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Ucnionp30BaHMe MHCTPYMeEHTapMsI

7151 TpOMIIMPOBKM OPUT0>KEHMIA:
Intel® VTune Profiler n Intel® Advisor

@ BonokutnH B.[.

LOBACHEVSKY
oneAPI universiTY

fusads,



CoaepxaHue

Q Uenb paboTbl

0 Bo3MOXHOCTU MHCTpYMEHTapus
— Intel® VTune Profiler
— Intel® Advisor

O TecToBas 3agava

O OnTummnsauyms NMPUNoXeHn4d Lwar 3a warom
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Llenb pabdoTbl

O HayuntbCca wmcnonb3oBaTb MHCTPYMeHTapuhn AOna  obHapyxeHust npobnem
NPOn3BOAUTENBHOCTU B NPOLIECCE MOLLIAroBOM onTUMmM3aumm koga

3apaum:
O PaccmoTpeTb OCHOBHbIE BO3MOXHOCTU Intel® VTune Profiler
O PaccmoTpeTb OCHOBHbIE BO3MOXHOCTHU Intel® Advisor

O Ha npumepe TectoBOoM 3agavn 13 obractu BblYUCNUTENBHON (PU3NKN BbINOMHUTL
onTUMM3aLUIO KoJa C UCMOSIb30BAHMEM UHCTPYMEHTapUS

WBEPCyrp
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INTEL® VTUNE PROFILER
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Intel® VTune Profiler
OCHOBHbIe BO3MOXHOCTHU

O OcHoBHbIe BO3MOXHOCTHU Intel®
VTune Profiler:;

aPerformance Snapshot —
npeaBapuUTeNbHbIN aHanuMs3 ans

Q Anroputm:

Performance
Snapshot

MICROARCHITECTURE

Microarchitecture Memory Access

oOLLEN OLLEHKM NPOU3BOAUTENBHOCTN @& perey
nporpammMbl U pekoMeHAaLmMn no
AanbHEeNWnM OEeNCTBUSM A =
— Hotspots — npocToi aHanus, et
N3MeparLWLnNn BpemMmsa paboTbl KaXKaou ol At CRr
OTAESIbHOW (PYHKUMM N HEKOTOPbIE (1) ()
OOMOSTHUTENbHbIE (HacTpanBaeMble) ey,
XapaKkTEPUCTUKN
7137

WBEPCy
1:\Dﬁwzac“otsr
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Intel® VTune Profiler
OCHOBHbIe BO3MOXHOCTH (2)

0 3agencTBOBaHNE PECYPCOB BbIYMCITUTENBHOW CUCTEMBI:

— Microarchitecture Exploration — aHanus, NO3BONSAOLWMNA NOHATb Y3KOE MECTO Mpwn
NCNOMHEHNN HA KOHKPETHOM MnpoLeccope
— Memory Access — aHanm3 Nnpou3BoanUTENbHOCTU NOACUCTEMBbI NAMATU

QA lNapannennam nporpamMmmsi:
— Threading — aHanu3 napannenuama B nporpaMmme
— HPC Performance Characterization — c6op MeTpuk Npon3BoaUTESNTbHOCTU
Q Yckoputenu:
— GPU Offload — aHanuna nponssogmtenbHOCTK nporpammel Ha GPU nogcucteme

a AHanusbl nnatdopmel (System Overview u Platform Profiler) — aHannanpyet
oOLLiee noBeaeHME LENEBON CUCTEMbI N OrpaHnymBatoLLme akTopbl

a(!) bonbwnHCTBO BUOOB aHanmM3a TpebyloT npas agMUHUCTpaTopa

'u H. Hoeropop, 2022 Mcnonb3oBaHue MHCTPYMeHTapus Ans NpounmpoBKN NPUNOXEHWUI 8/37




INTEL® ADVISOR
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Intel® Advisor
OcHoOBHbIe BO3MOXHOCTH (1)

O OcHoBHbIe Bo3MOXHoCcTU Intel® Advisor:

— Survey aHanus nokasblBaer:
e rge Hanbonee BbIFrOOHO BEKTOPN30OBATb U pacnaparyiesiutb Ko
* MPUYUNHBbI 3aMeJieHnAa Ui OTCYyTCTBUA BEKTOPU3aL NN
* I'IpO6J'IeMbI C Npon3sBoanTEesIbHOCTbIO KOda B LEJIOM
— Trip Counts and FLOP aHanuas:
* OMHaMMYEeCKU onpeaendeTt Kosfin4eCtBo BbI3OBOB beHKLI,I/II7I " UUKITOB

* CUYMTaAET KONMMYECTBO ornepaumn ¢ nrasarowmm 3anaTon U LenbIMn YncramMmm, a Takxke
ABWXEHWEe AaHHbIX B Nnogcucteme namstu

— Roofline aHanus:

* MO3BONSIET BU3yanuanpoBaTb NPON3BOANTENBHOCTb NPUMOXEHMS B 3aBUCUMOCTU OT
annapaTHOW apXMTeKTypbl, UCNonb3yst 00a npeablayLimMx aHanmaa

* MO3BOJIdET onpeaerintb orpaHn4nBaroLine CbaKTOpr TeKyU.leVI peann3aummn Koga

'u H. Hoeropop, 2022 Mcnonb3oBaHue MHCTPYMeHTapus Ans NpounmpoBKN NPUNOXEHWUI
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Intel® Advisor
OcCHOBHbIe BO3MOXHOCTH (2)

— Dependencies aHanuas:

* MO3BOMSAET HANTU UITN UCKITIOYNTb 3aBUCMMOCTb MO AaHHbIM B pa3HbIX LUKNax
* Mpn OTCYyTCTBN 3aBNCUMOCTN MOXHO NPUHYONTEJIbHO BEKTOPU30BATb LUKII
* Mpv HariM4mMm 3aBNCNMOCTU MOXHO ﬂpO6OBaTb N3MEHUTb CTPYKTYPY OaHHbIX

— Memory Access Patterns (MAP) aHanus:

* Nno3BoJndeT onpenesintb HeperynﬂprM AOCTYN K NaMATHU
* OCHOBHad uUerlb — COKpaTUTb HaKImagHble paCcxXxodbl BEKTOpU3aLUnn

— Suitability aHanms:

