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O TecTtoBaga 3agava
O MNowarosaga onTuMmn3auus
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Lenb paboTbl

0 HayunTtbcsa Ucnonb3oBaTbh UHCTPYMEHTapUIA ANS NOBbILLEHUS
NPOM3BOANTENBHOCTU NPU paboTe ¢ NOACUCTEMON NaMATH B NPOLecce NnoLlaroBo
onTUMM3aLMn Koaa

3apaum.
O PaccMoTpeTb OCHOBHbIE BO3MOXHOCTU Intel® VTune

0 Ha npumepe TecToBOW 3aaayn BbIMOMHUTL ONTUMN3ALMIO KOAA C UCMONb30BaHNEM
NHCTPYMEHTapuS

WBEPCy
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TECTOBAA 3AOAYA
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TecToBasA 3aga4vya n meTopn peLleHus

QO BeluncnsaeTtcs pesynbTaT TpaHCNOHMPOBAHUA MaTpuubl B camy cebs (inplace):
A=AT

roe A € R VN

QllapameTpbl TECTOBOW 3a4a4M:
- N =8192, 16384, 32768
- A — cnyyYyanHble maTpuubl
— MN3amepsieTcsa Bpems 0gHOro TpaHCMOHMPOBaHMS MaTpuLbl

WBEPCy
R DRI Y
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Koa nporpamMmmbi

#include
#include
#include

#include
#include

<chrono>
<iostream>
<random>

"mkl.h"
<mkl_trans.h>

void transpose_baseline(double* mat, int n) {
for (int i = 0; i < n; i++)

}

for (int j =i+ 1; j < n; j++)
std::swap(mat[i * n + j1, mat[j » n + i]);

void transpose_baseline_omp(double* mat, int n) {
#pragma omp parallel for
for (int i = 0; i < n; i++)

}

for (int j =i+ 1; j < n; j++)
std::swap(mat[i * n + j1, mat[j * n + i]);

void transpose_mkl(double* mat, int n) {

void run_clock(void (*fun)(double*, int), double* mat, int n,
const char* name) {

auto start = std::chrono::steady_clock::now();

fun(mat, n);

auto end = std::chrono::steady_clock::now();

std: :chrono: :duration<double> elapsed_sec = end - start;

std::cout << name << “ elapsed time: " << elapsed_sec.count()
<< S\n";

}

void ckeck(double * mat_t, double * mat, int n) {

mkl_dimatcopy('R', 'T', N, N, 1.0, mat, N, N);
int flag = 0;
for (int i = 0; i < N * N; i++)

if (mat[i] != mat_t[il)

flag = 1;

if (flag)

std::cout << "Incorrect" << std::endl;
else

std: :cout << "Correct" << std::endl;

mkl_dimatcopy('R', 'T', N, N, 1.0, mat, N, N); }
}
;:?i:gzifr
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‘ Koa nporpammbli (2)

int main(int argc, char*argv[]) {
unsigned int N = 1024;
if (argc > 1)
N = atoiCargv[1]);
std::cout << "Matrix size: " << N << std::endl;
double* matrix = new double[N * NJ;
double* matrix_trans = new double[N * NJ;
std: :random_device rd;
std: :mt19937 gen(rd());
std::uniform_real_distribution<> dis(-2.0, 2.0);

for (int i = 0; i < N * N; i++)
matrix_trans[i] = matrix[i] = dis(gen);

int mode = 0;
if (argc > 2)
mode = atoiCargv[2]);

if (mode == 0)
run_clock(transpose_baseline, matrix_trans, N, "Baseline");
if (mode == 1)
run_clock(transpose_baseline_omp, matrix_trans, N, "BaselineOMP");
if (mode == 10)
run_clock(transpose_mkl, matrix_trans, N, "MKL");
if (argc > 3)
check(matrix_trans, matrix, N);

