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AL: -93.44% (-39.03 5 =2.7415 - 41.7715) by \ -
-2 D05 3)L— TR0 Total Time M (seconds THESN=BABICHT S/ (—t>F—). l E“;éﬁ’%ﬁg e

0.1
. o . . . - 17,7 GBEFL: 1.6451
E yEaT e Y FOUS—SsL-ALwE1 9 DLTEESE MR SIET 417 -

metvh~ N TA—T U EERE: ) 78R
AN — 1.44 GINTOPS 0.88 INTOP//\1 41711 F#

J l l l

NI =)L 10.18 GINTOPS  0.27 INTOP//\1k 2741

gl
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'm Software User Society ~ ©2019isUS *zoftmits, BREHL I, —RICEHORESR, HiRE



[F =] BEEFHLYAREN-T -

=@ [Jl-7. roof_int.c:36 () main]
3|0 [b=7. roof_int.c:36 @ main]
a0 = roof_int.c:35 @) main]

257w 2 {T5IZEHA (/O2 lc-ckéa-ﬁﬂS)

| cPu B

SiEE | EILIER
2.741s

| symEEnEN-7
I Fl. | VL(..
1| 2.741s | KTRILE (:£6) sse2 | IECEANN| 3.55x |4
2.741s (BB 2.741s (B 7 HAL (E1E) SSE2 4
2.741s [BEIEH 0.000s| An3-

+amz NUA
L?JIJ GINTOPS

a2l
)7 INT Al

5"4’7 ROk TERWER

[10.183 | 0.271
10,183 EE 0,271
0.063

[103.079
103.079

® loop was not vect... <0.001

l\ Ny FhIsh

B sty B B

Ty HUEHLE | HiE

128 4194304
2048 1

| Shifts
Shifts

| 194304 [Int32;U./6

Int32,U.. 6

—_—

1T

Source

[astesm] % [-Tmzms] % | =

35

=

for(i=0; i<m; i++)

O Ol—=F. roof _int.ci35 & maind
AAZ— Jle—7F. Loop was not wectorized:
M= ZFERITERR N T LERA

inner loop was already wectorized

forfj=0; j<p; j++i

0.031s 2,741 .

Ul—ZF. roof _int.ci36 @ maind
~2 IR SSER2 Je—F Int32; UIntBd T —ABYFIE and Shifts S
Loop was interchanged; loop was unrolled by 4
Fi— 2, raod Tnf o 36 & mainl
AT RS SSEE N T A 2B — - o T TRAEFT] Inf3E Hinted TR EFAE and Shifis FEE
Loog was faterchatged
F—, root inf o 36 & maind
ABT— UTL2E— - p—F [FEHT
Looy wes fatferchanged

 ENZENmIL—7IC
BRSNZREL

for(k=0; k<ny kt+)d

O Dle—F. roof _int.ci37 @ main
ANZ— N—F 552 LA A -FERTLESFEL. Loop was not vectorized:

Loop waz interchanged

inner loop was already wectorized

clil[] + alillk] # bIKILiT:

m Software User Society
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|7o0-) by 4; ..
Fu0-I by 4; ...



ATv7 3: RFiDOmvzY ~E{ER

v A OSSR F-5TIFv- (ISA) 2R ATEXT ® X
LY HED ISA FERLTF A —2ayEB IV T3 L B FLTOE.
"\'?HL‘IE.EHJ":JL—}': ;_faffj#_?:}] k Q | - | 781 'ﬂ' ||Y INT O— )L A5 w215 |® E

E B#RrHLF T -

ROk, | | T |VL (v | BT GINTOPS | 100 105,10 GINTOFS (40, 3x Fg a0 HeaK (sin —EI—‘E\“ rEaneqy W/ns GInivES
51§ main ) E@?'?E@rﬂdg{ﬁml "T%%hfﬁ_ﬂﬂf_-‘i _ELJE:E!'UIQEQ_
s f _scrt_common_main_seh . sl -,-_’"'e 1 -