WBEPCu
1"\Dﬁwzac«0r5r

* No3BOoJdeT onpenesintb BepOFITHbIVI BbIUIpbILL B NPOU3BOANTESNIBHOCTU OT Naparsriierin3ma
* NOo3BOJIdeT onpeaerintb noteHunarbHble 3Cb¢)€KTbI naparnresibHbIX HakKmagHbIX pacxoaoB

* no3BondeT onpenerintb BrindaHnMe naMeHeHmnAa Kornmn4ecTBea l/ITepaLl,I/Iﬁ N NpoaoInKUTESIbHOCTH
nTepaunm Ha Npon3BoaAnNTENTbHOCTb Bbl6paHHOI'O LUKIna
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TECTOBAA SAOAYHA
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TecToBas 3agava n meTop, pelleHus

Q Hantu onepartop unHterpuposaHud ypasHeHus LpeguHrepa:
A=—iHA
roe A, H — KOMMNEKCHbIE 9PMUTOBbLI MaTpuLbl,
Ha4vyanbHoe ycnosue ypasHeHnsa A(0) = E —eanHW4YHasa maTtpuua.
Heobxoanmo Hantn A(T).

A Metog PyHre-KyTTbl 4-ro nopsigka ong gaHHom sagadu.

k, = —iH(A(t) + %kl)

h
ky, = —iH(A(t) + hk3)
h
., A(t+h)=A(t)+g(k1+k2+k3+k4)
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TecTOoBas 3agava
Koa nporpammbi (1)

#include <complex>

#include <random>

typedef complex<double> dcomplex;

int main() {
unsigned int size = 1000, steps = 1;
dcomplex *iH = new dcomplex[size*size],

*y = new dcomplex[size*size];

double h = ©.001 / (double)steps;
chrono: :time_point<chrono::system clock> start, end;
start = chrono::system_clock::now();
generationHamilton(iH, size);
generationYo(y, size);
RK4(iH, y, h, steps, size);
end = chrono::system clock::now();

cout <<"Total time: "<«
chrono: :duration_cast<chrono::milliseconds>
(end - start).count()/1000.0<<" sec"<<endl;

return 0;

}

' _gruesckg ~r
n0® )

void generationHamilton(dcomplex * iH, unsigned int size) {
random_device rd;
mt19937 gen(rd());
uniform real distribution<double> uniform dis(1, 10.001);
for(unsigned int i = @; 1 < size; i++) {
iH[i*size + i] = dcomplex(@.0, -uniform dis(gen));
for(unsigned int j = i + 1; j < size; j++) {

double re = -uniform_dis(gen);
double im = -uniform_dis(gen);
iH[i*size + j] = dcomplex(re, im);
iH[j*size + i] = dcomplex(-re, im);
}
}
}

void generationY@(dcomplex * y, unsigned int size) {
memset(y, @, size * size * sizeof(dcomplex));
for(unsigned int i = @; 1 < size; i++) {
y[i*size + i] = dcomplex(1.0, 0.9);
}
}

'u H. Hoeropop, 2022
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TecTOoBas 3agava
Koa nporpammsli (2)

void RK4(dcomplex * iH, dcomplex * y@, double void stepRK4(dcomplex * y, dcomplex * yl, dcomplex * y2, dcomplex *
h, unsigned int steps, unsigned int size) { y3, dcomplex * y4, dcomplex * yTmpRes, dcomplex * yRKstep, dcomplex
dcomplex * yl = new dcomplex[size*size]; * iH, double h, unsigned int size system) {
dcomplex * y2 = new dcomplex[size*size]; int size_system2 = size_system * size_system;
dcomplex * y3 = new dcomplex[size*size]; Function(iH, y, yTmpRes, size_system);
dcomplex * y4 = new dcomplex[size*size]; for(int i = @; i < size_system2; i++) {
dcomplex * yTmpRes = new y1[i] = h * yTmpRes[i]; yRKstep[i] = (y[i] + y1[i]) / 2.9;
dcomplex[size*size]; }
dcomplex * yRKstep = new Function(iH, yRKstep, yTmpRes, size system);
dcomplex[size*size]; for(int i = @; i < size_system2; i++) {
for (int i = @; i < steps; i++) { y2[i] = h * yTmpRes[i]; yRKstep[i] = (y[i] + y2[i]) / 2.e@;
stepRK4(y9, yl1, y2, y3, y4, yTmpRes, }
yRKstep, iH, h, size); Function(iH, yRKstep, yTmpRes, size system);
} for(int i = @; i < size_system2; i++) {
delete(yl); y3[i] = h * yTmpRes[i]; yRKstep[i] = (y[i] + y3[i]);
delete(y2); }
delete(y3); Function(iH, yRKstep, yTmpRes, size system);
delete(y4); for(int i = @; i < size_system2; i++) {
delete(yTmpRes); y4[i] = h * yTmpRes[i];
delete(yRKstep); y[i] += (y1[i] + 2.0 * y2[i] + 2.0 * y3[i] + vy4[i])/6.0;
} }
}
WWBEPCHp
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TecTOoBas 3agava
Koa nporpammbli (3)

void Function(dcomplex * iH, dcomplex * y, dcomplex * res, unsigned int size_ system) {
matrix_mult(iH, y, res, size system);

}

void matrix_mult(dcomplex * a, dcomplex * b, dcomplex * res, unsigned int size) {
memset(res, @, size*size * sizeof(dcomplex));

for(int i = 0; i < size; i++) {
for(int j = 0; j < size; j++) {
for (int k = 0; k < size; k++) {
res[i*size + j] += a[i*size + k] * b[k*size + j];

“aEPCuT
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AHAINN3 NPON3BOOUTEIIbBHOCTU U
ONTUMN3ALIUA NMPUNTOXEHUA
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Intel® VTune Profiler
3anyck npodgpunuposLimka (1)

« | CPEACTBA | TECT AHAMW3  OKHO  CIPABKA

Q WHTerpauuns B Visual Studio:

CpeactBa -> Intel Vtune Profiler -> |t‘
Configure Analysis -

-ng

Q Intel® VTune Profiler moxeTt ObITb "
3anyuieH Kak otaernbHoe ;
NPUNoOXeHne

Q MpunoxeHne AOMKHO ObITb
CKOMMUITMPOBAHO C
ontuMmmnsaumen (Release)

EI,D,J'IFI Jlyyqwero aHasrninaa npunoxxeHme

[IOIMKHO coepXaTb OTNagouHYHo o

nHcopmauuto (Debug Info)

WBEPCy
1"\Dﬁwzacxot"'r

Intel Compiler

HDJ’I)"HMTb CPEACTEA W KOMMOHEHTEL...

