV_|26.03.2003|16:52:30| System overloaded, repeat immediately hy hatch
TRAINER £_BC315_START_TRFC twdfOo44_DEY_| 26.03. 2003 |16:52:30| System overloaded, repeat immediately by hatch
TRATINER Z_BC315_START_TRFC twdfB544_DEY_[26.03 2003 (16:53:00)System overloaded, repeat immediately by batch
TRAINER Z_BC315_START_TRFC twdfB544_DEY_[26.03 2003 (16:53:53|System overloaded, repeat immediately by batch
TRAINER Z_BCI1S5_START_TRFC twdfO544_DEV_|26.03.2003|16:53:18|System overloaded, repeat immediately hy hatch
TRAINER Z_BCI15_START_TRFC twdfO544_DEY_|26.03.2003|16:52 46| System overloaded, repeat immediately hy hatch

© SAP AG 2003

m Transactional RFCs (tRFC): All tRFC calls are stored in the tables ARFCSSTATE and
ARFCSDATA. Each LUW is identified by a unique ID. When a COMMIT WORK occurs, the calls
attached to this ID are executed in the relevant target system. If an LUW runs successfully in the
target system, the function module ARFC_DEST CONFIRM is called and confirms the successful
execution in the target system. Finally, the entries in ARFCSSTATE and ARFCSDATA are deleted.

m tRFC errors can be displayed in transaction SM58 (which provides a view on tables ARFC*).

m [t is necessary to monitor SM58 regularly.

© SAP AG BC315 7-39



Conclusion | Appendix Hr

1. Introduction to
Workload Analysis

2. Performance Analysis
Monitors

3. SAP Memory
Management

4. Hardware Capacity
Verification

5. Expensive SQL
Statements

6. SAP Table Buffering

7. Interface Monitoring
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Conclusion !’
DA

Now you are able to:

® Analyze the workload distribution
in an SAP System

Find critical performance bottlenecks

Tune SAP Basis and database
components

® Find poorly written ABAP programs
that cause performance problems

© SAP AG 2003

© SAP AG BC315
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Further Documentation H’
YA

e SAP Online Documentation E@

®m |n application area BC-CCM-MON-TUN
® In application area XX-SER-TCC Release
notes

e Literature:

B German: SAP Performanceoptimierung, Thomas
Schneider, 2002 Galileo Press

m English: SAP Performance Optimization, Thomas
Schneider, 2002 Galileo Press

© SAP AG 2003

e SAP Notes:
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Analysis Roadmap: Using the Workload Monitor H’
DA

I I R/3 Workload Monitor (STO3N)

Wait time > 10% of response time
General performance problem

High database time: database time > 40% (response time - wait time)

Detailed analysis of the database

Processing time > CPU time x 2

358

Detailed analysis of hardware bottlenecks

Load time > 50 ms

Detailed analysis of R/3 memory configuration (is the program buffer

too small?)
Roll-wait time or GUI time > 200 ms

656

Detailed analysis of interfaces and GUI communication

To

© SAP AG 2003

® For more detail on analyzing:
* The database, see the unit Expensive SQL statements
* SAP memory configuration, see the unit SAP Memory Management
¢ Hardware bottlenecks, see the unit Hardware Capacity Verification
¢ Interfaces and GUI problems, see the unit Interface Monitoring

© SAP AG

BC315




Analysis Roadmap: Using the Transaction Profile H’
DA

Workload Monitor (transaction STO3N) for all task types dialog, and update

Choose Transaction Profile and sort by Response time total

Programs with large CPU time: > 40% (response time - wait time)
Detailed analysis with ABAP trace (transaction SE30)

Programs with lengthy database time: > 40% (response time - wait time)

For programs with a lengthy database time, in STO3N, choose Statistics records

Do the statistics records indicate changes to buffered tables (with Note:
Tables were saved in the table buffer)?