O [Ne—7F. reof_int.c:37 M main] 100 =
l.[ll.- ~7. roof_int.c:36 () main] SSE2 3.55x |4 10.183 () | e :
& =7, roof_int.c:35 @) main]

=7 . roof_int.c:26 @ main] sse2  [EBH | 311 4 0.1201

a0 =7, reof_int.c:25 @ main]

SdOIMID

: L=, roof_lntc 36 @ main]
wi] 2547 )AL (F4E) SSEZ Int32; Uinted F—&RE T
" )84 —<R: 10.18 GINTOPS
L1 EEEE: 0.27 INTOPU -

o ph ®
o= )L T 2741 1 s
I )L JISERE 271 B |
SEESE: 2711 72
< >« > mE07. 8 ¢ Frus LT GBI 378000

NI INEESNTLBICENDNDST IL—TFIERNT H)LINEE — Db\blatka’&ﬂ‘cuia“
SSE2 IF . AAT—ICHLTEHIIL—THEKX 4 S22 SNBF a2 DETH,
DYV THRAERE IO AV sty R TIE ZD 2 B0/ TA—<T /7\%
RHTEET

- 318U
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ATFv7 3: AVX2 sn vty &{EH

RabAEER LT

) L R e, = ROk | | 217 GINTOP!
=@ [Jl-7. roof int.c:36 () main] Avie | IRITE 10.30x |8 |13.663

1 (0 [Jl=T7. roof_int.c:36 0 main] AV 8 13,663 s
Ul—7F. roof_int.c:26 @ main] myx 6.69x | B 0,045
4 f _scrt_commen_main_seh
AINTOPS: +25.48% (+3.48 GINTOPS = 13.66 GINTOPS - 10.18 GINTOPS)
-2 20T BIL—TRED NI A — A OE (GINTOPS TEEZNZEBR |
B3/ -7 1
At 42.65% (-1.169s=15725-2741 %)
- 2 2—3 Y 3)L— R Total Time (DE (seconds TEESILCEECH
a1t
£ > || € >

INTA—T VR BEEEE:
10.18 GINTOPS
J J

13 66 GINTOPS

)
Ay m Software User Society

© 20191iSUS *ZDfED%

01

0.27 INTOP//\-A

0.27 INTOP//\1

chv [278 19~ ||YINT:I Juzd; ol v | @ =

Jn\ﬁéhmTor Add F'E_:@ J—@l’l‘lg| PIRHEES ~ PS

Eﬁ%d Pea&mﬂg‘ib :
N “~m

SdO IMID

a7 e T 5% PLb—7, roof_int.c:36 @) main]
ST R AL (FE) AVXZ; InB32 T— SRS
i i JTT % — >R 13.66 GINTOPS

