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21.07s

Elapsed Time

226.07 116k

Your application has significant OpenMP
imbalance.

Use OpenMP profiling taols like Intel® VTune™ Amplifier to see the
imbalance details.

M
o
M
Fi

MIN 1.16)

SRFLOPS cpl
(MAX1.76,

MPI Time

2.84% of Elapsed Time

(0.605)

MPI Imbalance

1.83% of Elapsed Time

|
OpenMP Imbalance Memory Stalls. FPU Utilization
36.40%M of Elapsed Time 32.98%RM of pipeline slots
(7.67s)

C . per.

2163%R of cycles 1.00 Out of 32.00
Memory Footprint DRAM Stalls Vector Capacity Usage
Per node: 150% of cycles 33.10%K

(0.39sk)
TOP 5 MPI Functions %
Waitall 245

Irecv 0.13
Barrier on
Reduce 0.01
Isend 0.01
1/Q Bound

0.00%

(AVG 0,00, PEAK 0.00)

Average: 7125.32MB [ o0B
Per rank:

Peak: 1795.30 MB

Average: 1781.33 MB

Peak: 7125.32 MB
NUMA FP Instruction M
% d
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Bl: TIEEZ I TV LD T —TEE

void multiply2 (int msize, int tidx, int numt,
TYPE al[] [NUM], TYPE b[][NUM], TYPE c[] [NUM], TYPE t[][NUM])

{

ilae i, ke

/) =T

for (i=tidx; i<msize; i=i+numt) {

for (7j=0; j<msize; Jj++) {
for (k=0; k<msize; k++) {
c[i][3j] = cl[i]1[3] + alillk] * b[k][J];

P}

— YT LD/ T - R (B E)
m XEU—FIHEE 76.8GB/ # 4 208 7.7

1 WHEDOEREE (DP) ZE/ NI RE 8 102 15.1
HoDEH (FLOPS)I& 662GFLOPS/ # 16 59 26.8

32 42 37.8

72 HT 24 66.1

36 07 A7 )L Xeon® FOtwH— E5-2697 v4.2 VI vk @ 2300MHz
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S..‘ s Cloc Inst...| CPI | Front-... Bad Back-... Retiring
Li. Ret...| Rate | Bound | Specu... Bound
67 {
68 int i, j,k;
69
70 f/ Naive implementation
71 for (i=tidx; i<msize; i=is+numt) {
72 for(j=0; j<msize; j++) | 38,488._.. 35,...| 1.077 1.1% 2.2% 76.6% 20.1%
73 for (k= k<msize; k++) 71,300 69, =033
.................................. 206? .......................................................... 8?1,@ ......................
?5 ...................................................................................................................................................................................................................................................................................................................
76
77
78

U517 LTz B EOMEL CPI L— 8BV ENS, ERDOFIRENEENISLVD
ITRENTLDONTFRITERT
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void multiply2 (int msize, int tidx, int numt,
TYPE al[] [NUM], TYPE b[][NUM], TYPE c[] [NUM], TYPE t[][NUM])

{

ilae i, ke

/) =T

for (i=tidx; i<msize; i=i+numt) {

for (k=0; k<msize; k++) {
for (j=0; j<msize; Jj++) {
c[i][J] = cli]l[3] + alillk] * blk][J];

P}

S{7HA(%) | DP FLOPS (GFLOPS/H)
4 208.8 7.8

AEXT R F OO [E ELERLIED, RITIEE

X i 8 103.3 15.1
D\BIIHMFEENTLERT 16 58.8 26.4
o 38.4 40.5
72 HT 247 63.0

36 07 A7 )L Xeon® FOtwH— E5-2697 v4.2 VI vk @ 2300MHz
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ion / < Instructions | Front-Enc.” Bad " Back-End Bound
Function / Call Stack Clockticks ¥ & :
o ‘ Bound Specul... Memory Bound  » | Core Bound »

