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Relativni vykonnost

Zvolime referencni pocitac
Zvolime sadu testovacich uloh (tzv. benchmarky)

Spodcitame relativni doby vypoctu uloh na daném pocitacéi (tj. vzhledem k referencnimu
pocitaci)

Z relativnich dob muzeme urcit a pouzit ke srovnani:
— aritmeticky prumér
— vazeny prumer
— geometricky primér

Obvykle je pouzivan geometricky prumér (viz sady testovacich uloh SPEC, Whetstone,
Dhrystone, ...)
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001 .gee

008 espresso
013 spice2gh
015 .dodue

020 .nasa?
0221

023 eqntott
030 matrix300
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Sada testovacich uloh SPEC89

Type Application Description

INT GNU C compiler

INT PLA optinuzing tool

FP Cirouit sinmlation and analysis
FP Monte Carlo sinmlation

FP Seven floating-point kemels
INT LISP interpreter

INT Conversions of equations to truth table
FP Matnx sohtions

FP Cuantum chemistry application
FP Mesh generation application

INT = Integer intensive benchmark.
FP = Double-precision floating-point benchmark.
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Srovnani vykonnosti dvou systému s vyuzitim SPEC89

SPEC; g9 (4 programy), SPEC;,gq (6 programu)

“Pogitaé | VAX11/780 DEC3100 SPARC DEC3100 SPARC
Uloha ™. (s) (s) (s) (relativni) (relativni)
GCC 1482 145 138,9 10,22 10,67
Espresso 2266 194 254 11,68 8,92
Li 6206 480 689,5 12,93 9,08
Eqgntott 1101 99 113,5 11,12 9,7
Spice 23951 2500 2875,5 9,58 8,33
Doduc 1863 208 374,1 8,96 4,98
NASA7 20093 1646 2308,2 12,21 8,71
Matrix300 4525 749 409,3 6,04 11,06
Fpppp 3038 292 387,2 10,4 7,85
Tomcatv 2649 260 469,8 10,19 5,64

Referenéni SPEC-FX 11,45 9,57
pocitaé SPEC-FP 9,36 7,49

DEC3100 je vykonnegjSi nez SPARC




Sada testovacich uloh SPEC CPU2006

http://www.spec.org/cpu2006/results/

SPECINT 2006 (12 benchmark)

Benchmark

400.perlbench
401.bzip2

403.gcc
429.mcf
445.gobmk
456.hmmer
458.sjeng
462.libquantum
464.h264ref
471.omnetpp
473.astar
483.xalancbmk

SPEC, 12006 =1

Language
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C++
C++

C++

Application Area

Programming Language

Compression

C Compiler

Combinatorial Optimization
Artificial Intelligence: Go
Search Gene Sequence
Artificial Intelligence: chess
Physics / Quantum Computing
Video Compression

Discrete Event Simulation
Path-finding Algorithms

XML Processing
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SPECFP 2006 (17 benchmarku)

Benchmark

410.bwaves
416.gamess
433.milc
434.zeusmp
435.gromacs
436.cactusADM
437 leslie3d
444 .namd

447 dealll
450.soplex
453.povray

454 calculix
459.GemsFDTD
465.Tonto
470.lbm
481.wrf

482.sphinx3

SPECfp2006 =17

Language

Fortran
Fortran
C
Fortran
C, Fortran
C, Fortran
Fortran
C++
C++
C++
C++
C, Fortran
Fortran
Fortran
C
C, Fortran

C

Application Area

Fluid Dynamics

Quantum Chemistry.

Physics / Quantum Chromodynamics
Physics / CFD

Biochemistry / Molecular Dynamics
Physics / General Relativity

Fluid Dynamics

Biology / Molecular Dynamics
Finite Element Analysis

Linear Programming, Optimization
Image Ray-tracing

Structural Mechanics
Computational Electromagnetics
Quantum Chemistry

Fluid Dynamics

Weather

Speech recognition

rel,
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Sada testovacich uloh SPEC CPU2017
http://www.spec.org/cpu2017/results/