Paclunperna n oGHOBNEHNA...

MogentounTeca K Base gaHHBIK..

MoAKNHUYNTECH K CEPBERY...
AHanuz eeB-koga

Jucnetyep gparMeHTos Koga...

BblépETb 3NEMEHTBI NAHENW 3NEMEHTOE...

Jucneruep naketos NuGet
Cozgate GUID

Mowck ownbkn

Spy++

ILD'asm

KomangHan ctpoka Visual Studio
Intel Code Builder for OpenCL API
Intel VTune Profiler

Intel Inspector 2021.1

Intel Advisor 2021.1

BHELLIHWNE WHCTPYMEHTEL..
WmnopT u 3kcnopt napamerpoe...
Hacrpoiika...

Mapamerpet...

Ctrl+K, Ctrl+B

TS oo g o

3

3

- v v ¥

SE-b-.@B-e-. B

Studic  bonelue He NoKasbiBaTh

@-.:

- (CnobBaneHan obnacTe)

Open VTune Profiler (beta)

' Configure Analysis with VTune Profiler (beta)
Import Result...

Compare...

liseconds>

sec” << endl;

o o
'u H. Hoeropop, 2022
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Intel® VTune Profiler

Bbibop kKomMnbloTepa Ana 3anycka
(p,OCTyneH 3anyck Ha 1pyrow MaLlnHe)

WHAT

6 Launch Application v

Specify and configure your analysis target: an applicatipn or a script to execute

| Inherit settings from IDE project:

dtin.visource\repos\HPC2019'x64\Relegse\HPC2019.exe

Advance d *

HacTpounkn 3anycka npunoXxeHud

WBEPCy
"\ADEAHEBCxGIE?‘

Bbibop Tnna aHanmsa:
TEL VTUNE PROFILER

0 Hotspots v (A

Identify the most time consumin and drill down to see time spent on each line of source code. Focus optimization
efforts on hot code for the greatest perrormance impact. ,L,,e,a,m,mo,r,e,
® User-Mode Sampling @ Overhead

Hardware Event-Based Sampling @

+| Show additional performance insi

» Details

AN

[leTanbHoOE onucaHne aHanusa

/ 3any0|< HaCTPOEHHOIo aHalrin3a

00

H. Hoeropop, 2022

U
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Intel® VTune Profiler
PesynbTaTtbl npocdmnupoBmnka (1)

maEPCuT
:‘Dﬁwzac*wfr

W

Analysis Configuration ~ Collection Log ~ Summary
Elapsed Time : 15.543s
CPU Time ~: 15.351s
Effective Time ~: 15.351s
Spin Time Os
Overhead Time = Os
Total Thread Count: 1
Paused Time ~: Os

Top Hotspots

Hotspots Hotspots by CPU Utilization ~ @ )

Botfom-up  Caller/Callee

Top-down Tree  Platform

Bce BpeMs BbINOSTHEHUS
nporpaMmmbl OHa paboTtana
©e3 NPoCTOEB U HaKMaOHbIX
pacxogoB

This section lists the most active functions in yoN appicaton. Opimizing INese NoTSpot TUNCons typically Tesuls in IMproving overal applicaton

performance.

Function Module

mairix_mult_noblock HPC2019.exe
stepRK4 HPC2019.exe
RK4 HPC2019.exe
generationHamilion ~ HPC2019.exe
func@0x180032c94 ucrtbase.dll

*N/A is applied to non-summable metrics.

CPU Time
15.241s
0.040s
0.030s
0.020s
0.011s

Hotspots Insights

Explore Additional Insights
Parallelism 1247% K
Use @ Threading to exy
parallelism in your appli

[Mporpamma pabotana B 1

NOTOK

INTEL VTUNE PROFILE

If you see significant hotspats in the Top Hotspots list, switch to the
Bottom-up view for in-depth analysis per function. Otherwise, use the
Caller/Callee view to track critical paths for these hotspots.

lore more opportunities to increase
ation

[TouTn BCE
paboTtana

BpeMs BbIMNOSTHEHUS
o4Ha PyHKLUKS

Effective CPU Utilization Histogram

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU utilization value

165 =

Target Utilization

H. Hoeropop, 2022

wo
et

Ideal

Mporpamma nnoxo 3anencTeyeT
BblYUCNIUTESIbHbIE pecypchl

Vcnonb3oBaHne MHCTPYMeEHTapus ANnst NpounmMpoBKM NPUNOXEHNI
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OnTumunsauums
NpoBeageHne ontummusaumm koaa (1)

Kondnrypauns | Axrnena (Release) | Tnargopua | Axrnanan (x64) | | Bncnersep kondnrypaumii...
.
[l |
Q Wcnonb3oBaHue Intel® Compiler <ot [+ G :
. | General Target Platform Windows 10
L Otnagka Windows SDK Versien 10.0.18362.0

~ I
— CsoiicTBa npoekTa -> O6wwue -> Platform B | ST, e

| Katanoru VC++

Target Name S(ProjectName)
loolset -> Intel C++ Compiler 19.0 (DPC++) e e
OO Se e O p e . b ;”ke’ Extensions to Delete on Clean *.cdf:".cache:™.obj" abj.enc:™.ilk:".ipdb;™.iobj:" resources; ts; "4l
4 r””p"""e";h”;z”"'d’em Build Log File §(IntDif)$(MSBuildProjectMame).log
B Ui sy Platform Toolset Intel C++ Compiler 19.0 ~
. b W opuauma o6 noxoaHo =
v Intel Specific Visual Studio 2017 (v141)
b Coberrus cBapku
. o Base Platform Taolset [Visual Studio 2017 - Windows XP (v141_xp)
b Hacrpansaemeiii ran c6o
S — Profile-Guided Build OfIntel(R) oneAPI DPC++ Compiler

Codle Coverage Build ¢Intel C++ Compiler 19.1

- CBOMCTBa |'| poe KTa '> C/C++ '> Profile Directory Intel C++ Compiler 19.0

~ Project Defaults Intel C++ Compiler 18.0
<HACNEADBATS OT POATENA WA OT SHAUEHMI NG YMONYAHIIO ANA NPOEKTa>

