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Mereni casu vypoctu

= Optimalizace neni mozni bez znalosti, co optimalizovat
» Potrebujeme znat udaje o béhu programu

= Cas vypoctu celého programu: prikazy time a timex

= Cas vypoétu éasti programd: profilovani

= Srovnani systému: benchmarking
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Prikaz time

= User time

= Cas procesoru straveny uzivatelskymi procesy

= System time

» Cas procesoru straveny obsluhou funkei jadra

= Elapsed time

= Celkovy cas vypoctu

CPU time = user time + system time
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Prikaz time — dalsi udaje

Dostupné pro time v prostredi C shellu

Sdileny pamétovy prostor

Privatni (unshared) pamétovy prostor

Pocet block input operaci

Pocet block output operaci

PocCet page faultu

Pocet swapu
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Prikaz timex (System V)

= Udaje o ¢ase

= real, user a system time
= Dalsi udaje

= Mean memory size

= Kcore-minutes

= Pfenesené bloky a znaky

= \/yuziva sar accounting
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Priklady — time

time netscape http://www.pgroup.com/ppro_cc_desc.html
7.3u 3.1s 1:31 11% 0+0k 272+36io 125pf+0w
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Priklady — timex

timex -opkmt netscape http://www.pgroup.com/ppro_cc_desc.html

real P:33.61
user 9.20
sSys 3.50

START AFT: Mon May 4 10:21:19 1998

END BEFOR: Mon May 4 10:23:53 1998

COMMAND START END REAL
NAME USER TTYNAME  TIME TIME (SECS)
netstat ludek pts/5 10:21:26 10:21:27 1.26
netscape ludek pts/b5 10:21:19 10:23:52 153.60
CPU (SECS) CHARS  BLOCKS MEAN KCORE

SYS USER  TRNSFD  READ SIZE(K)  MIN

0.09 0.85 b77536 32 104.34 1.63
3.40 8.34 7045120 486 1144 .37 223.91
CHARS TRNSFD = 7622656

BLOCKS READ 518
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Profiling

= Snaha ziskat informace o castech programu

= Doba stravena v‘jednotlivych blocich
= Doba stravena jednotlivymi prikazy

= PocCet opakovani bloku/prikazu

= Primarni pozornost zameérena na procedury
= Profil: graf

= Osa X: jednotlivé procedury

= Osa Y: Doba vypoctu
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= Ostry profil
= Piky odpovidaji dominujicicm proceduram
= Numerické aplikace, technické vypocty s maticemi atd.

= . Snadno” optimalizovatelné

= Plochy profil

= Program travi cas rovhomerne ve vsech procedurach
= Zpravidla databaze, informacni systémy, systémové programy

= ObtiZzné optimalizovatelné

= Amdahlovo pravidlo plati | zde
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Profilery

= Nastroje pro tvorbu profilt
= Samozrejmé mozné i ,,rucné”
» Proceduroveé orientované
= prof
= gprof
= Blokove (radkove) orientované
= pixie
= fcov

= |prof
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Pouziti profileru

= Dveé faze:

= Instrumentovany beh programu (s nebo bez opétného prekladu)

= Vlastni zprava o vysledcich (report)

= Pristup ke zdrojovemu kodu

= Znalost struktury programu
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Procedurove orientovane profilery

Typicky predstavitel: prof

Instrumentace

= Novy preklad programu
= Zpravidla dostupny pres prepinac prekladace -p
= \/ypocet
= Instrumentovany program vytvari zaznam o vypoctu

= Soubor mon.out
= Vytvoreni zpravy

= Vlastni béh programu prof
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prof — dalsi informace

= Okrocilé procesory a operacni systémy nepotrebuji zvlastni
preklad
= Napr. SGI IRIX 6.x (procesory MIPS R1X000)
» Instrumentace za béhu — SpeedShop

x Program spoustén prikazem ssrun -exptype
x Vypocet generuje soubor <a.out-name>.<exptype>.<code><pid>

x exptype definuje typ profilu
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SpeedShop — typy profilu

= usertime — uzivatelsky cas
» [flpcsamp[x] — vzorkovani
= ideal (pixie) — blokovy profiler

= fpe — pohybliva radova carka
= prof_hwc — hardwarové Citace

f gi_hwec, [flcy_hwec, [flic_hwc, [flisc_hwec, [fldc_hwc, [fldsc_hwc, [f]tlb_hwc,
[flgfp_hwc
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gprof