SPEC CPU2017 - 43 benchmarkud rozdélenych do 4 skupin

+ SPECspeed — zaméfeno na dobu zpracovani

» SPECrate — zaméfeno na propustnost

SPECrate 2017  SPECspeed 2017
Integer Integer

500.perlbench_r  600.perlbench_s C
502.gcc_r 602.gcc_s C
505.mcf_r 605.mcf_s C
520.omnetpp_r 620.omnetpp_s C++
523.xalancbmk_r 623.xalancbmk_s C++
525.x264_r 625.x264_s C
531.deepsjeng_r 631.deepsjeng_s C++
541 leela_r 641.leela_s C++
548.exchange2_r 648.exchange2_s Fortran
557.xz_r 657.xz_s C

Language Application Area

Perl interpreter

GNU C compiler

Route planning

Discrete Event simulation -
computer network

XML to HTML conversion via
XSLT

Video compression

Artificial Intelligence: alpha-beta
tree search (Chess)

Artificial Intelligence: Monte Carlo
tree search (Go)

Artificial Intelligence: recursive
solution generator (Sudoku)

General data compression

SPECrate 2017
Floating Point
503.bwaves_r

507.cactuBSSN_r

508.namd_r
510.parest_r

511.povray_r
519.lbm_r
521.wrf_r

526.blender_r
527.cam4_r

538.imagick_r
544 .nab_r
549.fotonik3d_r

554.roms_r

SPECspeed 2017
Floating Point
603.bwaves_s

607.cactuBSSN_s

619.lbm_s
621.wrf_s

627.cam4_s
628.pop2_s

638.imagick_s
644.nab_s
649.fotonik3d_s

654.roms_s

Language

Fortran

C++, C,
Fortran
C++

C++

C++, C
C
Fortran, C

C++, C
Fortran, C
Fortran, C

C
C
Fortran

Fortran

Application Area

Explosion modeling
Physics: relativity

Molecular dynamics
Biomedical imaging: optical
tomography with finite
elements

Ray tracing

Fluid dynamics

Weather forecasting

3D rendering and animation
Atmosphere modeling
Wide-scale ocean modeling
(climate level)

Image manipulation

Molecular dynamics

Computational
Electromagnetics

Regional ocean modeling



Priklady benchmarku

T - .
, SPEC CPU®2017 Floating Point Rate Result
EC Copyright 2017.2012 Standard Perf! e Evalu Corporation
Dell Inc. SPECratle®2017 fp base= 494
Dell PowerEdge R540 (Intel Xeon Bronze 3204, 1.90
GHz) SPECrate®2017_fp_peak = 50.1
CPU2017 License: 55 Test Date: Sep-2010
: Apr-2019
May-2019
Inte] Xeon Bronze 3204 08: Ubustu 18.04 2 LTS
1900 415 0-45-genenc
1600 Compiler C/C+= Version 19.0.4.227 of Intel CC—
3 3 Compiler Busld 20190416 for Linux;
;e Fortran: Version 19,04 227 of tatel Forwran
12 chups Cotmpiler Build 20190416 for Linux
32KB1-32KB D on chip per core No
1 MB [D on chsp per core ‘ersion 2.2.11 released Jun-2019
L3: £25 MB I+D on chup per chup axtd
Othe: Noae Run level 5 (mult-user)
Memory 384 GB (12 x 32 GB 2Rx4 PC4-2933P-R_ running a1 64-bit
2133) P
Storage 480 GB SATA SSD Ry
Other None
"""" Power Management:
Results Table
Base 5 Peak
Beachmark } Ratio | Seconds | Copies | Seconds | Ratio | Seconds | Ratio | Seconds | Ratio
503 buaves ¢ 12 757 159 752 160 12 754 160 756 159
7mmssug 12 428 355 429 2% 12 43 343 428/ 355
12 KA | 355 322 12 351 324 350 3.7
lqﬂ!}‘* 12 928 338 929 1 12 931 337 931 33
....!;'.‘.’!!X..‘ 12 584 480 584 48 12 s ss8 500 36.0
19.Tben_¢ 12] 315 402 35 402 12 A5 402 315 402
L s 12 450 561 378 362 12 469 374 469 573
521 Jueuug 12 489 374 487 375 12 488 375 490 273
27 camd _y 12 506 415 506 12 186 431 487 431
:gd.z*.d 12 304 983 302 988 12 M6 91 301 9990