Language(Intel C++) -> OpenMP Support -> e ST

Character Set Use Multi-Byte Character Set

Whele Program Optimization &
openmp e

Specifies the toolset used for building the current configuration; If not set, the default toolset is used

< >
ElPacnapannenMBaHme HUKI1a: o6 | [ Owera | [
void matrix_mult(dcomplex* a, dcomplex* b, dcomplex * res, unsigned int size) { void matrix_mult(dcomplex* a, dcomplex* b, dcomplex* res, unsigned int size) {
memset(res, @, size*size * sizeof(dcomplex)); memset(res, @, size*size * sizeof(dcomplex));
#pragma omp parallel for
for(int 1 = 0; 1 < size; i++) { for(int 1 = 0; 1 < size; i++) {
for(int j = @; j < size; j++) { for(int j = @; j < size; j++) {
for (int k = @; k < size; k++) { for (int k = 0; k < size; k++) {
res[i*size + j] += a[i*size + k] * b[k*size + j]; res[i*size + j] += a[i*size + k] * b[k*size + j];
} }
} }
} }
} }

[V S—
":\DQAHEBCKOI,QET
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Intel® VTune Profiler
PesynbTaTtbl npodmnupoBLimnka (2)

Hotspots Hotspots by GPU Utilization = @

Analysis Configuration ~ Collection Log  Summary ~ Bottom-up  Caller/Callee  Top-down Tree  Platform

“aEPCuT
:‘Dﬁwzac*w:r

W

INTEL VTUNE PROFIL

Elapsed Time : 8.482s

Hotspots Ii}sights
If you seg significant hotspots in the Top Hotspeots list, switch to the

S wes | [1OSIBUMOCH BPEMSI MPOCTOS 0 b aiiiees s i e i

Effective Time ~: 30.051s ——
Spin Time 0.737s

Overnead Time % 02095 [NosaBunucb HakNagHble pacxoabl

Total Thread Count; 4
Paused Time 0s \

Top Hotspots

This section lists the most active functions in your application. O

llee view to track critical paths for these hotspots.

performance.

Function Module CPU Time
matrix_muliSompSparallel_for@13 HPC2019.exe 30.006s
__kmp_fork_barrier libiomp5md.dil 0.594s
_kmp_get_global_thread_id_reg libiomp5md.dil 0.209s
_kmp_join_call libiomp5md.dil 0.143s
RK4 HPC2019.exe 0.020s

/A is applied to non-summable metrics.

Effective CPU Utilization Histogram

[Mporpamma paboTtana B 4 NoToKa

OOGuwee yckopeHue B 1.8 pas3
(15.5 cekyHp npoTtuB 8.5 cekyHA)

T

[MouTn BCe Bpems BbINONHeHUst pabotana ogHa pyHKUUS

This histogram displays a percentage of the wall time the specific number of CPUs were running simultaneously. Spin and Overhead time adds to the Idle CPU utilization value

NMporpamma acpcpekTBHO ucnonb3yeT pecypcbl LT

Analysis Configuration ~ Collection Log  Summary Bottom-up| Caller/Callee = Top-down Tree | Platform

4
£ O: o= 15 2 s 4 55 3 @ [Thread
. 3| OMPMaster Thread #0 (T1. 4 I Running
iz E OMP Worker Thread #1 (T : : g;‘: ;‘::%ﬁmgad
o —— - OMP Worker Thread #2 (T ® CPU Sample

] 1 2 OMP Worker Thread #3 (TI ¥ CPU Utilization

Idle Poor ¥l wa CPU Time
CPU Utilization ¥l i Spin and Overhead
H. Hoeropop, 2022 Vcnonb3oBaHue MHCTpYMeHTapusa Ans NpounmMpoBKM NPUNOXEHN 22137



Intel® Advisor
3anyck Intel® Advisor

CPEACTBA | TECT

Q WHTerpauuns B Visual Studio:
— Cpegcrsa -> Intel Advisor I
Q Intel® Advisor MoXeT ObITb 3anyLueH -
Kak OTAernbHOe NMpurioXXeHune s
Q lNpunoxeHne OOIMKHO ObITb t
CKOMMUITMPOBAHO C ONTUMU3aLMEN
(Release)
Q Ana nydwero aHanusa npunoXxeHue

OOJTMKHO cogepaTb OTNafo4HYH
nHcpopmauuto (Debug Info)

m
(L]

4
m m

4:

fo]

TUUT

AHAMW3  OKHO
Intel Compiler

MonyunTe cpegcTEa 1 KOMNOHEHTEI...
Paclumperna n oBHOBNEHWA...
MogrntounTteca Kk Baze gaHHBIX...
MogkntounTECA K CEpBEDY..

Ananwz seb-koga

Jucrneruep dparmeHTos Koga...

BblépETb 3NEMEHTEI NAHENKW 3NEMEHTOE...

Aucnetyep naketos NuGet
Cozgate GUID

Mowck owmBrn

Spy++

ILDasm

Komangnan crpoka Visual Studio
Intel Code Builder for OpenCL API
Intel VTune Profiler

Intel Inspector 2021.1

Intel Advisor 2021.1

BHELLIHME MHCTRYMEHTEL...
MMnopT 1 3KcnopT napameTpos...
Hacrpoiika...

MapameTpi...

TOTEL CIme,

return @;

WBEPCy
1"\Dﬁkuzac.¢o};"‘r

CIPABKA

3

Ctrl+K, Ctrl+B

* v v ¥

Ty H O 9 BHE

e CLOPSCU_STLUNUS) TOUe. o =%

-

L

c@-b-. B-O-. M- O

Studic  Bonblue He NoKasbIBaTE

(TnoBaneHas obnacts)

Vectorization and Threading Advisor Analysis

Create Data Snapshot

Project Properties...

