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https://ark.intel.com/ja/products/80807/Intel-Core-i7-4790K-Processor-8M-Cache-up-to-4_40-GHz
https://ark.intel.com/ja/products/91317/Intel-Xeon-Processor-E5-2699-v4-55M-Cache-2_20-GHz
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AUFIe AVTILE Xeon®  AVFIL® YT AVFIL® Xeon® TVFIL® Xeon® Y FIL® Xeon] 1> FILOXeon® > FIL® Core™ 1VFILe 37 )L® Xeon
Xeon® Jatyt— Xeon® 7Oty  Xeon® /Oty  FOtwH— Jatyt— Jatyt— Jaotyt— X 7atyt— Xeon Phi™ Phi™ 7Oty —
TOtyt— 5100 B& H— H— BARI—R% BRI—R% BRI—R% BEHI—R% BRI—R% J70€yY— &a7OtyHd—
64 Evh 5500 && 5600 F&  Sandy Bridge EP Ivy Bridge Haswell Broadwell EP Skylake-X BRI—r% BFI—K
EP EP Knights Corner  Knights Landing
a7 1 2 4 6 8 12 18 22 6~18 61 2
ALk 2 2 8 12 16 24 36 44 12~36 244 288
SIMD & 128 128 128 128 256 256 256 256 512 512 512
AFTIL® AVFILe AT IL® % % AFI)L® e
SSE3  SSE41 SSE4.2 AVX AVX2 AVX512 127 )b
(2004)  (2006) (2009) (2010) (2011) (2013)  (2014) (2016)  (2017) IMIC AVX512

ININT A= VANV T I 7 M AEEERITDINENDD:
e WHIE (WILFRLw R <ILF FOtR) &R R (SIMD)
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https://ark.intel.com/products/family/123588/Intel-Core-X-series-Processors#@Desktop
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« SIMD LY A5 —migh'E Ci5&E (SSE2 -> SSE4.2)
~ LU\ AR 0RLR %3<Lﬂ%?%i?

* SIMD LY X5 —DIRHNR1EDIFE (SSE4.2 -> AVX)

-V)I\A5—PT7Otvd— b\'»"JﬁH’C%’C%\ OS M\FrL L \aa
Y b EYR—hT20ZFDOBENDDTT

- RRL -
SIMD IBIC RS —5 T L0 — REERLTHSELES




ATV AVINAS—DONTRINEA TS/ 3>
BEINI MU
« /Qax<SIMD ei stz I, --> (-ax<SIMD, - >)
« /Qx<SIMD fp stz > (-x<SIMD>)
« /QxHOST (-xHOST)
SIMD frp Y IR F—T— R
SSEZ2, SSE3, SSSE3, SSE4.1, SSE4.2,
ATOM SSSE3, ATOM SSE4.2,

AVX, CORE-AVX-I, CORE-AVX2,
MIC-AVX512, CORE-AVX512, COMMON-AVX512

128 EwV )
128 EwV )
256 Ewv )
512 Ew k)

P e e e

/02 (-02) LEDIEESNDEBEINT ML LN BRIE155:
NBOA TV aVHEESNEWVIEEDT 74 stz & SSE2
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NIBRINEA T avIIINT ATV RICERHEETD
/Qx (-x) & /Qax (-ax)
« INTDYV—RIT7MIVICEALCATY 3V ARIBET DR
- LV RIZE D DB -
c ATV O TrAINRHeNZ FRICKDATYavNFHRand

main.c funcl.c func2.0bj (REIFHFEDA TV IaVhIERIND)

> jcl main.c funcl.c func2.obj /QaxCORE-AVX2 /Fetest code.exe
EFul =8 N
?
> icl func2.c JQxCORE-AVX512 /c e XTI 8L
> jcl main.c fuincT.c func2.obj /QaxCORE-AVX?2 /Fetest code.exe
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NIRINEAT3aVIZINT A=V AICRBHEETD (2)
/Qx (-x) & /Qax (-ax)

- BEEGS Y=Y FOETBRENSEHOTOEY T —TI3R0,
1T IL® AVX/AVX2 D\B1 T )L AVX-512 NDBITHOI—RNEEND -

-~ - x HFUBBIADRET B
driverexe [1B){EE 1 LELE CFIROIFLN -+
CMEAENEEEEEZLTNEY .. /\\\7 F}b{b?%@[j’ﬂ(i
— 157 )L° AVX-512 (%
e a ey ARANA

OV IAZ—DLR— kA5 )L® Advisor ZEH LT,
NI B IESNTLSHE DDV HERR
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video/AVX-512 fail.mp4
video/AVX-512 fail.mp4
video/no-vec.mp4
code/matmul/Multiply.c

/\‘9 MIUEA T3y
VA DF TV DB

C:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul>icl multiply.c /¢ /QaxCORE-AY¥X512 /QxCO

RE-AVX2 /Qopenmp /nologo
multiply.c

C:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul>icl driver.c multiply.obj /QaxCORE-AVXZ

/nologo
driver.c

C:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul >dr iver

ROW:=101 COL: 101

Execution time is 3.269 seconds
GigaFlops = 6.241052

Sum of result = 195853,999899

FINT A=YV RICH

C:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul >icl multiply.c /c /QxCORE-AVXZ /Qopenmp)
/nologo
multiply.c

C:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul >icl driver.c multiply.obj /QaxCORE-AVXZ

/nologo
driver.c

C:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul >driver

ROW:101 COL: 101

Execution time is 2.872 seconds
GigaF lops = 7.103760

Sum of result = 195853.999899

&I D (3)

> icl multiply.c /c /QaxCORE-AVX512 /QxCORE-AVX?2
> icl driver.c multiply.obj /QaxCORE-AVX?2 /Fedriver.exe

> icl multiply.c /c /QxCORE-AVX2
> icl driver.c multiply.obj /QaxCORE-AVX?2 /Fedriver.exe

IR (CHTT Bl M+ A RFOESND L SE TMIOBEH T,
UM LT TV DT ONS CTIFRL)
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video/AVX-512-ax.mp4
video/AVX2-ax.mp4

NIRINEATavIEdINT A=V RICRDE
NFU—CERINTLIRSEY RE?