(o)
DRAM Bound 7 1 80/0

L1 Bound L2 Bound L3 Bound Memory Latency Store Bound
Memory Bandwidth

Local DRAM | Remote DRAM | Remote Cache
0.0% 33.3% 82.2% 29.0% 41.9°/o_ 0.0% 0.1%

m AXAEU—FIGBEXRJYIONIEBICELLGoTLDZH, DRAM O ~O—5—&1 257 )L° QuickPath 1~/
H—ART bk DR EILRYIITIEOTUVEWLD XA T —45 - [N\ ADE e &SR

m T—ATVICANEGZLIE/INI—VICEDD\DET L3 L1772V —HARSIKGOTLRIENSHDET

m UE—FDRAM LATVY—MARSVWTENDHDET, CNIX FAEAFEXETU—-7T1EX (NUMA) ICLDE
&8¢ &/ —RICWLTTF—9D—ZNUE—F DRAM WS T TvFSNBIEERLTLET
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NUMA O E%=EE : 72 ALY RFTERT

m package 1 DRAM O~
rO—5— OHTT—IM
O—Ran, FHE7—YinE
ERE I 50GB/ #, DFD
RAFIHIEDN 2/3 THD
_ENDMDFRT

m package O MAXEJ—-O
v rO—Z—LICFIFEA
ERSTavIODBDERA
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# Memory Access Memory Usage viewpoint (change) @

QF Q=

CPU Time QPI Bandwi.]. DRAM Ban...

720

package 1 | 35.07
72.0]
package 0 | 35.07
31.7]
package_1 15.9]
31.7]
package 0 1597
package 1 3600% |
package_0 3600% |

Total, GB/sec

49.278/sec

Read, GB/sec
48.859/sec

Total, GB/sec
11.531/sec
Write, GB/sec
0.420/sec

Read, GB/sec
11.149/sec

Write, GB/sec
ul |0.382/sec

v

) (<]l

¥ Collection Log| | @ Analysis Target Analysis Type| | i Summary %) ERNGINRTY) | B Platform | | Be multiply.c

DRAM Bandwidt...
dud Total, GB...

#*% Read, G...
s Write, G...

| [¥] @PI Bandwidth, ...
dud Total, GB...

#*% Outgoing, ...

| @ cPU Time
duk CPU Time

#*% Incoming,... ;




NUMA O E%=EE : 72 ALY RFTERT

Qe 3s 3.05 [3.908| 4.55 bs

. I | I e VRl S e P PO S o o st s ST TR T RO T SO | S S [ s T

171

o+ 1+ N bt eidites
171 K P

mpeciase.0  foo] i uotabinaled™ ' sk e

Total, GB/sec
24.799/sec

Incoming, GB/sec
2.245/sec

QPI Bandwidth, GB/sec

Outgoing, GB/sec
22.553/sec

m TV QPIHAL—>
DT—H+ZT1voDF TUTzvFv—ICEoTUE—F DRAM BT IvFEIN
Sl package 1 NgHT 37—H& CPU J7ICEL>TUE—F LLC OB T zvFS
WEF - Nd3>—7ICIE EMOLATVY—DD\D\DET
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CPU ICALYkRZEE=ZYD

CreateThreadPool ( .. ) {
pthread t ht [NTHREADS];
pthread attr t attr;
cpu_set t cpus;
pthread attr init(&attr);

for (tidx=0; tidx<NTHREADS; tidx++) {

CPU_ZERO (&cpus) ;

CPU_SET (tidx, é&cpus);

pthread attr setaffinity np(&attr, sizeof (cpu set t), &cpus);

pthread create(&¢ht[tidx], &attr, (void*)start routine, (void*) &par[tidx]);
}
for (tidx=0; tidx<NTHREADS; tidx++)

pthread join(ht[tidx], (void **)é&status);

m pthread_attr_setaffinity np BZER LT, CPU 771 =5 1— N RAD%ZRE
B CNICED ALY ERIE CPU O7ICEESNET
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F— 5070yt : DHELER

F—HMLEAETIE, B 5 TR BN CRESNDIERFTAL Y REICHEEND
NETY MELETIE, T—YEHIFITI DOV A X=X LY RETEI> e, 1 X
msize/numt OF v VI ICREISNEKT