Start Survey Analysis

Start Trip Counts and FLOP Analysis
Start Roofline Analysis

Start Memory Access Patterns Analysis
Start Dependencies Analysis

Start Suitability Analysis

H. Hoeropop, 2022

)

Vcnonb3oBaHne MHCTPYMeEHTapus ANnst NpounmMpoBKM NPUNOXEHNI

23/37



Intel® Advisor

Pesynbtatbl Roofline aHanusa (1)

Elapsed time: 9,055 ORI

Summary | %5 Survey & Roofline ™1 Refinement Reports

&) Program metrics
Elapsed Time 9,05z
Vector Instruction Set r AVX
Number of CPU Threads 4

Not Vectorized FILTER:| Al Modules || AllSources |

HangeHbl HCTpyKumn AVX

& Performance characteristics

Metrics

Total

INTEL ADVISOR

Cowen | 3.5 GFLOPS

FP Arithmetic Intensity @ =0.001

MHOIo unu mano?

Total CPU time
Time in scalar code

(® Vectorization Gain/Efficiency (Not available)

& OP/S and Bandwidth

31,93s

100%

31,935 I 100%

Bce Bpemsa ko

Effective OP/S And Bandwidth tlization & Hardware Peak
>GFLOPS 3538 293% outof 120799 (DP) FLOPS
146%  outol 242432 (SP)FLOPS Mcnon H;I eTc;l CKanﬂ pHo
>GINTOPS 3.656 2.93% outof 90698 (Int64) INTOPS
1.468% outof 181.470 (Int32) INTOPS
>CPU <= Memory [L1+NTS GBs] 21241 320% outof 546078 GBIs [bytes]

(® Per program recommendations

& Top time-consuming loops®

Loop

Self

3agenctBoBaHue UM n namsatun
o4yeHb marno (~3%)

Total Time@® Trip Cou

 loop in matrix_mult§ompS$paraliel for@13

& loop in RK4 at integration.cop:d 1
O loop in RK4 at integration.cpp:44
(3 loop in RK4 at integration cpp:46
@ loop in main at main.cpp:17

“aEPCuT
:‘Dﬁwzac*w:r

at multiplication.cpp: 12

30.329s 30.329s 1000

0.043s 0.043s 1000000
0.010s 0.010s 1000000
TOT0s T 0T0s 1000000

=0.001s 1000000

Bce Bpemsi pabotaet oaHa doyHKLMS

H. Hoeropop, 2022
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Intel® Advisor

Pesynbtatbl Roofline aHanusa (2)

FILTER:| All Modules || All Sources ~|[ Loops And Functions || All Threads |

Summary %5 Survey & Roofline | ™) Refinement Reports

[ comomicied] @ |

INTELADVISOR Bl

LR MES IR N S [Tnk nponssoantensHocTn 120 GELOPS
S I T -8 -8 E p .
100 4% SP Vector Add Peak: 121.14 GFLOPS,
70 DP Vector Add Peak” 6186 GFLOPS
40
1_
it B4802 Gl calac Add Deak- 15
L4 B

10 2
~
! . 07 B4 GBIZES, O -
R CHOBHBIWN LIMKIT NpOrpamMmbl:
i 12848
3 pandwid
, 4.22 GFLOPS, 0.17 FLOP/Byte
1 o5 GBIsEE
0.7 andwidth i GBI " ] B
b o o etic Inter
T T T = T T T T T
-~ 0.04 0.07 0.1 04 07 1 4 : 1
Physical Cores: 2 ©  App Threads: 4 ©  Self Elapsed Time: 7.660 5 Total Elapsed Time: 7.660 s
{ Source ‘ Top Down ‘ Code Analytics ‘ Assembly ‘\J Rec dati B Why No Vec
Line Source Total Time | % | Loop/Function Time | % Traits |~
T FINCIUOS W& LI (EaUsr=Tr
8
s
0 void matrix_mult_noblock(dcomplex * a, dcomplex * b, dcomplex * res, unsigned int sige) o o
1 i
T memmenres, o, stamsize ¢ stz Geompten); Ll,I/IKﬂ CKansApHbIN N3-3a BO3MOXHOWN 3aBUCNMOCTHU
13 #pragma omp parallel for
14 for (int i = 0; i < size; i++)
15 I
16 for (int j = 0; j < size; j++)
17 {
18 B for (int k = 0,587s 0 30,3295 ==
O [loop in matrixz mult$o @13 at multiplication.cpp
ncs
19 i
20 res[i*size + 3] += ali*size + k] * blk*size + 3]; 1,8525 @
21 }
2 }
23 1
WWBEPCH Selected (Total Time): 0,587s v
!\Dﬁwzac“wfr
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OnTumunsauums
BekTopusauus

Q Iunpektnebl KOMNUIATOPa
— #pragmaivdep + #pragma vector always
* ivdep — HegoKa3aHHbIE 3aBUCMMOCTU HEOBXOAMMO NMPOUrHOPUPOBAaTL
 vector always — BekTopn3oBaTb, JaXe ecnu BekTopmnsauma He adbdeKkTrBHa
— #pragma simd
« BekTtopusoBaTtb LMK B Nl0OOM cny4vae, gaxke npu Hannymm gokasaHHOW
3aBUCMMOCTU NO AaHHbIM
a OpenMP 4.0:
— #pragma omp simd
« AHanorun4Ho #pragma ivdep + #pragma vector always
QC99:
— KntoueBoe cnoso restrict (double* restrict a)
« MaccuBbl, 00bsABEHHbIE Yepes yKka3aTesb C restrict, He nepecekatoTcH

WBEPCu
1:\Dﬁwzac«0r5r
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Intel® Advisor

Pesynbtatbl Roofline aHanusa (3)

[ conemeeie] @ |

Elapsed time: 8 545
Summary % Survey & Roofline ™[] Refinement Reports INTEL ADVISOR BETA
;’E‘ kQ - ely v ‘Cores' 29, ”v Default FLOAT + |€;= Compare H}“ Guidance ‘ =
5 2 .
) g P .- DB Vectsi FidA Peak: 12278 GFLOPS:
SP Vector Add Peak: 1251 GFLOP! -
DP Veclor Add Peak: 61.05 GFLOPS
== e Pt —— SRR T I OO
BekTopusauma gsuraet TOUKY Ha rpadpuke Breso
S QCHOBHbIN LMKI NpOrpammel;” |
04
e s 3.88 GFLOPS, 0.09 FLOP/Byte
Physical Cores: 2 ©  App Threads: 4 ©  Self Elapsed Time: 8.165 5 Total Elapsed Time: 8.165 & e
Source | Top Down ‘ Code Analytics ‘ Assembly \w Rec ions | @ Why No Vectorizati
Loop in matrix_mt [ for@13 at multiplication cpp-19 Source Trip Counts: 1000 ® f:uagigc;ag;;e}l}gﬁ' o TDIC;) I-I pen n on a rae M aﬂ
32,332s i Per lacp Per terston Par Instance
Vectorized (Body)  Total time GFLop"’l‘ 32 3,20e-08 8,00e-06
AVX AVX2 FMA 32,3325 Roofline O o i 3(*)(#)9 KTUBHOCTDb