Dalsi benchmarky

DalsSi benchmarky
« SPEC se zaméfenim na MPI, OpenACC a OpenMP
« 3DMark

« Userbenchmark
o Pozor na validitu vysledkl, mizZe byt i bias - napf u userbenchmark se feSila otazka, zda nezvyhodriuje Intel oproti AMD

Averdgd: 1229



https://www.3dmark.com/
https://cpu.userbenchmark.com/

Mereni vykonnosti

N, - CPI

te=N1°CPI°TClk: flk
C

* t,—doba vypocCtu (vykonavani programu)

* N, — pocet instrukci

- T, — perioda hodinoveého signalu (T, = 1/f,)

« CPI - pocet hodinovych cyklt na instrukci (Cycles Per Instruction)

Ny fek

PMIPS = te'106 — CPI-106 (instrukci za sekundu v milionech)
p _ NFpI | , N
MFLOPS — t 106 (FP instrukci za sekundu v milionech)
e

relativini Py os = 1 e noc. Pmips ref. poc/

e méf. poc.



Priklad 1

Na pocitacCich A a B jsme spustili program.
Namerili jsme t,=10s, tz=15s.

O kolik % je A vykonnéjsi nez B?

A= =-""=-15
P, t, 10



Priklad CPI vs doba vypoctu

Optimalizujici kompilator odstrani 50% instrukci ALU, ostatni instrukce ponecha. T, =2ns.

Instr. __ Cetnost __CPI Opt.

1. Vypoctete CPIl ., CPlyy, Pymipspav: Pumipsopt: ALU 43 % 1 21.5%
N Load 21 % 2 21%
CPlyg, = 043 -1+ 021-240.12-2+ 0.24 -2 = 1.57 Store 12 % > 1o
0.215-1+0.21-2+O.12-2+0.24-2N Jmp &%; 2 %0
CPlyy; = NI ~ 1.73 100 % 78.5 %
feik 1
MIPSPY ™ CPLy4y - 108 CPLygy - Toy - 10°
feik 1

MIPSOPE = CPL e - 106 CPlype - Tey - 106

topiw = Ny - CPLygy - Toe = 3.14- 1072 -
te,opt — NI y CPIOpt y TClk =~ 2.7 10_9 . NI

. V&b ad



Amdahluv zakon

te Stara =1

1-f f Celkové zrychleni je
| te,staré 1

Cast f mizeme
urychlit r-krat.

te,nové B (1 _ f) 4+ f
|

S~
|

; r

’
1 - f f/r J/ Amdahl's Law
’
20 ! s o =L TIamEET pa ot ro— e ~—g— __"_'_“’;;_:_J—’-&"“"‘—'—'——_—
| =
| A
18 | 7~
// Parallel portion
z - 50%
te nova ET T 1 1l e 789
- 90%
< > —— 5%
S
©
g e L HENNE N Do s
o -
(7] -~
§ 8 3 3 38288388
N % S 89§38 85K 8§

Number of processors



Priklad 3

Cache je 5x rychlejsi nez hlavni pamet a vyuziva se z 90% vypocetniho Casu.
Jaké se dosahne zrychleni zavedenim této cache?

te stara=1
< >
| 1 | f |
0% ;  90%
i 1-f i fir
| | |
te nova
f_ 0.9 < i >
r_
t 1 1
V=2 = = 3.57



Priklad 4

Mame sekvencni program. Pro 80% kodu jsme schopni jej prepsat na
paralelni s tim, ze bude idealne vyuzivat 4 jadra CPU. Jaké je zrychleni?

te stara=1

< >
L L | f |
20%;  80%
i 1-f i fir
| | |
f=0.8 < e >
r =
1 1
Vr — 68 — 2.0




Vyhodnost koupé noveho CPU

Procesor je vyuzit z 50%, zbytek Casu Ceka na I/O operace. Cena procesoru tvori
1/3 ceny pocitaCe. Je vyhodné koupit 5x rychlejsi CPU za 5x vySSi cenu?

testara=1

<
f:O.S, r=>5 K f
zrychleni: ' '
1 1 e fir
V. = = = 1.66 | | |
0.5 ,
a-p+L a-os +32 | ema

nasobek ceny pocitaCe s novym CPU:
Amdahlav zakon: celkové

2 1 zrychleni je rovno
k=§+5-§=2.33 V. =1/((1-f) +fir)



Prikon CPU

Mé&jme procesor Athlon XP 1700+, ktery pracuje na frekvenci 1.466 GHz a napéti 1.75V.