InitMatrixArrays (int msize, int tidx, int numt, .. ) {
int 1i,Jj,k,ibeg, ibound, istep;
istep = msize / numt;
ibeg = tidx * istep;
ibound = ibeg + istep;
for (i=ibeg; i<ibound; i++) {
for (j=0; Jj<msize;j++) {

alil[3] = 1.0%i+2.0*35+3.0;
b[i][3] = 2.0%i+1.0*5+3.0;
clil[j] = 0.0;

b1}

- 3US
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F—ANO70Ov 4t : matrix B9

multiply2 (int msize, int tidx, int numt, .. ) {

int i,3,k,1ibeg, ibound, istep;

istep = msize / numt;

ibeg = tidx * istep;

ibound = ibeg + istep; EEEHCTHRABEONEETET

for (i=ibeg; i<ibound; i++) {

for (k=0; k<msize; k++) {
for (j=0; j<msize; Jj++) {
c[i]1[3j] = cl[i]1[3] + alillk] * bkl [3];

BB

Threads #: 72 Pthreads

W > F Y — O DRITRR I, NUMA JETRSO

Using multiply kernel: multiply2

Freq — 2.30100 GHz J\—= \\3 /t@éﬁ@ ~HNDH\ ZBDQEt_J'/U

Execution time = 20.162 seconds
MFLOPS: T72826.877 milops

090
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- [SU m mary] /\0_:/“|3:\ 77 ju b—_:/ 3 ® Memory Access Memory Usage viewpoint (change) @
\/b‘\$7::“x :E IJ _1& ﬁ?%é : t%,—_]_: L/ M Collection Log | @ Analysis Target Analysis Type REESTNERE +% Bottom-up
TLWEYT (XEU—DBDOT—5L1T
VY=EF = bZTAYIICLBA el g3
~—ILBDET) oo L

DRAM Bound : 12.5% * of Clockticks

s LAFYY—DIFEALIE LLCICEDS e i

DT, DRAM [CLBBDIEHIMNTT _—

Sigres: 119 604 994 048
n O—NITPTCACVE-RTITEAD o 0AAM Ao e 12500 08
RONEEICEVEDHRDDERT, C e ——

Nix. NUMA S50 7 FO0—FhE0 b ‘ii
TOEBWNCEAEKRLET Fases T -
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DRAM O FO—-5—&12VFI° QPIDRZT71v oD
Y1 LT1 =R

m DRAM 7'_')\ 5@?—@1 |\ M Memory Access Memory Usage viewpoint (change) ®

N

I b“ to 7 -Hﬂ-i‘ﬁ“]—n 0) B Collection Log| | @ Analysis Target Analysis Type| | 8 Summary [YlieuErs B Platform
T IJ E QUQF Q@ 5s 2s 2.58 3s 3.58 4s 4.5s 5s 5.58 6s 6.5s 7s DRAM Bandwidt...

300/0 l:%jé:t';'g 720 (7] siuk Total, GB...

|@ package 0 36.0 "% Read, G...

EREBDFEEA e e
[ | 4 7 7__) l/® Q P I @%LEE [I]E Total, GB/sec [7] iluks Total, GB...
21.654/sec i #*% Incoming....
'3:%7‘5 F:]—é%\l\] 900/0 ICE m— Aem—oETes [ ™ Outgoing. ..
|@ package 1 1457 21.243/sec [] CPU Time

LTHED, GEFIRREEE LY
AEXT

B CDOVATALICHIFTBRT e |
~7I)L® QPl MERRRIIE ’ L B o e )
FRIE 29.2GB/ T ougors. sae

UE—F7tEX (DRAM X LLQ) & XEVU—-TOvO5EHFHID
L1703 —& CPU A =)L EI8INEsEFET

e | 2907
|@ package 0 1457

pividih=GEioeegD RAM BaptvwieiiemEiSe

QPI Ba

~\
R’ 0

© i *ZODNEDALTE | R anTa T AICEALDRIR, BIRKRTIFEIKEIRCI o
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Top Memory Objects by Latency N X
This section lists memory objects that introduced the highest latency to the overall application execution. | J:{_L 3 30))( :E U - 7|- 7