“aEPCuT
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BoluncnurenbHasa nHdpactTpykrypa

uuuuuuuuuuu

[Mpoueccopsl Intel® Xeon Silver 4310T CPU @ 2.30GHz
Yncno npoueccopoB 2

Ob6Lee Yncno saep 20

[MamaTb 64 Gb

OnepaunoHHasa cuctema

Linux CentOS 7

KomnunaTop, Intel® oneAPI 2023.0 (Intel® C++/DPC++ Compiler,
NPOMPUNUPOBLLVK, Intel® VTune)
oTnag4vnk
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MOLWAITOBAA ONTUMUIALUA

WBEPCurp
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‘ ba3zoBas Bepcus

0 B kavecTBe OCHOBHOW BEpCcUM i A G T o ey 0 BOS D
ncnonb3yeTcs HanBHasA napannerbHas Rl L
peanu3auud }

void transpose_baseline_omp(double* mat, int n) {
Q PaCCManMBaeMb|e ,D,aﬂee OI'ITI/IMl/I3aLI,VIVI #pragma omp parallel for
g g To AP s
nocnenosaTernbHON 1 naparnnenbHon * or (int § =i 413 < n; )
- - std::swap(mat[i * n + j], mat[j * n + i]);

BEpCUU B JAaHHOW 3aJade OgMHAKOBbIE, HO 3
B ApYyrnx 3agadyax ontuMmsaunm MoryT 16,00 e
ObITb Pa3NUYHBIMU U HAOO0 HAYMHATL C i‘z‘gg |
COOTBETCTBYIOLLEN peanusaumm 5 10,00

T 8,00

2 6,00

0 [1ns NpoBEpKM KOPPEKTHOCTM MPOUCXOANT 400 - 3.24
CpaBHEHWe pe3ynbTaToB C aHANOrM4yHOM Zgg "% 029 o .
doyHKUMnen ns bubnunoteku Intel® MKL | 8192 16384 32768

4:;55552,:5, Baseline mBaseline OpenMP

O
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‘ AHanus npousBoautTenbHOCTU (0a3oBasa Bepcus)

Memory Access MemoryUsage ~ @ [
Analysis Configuration  CollectionLog  Summary  Bottom-up  Platform
Elapsed Time :17.116s

93.796s

Memory Bound ©: N/A*  of Pipeline Slots
0.0% of Clockticks
L3 Bound ©@: 8.2% of Clocklicks
DRAM Bound ©: 82.9%  of Clockticks

10.3% of Clockticks

30.3% K
20,226,074,567
12,361,803,679
332,808,850

57,043,904
13,521,092

0
175
46
Os

Platform Diagram

SOCKET O
Average Physical Core Utilization

60.2% (6.020 out of 10)

NUMA: % of Remote Accesses ~ :
100.0% Kk
UPI

WBEPCy
1!‘:\Dﬁwzac“°};"‘r

Average Physical Core Utilization

NUMA: %

O B HekoTopbIx cuctemax Intel®
VTune moxeT cobupaTtb HE BCe
cBeOEHUS U3-3a OTCYTCTBUS
crneyuansHoro gpavisepa (N/A)

bonblioe Konn4ecTBo yaoaneHHoro AocCTyria

ITpoueccop

I

OneparuBHas
HaMATE

INpoueccop

I

OneparusHas

NamMATk

CeThb mepeaaun qaHHBIX

Bce paHHble HaxoaAaTcs
B NaMATN OOHOIo
npoueccopa 13 gByx

i[m;

SOCKET 1

52.3% (5.225 out of 10)

% of Remote Accesses ' : 0.0%

H. Hoeropop, 2022 PauunoHansHoe

O

ncnofb3oBaHne nepapxmm namaTtn
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‘ NUMA-friendly ontTumunsauums

QB cny4yae npobnem ¢ NUMA-OOCTYNOM eCTb HECKOSbKO OCHOBHBIX CNOCO00B
peLleHns:
— WNcnonb3osarts first-touch policy:
dunsunyeckn NamaATb BblgenaeTcs npym nepsomM obpalieHne K Her, Npu 3TOM NamMATb
BblAENAETCA B NaMATU TEKYLLero npoteccopa