Analyze table buffering using Table Call Statistics (transaction ST10)

— Analyze SQL statements using an SQL trace (transaction ST05)

© SAP AG 2003

®m This roadmap shows you how to leads you to find problems with table buffering problems:

1) Display the Workload Monitor (transaction STO3N) for task types dialog and update

2) For both respective task types, choose Transaction profile and sort according to response time

3) For the programs or transactions that have a large response time, look at the adjacent columns to
find out whether they have a lengthy CPU time or a lengthy database time.

4) For transactions with database time > 40% (response time - wait time):
Analyze single records by viewing statistical records using transaction STAT.

5) To analyze statistical records with a lengthy database time, double-click the appropriate line.

6) To find out whether a buffer reload occurred in the corresponding dialog step, choose DB and
check for the note Tables were saved in the tablebuffer.

7) If this note occurs for many statistical records, it indicates frequent buffer reloads.
The table buffer should be analyzed using the Table Call Statistics monitor (transaction S770).
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Analysis Roadmap: Using the Work Process

Overview (1)

D Work Process Overview (transaction SM50 / SM66)

_9 Work processes in status “running”?

Action: “Dir. Read”, “Seq. Read”, “Insert”, “Update”, “Delete”, “Commit”
Detailed analysis of the database

Action: “Load report”?

Detailed analysis of R/3 memory configuration (program buffer too small?)

Action: “Roll In” | “Roll Out”?
Detailed analysis of R/3 memory configuration (problems with extended

memory or roll buffer)

Work processes in status “stopped”?
Reason: “PRIV”?

Detailed analysis of R/3 memory configuration (problems with extended
memory or roll buffer)

Reason: “CPIC”?

Problems with CPIC connections such as "All work processes blocked in
destination system"?

© SAP AG 2003

m The diagram shows the procedures for analyzing the current workload using the Work Process
Overview (transaction SM50).

®m For more detail on analyzing:
* The database, see the unit Expensive SQL statements
* SAP memory configuration, see the unit SAP Memory Management

© SAP AG BC315
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Analysis Roadmap: Using the Work Process

Overview (2)

Work Process Overview (transaction SM50 or transaction SM66)

Work process in status running

Action/reason: “Dir. Read”, “Seq. Read”, “Insert”, “Update”, “Delete” , “Commit”
—D Database Lock Monitor (transaction DB07)
Le Wait situations due to database locks (“Exclusive lock waits”)?

@3 Analyse lock holder
—D Database process monitor (transaction ST04: ORACLE Session)

|—° Detailed analysis: SQL statement

? SQL Trace (transaction ST05)
° Identify and analyse the SQL statement in detail

© SAP AG 2003

m This detection roadmap shows the procedure for using the Work Process Overview.
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Analysis Roadmap: Using the Operating System F'
DA

Monitor (1)

D Operating System Monitor (transaction ST06)
High CPU utilization (< 35% CPU idle)?

Is there CPU capacity on other servers that is idle?
'ﬁ@ Redistribute R/3 work processes and users

Operating System Monitor (transaction ST06): Top CPU Processes

R/3 work processes with high CPU utilization?

Work Process Overview (transaction SM50) or Systemwide Work Process
Overview (transaction SM66)

Detailed analysis of report or transaction

Database processes with high CPU utilization?

Database process monitor (transaction ST04; for example ORACLE session)

Detailed analysis of SQL statements

‘? External processes with high CPU utilization?

% Stop or redistribute
—o High paging rate (> 20% of RAM per hour)?

© SAP AG 2003

m This roadmap guides you in analyzing your hardware capacity. First, call the Operating System

Monitor (transaction S706).

* In an optimal case there should be at least 35% idle CPU.

¢ Ifthe idle CPU is indicated as being less than 20% , there is a CPU bottleneck.

m [f there is a CPU bottleneck:

1. If possible, redistribute load to other servers.

2. To find out which processes are using the most CPU, in the Operating System Monitor choose
Detail analysis menu — Top CPU processes. If the processes have high CPU utilization, proceed
as follows:

- For work processes ("disp+work"): Using the process ID indicated in Top CPU processes,
identify the corresponding program name and user name in the Work Process Overview
(transaction SM50).