Memory Object Total Latency Loads Stores LLC Miss Count Ig I\ (EEIJ D é t Fﬁ@ l‘-
mm_malloc (648 MB ) 63.5% 112,553,776,512 25,600,384 339,210,176 J:’.D_C—?Efﬁ) 0)—31’__3\ 1 ’_DG)
mm_malloc (648 MB ) 36.2% 129,952,698,464 118,683,380,224 8,000,240 L1573y —hmbAEL,
Unknown 0.2% 1,149,634,488 606,409,096 5,600,168 g <0) 00— P?%«E%?j_-jt

[Stack] 0.0% 120,803,624 201,603,024 0 — » —

\ \ 7~
mm_malloc (648 MB ) 0.0% 276,808,304 88,001,320 0 l’ \5 ~ &:b HE bb Za_
0

m [Remote DRAM Access]
. PELLCOUTF
DRAMMD\FT—5 %55k
Grouping: | Memory Object / Function / Allocation Stack HRD’CL‘%ODIJ 1 Dd)7|- 7\
e \ s s I IO DB THBEDS

e 0000 20009t S-s00-00e \

P _mm mauoc (648 MB ) 112,553 776 512
» _mm_malloc (648 MB ) |

276,808,304
\ )
8 .

‘e
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XEY—AT IO DRI Y DR

A—Y—O0—FRORAIYVIOEER LT, 17 I)L® VTune™ Amplifier @ [Source]
Ea1—TF—~EIDITOYV—XITICRUILET DY

Source || Assembly | ) '8 %) || Q| Assembly grouping:
S.
, L.~ Source
% Accesses (Memory Allocation) = 98 ¥els
T buf1 =of (double)) *NUM*NUM, 64);
Viewing { 10of1 ) selected stack(s) 5 ( s I
100 buf?2 e) ) *NUM*NUM, 64);
100.0% (41607124905 of 41607124905) 101 buf3 &6 le)) *NUMANUM, 64):
matrix.icc!_mm_malloc - [unknown source file] 102 Bufd = _alignad. cof (double)) *NUM*NUM, 64);
matrix.icc!main+0x55 - matrix.c:106 k — o B W
R 104 f¥else // WI
matrix.icc!_start+0x28 - [unknown source file] o v e 5
f (double) ) *NUM*NUM, 64);
106 D buf2 = _mm_; double) ) *NUM*NUM, 64);
107 buf f (double)) *NUM*NUM, 64);
108 bufd = _mm_| f (double)) *NUM*NUM, 64);
109 fendif //WIN32
L1577 —0—FRIEDIEIND
111 addr2 buf2;
— —
[REE1TF) b DFT—HICHOFRTI e | i~ bt
113 addr4 = buf4;
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BRBETHDOF I ITUXLZRELRECSE, T—5- 7T X\ =V DR ARG
BNEDNDELEE 177 a DRITICHEWLT, 1751 b £hZ XEY—D\57H+EISE
IFTNIEEDFEEA