— [Npn MHOroKpaTHOM UCMOJSIb30BaHUM OHOM U TOM Xe NaMATK C APYroro rnpoueccopa
cCucTemMa aBToMaTUYeCKU NepeHeceT ee B APYryo YacTb ornepaTuBHOW NamATm

[1na 3anycka nporpamMmmbi: R _
numactl --physcpubind=0-9,20-29 ./MyProg ode 1 cpust 1011 12 13 14 15 16

32 33 34 35 36 37

HE
“““““““““

]
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‘ AHanus npounssogutenbHoctun (NUMA)

Memory Access MemoryUsage ~ @ [

Analysis Configuration ~ Collection Log
Elapsed Time : 15.235s

Memory Bound :

L3 Bound @:
DRAM Bound

Summary

31.749s

N/A*

0.8%

0.0%

7.1%

T7.4%

42.5%

13.8%

0.0%
20,260,182,778
12,482,901,509

Bottom-up  Platform

of Pipeline Slots

of Clockticks

QA NMoNHOCTbLIO UcHes yaaneHHbIn JOoCTyn

O Bpemsa noytn He N3MeHnnocs, 3aTo
3aenCTBOBaHHbIE BblYUCIIUTENNbHbIE

pecypchbl COKpaTuUnuch B 2 pasa.

LLC Miss Count O 599,266,558
gy NMouemy?
0
0
97 3,50
30
0s 3,00
*N/A is applied to metrics with undefined value. There is no data to calculate the metric.
2,50
Platform Diagram 2,00
- 1,50
i[m]: i[m]:
SOCKET 0 SOCKET 1 1,00
Average Physical Core Utilization Average Physical Core Utilization
66.2% (6,622 out of 10) 0.0% (0.000 out of 10) 0,50
NUMA: % of Remote Accesses ' : 0.0% NUMA: % of Remote Accesses ' : 0.0% 0,00
uPl

“aEPCuT
:‘Dﬁwzac*w:r

m Baseline OpenMP

3,243.17
0,799 67
0,290,26
[ |
8192 16384 32768

Baseline OpenMP + NUMA

H. Hoeropop, 2022

W
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‘ AHanus npoussogutensHocTn (NUMA) (2)

Memory Access MemoryUsage ~ @ [
Analysis Configuration  Collection Log  Summary  Bottom-up  Platform

QA NMoNHOCTbLIO UcHes yaaneHHbIn JOoCTyn
Elggs?.?;Time : 15.235s o

ooanac, 7ot it O Bpemsa noytn He N3MeHnnocs, 3aTo
3a0eNCTBOBAHHbIE BbIYUCIINTENbHbIE
pecypchbl COKpaTuUnuch B 2 pasa.

13.8%
0.0%
Loads: 20,260,182,778
Stores: 12,482,901,509

410‘697.065 KO H Be [7' ep
0 OCTaHaBnmMBaeTcd us-za **° 3.243,17

o e 3,00
e e ottt 1 NoAKaYKM JaHHbIX U3 e

DRAM 2,00

Platform Diagram

1,50
i[m]: i[m]:
SOCKET 0 SOCKET 1 1,00 01790 67
'
Average Physical Core Utilization Average Physical Core Utilization
66.2% (6.622 out of 10) 0.0% (0.000 out of 10) 0,50 0,290,26
NUMA: % of Remote Accesses ' : 0.0% NUMA: % of Remote Accesses ' : 0.0% 0,00 -
8192 16384 32768

maEPCuT
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uPI

m Baseline OpenMP m Baseline OpenMP + NUMA
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AHanu3 npoussogutenbHocTn (NUMA) (3)

Memory Access Hotspots by CPU Utilization ~ @ [ INTELVTI B pa MKax 3aﬂ,a‘-l n

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

Erouping“ Function / Call Stack rl po M Cxoﬂ MT 60” b LIJ aﬂ

Function / Call Stack [ cpuTime v »/| " Instructions Retired | CPI Rate Module | Functi 6
[Loop at line 22 in _Z22transpose_baseline_ompPdi| 15.852s (EEG_ 1,529,500,000 25.286 MatrixTran... [Loop atline 22 in _Z22transpose_baseline. rl Oﬂ rOTO B I/I Ten b H aﬂ pa OTa )
_INTERNALB8eaaea23::__kmp_wait_template<kmp_| 0.957s | 3,024,500,000 0.859 libiomp5.so  _INTERNAL8eaaea23::__kmp_wait_temple