@ Program metrics

Elapsed Time 2.96s P
l Vector Instruction Set AVX ]

@ Loop metrics

MNumiber of CPU Threads 1

NI K)Lan sty T

v EI D (4)

AT IL® AVX hNERHSNTLD

ZOfbDEA,

qu?ﬁfdé:\; RICEHOBIRREERBIETT,

Total CPU time 2855 (I 100.0%
Time in1vectorized loop 267 (N 99.7%
Time in scalar code oots /\\\4/ I/ o) I\
I j - / | \— C
@ Vectorization Gain/Efficiency
=2 =
Vectorized Loops Gain/Efficiency @ 1.80x  [=45% @ = % = o
. @ AT/ A/
Pragram Approximate Gain =/ 1.80
Vectorized Loops Trip Instruction Set Analysis E2]
[=] Function Call Sites and Loops & | @ Vectorlssues | Self Timew | Total Time | Type Why No Vectorization? - - Advanced Location
ect... | Efficiency | Gain... ‘ VL (... Counts Traits | Data T... | Num..
5/ [loop in matvec at multiply.c:15] O 2.799s @ 2.799s [BBH Inside vectorized 101 " Inserts Floated 5 multiply.c:15
318 [loop in matvec at multiply.c:15] O 0.040s1 0.040s | Scalar 101 Floathd 3 multiply.c:15
=@ [loop in matvec at multiply.c:12] [ | 2.869s | Vectorized (Bo... i
50" [loop in matvec at multiply.c:12] ] 0.030s! 2.8205 [BBBH Vectorized (Bo... AV 4 25 Float64 & multiply.c:12
- (510 [loop in matvec at multiply.c:12] O 0.000s1 0.040s1 Remainder 1 Floathd 3 multiply.c:12
5 matvec 0.010s1 2,879 I Function Inserts Floattd 6 multiply.c:8
ul § _scrt_common_main_seh 0.000s 1 2,879 BE Function a exe_common.inl:201
4|0 [loop in main at driver.c:98] O 0.000s1 2.870: B Scalar 8 loop with function ... 1000000 Floated 2 driver.c:98
3l f main 0.000s1 2.87% I Function Extracts; Type Convers... Float32...| 14 driver.c:26
00 =
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#include <immintrin.h>
#include <stdio.h>

int main (int argc, char *argv([]) {
const unsigned long knl features =

(_ FEATURE AVX512F | FEATURE AVX512ER |
_FEATURE AVX512PF | FEATURE AVX512CD );
if ( may 1 use cpu feature( knl features ) )

printf ("This CPU supports AVX-512F+CD+ER+PF as introduced in Knights Landing¥n");
else

printf ("This CPU does not support all Knights Landing AVX-512 features¥n");
return 1;

ATV AV AS—IE TORv Y —DOMEETTvIT D
_may_i_use_cpu_feature() #IAHER A HR—~

https://www.isus.jp/specials/target-intel-core-processors/
https://www.isus.ip/products/c-compilers/how-to-detect-knl-instruction-support/
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https://www.isus.jp/specials/target-intel-core-processors/
https://www.isus.jp/products/c-compilers/how-to-detect-knl-instruction-support/
../../../../Program Files (x86)/IntelSWTools/compilers_and_libraries/windows/compiler/include/icc/immintrin.h
video/may_i_use.mp4
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NI FINLICRET D 6 DOER

NRFIL—T ROV

struct _x { int d; int bound; };

)L— 1oz

DOI =1, N
A(I+1l) = A(I) + B(I)
void doit(int *a, struct _x *x)

ENDDO
{
for(int i = 0; i < x->bound; i++)

EEIFONE L , T
for (1 = 1; 1 < nx; i++) {
BEXAEU—-7701EX

x =x0 + i * h;

sumx = sumx + func(x, y, xp); for (i=0; i<N; i++)
A[B[i]] = C[i]*D[i]

AV —TAIT7 T
™ ’ R )L — T

void scale(int *a, int *Db) {
for (int i = 0; i < 1000; i++) for(i = 0; i <= MAX; i++) {
b[i] = z * a[i]; for(j = 0; j <= MAX; j++) {
} D[il[3] += 1;
} —
} éb[L_

FrRIFZDOMOEICEITS
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NIRIWMEZZIETR3AINAIS—AT/ay

/Qipo (-ipo)

e JOV—Iv—RBoeE (IPO) £ . <ILFRATYOEENIEBET, O

)\ A4S =D -zl TCEORBIEN BRI THEINZHIMTE S
FDOICLFET

. func (double *p,
double a[>12]; double *g int ct) {
main () {
- . for (1=0; i<ct; 1i++)
func (&al[0], &al[256], ct); B o= @il © 2
} )

sourcel.c sourceZ.c

1V SA1VREASLOZOMOREIE, TO771IVEIRICE>TRE L
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s RTDINT 1T
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lPIEEIIEN
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C++ U5 AMEEBREMT
@ J7OvoOZHORE
H@E7OovonnEl

ER DI
NEBELGFEOELOEHE
NEIXRE | B DHERR
NEIXERDEERR

B DT =1 X EAT
I AA
RO L Z iR

—_

1541V RE \\
mod/ref & \
RNEIFFOHELOZ 2 ICHER

LY R—ICEIHEBELTHOELEL Y AT —DFEREHEEL
A > 5 — AT

I—F 2 DOF—BHEDOERE

EA

AIVDTTL—LDT7 AKX~
BERDEIE T r— )L RDOIINE X
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REBZHOBIBR
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NIFINEEZIBIRAVINAS5—AT 3>y
/Qipo (-ipo) ERIFNESEIE

+ IPOZEMLTEY =277 LA DY/ ALENBIVIC, T/ A5~ —
Ad— I\G)EPF'E%EIE (IR) 28 UA T 2O - T 71 IVICKEINT . BUA TS =D
M D7 IVICIFBREOATI O R T71ILORHODIC IR NEENS

e OV )\AS—IFUVH—DERIICGEEISN ., OV/\A1T—IF . INTOHEUATI =
O T71)LETRIC IPO #EITTD (o ™ objICATI o Hataiﬂm,\)
ipo ZBALGEWATI U R ipo #BALE 7r7/19 ~EU DT BRIBE &,
AT )ILDOU Y —)LAEFEH

AT IU—HERN T BIEE YUV IREIL b (ar) *® link (ld) DO DIC
B —)L xilib (xiar) & xilink (xild) Z{ERA TS
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ipo ZEALBWAT IO ML ipo ZEALEAT IO

B Intel Compiler 17.0 Update 2 Intel(R) 84 Visual Studio 2015 - O >

> icl multiply.c /¢ /nologo

multiply.c

multiply.c(11): & #3180: #a|T=#0y OperMP*x FS5 453 TF,
fioragma omp simd

> icl driver.c multiply.obj /Qipo /nologo

driver.c

ipo: &£ #11003: 472 chH k- 77 AL multiply.obj 12 IR B UFEH-A, D2
74 L% -Qipo © OVNRCILINTOEEA.