ey k++ = 2N B&%
for(i=0; i<N; i++){ i++ = 2N+N2 BE
for(k=0; k<N; k++){

for(j=0; j<N; j++){ Float = 8 Byte, N = 9K

c[illjl=clil[j]+ali](k]*bIK][j]; }} = 72K / k++
= 648MB / i++
j @mbuEWV) k j @®HEW)
c00 c01 cON-1 L a00 a01 aON-1 b00 b01 bON-1
F c10 c1 c1N-1 : a10 al a1N-1 b10 b11 b1N-1
' ci0 CiN-1 | ; ai0 aiN-1 | " bi0 biN-1
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Float = 8 Byte
for (i =ii; i < ii + B; i++) { E_‘;g“:f P
for (k = kk; k < kk + B; k++) { 77
for (j=jj;j<jj+B; j++) { -
el d S % A i++ = 2N + N2 E®%
CliG] = clili] + alil[k] * bIkIG]; e
-LRFryallllxd
j @biEw) k j ®oEWV)
4 7 A Z £
€00 CON-1 | a00 aON-1 b00 | st || bON-1
| 1o | e CIN-1 | at0 || at1 a1N-1 . b10 || nbunp | b18-1
: | o | cit GiN-1 "Taio || at aiN-1 bi0 biN-1
| cN-10 CN-1N-1 aN-10 [ aN-1N-1 bN-10 bN-1N-1
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/matrix.icc

Threads #: 72 Pthreads

Matrix size: 9216

Using multiply kernel: multiply3
Freq = 2.3 GHz

Execution time = 12.08 seconds
MFLOPS: 128710.367 mflops
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Clockticks: 2,268,184,100,000
Instructions Retired: 1.851,470.100,000
CPI Rate “: 1.225 R
MUX Reliability —: 0.994
Front-End Bound : 9.4% of Pipeline Slots
- g — ~ \ Bad Speculation : 0.0% of Pipeline Siots
IJ 9 ,r 7 L/7:—/ \4 j7 4 / - Z D ‘y |\7j\ Back-End Bound : 70.9% [ of Pipeline Slots
iEEb L/ Memory Bound : 45.6% * of Pipeline Slots
[I L1 Bound : 0.7% * of Clockticks

I L2 Bound “: 5.6% of Clockticks
L ﬁ% DOD CPU Z l\ )I/b )(:E J 1&@ L3 Bound : 31.9% [* of Clockticks

7 —t— - Contested Accesses 0.0% of Clockticks

tj) 1&ﬁ®%f-.r ﬁéﬂé;t% Data Sharing “: 0.0% of Clockticks

— L3 Latency - 100.0% * of Clockticks

N L/t L \ ia- sQ Full 0.0% [ of Clockticks

DRAM Bound : 3.0% of Clockticks
Memory Bandwidth —: 26.9% of Clockticks
Memory Latency : 69.5% of Clockticks
Local DRAM —: 36.6% of Clockticks
Remote DRAM 6.5% of Clockticks
Remote Cache : 0.0% of Clockticks
Store Bound : 1.2% of Clockticks
Core Bound : 25.3% [ of Pipeline Slots
Retiring : 19.6% of Pipeline Slots
Total Thread Count: 73
Paused Time : Os
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Latency Histogram
This histogram shows a distribution of loads per latency (in cycles).
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8 102 15.1 N
16 59 26.8 T o
32 42 37.8 a2
72 HT 24 66.1 "

o U
0 10 20 30 40 50 60 | |
Bl ﬁ
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e AL v REIOWIIE D7 E L<IRBET, matrix3 IR
32 17.85 87 2T —SEUF(—EIFFRLTT .\ T/\— AL YTV %S
72 HT 12.8 128 ALTH RT—UVTIZmELEEA,

.
Y m Software User Society ~ ©2019isUs *zaoftait



=8

B —EOXE)—TFIOERAI/IN\I—VIF CPUTIOO7—FFIFv—D
FIRICED WH 7TV —2 3V ICBVWTRIT—ZEU ST r—&IHIFTL)
BDEIOICRZRBINBINEFTA, CNBOOFHIRZEIETRICIE, T—IDF
MR (C CPU A— LS| S RRITT—YERINEFETDINENDDET

m 17 )L® VTune™ Amplifier ODXEU—7 oA TJO771)L=F BT
BET . BRODATREREEZS|ESRIIT—HATI O EEORS
(CPUZOVIE). T—IDEESNTLVDF vV 1 BTV ATLDL
NIV T—=5ATIODQEINDHTEERET IZADY —A0— R %EH
BT BEMTEFRT

m COBHIF. TZINIVXLZBEL XEBY—TIOER /NI %NET
BDDICHILDOTLELD

( )
Qj) :..'m Software User Society ~ ©20191s