__kmp_x86_pause 0.822s | 1400  libiompS.so | __kmp_x86_pause .D.n ﬂ ee M CK” I'OLI e H M ﬂ B
do_numa_page 0.140s 1.583 vmlinux do_numa_page
irq_return 0.125s vmlinux irq_return I t I® VT
down_read_trylock 0.095s 5.0 vmlinux down_read_trylock n e u n e M O>I<H O
handle_mm_fault 0.090s 1.286 vmlinux handle_mm_fault
_Z22transpose_baseline_ompPdi.extracted 0.085s 0.250 MatrixTran... _Z22transpose_baseline_ompPdi.extracted M C rl On b30 BaT b $ M n bT p rl O
‘ A
O: % LN |” ....... e “‘I" IIIIIIIII T I" ..... A l ........ II‘ ...... | Thread v BpeMeHHOM LLIKane
8|  OMP Primary Thread ... | [ Running 3,50 3’243 17
E OMP Worker Thread ... _ #ha CPUTime
s Spin and Overhead Time 3.00
OMP Worker Thread ... | @ Clocktick Sample '
OMP Worker Thread ... ﬁ CPU Time 2,50
OMP Worker Thread ... ~ m I #a CPU Time
OMP Worker Thread ... B B bl 6 pa H H O M O6J-I aCTM -j s Spin and Overhead Time 2’00
OMP Worker Thread ... -_I 1,50
nokasarens CPI (TakToB
1,00 0.79¢ 67

Ha UHCTPYKLMIO) UIMEET OTPOMHOE 3HAYEHNE, ., 029026
4YTO YaCTO CBUAETENbCTBYET O TOM, YTO «y3Koe oo

8192 16384 32768
rOprbILLKO» Nporpammbl — paboTta ¢ namMsaTbio

maEFCuT
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‘ ba3zoBas Bepcus

I) ”) [T 1 1 I A

B - 3arpyxeHo B KaLL 1 BbINO MCMONb30BAHO - 3arpyxeHo B k3Ll M - 6bIN0 BLITECHEHO M3 KaLLa
- BbIMO BbITECHEHO U3 K3LLA UCMONb30BaHHbIM HeWcnonb30BaHHbIM

WBEPCurp
\l:‘D“uzac*orFr
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‘ ba3zoBas Bepcus

”)HHHH I I A B I I I”)

B - 3arpyxeHo B KaLL 1 BbINO MCMONb30BAHO - 3arpyxeHo B k3Ll M - 6bIN0 BLITECHEHO M3 KaLLa
- BbIMO BbITECHEHO U3 K3LLA UCMONb30BaHHbIM HeWcnonb30BaHHbIM

QlMpobnema 3arpy3ku B K3 BOSbLLIOIO KONIMYeCcTBa HEUCTONb3YEMON NaMsTH

maEPCuT
\l:‘D“uzac*cfr
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Cache-friendly ontTummusauus

A Mpobnema 3arpy3kn B K3 6OMbLLIOrO KONMYecTBa HENCNOIb3YEMOWN NaMATU

0 basoBas peanusauns NOCTOAHHO 3arpyxaeT namsatb 3 DRAM (~77% ocTaHOBKK
KOHBenepa)

0 B 6a3oBon BepcUn NPOUCXOANT MHOMO BbITECHEHUN eLe HeObXoaMMOW NaMsTH
N3 KaLla

0 OcHoBHaa naesa 6no4YHon cxembl B 00Xoae AaHHbIX TaKMM CrocoOoM, YTOObI
YMEHbLUNTb U3NnuLHne obpalueHns B DRAM (Mnn KSLW BbICOKOrO YPOBHSA) U
MaKCUMaribHO UCMOMb30BaTb 3arpy>KeHHYI B KLU NaMsTb