>

E;
of
¥
B
o
at o
5
}
e
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/\‘QHIAI:?&S'Z%?‘%: >V IN T —DFEE

__declspec(align(n))

__declspec(align(n,off))

__assume_aligned(a,n)

__assume(cona)

H#pragma ivdep

#pragma novector

ISUS. TS|, i & 2 LT Intel| »r/ﬂu Intel O3 &, 7 XUNE ﬁl& KO FrRFZDOMOEICHITSD
ration DEIETT FZDMBOMR BRABRE L, r]%;ﬁ HOBIEEIFEIREIET T

%I;

BA

ZRE nI\AREBRICTVSAXYRITBEDICOAVINAT—ICIBRT D BHOT7RL X
& address mod n=0

EnI\AMREBERRTAT Y RRITEHLUTERE n)I\1MERICTSA XV RTBLDIC

AV INAZ—ICIBRT D, BT RL & address mod n=off

BF at n)\ARERICTSAXA VRSN TLVRERBFZITLDOICOV /A —ICIBRT B,
TIAXY NERNEVE TE IO\ oICIZEICFERTS

ZDOF—J—RHFEESNTL\BIBEIZE cond D' true THDERET DLDICOV /A
S—ICIBRT D, BE . LDMENLGI—REERT DD, 751 X MERD I DEF]
FrRgEGSSEA DY I\ 15 —ITIrRD

NI IVKEEDNEEL TV REHESNTHENEBREITDILOICOV /M5 —ITIBR
IW—TH=RTRIALLGWEDITIBE




NI INEZSZIET DIV INT 5 —DheE

SRAHREE (2)

« V—AO—RICEHMOBENESENTLDIIEES 7L TUXLADPXES—&
BBOFEICED KFED SIMD tnptzy b CRBGER EARIEIT DL ORI
maEEEL TS

. — AVTIL®SSE4.2 TeaDtaEE FEE!
funcl () {w.} < 7 e DIREEFRE
func2 () {...} _

Frned () i ] > icl source code.c /QxCORE-AVX-|

source code.c

H#pragma [intel] optimization_parameter target _arch=SSE4.2
A EEDERIICENT & NROBHCITarszy b =ZEraE

D3| A Er#AEZECET Intel, 1T )b, Intel OT (&, P XUNEREB LD | FRIFZDOMBOEICHITS
ration OEIETT *ZDMDHEE  BRERE(F, —MICEHOBIERLIFEREIZTI,
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NI BIUNEZSZIET DIV INT 5 —DEeE

/Qvec- (-no-vec) A7/a Y
o« N7J I\)MKI\CJ:V_)77OU’7—:/EI\/bQﬁ’l(EJL\,FE\%E/%E)?I’I
TLAIHEERICRAE

» /Quec- (-no-vec) ATV 3aVHIEES NSV /15 —(&,
SIMD &R TN ARTR)IMEETICRAOT—1FEAET
SO—RZES R

« /Qvec- (-no-vec) dNE IFLD/IN1FU—A/ERLLT/\
TA— A% LR

<4 iSUS




125 )L° SSE2 1457 IL° AVX2

64 Visual Studio 2015 - . 5 B R e
! Intel Compiler 17.0 Update 2 Intel(R) 64 Visual Studic 2015

p icl driver.c multiply.c /Qipo /nologo icl driver.c multiply.c /Qipo /nologo /QxCORE-AVX2

ROW:101 COL: 101 ROW: 101 COL: 101

Execution time is 2.436 seconds Execution time is 1.935 seconds
. GigaFlops = 10.543669

Sum of result = 195853,999899 Sum of result = 195853.999899

>licl driver.c multiply.c /Qipo /nologo /QxCORE-AVXZ /Qvec—
driver.c
multiply.c

b icl driver.c multiply.c /Qipo /nologo /Qvec-

> driver

ROW: 101 COL: 101 ROW:101 COL: 101

Execution time is 6.534 seconds Execution time is 5,052 seconds
GigaF lops = 3.122436 GigaFlops = 4.038401

Sum of result = 195853.999899 Sum of result = 195853.999899

T 7 A ) SOIREZEIRETE



video/no-vec-option.mp4
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NI BINEZESZIET B IN1 5 —DHEEE

NI BILELIR—F

/Qopt- report( gopt-report) ZIgEd D&, AV /\1Z—NERLE,
Flzld@E ﬁﬁ’(%?&h\jf‘g\ LICEE T B LR— % H 7

LN—k L= DOANF RO )L, BENLS{bD&RIE1L [loop, vec, par]
LOOP BEGIN at C:¥code¥matmul¥multiply.c(13,2)
UZ—2 #15541: 788 loop [FBEINRT RILSNEBATLIZ:SIMD T4 LU T« TDERZERE LTS,

LOOP BEGIN at C:¥code¥matmul¥multiply.c(15,3)
U —27 #15344: loop [FRT MIULEENERBATLIE: R MUKEEEDRD ML ETFIFTLETD,
SO FERZN NIRLET FHBICDWLTIE LAIL 5 DLR—REFERLTRE,
U —2 #15346: NT &) UKZERER: FLOW OMKTFREMED bli] (16:4) & b[i] (16:4) DEICRESNELI.
U —2 #25439: ElRHD7O—)L -2

LOOP END

LOOP BEGIN at C:¥code¥matmul¥multiply.c(15,3)
<Remainder>
LOOP END

LOOP END DL HR—kIZ Visual Studio® N TAHI A I EE

00g =
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video/vec-report-VS.mp4
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NI RIMEDLiR—RLAXIL

/Qopt-report: N (-qopt-report=»\)

NICIEZ BVETBLRN—FOEFAL NIV EIEE
NINBRSNRIEEIZI N=2N"FTT7A)L

= LAYV ORIV LIR—FREL

= LN TRTR)UEDIThnigaz=L mi—~

= LANJL 2 LRIV T ISR AT RIALSNIGH\oIciBFTE B B2 %2 L IR —
= LA 3 IL—TRT U2 B N

= LN 4 F=IDT T A NREFMIERAB N

= LN 5 KFHEIEERZEMN
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AN S—LiIR—bDATZ/ay

» /Qopt-report-phase:7 T— A 7x—X,]
71— X = loop, par, vec, openmp, ipo, pgo, cg, offload, tcollect,
all