vaaill L1 EEEE 0.21 INTOPY T
L JESES: 1.572 #
e T/ TER I IEREE: 1.572
SEEA 1572 12
7)1 7 GB/A#L: 65.5805

T
001
ypEar 8 9 FFUS—s3n-

t)bj%%\ﬁﬁ%ﬁzﬁ:
2.741

J

1.572 #



Za_"‘/j 4:Fva0Ovxo
CFRAEITAIVNENHBAIXEY—EGEICDODVWTERITCHELLED

I\/IAP M Id A EU—EASNETEBNLIFNTREN TLS & ZRLTLET Y,
CTlE ZNFER RS RIFBENTLEEA

Ui mair
= O [l—F(E mair
| < I
AEU--TFHER-
D

HP1 [
]! L
=Ep4 | [d
HP1o [ o
®HP12 [ (o

B=0F3
] 1 MDE N—FiEgEE A5 Fare FOHEANE-Y .
FA-DEE SZrOBATRLASE | BODIVATVADHA LS
(56 (=713 mf® O U~713 main (5 Y% roof_intc . HEFISEERBYEE, S0B/50%/ 0% EELEANSE  16MB 4eMB
Ub=F1F main [ZBYET: roof_intc.. F|ERIELEENFEYEEA 1000 /0% /0% $ATIZvRARSAF | 7KB 15KB
= c.| BRI EEEEENEYEEA 54 F
a5 fi 35 for(i=0; i<m: i++)
9 16 far(j=0; j<p; j++} BB 100%: IZ9bARSA FBRARSA FoFIE2D
37 37 for(ked; ken: ke+l{ . AE-S SO E
o 38 clil0i] + alillk] # blI[T; IT9RARST R (ARSE 1) = S4RRERT 1 S48 E
39 ATU-CPIRALES
O U713 ma B 1274-L-XFSAKRS1K0) = B SEREFTAL
P XE-IPTRALET _
. iae:uagxtrf_f%m#z:w-msﬂu?amm
| & B T . e _ N Tl mELE
7o AEY—TIRA-NG-2-Lik-b ‘E{#Eﬁbﬂf k ‘Qﬁﬁ’ R | EHANS K (AR N) = S5 ERERT N ES4mAL
-7 o o = o -7 aLES
D | ® [absAF |517 =2 [ AnFEE | ZHBE By R hRAE0SE, AR BI0RSH
D | |EE 256 —ZANS E  roof intc3s b 16MB TOURTIEU-THL G, RACLE 32 1F (4 szofdoulel
e . , I ZLEE
mps (@ |EPe [ LFITAMER  roof int.ci37 QB @ o TR (TZEEISITL) ARSTEFIER0
P14 Hr11 @ |o H—AF54F  roof_int.c:28 c TKE ATU-SLORE
e @p: O o S ARSAE  roof intc3 . 7K ff%?j]ﬁ%hg;ﬁ;ﬁ%ME@F&?%E&J??EL\E%H%E&&E
_Pﬁ r1 - IZyRARSAE r-:»c»f_int.c:SB3Ij a EKE iy L IO VTR FILATEENET
J—AT root_int.c: root_int_ #l: alindex[i]]

©20191iSUS *ZDfEDFtH

BREF, —RICEHLDORT.E

EEIRIES=S

B - FoT- (FRE) FOEA (AT E AVKZ SSt b F-FF0Fv-0 vip)gather &5ERELET)
- 2Fvy9- (FRE) FIEA (AT E AVK2 S5y b P-F77Fv-0 vip)scatter” &5FEHLET)

SIRPIE




)(:EU—'T I\ — E i

Source P ARSUFE | RIMLE | ARXSUEFAT(E9N | L-T-1v25VA08
?2 ! ARFYEGAZ (Eh): 256
ARFU R i3z
;3‘ start = clock(); RIMLE 8
35 Tor(i=0; i<ms i++) AEU-FIEASE: KB
£ fari]=0; jdp; j++) > EHEBR
a7 for(k=03 kdn; ki+){ v
clil[j] += ali][k] # blkILi];
Ex] 1
40
41 finish = clock():
42 walltime = {double)ifinish - start)/CLOCKS_PER_SEC;
43 printf("¥n Matmul int kernel wall clock time = &f sec.¥n”, walltime |
m v
< >
TRLA | 7 | FEYTY- BEALSE | ARSYEEE | ROMVE | A85YFS 1K (Eoh) | TRLARE | #EU-T7EAS |~
0x140006e60 38 vpbroadcastd ymma, xmm0
0140006665 36 xorriid, riid
0x140006e68 Block 24:
0140006668 38 learl2, ptr [rbp+r1174+0x1a22960]
0x140006670 38 vpmulld ymm1, ymm0, ymmword ptr [r12+r10*1] @ int32*8 ] 256 (02320680 ... TKB A —_—
0140006676 38 learl4, pir [rax+r117d] I:”j {I_j\ _ t— 0) )( :E |J —_— );
0x140006e7a 38 vpaddd ymm2, ymm1, ymmword ptr [rbp+r14*1+0x2a229 [E1 int32"8 ] 256 023320980 ... KB
0140006284 36 add r11, 0x8 [e) ~
0x140006686 38 vmovdqu ymmword ptr [rbp+rid*1+0x2a22060], ymmz | (1 int3z*8 8 256 0x3a20980 ... TKE g t 2 -/ \9 JE— /
0x140006e92 36 cmpril, 8