= Poskytuje call graf

» Kdo koho vola

= Pocty volani procedur

= Kumulované casy vypoctu vetvi
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Presnost mereni

= Méreni casu

= Absolutni ¢as vstupu a‘vystupu procedury

x Vnorené procedury
x Kratké procedury

= Sbér hodnoty cCitacCe instrukci v pravidelnych intervalech

x Presnost vysledku zavisla na vzorkovani (sampling interval)
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Blokove orientovaneé profilery

= Poskytuji informace o pruchodech zakladnimi bloky
= tcov a Iprof

= Pocet prachodl kazdym prikazem (fadkem)
= pixie

= Pocet cykll procesoru straveny v kazdém prikazu
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|A039

: gtatiec void Teol), bar(), bazl():

: main()

: { int 1;

for (1=0: 1 <1000: 1++)
{if (1 ==2%(1/2) )
foo();
bar () ;
baz() ;

Priklad

14

15:;
16
1Fz

18

19:
0
21 :

22

251
24 :

: void foo()
: { int j;
for (j=0; j<200; j++);
¥
void bar ()
: { int j;
for (j=0; j<200; j++);
¥
void baz()
: { int j;
for (j=0j j<800; j++);
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SpeedShop — usertime

usertime:

index J,Samples self descendents total
[1] 100.0% 0.00 0.03 il
[2] 100.0% 0.03 0.00 1l
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name

mai

bar

n
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pcsamp:

samples

fpcsamp:

samples
18
12
12

|A039

time (%)

Q251 B0
O.01sf 25.
0. 018t 25.

time (%)
0.02s( 41

SpeedShop — vzorkovani

0)
0)
0)

8
O Qlgl 27
0.01sf 27.

9)
9)

cum time(%)

0.02s( 50,
0.088f 75
0.04s(100.

cum time(%)
0.02s( 41.
0.03s( 69,
0.04s( 97.

0)
0)
0)

9)
8)
)

procedure

foo
bar

baz

procedure
baz
bar

foo
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ideal:
cycles (%)
3918000(49.63)
2618000(33.16)
1309000(16.58)
47024( 0.60)

|A039

SpeedShop — blokovy pristup

cum %
49.63
82.80
99.38
99.98

secs
0.03
0.02
001
0.00

instrns
2111000
1411000
705500
25017

alls procedure
1000 baz
1000 bar
500 foo

1 main
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SpeedShop — blokovy pristup Il

Tdesml] =hsz
cycles (%)
3907858(49.50%)
2607858 (33.04%)
1303930(16.52)
14000( 0.18%)
13009( 0.16%)
8000( 0.10%)
8000( 0.10%)
7000( 0.09%)
7000( 0.09%)
4000( 0.05%)
3500( 0.04%)
3142( 0.04%)
3142( 0.04%)
1570( 0.02%)

|A039

cum %

49.
82.
gg.
gg.
g8,
g8,
899,
g8
gg.
99.
g8,
g8,
g8,
o

50%
547
06%
24Y%
40%
50%
60%
69%
78%
83%
88%
92%
96%
98%

times
300000
200000
100000
1000
1000
1000
1000
1000
1000
500
500
1000
1000
500

line
23
19
15

24
20

16
18
2
14

procedure
baz
bar
foo
main
main
main
main
baz
bar
main
foo
bar
baz

foo
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TCOV:
il =&

1000 ->
SU0 =
1000 -

Vv

N

500 —>

100 5=

1000 —>

|A039

for (1=0: 1 <1000: l+¥)
{if (1 == 2%x(1/2) )

void foo()
for (j=0; j<200; j++);

void bar()
for (j=0; j<200; j++);

void baz()
for (j=0; j<300; j++);

tcov
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tcov — pokracovani

Top 10 Blocks

L3 e Count
6 1000

8 1000

18 1000
23 1000

f 500

15 500

5 il

7 Basic blocks in this file
7 Basic blocks executed

100.00 Percent of the file executed

5001 Total basic block executions

714.43 Average executions per basic block
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Zjistovani vykonu — benchmarking

= Snaha o porovnani systemu

= Hardware i software spolecné

» Neexistuje zadné ,,zazracné” reseni
= Zakladni pristupy
= Primyslove (,,profesionalni“) benchmarky
x Porovnatelnost, nezavislost na vyrobcich

= Privatni“ benchmarky

x Konkrétni (specifické) pozadavky
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Mysteriozni MIPS a MFLOPS

= Srovnani na zakladé poctu instrukcich vykonanych za sekundu
= MIPS — milion celociselnych instrukci za sekundu

= MFLOPS — milion operaci s pohyblivou radovou carkou za
sekundu
= Problemy
= Jaké instrukce?