. /Qopt-report-file:stdout | stderr | 771 )L

- /Qopt-report-embed

« /Qopt-report-routine:<BEEE > <BEEE >]

« /Qopt-report-filter: v/ —AT7 7ML &, (TES-1TES’

Xyt —IZREEBICT S
/Qdiag-message-catalog- (Windows?*)
export LANG=en US.UTF-8 (Linux*)
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PITVT—=23VDINT A=YV A%MBFHLWLWGE

> 7 )L® Advisor @ Roofline JL—T 51 >) @iz ER LT, T 7A4/)LEO—RD
INT A= A%&IBERT 5. icl driver.c multiply.c /02 /Zi

Performance (GFLOPS) k(Ql 5| O Use Single-Threaded Foofs © =
. [ A B mmm e e SP Wector FMA Peak 40029 _F':QE'S_ .
el e e DR Veotor Pk Besk I i BFLOPS, ‘pp‘%t“/ I\O)‘\*E;fz_fi
t e ETT R S A P 135 50 FLORS /
s e L S5 DR Vector Add Pesk: 89 44 GFLOPS YN o [[Vank=1=
e o P e T = e e e e \ d\t_ BB
o - Scalar Add Peak 155 GFLOPS |

Fyvv/as X
TU—DBER
IRE—DMEE

o GRS 5% T
1 a1 matvec multiply c:15 f
?35‘3‘-,"’5’-‘ - O Performance: 2.92 GFLOPS

L1 &rithmetic Intenzity: 0.09 FLOP/Byte e :
Self Elapzed Time: 6.914 = T T

0f Total Time: 6914 = 1 10
Self Elapzed Time: 6.914 = / Total Time: W9TF Arithmetic Intenzity (FLOF/Byte)
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FLOPS Trip Counts
GELOPS | Al

® 2 Assumed d..{ 6.974s( 1] 6.914s | 1| 5calar 2.9, 1|0.089 50

Scalar loop, Mot wectorized: wector deperfence prevenisz vectorization
Lace was unralled by 2

Wh Instruction Set Analysis
& | @ Vectorlssues Y

[=] Function Call Sites and Loops Self Timew | Total Time Type

cop Instance Total Time No Ve...

a eration D .
101 < 0.001s < 0.001s = vect.,

=/ [loop in matvec at multiply.c:15]

221

Scalar loop, Mot vectorized: we
Loop was unrolled by 2

i - O &1 Opportunit... 0,438 7.3545 Scalar 0.4 045 101 101 101 1000000 < 0.001s < 0.001s Floated |3

“5 f matvec 0.010s1 7.363; 1000000 < 0.001s 3

a3 f _scrt_common_main_seh N N [ B63s ]

4|0 [loop in main at driver.c:98] O O /\9 l\) b{bén C L \7‘8\LI \;(jj 7 ) l/ : 63z Floatsd | 2
u| § main .| Float32...| 16

e 2[E7vO—J/LanNTL\B -
: « JL—[EI#IZ 50 [g]

Source | Top Down | Code Analytics | Assembly |Q Recommendatit .
-+ AR T 101000000 EIFVHEENTLS
Line | Source N 5 T - T
] Tinclude “Maltiply.h’ Source | Top Down | Code Analytics | Assembly | ‘¢’ Recommendations | B Why No Vectorization?
: 2
i3 ifdef NOALIAS | Address ‘ Line | Assembly ‘ Tulal'l'lme| % | SeliTlme| % |
4 void matvec(int zizel. int =ize?, FTYPE al[l[lzize?]. FTWFE b[ body > 0x140007510 Block 1:
5 lelse o 0140007510 16 movexd r13, r12d
6 .fﬁltpragma OP*:lmlzal\tlonJ?aram‘laler larget_arch=FDRE*AV}<512 0140007512 16 lea r14d, ptr [riz+rizal] 01525 | 0152 | ° 7—_\‘_9 ;:FU '3: d Ou ble
; ;Z;:irfnatvec(lnt zizel, int size?, FTYPE all[zize?], FTYPE bl 40007517 16 shl r1d, Oxd 0.050: | 0.030: | e
. ; 0x14000751b 15 inc ri2d 1.219¢ 1.219s 1 ° 1%)5@ éﬂt L \5
0 it i, 0 (14000751 16 movsxd rid, ridd g
11 (140007521 16 movad xmml, gword ptr [rbxtridwt] 0,140 | 0.140s | I/\/ 19 — lg: 3 'f
12 frragna onp simd 0140007527 16 nulsd xmnl, qword ptr [rdi+rideg] 0.072s | 0.072s |
13 for (i=0; 0 < sizel; i++) { 0x14000732d 16 addsd xmml, xmml 1.077: 1 1.077s 0
0140007531 16 movsd qword ptr [r8+rbp#8], smml 0,120 | 0.120s |
0x140007537 16 movsd xmn2, gword pir [rbectri3st+0x8] 0.996s | 0,996 0 _
(14000753 16 mulsd xmnZ, qword ptr [rditrided+0=8]
0140007545 16 addsd xmnl, xmn? 0181 | 0.181s |
0140007542 16 movsd qword ptr [r3+rbes#d], somd 173710 1.737s 8
Ox14000734F 13 cup ri2d, r10d 1.181s 1.181s 1
. 140007552 15 ib 0x140007510 <Block 1>
R - ... m
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[=] Function Call Sites and Loops & | % Vectorlssues | Self Timew |Total Time | Type

=
Q
(=]
=
=
=

GFLf . - X - -
=0 [loop in matwec at multiply.c:15] [0 % 2Assumedd... 6.914s B 6.914s GEE Scalar 2.92 AdVISOr b\bwﬂ%l@{b@}&iﬁ%?%bné
|0 [loop in matvec at multiply.c:13] [1 %@ 10ppertunit... 0.438s) ?.35-45- Scalar . . — y; _
51§ matvec C010s| 7.263; @B Function ° [Why NO \/ectonza‘non?] ?E$%EH7&{\:JE‘;5 (L_
| f _scrt_commen_main_seh 0.000=1 7-263: B Function

1] [loop in main at driver.c: 98] O 0.000s:| 7.263: B Scala

214 main 0.000s | 7.363; EEEED F lg:j \// \0/]/5_03 I//—I—\O_ '\b\“LlZ\g

Source | Top Down | Code Analytics | Assembq ‘¢ Recommendations | E Why Mo Vectorization?