0x140006e95 36 jb 0% 14000668 <Block 24>

0 140006e97 Block 25:

0140006697 36 cmp rsi, rex

0x140006e9a 36 inb 0x140006ec0 <Block 27>
<

(4
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ZOvF*2IHD[EL

CACHE USAGE (NO BLOCKING) CDBITIF, 8 BD/NSTgF vy
[ [ VATV ERFCS BRR/N

e mEU RS2 ODEEE
BRELUCLEYS,cOfIDTIE. 2
B 11T SRR e T B &
HSNET

CACHE USAGE (BLOCKING) HBLNILDF v afEREICULS
| CT—%F1 IR TETETED
e SOSICEBRITENEITRE T E
} ° 1 DODIAILESETEIET,
Frwya1Z R EH/NRICINIZBDC
EMTEET 7 X—3 vl
TH, COFEON It hDET
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ATFv T 4:Fvaav*yo

DBDLNI)ILDF v aBEICINGD TT —5% 51 IV IR TETETEZTDLDICHER
T ERETRE 1EIC1 DO A TEIT D ET Fvvya= R exm/NNRIC
MRB_ENTEET

for (ichunk = 0; ichunk < m; ichunk += CHUNK SIZE) {
for (jchunk = 0; jchunk < m; jchunk += CHUNK SIZE) {
for(i = 0; 1 < CHUNK_SIZE; alapar)) 4|

;i T,iChgnk,+<iéHUNK SToEs Gie) | CHUNK SIZE [&, 256K
or(jJ = 0; 7 - 7] WS —

o5 = Schunk + 5 L_Zz,jff y>/a[IFIC 16
#fpragma omp simd reduction (+:clci][c]]) h_ERIE

for(k = 0; k < n; k++){
clcil[cj] += alcil[k] * tlcj][k];
} } } P}
FTyrwyatdA X >= T =FRHAT*(N2+2*(N* T ~UIADNR))
262,144 /(7/~>=4 /(7F,* (N2 + 2 *(N*2048))
137072 >= N2 + 4096N
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63.31 GINTOES (1.5%) 1 __zﬂzzln1§1_3ch¢~gezﬁé_amln_g= 1hreﬂge_m £ 5331 GINTOPS

Bl Dimol imale Bb e

________________

w7 4:Fv270vF%0
Z \/ = \
kQ ey v | 378 1© || Y INT 23— LRSwoRL v [T 208EE v || 2 A0 v |
100 4 2 110.56 GINTOPS (3.2x ,\7________I|1t3f_'~[e_ct_m Add Peak (zin
B - == o -
10 —-—————:{f:::::::;d}n—_____ Lot Lo

1. .__*\_";’- . —-_._'.'. L
AINTOPS: +60.97% (+21.34 GINTOPS = 35 GINTDF’S 13.66 GINTOPS]
-2 M —HTDIL—THEO K TA—T A O (GINTOPS THESNEERECH T3/ >FT—3).