WBEPCyrp
1:\Dﬁwzac“0r5r
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‘ bnoyHasa Bepcus

: 0 [

B - 3arpyxeHo B KaLL 1 BbINO MCMONb30BAHO - 3arpyxeHo B k3Ll M - 6bIN0 BLITECHEHO M3 KaLLa
- BbIMO BbITECHEHO U3 K3LLA UCMONb30BaHHbIM HeWcnonb30BaHHbIM

WBEPCurp
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‘ bnoyHasa Bepcus

v " BE
e

B - 3arpyxeHo B KaLL 1 BbINO MCMONb30BAHO - 3arpyxeHo B k3Ll M - 6bIN0 BLITECHEHO M3 KaLLa
- BbIMO BbITECHEHO U3 K3LLA UCMONb30BaHHbIM HeWcnonb30BaHHbIM

Q Hevlcnonb3yema;| NaMATb BbITECHAETCA MEHbLUE, NOYTU BCE NEPENCNOSb3yeTCA

maEFCuT
\l:‘DﬁAuzac*cfr

'u H. Hoeropop, 2022 PauvoHanbHoe ncnonb3oBaHne nepapxum namaTm 22137



‘ Moaudumkaumsa kopa

void transpose_block_omp(double* mat, int n) {
const int bl_size = 6U4;
#pragma omp parallel for
for (int bi = 0; bi < n / bl_size; bi ++) {
int block_start = bi * bl_size;
for (int i = block_start; i < block_start + bl_size; i++)
. LT, L e for (int j =i + 1; j < block_start + bl_size; j++)
for (int j = i + 1; j < n; j++) <td: :swa . : - oS
. ' . . 515 ciswap(mat[i * n + j1, mat[j * n + i]);
) std::swap(mat[i * n + j1, mat[j * n + il); intbj = blockiseart + bll=ize:
for (; bj + bl_size < n; bj += bl_size)
for (int i = block_start; i < block_start + bl_size; i++)
for (int j = bj; j < bj + bl_size; j++)
std::swap(mat[i * n + j1, mat[j * n + i]);

void transpose_baseline(double* mat, int n) {
for (int i = 0; i < n; i++)

void transpose_baseline_omp(double* mat, int n) {
#pragma omp parallel for
for (int i = 0; i < n; i++)
for (int j =i + 1; j < n; j++) . . Lo c s
std::swap(mat[i * n + j1, mat[j * n + il); For{g;nti;t—jbioggfsgazta'1j:+?10ck_start # DUy S
} std::swap(mat[i * n + j1, mat[j > n + il);
}

int block_index = n / bl_size;
for (int i = block_index * bl_size; i < n; i++)
for (int j =1+ 1; j <n; j++)
std: :swap(mat[i * n + j], mat[j » n + i]);

maEFCuT
:‘Dﬁwzac*wfr

'u H. Hoeropop, 2022 PauvoHanbHoe ncnonb3oBaHne nepapxum namaTm 23/37




‘ AHanus npousBoguTenbHOCTU (OfI0OMHaA Bepcus)

Memory Access MemoryUsage ~ @ [

Aoy Conigrtin ColctonLog S Botomap Pt Q Yny4lweHHbI JOCTYyN namATu
Elapsed Time : 14.224s
oy Bt “un amenese. - GOKPATUNACh 00LWas npobnema ¢ DRAM (6bino ~77%)

5.7% of Clogkticks
L3 Bound @: 4.4% 0/
DRAM Bound ©: 41.3%  of CloTxticks

g ey Boncudan 2o oo CoKpaTunoch kon-Bo npomaxoB LLC (Obisio 600 MnH),
KaK 1 cpeaHsas nateHTHoCTb (6bino 97).
Average Laency (oces) ‘“2"‘“’2.2<:‘H0 BCe paBHO OCTanocb 6onbLUOE KONUYECTBO

o npomaxoB LLC %0 324317

*N/A is applied to metrics with undefined value. There is no data to calculate the metric.