All known issues with all possible recommendatityrs= —Ferrtreent

Issue: Assumed dependency present

The compiler assumed there is an anti-dependency (Write after read — WAR) or a true dependency (Read after write - RAW) in the loop. Improve performance by inwvestigating the assumption and handling a

) Recommendation: Confirm dependency is real Confidence: ¥Need More
There is no confirmation that a real (proven) dependency is present in the loop. To confirm: Run a Dependencies analysis.

Issue: Potential underutilization of FMA instructions

Your current hardware supports the AVX2 instruction set architecture (ISA), which enables the use of fused muliply-add (FMA) instructions. Improve performance by utilizing FMA instructions.

) Recommendation: Target the AWX2 ISA Confidence: @ Low

Although static analysis presumes the loop may benefit from FMA instructions available with the AVXZ2 ISA, no AVX2-specific code executed for this loop. To fixe Use the wiore-auvx2 compiler option to genel
axCORE-2wx2 compiler option to enable multiple, feature-specific, auto-dispatch code generation, including AVX2.

[ Windows* OS [ Linux* OS |
| yQxCORE-AWX2 or [QaxCORE-AVX2 | -xCORE-AVX2 or —axCORE-AVX2 |
Read More:

® ax, Qax; x Ox
& Code Generation Options in the Intel® C+ + Compiler 165.0 User and Reference Guide
® Compiling for the Intel® Xeoan Phi™ processor x200 and the Intel® AWX-512 |5A and Vectorization Resources for Intel® Advisor Users

© 2017 iSUS. BT T 17 ) Intel OTE, 7 XUAE
ntel Corporation MOEIE *Z MDD+t 1 o4 .




-ipo TT 7AW EDORT MMz ERALIEER

>icl driver.c multiply.c /Qipo /Zi /02

Performance (GFLOFS) [ |§| | [ Use Sinele-Threaded Roofs @ E
e [ R, [ I 3P Wactar FMA Peak: 33033 E'-_U_F'_S -
. - ; - - DF Wectar FLiA Besk 195 £ GFLOFS. AN AN W 3*?&?_
e RO s‘ﬁﬁ@ia‘y’ﬁap‘e@m agfs‘a‘pl‘oﬁ-é" - Py ~ORAE
r - == R e e e Sakeletetete et ebeleebebelul ol Sl ~L° N
P e ciirmerie or vetor e s rsoes. AR — /I MERE
NS -
# w2/ é—/— )( ____________________________ s Scslar Add Pask: I_E_D_S_G_FI__QE'Q_.,_ B
EU—DBEH i
~L° N - :
7" J— l|‘ ] ? __{main multiply.c:15
o~ t 9 $ BE P Ty Performance: 11.42 GFLOPS
14 _\,}‘7'53‘_-9".'— S L1 Arithmetic Intensity: 0.13 FLOP/Byte | d "'
— DR Self Elapsed Time: 1.698 5 [
Total Time: 1.698 = m—
T

1 1 10

Self Elapzed Time: 1698 = Total Time: 1.698 = Arithmetic Intenzity (FLOPAByte)

COBEMETT 7V =3Vt EHREFNVEDE £ L3 FvyvYazRR<FIALDDHD

00g =
29 © 2017 iSUS. I O3 | A Em#EEZCET  Intel, 17 )b, Intel OT &, 7 XUABREB LV | F2lZZDMEOEICHITS L4 ™
DitE BRELBEIF, —RICEHOBIEEIIBERHIETT. 0..

Intel Corporation OEIETT *ZDMBOHTR B RABRE



30
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FL<

J8: ipo

) FLOPS Vectorized Loops T instruction Set Analysis
B [=] Function Call Sites and Loops & | @ Vectorlssueqd | Self Timew | Total Time | Type Why No Vectorization? CDEH{; Advanced
bl GFLOPS Al Vect... | Efficiency | Gain...| VL (... Traits Data T... | Num..
Z JE® [loop in main at multiply.c:15] 1 Potential u...| 1.698s )| 1.698s — | Vectorized (Bo... | 11.423 ==/ 0.134 |sse2 | BEETml|1.82x |2 2 Unrolled by 4
=/ [=)5 [loop in main at multiply.c:13] [0 & 10pportunitl. 0.740s @  2.447s G Scalar 22810 0.380 B inner loop was alre... 101 lUnpacks Float32... 12
I Scalar loop with instroctions that use Sealar loop with[nstr’uctinns that use SSE? rezisters. Mot vectorized: inmer loop was already wectorized
Mo loop transformations spelied Mo loop transforations spplied
ul f _scrt_commen_main_seh 0.000s | 2447 B Function 0
P < — - 1
Scurce | Top Down | Code Analytics | Assembly ‘Q Recommendations | B Why No Vectorization?
« 12T IL®SSE2 TRNI MU TL\3
Line | Source ‘ Total Time | % —— s — — —
; Fincluds “WalLiply.h ~ t)lxjé'é{‘jﬁ%ﬁaﬁlét\ 6.914 *@‘7]\‘9 1.698 *@\/\%ﬂﬁsﬁ
3 Fifdef NOALIAS
4 void matvec(int sizel, int sizs?, FTYPE all[size2], FTYPE blrestrict], FTYPE x[1} ° 1 1 .42 3 G I_O PS
5 felse
\G Aiterazma. optimizat ion_parameter target_arch=CORE-AVXE12 ° /\7 I\) I/1b }J)_yp 9 ’l 0/0 _C /\9 I\) I/g 2 _6 % 5 7— @
Hid void matvec(int sizel, int sizs?, FTYPE a[][=ize2], FTYPE b1, FTYPE x[1}
8 fendif —_— —_— W
s ANZ—ITT/L 1.82 BT A~
10 int i, iz
n = — — N —
12 fpragma omp simd O 4 E@ﬁjm_)l/lL—jJuZ\ /\9 I\)I/1BIL—J:D)I/_7O
13 for (i =05 0 < sizel; i++) {
14 blil = IEI;Q‘; /IZ IEHL_“ /_]
15 B for j = 03j < size?: j+) [ 0.370s 0
[loop in main at multiply.c:15]
Vectorized 33E; 33E2 loop processes Float3Z; Floatf4 data tvpe(s)
Loop was wnrol led by 4
16 B0T += &[0T # =0i; 1.328s W
17 i
18 }
19 i
20
00g =
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>icl driver.c multiply.c /Qipo /Zi /02 /QxCORE-AVX?2