Jak se zméni vykonnost a spotfeba, pokud procesor podtaktujeme na 1GHz (1.4 GHz, 1.266 GHz) a
snizime napajeci napéti na 1.15V (1.6, 1.45V).

Predpokladejme, ze procesor v zakladni konfiguraci ma spotfebu 64W.

Pro pfikon plati P ~C - f - U?

Porigrei~C - 1466 - 1.757 Porigw = 64W
Provyrer~C - 1000 - 1.152

_ . Pnovyrel __ 64 - 1000-1.152
OTIGW  Porigrel 1466-1.752

fnovy 1000
= = = 0.68
rel forig 1466

= 18.56W

g novy,w

Spotreba klesla o 71% zatimco vykon CPU pouze o 32%.



RYCHLA VYROVNAVACI PAMET
CACHE

23



CACHE (RVP)

prehled koncepce s 32-bitovou adresou a primym mapovanim

31 1211 210
pole priznaku Adresa
tag ™ 20b Y\ nNn=10 offset bytu
index oyt
V Tag
0]
1
1023 8
120D fv’32b
é data
‘_, 32b dat = 4 B => 2b adresace

- 1024 polozek => 10b adresa
¢ zbytek =32 — 10— 2 = 20b tag




Priklad 1

Zadani: Kolik kib paméti bude potfeba pro realizaci jednocestné RVP obsahujici 1024 bloku?
Uvazujte velikost bloku 64 bitu a 32-bitové adresovani.

Reseni
PocCet polozek ... 1024 tag index offs|
Pocet bitu na jednu polozku \_ - %
Blok dat ... 64 bitu 32b
UloZeni tagu ... 32 — log,(1024) - log,(64/8) = 19 bitu
Valid bit ... 1 bit
Celkem ... 84 bitd

Velikost RVP ... 1024 * 84 = 84 kib



Priklad 2

Zadani: Pameétoveé operace tvori 40 % Casu z celkové doby béhu programu. O kolik procent se
zkrati doba behu programu pri pouziti RVP, kdyz p,;. = 0,9 a doba pristupu do RVP je rovna 1/10
doby pfistupu do paméti?

Lorig =t 0.6t 0.4t
MEM OPS.
trvp = lops T lmem 60% 40%
Phit
teyp = 0.6t + 0.4t ((1 — pi) + 1(‘) ) ) R
) s
tryp = (0.6 + 0.4 - (0.1 4+ 0.9-0.1))t = 0.676¢ 90%  10%
RVP MEM
t 0.676t
1- 2 —q— = 0.324 = 32.4%
torig t



Priklad 3

Zadani: Mezi procesor a pamét s dobou pfistupu 500 ns byla vlozena RVP s dobou pfistupu 50 ns.
Jaka musi byt pravdépodobnost zasahu p,;; do RVP, aby bylo dosazeno alespon dvojnasobné urychleni
pamétovych operaci?

CPU [+ RVP «—{MEM

torig =t1-n =500-107"-n

t,=50 ns t,=500 ns
tryp = (tz Phie + (L2 + ) - (1 — phit)) -n = (=t - g + t1 +t2) -n = (550 = 500 - ppye) - 1077 -

me__z

tryp
500-1072-n

(550 — 500 - ppyp) - 109 -1

>00 _> 1100 — 500 3
500 — 500 - pp;¢ = Dhit = 1000 5 0.6

2




Cache simulator

https://mrazekv-students.qgithub.io/bp22 cpu perina/

CACHE SIMULATOR

Zpracovani pole jednim cyklem

ADDRESS V TAG DATA
T ese |0,0,00]
111 [0,0,0,28]

ADDRESS V TAG
T 006
911
32

29 (90.63%)
3 (9.375%)

DATA

28


https://mrazekv-students.github.io/bp22_cpu_perina/
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