" 3,00
Platform Diagram CM.H bHO 2,50
2,00
& M YMEHbLLNOCh o i
e Py s ncnonb3oBaHne 079 4 7
32768

hmanueckux apgep oso 02902, l . 0,34
1638

- 8192 - 16384 7
mBaseline OpenMP  mBaseline OpenMP + NUMA Block

uPI

WBEPC,
3 ¥gsnucac,
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‘ AHanus npousBoauTernibHOCTU (6rio4yHana Bepcus) (2)

[ocTtyn K namaTty ¢ PUbTpom TOMbKO MO doyHKUMM TpaHCI'IOHI/IDOBaHVIFI

Module / Function / CPU Time ¥

Call Stack [ L1 Bound | L2 Bound | L3 Bound | DRAM Bound | Store Bound |

MatrixTranspose| 6.621s

[Loop at line 6! 6.420s (EEGNN 29.1%

[Loop at line 6(

[Mpobnembi: o tioe 2
0100% DRAM Bound = "™**™"
Aoyt Bce LLC npomaxu B
TpaHCNOHNPOBaHNU

Q OrpoMHOE KONM4YeCcTBO 3arpy3oK U 3anmcen

Bo3amoxxHble mogmndmkauunm:
O Pasgenutb paboTy ¢ NnamMsaTbio U

Memory Bound

Loads Stores LLC Miss * Average

Count Latency (cycles)
9.4% | 2,796,884,247 | 1,843,867,589 | 94,893,224
.................................................................................. ookl S, .o | OO AL L L RS I o ... |
0
.________0 .....................
0
0
0
3,50 3,24 3,17
3,00
2,50
2,00
1,50 1,26
1,00 0,790 67
0,50 0.29.026 I.034

TpaHCNOHUpOBaHMe BHYTPU Bnoka

“aEPCuT
‘l"\ongaqursr

- 8192
m Baseline OpenMP

32768
[ Basellne OpenMP + NUMA Block

" -]
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‘ OnTummnsauums sarpyskmu

3arpyska B
DRAM nokaneHyto  TpaHcrnoHupoBaHue broka
| NaMATb B JIOKaNbHOW NamMATu
i (r
1 - DRAM
. ij i ~\
11 Ta,
ObmeH briokamm 1
DRAM 3anuce pesynsrara MeXay nokanbHon |
< 1 B DRAM namaTbio 1 DRAM
J

|

J

(]
Nt
«

JTpaHCHOHMDOBaHI/Ie brnoka
B NOKanbHOW NamsaTtu

o
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void transpose_cache_omp(double* mat, int n) {
const int bl_size = 64;
MOAM¢M KaU,Vlﬂ KOp,a #pragma omp parallel for
for (int bi = 0; bi < n / bl_size; bi++) {
int bl_start = bi * bl_size;

Int bj;
void transpose_block_omp(double* mat, int n) { double.mat_a[bl_size * PL—SiZ?]; . .
const int bl_size = 64; for (bj = bl_start+bl_size; bj+bl_size < n; bj+=bl_size) {
#ipragma omp parallel for for (int j = bj, k1 = 0; j < bj + bl_size; j++, K1l++)
for (int bi = 0; bi <n / bl_size; bi ++) { for (int k2 = 0; k2 < bl_size; k2++)
int bl_start = bi * bl_size; mat_al[klxbl_size+k2] = mat[j*n+bl_start+k2];
for (int i = bl_start; i < bl_start + bl_size; i++) .
for (int j = i + 1; j < bl_start + bl_size; j++) for C1nt'k1 = 0; k1l < bl_size; k1+-l'-)
std::swap(nat[i * n + j1, mat[j * n + i1); for (int k2 = k1 + 1; k2 < b¥_51ze; k2++)
int bj = bl_start + bl_size; std: :swap(mat_a[kl * bl_size + k2],
for (G bj + bl_size < n; bj += bl_size) mat_alk2 * bl_size + k1l);
for (int i = bl_start; i < bl_start + bl_size; i++)
for (int j = bj; j < bj + bl_size; j++)
std::swap(mat[i * n + j], mat[j * n + i]);