Performance (GFLOPS) x @ o | O Use Sinele-Threaded Roofs @ E

e e B on oo _SPNectorPMAPssk a0 pgERLOPS . |

metzvkD

- - =T et DF Wector F| gemﬂ‘usussFLDPs,,
S D et - P eetorAdd Pedk 1271 GFLOFS
"""""""" e & el = Ralielatietelt selieieliefietelietietelieetieleiielieleliateeeete-ob.2 siefinlleliel ettt el :**EH/\JE
P I At em=tt o _LgeEillool E’E’)"EG_*E"_’E*’E'f'E"_k_ﬁﬁ_“?_G_F':D_FLS____ /E(!
< _e 7 P H2b
FrwvaeX - : — %
v //:L [ Soaler Add Peak: 15 52 GFLOPS t RE

TU—0BEMN
7’&':—9@55

_.| main multiply.c:15
Performance: 1291 GFLOPS

L1 Arithmetic Intensity: 0.13 FLOP/Byte L4
Self Elapsed Time: 1.565 =
Total Time: 1.565 = R :
T T
1 10
Self Elapsed Time: 15650 = Tojal T|me 1565 = Arithmetic Intenzity (FLOP Byte)
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18: 17 )L° AVX2
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= FLOPS Vectorized Loops E2] Trip Instructicn Set Analysis
[ ?
] [=] Function Call Sites and Loops & | @ Vectorlssues | Self Timew | Total Time | Type e !M Why Mo Vecterization? s !: - - Counts . !h:}:T !m..m
=l |57 [loop in main at multiply.c:15] O 1.490; GEEN 1.499: BEEM)  Vectorized (Bo... 13.479E50 0.134 avx  [Ope |30 b Float6d 3

3| [loop in main at multiply.c:13] O e Opportunit... 0.420: @ 1.919; B Scalar 1.2010 0336 8 inner loop was alre... 101 FMA; Unpacks Floaté4d 5

E ul f _scri_common_main_seh 0.000s | 1.919; @R Functicn 0

| f main 0.000s | 1.919: GEER Function 0.040 Extracts; Unpacks Float32... 7

3)C [loop in main at driver.c:110] O 0.000s 1 1.919; B | Scalar 0.134 8 inner loop was alre... 1000000 Floated 7

s\ [leop in main at driver.c: 108] W | Ineffective ... n/a n/a Remainder Co...
Scurce | Top Down | Code Analytics | Assembly | ‘¢ Recommendations | @ Why No Vectorization?
Line | Source Toy
1 Hinclude “Wultiply.h" | -, — ® 2

o AVTIL® AVX TR M) EEeNTL\S (FMA
2 . / /\ \
3 fifdef NOALIAS J— J — J e
4 vaid matvec(int sizel, int size?, FTYPE all[size?], FTYPE blrestrict], FTYPE x[1) a t) l/ 5% H%Fﬁ '3: ’I 698 }FI \7'3\ ’I 499 }Fl \ %D%{
5 felse ; 'f—_]— ~ |8 N . "/ b . //\ lLI\E
6 Sfforagna opt imizat ion_parameter tarzet_arch=CORE-AYXE12
7 woid matvec(int sizel, int size?, FTYPE alllsize?], FTYPE b[1. FTYPE x[1) © 1 3 _47 9 G I_O PS
O ey
N ST SS2 O W
- . RORILRE 77% T ARIILE 4 THBRD
10 int i, j3 x O N N =
- ANZ—ITXL 3.09 EDT 1
12 frrazna onp s ind jj [ j{r . | /
13 for (i =05 i < sizel; ith) { ~ N \]
N -
- o -1 o FrO—JUIFEHSNT RTRIUBICEDIL—
15 =] for (J = 03) < sizel; j+4) | U N N
[loop in main at multiply.ci18] ’ IEI;&‘Q: 25 IEI [_\|EI§/_J\
Yectorized &M loop processes Floatf4 data twpels) / =
Mo loop transformat ions apelied

16 blil += alillil # =[il; 0179 0
17 H
18 1
19 1
20
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>icl driver.c multiply.c /Qipo /Zi /02 /QxCORE-AVX2 /Qopenmp

Py |§| B | [ Use Single-Threaded Roofs @

Performance (GFLOPS)

1000 -

metzYk
DB EME
E—/2ERE

mainfompbparallel_for@12 multiply c:15
Performance: 4982 GFLOPS

L1 &rithmetic Intensity: 0.13 FLOP/Byte

Selt Elapzed Time: 0.410 =

Total Time: 0.481 ¢ -

Fryv/as X
T—OBEN
TE—2MEE

10

T
o0t 0 1
Arithmetic Intensity (FLOP/Byte)

Self Elapsed Time: 0410 = Total Time: 0481 =

B ICEDF vy a0 ARIZE EL /INTA—TVRABHHEDEE>TLD
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8. OpenMP*

FLOPS [E2] Vectorized Loops i Trip 2] ‘rnslructmn Set Analysis 3
+| = Function Call Sites and Loops & | @ Vectorlssues | Self Timew | Total Time | Type Why Mo Vectorization? G Advanced
GFLOPS Al Vect... | Efficiency | Gain...| VL (.| |Counts raits Data T... | Num..
[loop in main$omp$parallel_for@12 at mu W | ® 1ineffective .| 0.030s—)| 0.030s| | Vectorized (Bo... | 1019728030134 [ |35 |Unrolled by 4
.| [0 [loop in mainjomp$parallel_for@12 at m... O 0.020: 8 | (0.020s1 Vectorized (Bo... | 1938816 0,124 AVX2Z 4 6 MA Floaté4d 5 Unrolled by 4
¥ 50 [loop in main$ompparallel for@12atm... | | (I 0.010s @ 0.010s1 Remainder 403761 0134 2 b Floated | 3
= (O [loop in main$ompSparallel_for@12at m... | | (] 0.000s | 0.000s1 Peeled 0,124 3 Floatéd 3
— —zain—szh 0.000s | 23.881s B Function Q
L P—— nm — P An A — s =N e e annnann foed
< b3
a
* —
OpenMP* [C i %! /
Tutal'ﬁme| % | Loop/Function T|me| % ‘ ! Traits
void matvec(int sizel, int size?, FTYPE all [sizeZls m
$endif
{
int i, j:
feragma onp parallel for privatelj) num_threads(4) 30.008ms @8

B far (i = 0: i < sizel; i+4) {

O [loop in mainonpdparal lal_forf12 at nultiply.c:13]
Threaded (OpentP) loop with instructions that use AVX rezisters. Mot vectorized: inmer loop was already vectorized