- For database processes (for example, "7ORACLES8.0”): Identify corresponding long running
SQL statements in the Database Process Monitor. To access this monitor, call transaction ST04
(Database Overview), and choose Detail analysis menu. Then choose, for example, Oracle
Session.

- For external processes, find out whether the process can be stopped or redistributed.
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Analysis Roadmap: Using the Operating System

Monitor (2)

Operating System Monitor (transaction ST06)

High paging rate (> 20% of RAM per hour)?
—? Memory capacity free on other servers?

gk  Redistribute R/3 work processes and users
ﬁ File system cache > 10 % of RAM?

ﬁ@ Reduce file system cache

Setups/Tune Buffers monitor (transaction ST02): Mode List

Programs / transactions with high memory consumption

ﬁ@ Detailed analysis of report or transaction

© SAP AG 2003

m [n the Operating System Monitor (transaction S706), note the amount of memory indicated beside
Physical memory available. Compare this figure with the paging rate. To obtain the paging rate,
double-click Pages in/s. The paging rates for the last 24 hours are displayed in the columns Paged in
[Kb/h] and Paged out [Kb/h]. If 20% of the total amount of physical memory is greater than the
amounts indicated in these columns, you can normally be sure there is no memory bottleneck.

m [f there is a memory bottleneck:

1. If possible, redistribute load to other servers.

2. Check the size of the file system cache — See SAP Note 78498 in the Online Service System
(OSY). If necessary, reduce file system cache to < 10% of the total physical memory.

3. To identify users and their programs with a high memory consumption, call the Mode List for the
extended memory. To do this, in the Setups/Tune Buffers monitor (transaction S702), choose
Detail analysis menu — SAP memory — Mode List.
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Analysis Roadmap: R/3 Memory Configuration H’
AP

O

Check R/3 memory configuration in the Setups/Tune Buffers monitor (transaction S702)

Many R/3 buffer swaps

-©

q?@ If enough physical main memory is available, increase R/3 buffer size
R/3 extended memory is full if Max. used > 80%I/n memory
STO02: Detailed analysis of SAP memory using the Mode List

Single users with very high extended memory consumption

Identify and analyze respective reports/transactions

50

ﬂ@ If enough physical main memory is available, increase R/3 extended memory

ztta/roll_first > 10247
dfe  ztta/roll_first =1

Roll buffer is full if for Roll memory, Max. used > 80%In memory

© ©

-ﬁ@ If enough physical main memory is available,
increase roll buffer (rdisp/ROLL_SHM)

© SAP AG 2003
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Analysis Roadmap: Using Table Call Statistics H’
AP

I I Call the monitor Table Call Statistics (transaction ST70)

Are there buffered tables with a high number of invalidations?

.‘{F@ Consider the buffering rules — should tables be unbuffered?

Are there buffered tables with a large buffer size?

-ﬁ@ Consider the buffering rules — should tables be unbuffered?

Are there buffered tables with a high number of “Rows affected” in the database?

g2 Consider the buffering rules — should tables be unbuffered?

Unbuffered tables with many “Total ABAP Processor requests”?

gfe  Consider the buffering rules — should tables be buffered?

6.6, 6.6

© SAP AG 2003

m This roadmap helps you to decide which tables should be buffered.

1) Call transaction ST10. Select all tables, since startup, and this server. Then choose Show
statistics. The screen Performance analysis: Table call statistics is displayed, and contains a list of
tables and the related statistics. To sort the list by the figures in a particular column, place the
cursor anywhere in the column and choose Sorz.

2) Sort the list by Invalidations.

For the tables at the top of the list, consider the buffering rules and decide whether these tables
should be unbuffered.

3) Choose Next view and sort the list by Buffer size [bytes].

For the tables at the top of the list, consider the buffering rules and decide whether these tables
should be unbuffered.

4) Sort the list by column Rows affected under DB activity.

For the tables at the top of the list, consider the buffering rules and decide whether these tables
should be unbuffered.

5) Sort the list by column Total under ABAP Processor requests.

For the unbuffered tables at the top of the list, consider the buffering rules and decide whether
these tables should be buffered.
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