= V jaké posloupnosti?

= Umelé, nevypovidajici
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Celocislene benchmarky

= VAX MIPS

= Dhrystones

|A039 ar Jaro 2008



Benchmarky s pohyblivou radovou carkou

= Whetstone (umély mix, skalarni)
» Linpack (daxpy, vektorizace)

= 100*100
= 1000*1000
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SPEC benchmarks

= Nezavisla organizace

= Standard Performace Evaluation Corporation

» Standardizované benchmarky pro ruzné architektury
= \/ychazi z tzv. kernel kodu

= Cely nebo cast existujiciho programu
= Dostupné ve zdrojovém kodu

* Je mozno ,,doladit”
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SPEC skupiny

= Open Systems Group (OSGQG)
= High Performance Group (HPG

» Graphics Performance Characterization Group (GPC)
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SPEC OSG podskupiny

= CPU
= SPECmarks a CPU benchmarks

= JAVA
= JVM98, JBB2005, Java client a server benchmarky

= MAIL
= SPECmail2001

= SFS
= Systémy soubort (SFS97)

= WEB
= WEB99, WEB99 SSL, WEB2005
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CPU2000

= Aktualni CPU benchmark
= Déleni
= CINT2000 — celocCiselné vypocty
= CFP2000 — vypocty s pohyblivou radovou carkou
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= Jednotlivé soucasti
164.9zip Compression

175.vpr FPGA Circuit Placement and Routing
176.9cc C Programming Language Compiler
181.mcf Combinatorial Optimization

186.crafty Game Playing: Chess
197.parser  Word Processing

252.eon Computer Visualization
253.perlbomk PERL Programming Language
254.gap Group Theory, Interpreter
255.vortex  Object-oriented Database
256.bzip2 Compression

300.twolf Place and Route Simulator
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= Jednotlivé soucasti

|A039

168.wupwise

171.swim
172.mgrid
173.applu
177.mesa
178.galgel
179.art
183.equake
187.facerec
188.ammp
189.lucas
191.fma3d
200.sixtrack
301.apsi

Physics / Quantum Chromodynamics

Shallow Water Modeling

Multi-grid Solver: 3D Potential Field

Parabolic / Elliptic Partial Differential Equations
3-D Graphics Library

Computational Fluid Dynamics

Image Recognition / Neural Networks

Seismic Wave Propagation Simulation

Image Processing: Face Recognition
Computational Chemistry

Number Theory / Primality Testing
Finite-element Crash Simulation

High Energy Nuclear Physics Accelerator Design
Meteorology: Pollutant Distribution
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= \/ykon databazi
= TPC-A
x Testuje interakci s ATM (6 pozadavku za minutu)

x* 1 TPS znamena, ze 10 ATM soucasné vyda pozadavek a vysledek
dostane do 2 s (s 90 % ucinnosti)

= TPC-B
+ Jako TPC-A, ale testuje se pfimo, ne pfes (pomalou) sit

= TPC-C
x Komplexni, transakce jsou objednavky, platby, dotazy s jistym procentem

zamernych chyb vyzadujicich automatickou korekci
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Sitové benchmarky

= netperf
= |perf

= End to end méreni
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Vlastni benchmarky

= Sepcifické (konkrétni) pozadavky
= Dulezité parametry:

= Co testovat

= Jak dlouho testovat

» Pozadavky na velikost pametsi
= Typy benchmarku

= Jednoduchy proud (opakovani)

= Propustnost (benchmark stone wall)
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= Nezbytna soucast pouzivani benchmarku
= Mérime opravdu to, co chceme?
= Mozné priciny obvlivneni
* Pouzita optimalizace
= Velikost paméti
= Pritomnost jinéych procesu
= Co je treba explicitné kontrolovat

= CPU Cas a ¢as nasténych hodin
= Vysledky!

= Srovnani se ,,znamym* standardem
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