At: 66.79% (-1.055=05225-1.5725)

-2 20— 9 3IL— D Total Time D= (seconds THESNEEREICHT S —T27—2)
|

2E Bi

Pl—2F . roof_int_block.c:46 D main]

47 AL (BE) AVKZ: Int32 T — GBI ILIE
I A== 35 GINTOPS

L1 EE®E: 0.27 INTOP/ (1 b

1)L 7SR 0.522 #2

7)1 FEEERRT: 0.522

| BEE: 0.522 12
- 7L GBI 131.76

)

1] U1 01
MEO7 8 Y FTUS—aY - ALwE 19 L DEEEE 1572 1
= A

EERE: )L 7E
0.21 INTOP//\1k  1.572 #
l l

0.27 INTOP//\ 0.522 #

INTA—T X
13.66 GINTOPS

5.00 GINTOPS

J
\ S
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1> )L° Advisor 2019 MOF Al (coffeeLake-Ref)

RBIEA T aVICKDINTA—T UV ADELVEAL T )L® Advisor 2019 THE

B cruz — x

%ﬁ{hzjy E 7 iﬁﬂ# Fa C | Caches I Mainboard I Memory I SPD I Graphics I Bench I About |
—Processor
. Name | Intel Core i7 3700K : ==
/Zl /01 41 771 *g\ Code Name | Coffee Lake Max TOP | 95.0 W
Package | Socket 1151 LGA
/ Zi / 02 2.741 *@\ Ted.mlo.g? 14nm  Core Volb?e 0.639V i
Specification | Intely Core+i7-9700K CPU @ 3.60GHz

amil 6 odel E in C
/Zi |QXHOST (AVX2) 1.572 # oy 6 Sl % ewn | 0

Instructions |:IEMX, SSE, 55E2, SSE3, 555E3, 55E4. 1, 55E4.2, EMBAT, WT-x,

S, AV, AVX2, FMA3, TSX

/Zi JQxHOST /Qopenmp (ZOvVF2T & AVX2) 0.522 # ~Clodks ore #0) —
Core Speed | 3210.14MHz LiData | 8x32KBytes | 8-way
Multiplier | x 32.0 (8-49) Lilnst. | 8x32KBytes | 8-way
Bus Speed 100,32 MHz level 2 | 8x256KBytes | 4-way

Rated FSE Level 3 | 12MBytes | 12-way
Selection Isocket #1 vI Cores 8 Threads | 8

CPU-Z ver.187.0x64 _Tooks | v| vaidate | cose |

7

—
\W; : )
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25

-

1000

Int32 Vector Add Peak: §71.32 GINTOPSo

I --- /Qparallel A7 3> TilliFl{k

:8© v ||V INT, 3 LRSS HRL v |8 HR v [ A A

SO IMID

100 -

IntG4 Vector Add Peal

[L—2F, roof_int_block.c:46 @ main]

A4 BILAL (FE) AVKZ; Int32 T—SEIFEILE
JTJ 4 — A 283.09 GINTOPS

L1 EE3EE: 0.27 INTOPH -1

1)L JEFRE: 0.360 &

1)L R 0.064 72

SETER: 0.360 &

1)1 7 GEFL: 1065.76

0.01 - -

T Scalar Add Peak: 85.79 GINTOPS

L4
| |

_ET =

INTOP 1 |- (EREE

)

T
0.1

IJI;M
INTA— VA
35.00 GINTOPS
N%

283.09 GINTOPS

:,—l—| Yavay

Ji==

~

GEiH

\

s

( k\ )
\&A{ 7 h.'ﬁB Software User Society
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MEI7 89 FIFULS—3L-RALwE 89 1)L TEEHRE 0.064 1

0.27 INTOP//\1

0.27 INTOP//\A

SEESL: 0.360 2

10

‘tZ)l/jl%:Rti@H%FEﬁi

0.522 #
l
0.064




1> 5 )L° Advisor 2019 DOFI A (Skylake-X)