Instruction Set  Seif time

ask Utilization =
L166°

368 358007 9,200-05 Be KTO p M3a u M M 3 1 0/0

¥ Stati ruction Mix St '""a','?
» Memory ‘32’;‘; ‘(?i‘%.— 129x ©® ves? 45,07
» Compute - . @
i i 8,16s 8,16e-09s 2,04e-08s
Other [ 31% Vectorization Efficiency Vectorization Gain sl
¥ Dynamic Inst Mix Summary "~
» Memory 80% (5snonuonuun 55) (I
» Compute 16% (11000000000, 11) @0 ) Code Optimizations @
Other 4% (3000000000, 3} § Traits @ Compiler: Intel(R) C++ Compiler for applications running on Intel(R) 84,
Exiracts, FMA, Inserts, Shifts, Shuffles, Unpacks Version: 19.0.5.281 Build 20190815
CPU T e Compiler estimated gain: 1,22x
323319 085 8, 082968 08s I Compiler Notes On Vectorization:

Per instance « Cost Model Was Ignored
« Dependency Analysis Was Ignored

OcobeHHOCTU KOga| ™ i

1
oBAY

Pe
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Intel® Advisor
PesynbTatbl MAP aHanusa

Elapsed time: 9,54s

FILTER| All Modules = || All Sources ~

Summary 5':; Survey & Roofline

[l Refinement Reports

INTELADVISOR BETA

. X X i Footprint Estimate Site
Site Location Loop-Carried Dependencies | Strides Distribution | Access Pattern Performance lssues
Maz. Per-Instruction Addr. Range First Instance Site Footprint | Simulated Mema... Name

= [loop in matrix_multSompSparallel_for@13 at multiplicatio ... No Information Available 906/ 1086/ 0% | Mixed Strides  14MB 14MB 0B loop_... ¥ 1 Inefficient memory access patterns present
17 {
13 #pragma omp simd oe 90%:percentage of memory instructions with unit stride or stride 0 accesses
13 for {int k = 0; k < size; k++) Unit stride (stride 1) = Instruction accesses memory that consistently changes
20 { by one element from iteration te iteration
— R e N N N s s @ Uniform stride (stride 0) = Instruction accesses the same memory from iteration to iteration

@ 10%: percentage of memary instructions with fixed or constant non-unit

% - 06 / :
9 O 0 O pa I-Lle H M M B Ty)l(e I-I a M ﬂ T b M Sg;nes:a;cte:ria;e (stride M) = Instruction accesses memary that consistently changes

by M elements from iteration to iteration
e Example: for the double floating point type, stride 4 means the memory
nocnegoBaTenbHbIX OOPALLEHNN B MAMSTD | S i,
with each iteration

@A @ 0%: percentage of memary instructions with iregular (variable or randem)

10% - obpaLueHnn B NnamsTb C

Irregular stride = Instruction accesses memory addresses that change by an
unpredictable number of elements from iteration to iteration

M KCM O Ba H H bl M I I Ia ro M Typically observed for indirect indexed array accesses, for example, afindex(i]]
p - gather (irregular) accesses, detected for vip)gather® instructions on AVX2

Instruction Set Architecture

MakcmmanbHbIn
Lar rno namsaTu
14 MB

O% - H e pe ryn ﬂ p H bl X O 6 pa LI-l'e H M m i} [nssi:t:t:o(:—:’;2::,2:;:::55:{ detected for vip)scatter” instructions on AVX2

Memory Access Patterns Report | Dependencies Report | ‘¢ Recommendations |

Type Source MNested Function Variable references Max. Per-Instruction Addr, Range deToite Name Access Type
1.8 Unit stride complex:1292 block 01802725040 al 15KB hpc. loop_site_23  Read
Constant stride G block 0x18028252040 a| 14MB

5]

L]

] Parallel site information multiplication.cpp:19 hpc. loop_site_23

@ o Uniform stride complex:1292 168 hpc. loop_site 23 Write

m o Uniferm stride complexB17 8B hpc. loop_site_23  Read

B o Uniform stride complex624 block 0x1802d20b040 a 8B hpc. loop_site_ 23 Write

@ o Uniform stride complex23 block (x1802d20b040 a 8B hpc. loop_site 23 Write

o o Uniform stride complex:641 88 hpc. loop_site_ 23 Read

[ oo Uniform stride complex6d2 ] hpc. loop_site_23  Read

@ o Uniform stride complexgld e hpc. loop_site 23 Write
AWBEPCurp =p12) @ 0 Uniform stride complex:645 88 hpc. loop_site_23  Wirite

&
BAMEBCK, S
P Org
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Intel® VTune Profiler

PesynbTaTtbl Memory Access aHanusa
[Z Memory Access Memory Usage = @ [7] INTEL ITUNE PROFILER

Analysis Configuration  Collection Log  Summary ~ Bottom-up  Platform

Elapsed Time : 9.028s

[Mpobnema B paboTe namaATu:

e dmeeee | 42 5% - BO3MOXKHAs 40N OCTaHOBOK KOHBeEepa
Store Bound 0.0%  of Clockticks M3-3a pa6OTbI naMHTM
e 57601260 18.9% - gons octaHOBOK paboTbl npoueccopa u3-za DRAM

LLC Miss Count™: 354,024,780

e e - 14.9% - gons ocTaHOBOK paboTbl npoueccopa u3-3a L3-kawa

L2 Bound ~: 7.8% Kk of Clockticks
L3 Bound 14.9% ® of Clockticks
DRAM Bound ~: 18.9% K of Clockticks

Bandwidth Utilization Histogram
Explore bandwidth utilization over time using the histogram and identify memory objects or functions with maximum centribution to the high bandwidth utilization.

