Performance Optimization:
Simulation and Real Measurement
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Profiling Tools: Examples & Demo
KCachegrind: Visualizing Results
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Introduction

— Key to useful Op
— Responsive Applications required for Acceptance
— Not everybody owns a P4 @ 3 GHz

—
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Performance Analysis

o W
— Locate Code Regions for Optimizations
(Calls to time-intensive Library-Functions)

— Check for Assumptions on Runtime Behavior
(same Paint- Operatlon multlple tlmes’?)

— Best Algorithm from Alternatives for a giver
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Performance Analysis (Cont'd)

e |Input Data

Measurement Locate Bottleneck Modify Code

Improvement Check for Improvement
Satisfying? (Runtime)
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Performance Analysis (Cont'd)

— Logical Errors: Too c called Functions
— Algorithms with bad Complexity or

Implementation
— Bad Memory Access Behavior
- (Ba ' «—— for GUI Applications ?

-

Simulation and Real Ludwigsburg oo Psg®
Germany . =l

2004 T = W

EKEDERMY




Performance Measurement

— Time Partitic
» Reason for Performance Loss (Stall because of...)
 Detailed Relation to Source (Code, Data Structure)

— Runtime Numbers

Simulation and Real Ludwigsburg ¢« ‘ b
Germany | « 25
2004 T S W

EKEDERMY



Measurement - Terms

Example: Dynamic Ca

mulation and Real
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Measurement — Terms (Cont'd)
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Methods

— Attribute Counters to
 Code / Data

— Data R
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Methods - Instrumentation

— Library Version with Instrumentation
— Compiler
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Methods (Cont'd)

« Statistical Measurement ("Sampling”)
— TBS (Time Based), EBS (Event Based)

— Assumption: Event Distribution over Code
Approximated by checking every N-th Event

— Similar Way for Iterative Code:
avery N-th Iteratior
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Methods (Cont'd)

— Results not influenced by Measurement
— Compromise Quallty / Slowdown
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Hardware Support

— Event Processing / Collection / Storing
» Best: Separate HW
» Comprimise: Use Same Resources after Data
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Performance Counters

Cache Events (L1/L2/TLB) Bus Utlllzatlon
* Processing Hardware

Simulation and Real Ludwigsburg ,_‘ *\ o
Germany o
2004 o7

[?JK[?J@]EIM%”




Performance Counters (Cont'd)

— Read
» Get Precise Count of Events in Code Regions by
Enter/Leave Instrumentation

— Interrupt on Overflow
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* Profiling Tools: Examples & Demo
— Callgrlnd/CaIItree
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Tools - Measurement

; nium), perfex (SGI)
Portable: PAPI, PCL

+ Statistical Sampling

— PAPI, Pfmon (Itanlum) OProfile (Linux),
of/GProf (TBS)
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Tools — Example 1

* Function ounter for
(caller, called)-Tupel

* Combined with Time Based Sampling
« Compile with “gcc —pg ...”

a
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Tools — Example 2

— Builds up Dynamic Call Graph
— Comfortable Runtime Instrumentation
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Tools — Example 2 (Cont'd)

— Generates “callgrind.out.xxx”
— Results with “callgrind_annotate” or “kcachegrind”

— Cope with Slowness of Simulation:
« Switch of Cache Simulati nulate-cache=no
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Tools — Example 3

— Configure (a : . - .oprofile/daemonrc)
— Start the OProfile daemon (opcontrol -s)

— Run your code

— Flush Measurement, Stop daemon (opcontrol —d/-h)
— Use tools to analyze ing data
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Agenda

Performance Analy

Profiling Tools: Examples & Demo
KCachegrmd Vlsuallzmg Results

— Data Model, GUI Elements, Basic Usage

DIEIVI©
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KCachegrind — Data Model

S

— Profile Measure
— Profile Data Dumps

— Function Groups:
Source files, Shared Libs, C++ classes
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KCachegrind — GUI Elements

Event Type |Jncl. # |CE5t |Snurce (*mg.f')
T T T E———— 378 C Get down
Instr. Fetch Miss & 49.26 I1mr 379  0.00 do k=111

Data Read Miss mm 100.00 D1mr 380 if({k.EQ.1).OR.(1.EQ.1).0R. (0.EQ.1)) then
DatalWritelHis=HRN43.98 Dlmw ¢ for smoothing function selection see config.h
Instr. Fetch Miss @  49.20 12mr call rbaw(k,2,wsp(uotf(k)),wsp(fcoff(k)),
Data Read Miss NN 100.00 D2my L m35.214 150 calls to 'rbd4w_' (mg)
Dalaliatelili==JENNH Y90 DZmw 383 0.00 & (xdim(k)-1),{ydim(k)-1), (zdim(k)-1) )
Miss Sum . 100,00 Llm = I1mr + D1mr + D1mw
Miss Sum N 100.00 L2m = 12mr + D2mr + DZ2mw

Cycle Estimation T 100.00 CEst=Ir + 10 L1m + 100 L2m

else

C for other grids use std (only for only_u runs!)

804 AC3D 0.00 56 push %esi

804 AC3E 0.00 57 push %edi

804 AC3F 0.00 50 push %eax

804 AC40 0.00 68 4c 20 Ob 08 push $0x80b204c

804 AC45 0.00 52 push %edx

804 AC46 0.00 e8 8b b2 00 00 call 8055ed6 <rb4w_
: m35.21 # 150 calls to *rb

804 AC4B 0.00 &d 44 24 1c lea 0Oxlc(%esp) Yeax

804 AC4F 0.0050 push %eax ‘:
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e Performance A

* Profiling Tools: Examples & Demo
* KCachegrind: Visualizing Results

Nhat’'s to come ...

galignind
KGacnegina
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What's to come

— Free definable L
("MyCost += arg1” on Enterlng MyFunc)

— Relation of Events to Data Objects/Structures
— More Optional Simulation (TLB, HW Prefetch)
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What's to come (Cont'd)

— Supplemel : ith Inclusive

Cost via Call-Graph from Simulation
— Comparation of Measurements
— Plugins fc
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Finally...
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