Opermp | oop
blil = 03
=] for (J = 0;) < sizel; j+4) { 10.006ms I 30.008ms

N o
[loop in mainfompfparal lel for@12 at multiply.c:1G] X I/ \\/ |\\\ FE% _6) l/— 737:)\ ﬁj\iu é
Vectorized A4H: FMA loop processes FloatBd dats type(s) and includes FHA =
Loop was unrolled by 4 ﬂf—_ — t < Z I/ X I\\\ W
O [loop in maindomedraral lel for@12 at nultiply.cii5] o _Z N / 0)
Scalar remainder |oop N
Wo loop transformat ions applied ) b-j@é&‘; 6 2 357_— lg:
O llooe in mainfonebraral lel _for@2 at nultielyv.c:18] N N A —
Scalar pesled loop
Mo loop transformat ions applied 3 o
Floog Fo meindonedparal fel feriZ at moriiofy ¢ 157

Vectorized AVK remainder foop [nof evecuied processes Flostéd dets fype(s)
Mo fogn frsnsformstions sapfied

blil += alil[i] # x[il: 20.002ms @ FMA

i
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>icl driver.c multiply.c /Qipo /Zi /02 /QaxCORE-AVX512 /QxCORE-AVX?2

= FLOPS Vectorized Loops B Trip Instruction Set Analysis
B [=] Function Call Sites and Loops & | @ Vectorlssues | Self Timew | Total Time | Type Why Mo Vectorization? c
i GFLOPS Al Vector ISA ‘ Efficiency |Ga|n... ‘ WL (.. | Counts Traits Data Types
=2 [leop in main at multiply.c:15] O 1.679; BN | 1.670s @ | Vectorized (Body) 12.032 @ 0134 AVX2 4 25 FMA Float64
Wectorized AYHs FMA loop processes Flo Yeclorized #¥H: FMA looe processes Floatfd data twee(s) and includes FHé
Mo loop transfornat lons appljed Mo loop transforpations applied
=" [loop in main at multiply.c:15] n/a n/a Vectorized (Body) [Not Executed] AVX512 8 FMA FloatdZ; Float6d
Vectorized AYsR12F_612 loop [nol execu Wectorized &WdB12F_512 loop [not executed] processes \ 132; FloatB4 data twpels) and includes FH# o ® A A > —
Loop was wnrol led by 4 Loop was unrol led by 4 J —\ \/
O [loop in main at multiply.c:13] [0 & 1Potential u... 0.448: 8 2,127 I Scalar Versions 11260 0.236 8 1inner loop was alr... N
g JL® AVX-512 e R TS
Source | Top Down | Code Analytics | Assembly | 'y Recommendations | @ Why Mo Vectorization? | Z
/r \/ — ) l/ ® AVX_ 5 1 2 FAPAN Li Vectorized Loops €| Instruction Set Analysis 1 L)
Function Call Sites and Loops T -I_J ion? Advanced Location
Vector ISA |VL [ |Com... Traits | Data T...
o EX G rey @YW
[=IRtlUserThreadStart
|=IBaseThreadInitThunk 100.0% I 2.127s 0.000s | Function
[=]_scrt_common_main_seh 100.0% SN | 7.127s 10.000s | Functicn exe_common.inl:201
[=main 100.0% SN | 2.127s 0.000s | Functicn Extracts; FMA; Unpacks | Float32... driver.c:51
=IO [loop in main at driver.c:110] 100.0% S | 2.127s 0.000s | Scalar Versions 1inner loop was alrea... Floatt4 driver.c:110
=105 [loop in main at driver.c:110] 100.0% S 2.127s 10,0005 | Scalar inner loop was alread ... Float64 driver.c:110
HO [loop in main at multiply.c:13] 100.0% I 2.127s 0.000s | Scalar Versions Tinner loop was alrea... FMA; Unpacks; [FMA;... Floattd... multiply.c:13
=10 [loop in main at multiply.c:13] 100.0% . 2.127s 0448 @ Scalar inner loop was alread MA; Unpacks Float64 multiply.c:13
=10 [loop in main at multiply.c:15] T8.0% BN 1.679s 0.000s | Vectorized Versions AVXZ [AVX512] 4 [8] 3.0%« MA; [FMA] Floate4; . [Unrolled by 4]  multiply.c:13
[loop in main at multiply.c:15] TE.9% I 1.679s 1.679: @ Vectorized (Body) AVKZ 4 308 [FMA Floatt4 multiply.c:13
[loop in main at multiphy.c:13] m’a m’a n/a Vectorized (Body) [Not Executed] AVX512 5.05¢  [FMA Float22; F Unrolled by 4 multiply.c:15
v [loop in main at driver.c:108] M driver.c:108
/r / 7— ) I/U AdVI SO r lg:%,f——l' g ﬂ@ L, \ |\ / \ 2 0)/ \ ] j’ R ? 2 ? FE FMA; Permutes; Shuffles Float3Z... multiply.c:13
Al
A 0 [ ] o™
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NUMA IRIRTOXEY—-7O1tER
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O—F)L - XEY—F759t2 JE—KXEJ—T77T01EX

1. CPUO I& CPUO Bl DRAM 57— U T X~ 1. CPUO I£ CPUT ICTF—5EUTIT R+
2. CPUO latT INEFEETBH CPUT ICAELVEDE 2. UJITIRICHL QPI#&ZHBELTCPUT A
SNoo 3. CPU1T ™ IMC [Z (CPUT BID ?) DRAM [CUO TR
3. DRAP)IOb\T SRS 4, CPU1 (v v aRICRALF DT (snoops)
4. CPU1 [ZRWLVEHOE (snoop) IR T 5 —4~13 QPI #2HT CPUO NIRT
O— 7L XEY—DEBEER L. JE—rXTEY—DFERE (I/’I/TZ —) &,
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L iR—bADO 5 (1)

$ icl /c /Qopt-report:4 /Qopt-report-phase:loop,vec /Qopt-report-file:stderr foo.c

B8t L R— ~FEA: foo(float *, float *)
LR—bk IL—TDOANF AT RILORBEL [loop, vec]