Bandwidth Domain DRAM, GB/sec ¥
Bandwidth Utilization Histogram
This histogram displays the wall time the bandwidth vas utilized by certain value. Use sliders at the bottom of the histogram to define thresholds for Low, Medium and High utmzallon Ieuels You can use

B e e s e Lt e s e
, ) [aHHble nnoxo KamwpyroTcn “ NpuxoanTcs
4yacTo obpallaTbCs B onepaTMBHYO NaMsiTb 3a
HebonbLUIMM KONM4YecTBOM MHopMaLIn
i YTunusauumsa namsiTu HU3Kas

25 30
Pﬂf_
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OnTumunsauums
NpoBeageHne ontuMmmusaumm Kkoaa (2)

Q CTaHﬂ,apTHaﬂ CXemMa BblYNCIIEHUN MaTpnN4YHOIro YMHOXEHUA.

ojojojojo o ojoejoeojoeojoe |0 ojoj|oj|jo]|jo |
o|lojojo 0|0 ojoejoejoeojo0 |0 o|lojojojo o
o|lojojo 0| 0O ojojoeo oo | o|lojojojo |0
o|lojojo o0 | O ojojoeo oo | o|lojojojo | O
o|o|ojojo ] ojojoeo |00 |0 o|lo|ojoj|jo|]eo
o|o|ojo o] ojojoeo |00 |0 o|lo|ojo]|jo|]eO

Kol obHoBNSAETCA Kaxayo utepauuio npu 6obWomM pasmepe MaTpuy

a bnoyHas cxema BblYUCIIEHMN MATPUYHOIO YMHOXEHUA:
o|l0oj0j0 )0 0 o|o0ojojo o |0 o|ojojojo|o
®|lo]jlojo|oeo]o o|oeojojo 0|0 o|lojojojo|o
|00 j0 )]0 0 o|ojojo o]0 o|lojojojo|eo
(AN AN EE BN BK] o|lojojoeojo0 |0 o|lo|ojo]|jo|]eO
o|o|ojoj|jo | o|lojo oo |]eo o|lo|jojoj|jo|]eO
o|o|ojojo ] o|lojo oo ] e o|lojojojo o

.31 0OHOBMIAAETCA KaXKablii pas Npu cMeHe OOKOB 1 3arpyxaeT HoBble OIIoKM BMecTe
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OnTumunsauums
NpoBeneHue ontTumnsauum Kkoaa (3)

Q BnoyHag cxema BbluMcneHnsa anga kawa L3

void matrix_mult_block(dcomplex * a, dcomplex * b,
dcomplex * res, unsigned int size) {
int size_block = 64;
int isize = size;
memset(res, 0, sizexsize * sizeof(dcomplex));

void matrix_mult_noblock(dcomplex * a, dcomplex * b, #pragma omp parallel for

~ dcomplex * res, unsigned int size) { for (int ib = @; ib < isize; ib += size_block) {
memset(res, 0, size*size * sizeof(dcomplex)); for (int jb = @; jb < isize; jb += size_block) {
#pragna omp parallel for ) for (int kb = 0; kb < isize; kb += size_block) {
for (int i = 0; i < sizej i++) { int iEnd = min(isize, ib + size_block);
for (int j = 0; j < size; j++) { int jEnd = min(isize, jb + size_block);
#pragma omp simd int KEnd = min(isize, kb + size_block);

for (int k = 0; k < size; ki+) { for (int i = ib; i < iEnd; i++) {
res[i * size + j] += a[i * size + k] * for (int j = jb; j < jEnd; j++) {
blk * size + jl; #pragma omp simd
¥ for (int K = Kkb; k < KEnd; k++) {
res[i * isize + j] += a[i * isize + k] =*
b[k * isize + jl;

Pa3mep 6noka MoXXHO onpeaennTb ncxoas }
N3 napameTpoB Kalla

WBEPCyp
:\Dﬁwzacxwfr
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Intel® Advisor

PesynbTaTtbl Roofline aHanu3sa (4)

Elapsed time: 4,665

@, Survey & Roofline

Summary Refinement Reports

FILTER:| AllModules ~|[ AllSources ~|[ Loops And Functions || All Threads ~

[& comemievo]] @ ]

INTEL ADVISOR BETA

h (@ oy v [cores 29 + | Default FLOAT ~ |

f* Compare v H}" Guidance v |

AIMHNS

Sd0740

07

0.4

- ?
DR Veclor FMA Peak: 121.69 GFLOPS
SP Vector Add Peak: 119.95 GFLOPS

]
DP Vector Add Peak- 61 13 GFLOPS

OCHOBHBIM LMK NPorpammbi:
8.36 GFLOPS, 0.09 FLOP/Byte

T
004 007

Physical Cores: 2 @ App Threads: 4 ©  Self Elapsed Time: 3.828 5

T T T T T T T
4 7 10
Total Elapsed Time: 3.828 5

Source | Top Down ‘ Code Analytics | Assembly |w Recommendations | @ Why No Vectorization?

All Advisor-detectable issues: C

o Inefficient memory access patterns present
There is a high of percentage memory instructions with irregular (varial
Use SoA instead of AoS

An array is the most common type of data structure containing a contiguous
structure of arrays (SoA). While AoS organization is excellent for encapsulation,

Use Intel SDLT

The cost of rewriting code to organize data using SoA instead of AoS may outweigh the ben
the cost. Intel SDLT is a C++11 template library that may reduce code rewrites to just a few lines>

Example (original code) &

struct kValues {
float Kx;
float Ky;
float Kz;
float Philag;

:vector<kValues> dataset(count);

maEPCuT
:‘Dﬁwzac*wfr

or random) stride accesses. Improve performance by investigating and handling accordingly.

Inefficient memory access
patterns present

Roofline conclusions
lection of data items that can be accessed by an ordinal index. You can organize this data as an array of structures (AoS) orasa This loop is
an hinder effective vector processing. To fix: Rewrite code to organize daia using SoA instead of AcS.