for (int i=bl_start, k2=0; i<bl_start+bl_size; i++, k2++)
for (int K1 = 0; k1 < bl_size; K1++)
std: :swap(mat_a[k2 * bl_size + k1],

for (int i = bl_start; i < bl_start + bl_size; i++) matli * n + bj + K1D);

for (int j = bj; j < n; j++) . .
std::swap(mat[i * n + j1, mat[j * n + il); for (int K1 = @; k1 < bl_size; kil++)
} for (int k2 = K1 + 1; k2 < bl_size; k2++)
std: :swap(mat_a[kl * bl_size + k2],

int block_index = n / bl_size; .
mat_a[k2 * bl_size + k1]);

for (int i = block_index * bl_size; i < n; i++)
for (int j =i + 1; j < n; j++) . . . . . .
std::swap(mat[i * n + jI, mat[j * n + il); S (1nt‘J = iy W02 ) S 10 5 DGR ik, kl++)
} for (int k2 = 0; k2 < bl_size; k2++)
mat[j*n+bl_start+k2] = mat_a[klxbl_size+k2];
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‘ AHanu3 npousBogutenbHocTn (Load&Store)

Memory Access Memory Usage = @ [

Analysis Configuration ~ Collection Log  Summary  Bottom-up  Platform

Elapsed Time :13.235s

CPU Time @; 22.869s

Memory Bound ©: N/A*  of Pipeline Slots
L1 Bound @ 11.2%  of Clockticks
L2 Bound @: 0.0% of Clockticks
L3 Bound ©: 0.9%  of Clockticks
DRAM Bound ©: 46.6%  of Clockticks
Store Bound ©: 19.7%  of Clockticks
NUMA: % of Remote Accesses : 0.0%

Loads: 20,341,000,202

Stores: 13,747 408,651

LLC Miss Count ; 22,825,638

Average Latency (cycles) : 31

Total Thread Count: 30

Paused Time Os

*N/A is applied to metrics with undefined value. There is no data to calculate the metric.

Platform Diagram

O PasgeneHune paboTbl ¢ naMsATbIO U
TpaHCnoHMpoBaHMs 610KOB C
NOMOLLIbIO JTOKanbHOro Mmaccuea,
NO3BOSIUIIO AOCTUTHYTb NOYTU PYYHOrO
ynpaBneHusi Kalem

324317

1,26
Io,84

i(=]: i[m]:
SOCKET 0 SOCKET 1
0,79 0,67
Average Physical Core Utilization Average Physical Core Utilization
61.7% (6.173 out of 10) 0.0% (0.000 out of 10) 0,290 26 0,340 29
—0,120,06 '
NUMA: % of Remote Accesses ' : 0.0% NUMA: % of Remote Accesses ' : 0.0% - - | -
- 8192 16384 32768

AMBEF m Baseline OpenMP  mBaseline NUMA  mBlock Load&Store
osRuEr
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‘ AHanu3 npousBogutenbHocTu (Load&Store) (2)

BrnoyHasa Bepcus | veue: fuion: | I _Memory Bound gl ' [ Licmiss *[  Average
CPU Time ¥ Loads Stores
p Call Stack ‘ L1 Bound L2 Bound | L3 Bound | DRAM Bound | Store Bound \ Count Latency (cycles) ‘
MatrixTranspose| 6. 5 A 9.4% | 2,796,884,247  1,843,867,589

[Loop at line 6 6.420s (EEGND 29.1% 121%  100.0% 7.7% 2,714,270,572 1,813,557,939 94,893,224 155
"""" Loop atline 8] 0.0258 | 1 0.0%

[Loop at line 2]

main

[Loop at line 64

i ; Memory Bound < LLC Miss ” Average

KS LIJ Be pCMﬂ Module / Function / Call Stack CPU Time ¥ 11 Bound ILZ Bourd I 13 Bound lDRAM Bound ] S BoIna Loads ‘ Stores Count Latency (cycles)
MatrixTranspose2.out \ 7.733s D 0.09 8.4% 0.0% 100.0% 9.5% 2,265,308,162 2,284,012,802 7,608,546 205