RBIEA T aVICKDINTA—T UV ADELVEAL T )L® Advisor 2019 THE

B cruz - x
= N -~ ~ J=
Eiﬁ{sz/ 3 / iﬁﬂ#ﬁ CPU] Caches ] Mainboard ] Memary l SPD ] Graphics ] Bench ] About l
Processor
i ) Mame Intel Core i9 7360 e —
/ZI /01 3 5 ’ 8 5 5 */ Code Mame Skylake-X Max TDP | 165.0 W @ |
. Package Socket 2066 LGA CORE i9 ‘
/ Zi / 02 2.170 *4‘ Technology | 14 nm CoreVID [ 0.862V el
Spedification Intels Core-i9-7960X CPU @ 2.80GHz
/Zi /QxHOST (AVX512) e Y
xt, Family XL, Mode evision
. \ < S Instructions | MMX, SSIE.. 55!52, 55|.E3r S55E3, 55E4..1, S5E4. 2, EME4T, WT-x,
/Zi [QxHOST /Qopenmp (ZOv+>2 16) 0.515 # AES, AVX, AVX2, AVXS512F, FMA3, TSX
Clocks {(Core #0) Cache
/2i [QXHOST /Qopenmp (FO %/ 32) 04827 | oy | T | e mimme v
N N Bus Speed 99,86 MHz Level 2 | 16 x 1 MBytes 16-way
/Zl /QXHOST /QOpenmp (7|:|“/:\:\/7 64) 0.467 *4‘ Level 3 [ 22MBytes 11-way
/Z| /QXHOST /QOpenmp (7\D\y$yg\ 1 28) 0541 *4\ Selection [Socket #1 Cores | 16  Threads | 32
ver, 1.59.0.x64 Toolz | ™ Validate | Close |
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m 1>5)L°® Advisor 2019 Z{FH L T, mBE{LOI&REE, BEE
DR WEICKDT 1 VDR EBZICITAET

m 1>5)L® Advisor 2019 NN&EiE{LDIEERNRZ KIBICHKE
LEXT

o

L 39U

A —g (] q
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7NN - REERIE
chHtvyarycERLREY I I—-RFoO—F:

S, . zip 771 IVEBRITBE 3 DDT 7LD
5 rDDf:iI'lt_b|DEk C Source % Dia_

makefile &, Windows* @ Visual Studio* IBIED1 VT IL® C++ I /15—
IFICEEIRINTLET VYV —XBRIE Linux* ®® macOS*IBED C O/ /\1o—
TaOVI\MILTEET,

FEARALEOYINIS—E&Y—)L:

1> 7 )L® C++ /N1 Z— V19 update4

1 >7)L® Advisor 2019 update4 (HAZE/ o —2ER)

—
. L ;
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http://www.isus.jp/wp-content/uploads/code/webinar/roof_int_sample.zip

1TV TR T7RFEY—IL
BARSERR/N\Y o —%iRith

O 1>/5)L® Advisor 2018 update 1, 2, 3

O ->/5)L® Advisor 2019 Initial, update 1, 2, 4

O >3 )L® VTune™ Amplifier 2019 Initial, update 1, 2,3, 4, 5,6

5=HT 041 hi

—
_JEu ¢ ;
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https://www.isus.jp/products/advisor/advisor_jp/
https://www.isus.jp/products/vtune/vtune_jp/
https://www.isus.jp/technical-document/
https://www.isus.jp/technical-document/
https://www.xlsoft.com/jp/products/intel/tech/documents.html?tab=2#contents

SEER

>/ )L® Advisor 2019 MFTi#aE

> 7)L® Advisor Z{ER L TXEU—DM LRy D% HE kR
1> )L® Advisor DEEIIL—TZ1>-EFI)L

1>/5)L® Advisor E A ST R

NI I DRIZRZBET D

—
\ _J ) :
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https://www.isus.jp/products/advisor/advisor-2019-overview/
https://www.isus.jp/products/advisor/remove-memory-bottlenecks-using-advisor/
https://www.isus.jp/products/advisor/brief-overview-of-integer-roofline-modeling-in-advisor/
https://www.isus.jp/products/advisor/advisor-get-started/
https://www.isus.jp/products/psxe/pu36-04-how-effective-is-your-vectorization/