To fix: Use Intel SIMD Data Layout Templates (Intel SDLT). introduced in version 16.1 of the Intel compiler, to mitigate

Headh¢ekTuBHLIN AOCTYN K NnamMATH,
HeobxoanMo Ncnosb3oBaTb APYryt0 CTPYKTYPY.
CBs13aHHO C XpaHEHMEM KOMMIIEKCHbIX YNcen

H. Hoeropop, 2022
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Intel® Advisor
PesynbTtatbl MAP aHanusa (2)

Elapsed time: 4,665

Not Vectorized

Summary % Survey & Roofline ™| Refinement Reports

FILTER:| AllModules = || All Sources =

Site Location Loop-Carried Dependencies Strides Distribution

B83%/17% /0%

Access Pattern

Mixed Strides

Footprint Estimate
Max. Per-Instruction Addr. Range
813KB

First Instance Site Footprint
860KB

INTEL ADVISOR BETA
Site Name Perfon

Simulated Memory Footprint
0B loop_site 7 ¥ 11In

=1 [loop in matrix_multSompSparallel_for@34 at multiplication.cpp.. No Information Available
! [
#pragma omp simd

for (int k = kb: k < kEnd; k++)

[

res[i*isize + j] += a[i*isize + k] * blk*isize + jl;

3meHeHne gonu obpalleHnn mexay
nocregosartenbHbIM JOCTYNOM U 4OCTYNOM
C OUKCMPOBAHHbLIM LLAromM 13-3a NosdBreHUs
CMeHbI BNOKOB MexXay ntepaumamm

MakcumanbsHbIM war no namaty 813 KB

amBEchr

E
aoBAUERCKG,:

&
o

< >
MEmuryA((EssPattEmsREpnrt| D ies Report |w Rect dati |
D Stride Type Source Nested Function Variable references Mazx. Per-Instructien Addr. Range Modules Site Name Access Type
o 48 Constant stride complex:1252 block 0x231458db040 allocated at main.cpp 8488 hpc2019.exe loop_site 7 Read
Constant stride
6] Parallel site information multiplication.cpp:49 hpc2019.exe loop_site 7
@ o Uniform stride complex:1292 168 hpc2019.exe loop_site 7 | Write
] Uniform stride complex? 8B hpc2019.exe loop_site 7 Read
@ o Uniform stride complex:624 block 0:2314b7f6040 allocated at integratio 8B hpc2019.exe loop_site 7 | Write
@ o Uniform stride complex:625 block 0x2314b7f6040 allocated at integratio 8B hpc2019.exe loop_site 7 Write
@ o Uniform stride complex638 88 hpc20i9.exe loop_site 7 Read
@ o Uniform stride complexédl e hpc2019.exe loop_site 7 Read
@ o Uniform stride complex:6d2 88 hpc20i9.exe loop_site 7 Read
@ o Uniform stride complex:643 2B hpc2019.exe loop_site 7 Write
@ o Uniform stride complex:645 88 hpc20i9.exe loop_site 7 | Write
=EP14 @ |0 Uniform stride multiplication.cpp:49 48 hpc2019.exe loop_site 7 Read

H. Hoeropop, 2022
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Intel® VTune Profiler

PesynbTtatbl Memory Access aHanu3sa (2)
Memory Access Memory Usage = @ [ INTEL VTUNE PROFILER

Analysis Configuration ~ Collection Log ~ Summary ~ Bottom-up =k

Elapsed Time *: 4.060s O6Lee ymMeHbLUeHUe Npo6riemMm paboTbl ¢ NaMATLIO

CPU Time = 15.048s
Memory Bound T.1% of Fipe\ine Slots
o e acence /| OTCYTCTBYHOT Hea(pchekTnBHBLIE oOpaweHua B DRAM m L3
L2 Bound 27% of Clockticks
L3 Bound 0.4% of Clockticks
DRAM Bound “: 1.0% of Clockticks
Store Bound 0.1% of Clockiicks
Loads: 21,111,033,312
Stores: 13,528,005,828 I-I
porpamMmma xopoLo KawupyeTtca U acppeKTMBHO
Total Thread Count: 4

. paboTaeTt Cc namMATbIO Ha ypoBHe DRAM un L3.
Bandwidth Utilization Histogram YckopeHue o cpaBHEHWUO C nepBoHaYanbHOU Bepcuen

Explore bandwidth utilization over time using the histogram and identify memory objects §r functions with makimum contribution to the high bandwitith utilization.

Bandwidth Domain: | DRAM, GB/sec v ~3 . 9 pa3a

Bandwidth Utilization Histogram
This histogram displays the wall time the bandwidth was utilized by certain value. Use STiders at the boTom o7 e mistogram 1o define Thresholds Tor Low, IMedium and High Uilization levels. You
can use these bandwidih utilization types in the Bottom-up view fo group data and see all functions executed during a particular utilization type. To leamn bandwidth capabilities, refer to your
system specifications or run appropriate benchmarks to measure them; for example, Intel Memory Latency Checker can provide maximum achievable DRAM and Interconnect bandwidth

Observed Maximum

YTunmsauma naMmaTtn ctana eLie Huxe,
npu o6LeM pocTe NPon3BOANTENBHOCTY

\

I
1
|
}__

T T T T
o 5 10 15 20 25 30

EPC g
anB “ FE_
AT
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Jlutepartypa

1. Intel® VTune Profiler: https://software.intel.com/en-us/vtune
2. Intel® Advisor: https://software.intel.com/en-us/advisor

3. Williams S., Waterman A., Patterson D. Roofline: an insightful visual
performance model for multicore architectures /Communications of the ACM. —

2009. — T. 52. — Ne. 4. — C. 65-76.
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ABTOPCKUU KOJINEKTUB

O Meepos Nocud bopucosuy, K.T.H., goueHT, 3am. 3aB. kap. MOCT

O CbicoeB AnekcaHgp BnagnmmpoBuu, K.T.H., goueHT kacd. MOCT

Q JlnHeB Anekcen BnagnmmnpoBud, 3aB. nab. nHTepHeTta Bewen, kad. NPUH

QO BonokutnH BaneHTnH OMmutpueBnd, nporpammuct nadopartopum CTuBB, kadp. MOCT
0O Ko3suHoB EBreHum AnekcangpoBud, K.T.H., npenogasatens kadp. MOCT

0 lNaHoBa EneHa AHaTonbeBHa, nHxeHep nadopatopun CTuBB, kadp. MOCT
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Hwuxeropoackm rocyqapCTBeHHbIN YHUBEPCUTET
http://www.unn.ru

LleHTp kKomneTeHunn oneAP| B HHI'Y
http://hpc-education.unn.ru/ru/ueHTp-KOMNEeTEHUNN-0Neapi-B-HHIy

NHCTUTYT MHGOPMALMOHHBIX TEXHOMNOIMWU, MaTeMaTUKN N MEXaHUKN
http://www.itmm.unn.ru
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