__intel_avx_rep_memcpy, 3.954s (D 0.0% 0.0% 8.2% 632,199,736 272,300,913 7,608,546 620

_Z19transpose_cache_od 3.157s D 0.0 8.3% 32.0% 97.2% 7.5% 530,202,918 623,815,526 0 294

0.301s 0.0%]| 727%|  0.0%)] 0.0%|  60.5%| 631,013,653 706,583,924

[Loop at line 138 in _Z19ti| 0.286s | 22,69 15.2% 0.0% 458,321,469 681,312,439 0 15

[Loop at line 116in_219[rj 0.030s 56.0% 0.09 12.9% 100.0% 0.0% 13,570,386 0 0 0

[Loop at line 147 in_Z19[|” 0.005s 100.09 0.09 0.0% 0.0% 0.0% 0 0 0 0

0 Camo TpaHcrnoHupoBaHne He ncnonb3lyet DRAM-namMaTb

A lMouTtn BCce npomaxu LLC npoucxogsaT B LMKNE 3arpy3ku 1 BbIrPY3KN AaHHbIX B
nokanbHbI MaccuB

O dunsunyeckune aapa sagencreoBaHbl xopowo (6.2 npotme 1.4 n3 10)
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Apyrvue ontumunsaumm

0 B kayecTBe onTuMmnaaummn napannenbHOoro Lukia MOXHO UCnonb3oBaThb
OANHaAMMU4YecKoe NraHMpoBaHWe 3aaad, Tak Kak NpUcyTCTByeT ancbanaHc B camomn
3agade (konn4yecTBo GIOKOB B Ha4yarne BepxHe-TPeyrofibHOM MaTpulbl 6onblLue, YeMm

B KOHLE)
3,50 324 317
3,00
2,50
2,00
1,50
0,84
1,00 0,79 67 0,76
0,50 0,29 0,26 0,34 0,24
. 0% 005 0O l . o
0’00 N

8192 16384 32768

mBaseline mBaseline NUMA ®mBlock mLoad&Store Load&Store + Dynamic MKL

QlMocnegHne aBe Bepcum o6XxoaaT Nno BpEMEHN aHanornynyo onepaumio B MKL

maEFCuT
\l:‘DﬁAuzac*cfr
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Bo3MOXHble onTuMmnsaumm B 3agave

QO VHble onTuMn3auum, He pacCMOTPEHHbIE B xoae paboThl, U, KOTOPbIE MOTYT NOMOYb
eLle YCKOpUTb BpeMs BbINOJSIHEHUA:
— CneunanbHbI 06X0o4 9N1IeMEHTOB BHYTPK Brioka

— CneunanbHbIn 06xoa mexay bnokamm
— N3meHeHune pasmepa 6noka, B TOM Yncne, HekBaapaTHbIN BapuaHT 6noka
— Py4yHoe 6anaHcupoBaHue napannenbHbIX BbIYUCNIEHNI

WBEPCy
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CAMOCTOATEJIbHAA PABOTA
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3AKIMTIOYEHUE
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‘ 3aKknr4veHue

OB xoge paboThl:
— bbina paccMmoTpeHa 3agada TPaHCNOHUPOBAHMNSA MaTPULLbI

— bbina BbINOMHEHA nowaroBas onTuMmn3auust paboTel C NaMATbIO (YCKopeHue B 4 pasa no
cpaBHeHMo ¢ 6a3oBON NapannensHoOn peanusaynen)

— bbinn paccmoTpeHbl BO3MOXHOCTH Intel® VTune B aHanu3e npoM3BoAUTENBHOCTU
noacucTeMbl NAMATH

WBEPCy
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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. Intel® C++ Compiler Developer Guide and Reference:
https://software.intel.com/en-us/cpp-compiler-developer-guide-and-reference

4. Intel® MKL:
https://www.intel.com/content/www/us/en/develop/documentation/get-started-

with-mkl-for-dpcpp/top.html

N £0Ckg, s
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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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