LOOP BEGIN at W:¥sample¥code¥foo.c(4,2)
<Multiversioned v1>
remark #25228: T — 5 DR EERRDI—TE=TILF/IN—I3VICLELR.
remark #15389: NI ALY R—b: 288 theta [CT7 5S4 VSN TVVEW T IOEANEENTULETD,
remark #15389: NI M JALOYR—: BB sth ([T 514V SNTUVVEWTOEINEENTLET,
remark #15381: XTI = JUEDYIR— b~ JL—TRIRATT A4V aNTWVEWT ORI ERSNELR,
remark #15399: RT MUY R—k: 7> O—IL T 705 —M 2 [CERESNET,
remark #15417: RO )AL OYR— b SFEV NS E 7Yy TV I\— R LET (BBENSBREE 1),
remark #15418: XJ M)UALOYR— b SFEN/ NS ES DV OV \— R LET (EBENSEREE 1),
remark #15300; JL—FTHIRO M) kENELE,
remark #15450: Y AOGLIET7 >4 A v AT R-O0—F:1 #include <math.h>
remark #15451: Y AO1GLIET7 54> - AV ARTAR- AT 1 . * *
remark #15475: — R LIL—FHIR U — R8s VOREl EEO (ORI RS, Bens B G

int i;
remark #15488: —-- R JLIL—TDIARA R TU—HET --- for (i = 0; i < 128; i++)
remark #25015: JL—FDEA NIV THD Y ROFRI=32 sth[i] = sin(theta[i]+3.1415927);

LOOP END }
LOOP BEGIN at W:¥sample¥code¥foo.c(4,2)

<Multiversioned v2>

remark #15304: )L—7 [ERT MU NFERATLERE: RILFN—IavoRT UL TEBEVWIIL—T- AV IRV R
TY,
LOOP END
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L iR—bADO i (2)

$ icl /c /Qopt-report:4 /Qopt-report-phase:loop,vec /Qopt-report-file:stderr /Qalias-args- foo.c

i1l L— B3t foo(float *, float ¥ (Linux* Cl&.-fargument-noalias)
LiR—k: =T ODANF ART RILOEE [loop, vec]

LOOP BEGIN at W:¥sample¥code¥foo.c(4,2)

remark #15389:
remark #15389:
NI RO TIR— R
remark #15399:
remark #15417:
remark #15418:
remark #15300:
remark #15450:
TRAOGLIET A AV R ETSAR AT
remark #15475:

remark #1538

remark #15451

remark #15476:
remark #15477:
remark #15478:
remark #15479:
remark #15480:
remark #154871:
remark #15482:
remark #15487:
remark #15488:
remark #25015:
LOOP END

NI R)UMEOYR—k: 2B theta ICF 51 VSN TULVEBWTFIRINEENTLET,
NI R)MEDOYR—k: BB sth L7514 YSNTUVEWTFIZINEENTLETD,
W—T KRN TT S VSNTVEWTOEIDMERSINELR,
NI IEOYR—: 70—V 705 —0 2 [CERESNET,

NI R)UEOY R— R BN SR E 7Yy T I\ — R LET (BRBEISEBRBE 1).
NI R)UEOY R— b BN SR ES DOV /\—RLET ((ERBELSERBE 1),
IL—TDOIRT R ENE LI,

TAOIGFLIET DA AZ v AT R-O0—R: 1

—- RINVIL—FOaAX T TU—FEEA ---
ANS—I—TDaR+:114
RIRVIL—TFDHIX~:40.750
AE—R7v I OHIRHE: 2.790

A —/\—AW ROAND =) Lig{E: 9

A —/N—AW RO ) LZE: 1

SA /=AY RORT =) LIESE: 1

RIS NEEBMS 1 TSU—DFOHL: 1 }
BV 4R 2

#include <math.h>
void foo (float * theta,
int 1i;
for (i
sthi]

float * sth) {
= 0:

4

i < 128; i++)
sin (theta[1]+3.1415927) ;

- RO —TF OO T —RT ---
I—TOEARIY THDY ROFRI=32
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L iR— bADOX I (3)

$ icl /c /Qopt-report:4 /Qopt-report-phase:loop,vec /Qopt-report-file:stderr /Qalias-args- foo2.c

&iE1k LR — ~BEA: foo(float *, float *)
LR—k: L= OANF AT IILOEETY [loop, vec]

LOOP BEGIN W:¥sample¥code¥foo2.c(4,2)

43

remark #15389:
remark #15389:
remark #15381:
remark #15300
remark #15450:
remark #15451:
remark #15475

RO BIUMEOTR—F B8 theta [CT7 SN TVRVWTIEANEENTLET,
RISIUEOTIR— b BB sth [C7 AV SNTUVRVW T IEANEENTLET,
RISINEDOTIR— b )L—TRKERNTT A VSN TV T I ANMERSNEL .

L—=TDhIRT U nE L,

TRIOGLIETZSA > Ay RARSAR-O—R: 1
TAOBLIETSA ATV ARSAR- 2R

- ROV —TOOR ST —FHA ---

remark #15476: 25— )L— 7O A L 111 el et

remark #15477: "% ~)L)L—F DI ~: 20.500 tnclude <math.

remark #15478: AE— R 7w 7 OEBEEE: 5.400 void foo (float * theta, float * sth) ({
remark #15479: (€A —/\—~w ROARY ~)LIRIE: 8 int 1;

remark #154871: B4 —/\—~Aw RO )L 1 for (i = 0; 1 < 128; i++)

remark #15482: R L)AL SNBSS 75 U—DEONHL: 1 sth[i] = sinf(theta[i]+3.1415927f);
remark #15488; - R R JLIL—TFDOIARRHTU—#RT --- }

remark #25015: )L—OBARIY T AT LOFRI=32

LOOP END
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L iR—bEADOXT Il (4)

$ icl /c /Qopt-report:4 /Qopt-report-phase:loop,vec /Qopt-report-file:stderr /Qalias-args- /Qxavx foo2.c

44

&iE1{b L R— B4 foo(float *, float *)
LR—k: =T OANF AT RILOEE [loop, vec]
LOOP BEGIN at W:¥sample¥code¥foo?2.c(4,2)

remark #15389: N MJLbDOTR— I B8 theta ICF 4V SNTUWVRWFIEZANEENTULE
9,

remark #15389: XU M) UEOTR—: BB sth ICF 4V ESNTULVEW T IEANEENTLET,
remark #153871: R R)UEOTR— b IL—FFKEKATT 54/ INTUVREW T I EANERSINE
L7z
remark #15300: JL—HINT ~)LbENELE,
remark #15450: Y AORLIETF 4> AZv - A RTAR-O0—FR:1
remark #15451: Y AOIRLIETFSA V- AV ARSI R ART7: 1
remark #15475: - RO R)LIL—TOIZA ST U—FA --- ,
remark #15476: 21 S5—)L—F D3R 110 #include <math.h>
remark #15477: R ~)LJL—FOAR |~ 11.620 void foo (float * theta, float * sth) ({
remark #15478: RE—R 7w FOHIE(E: 9.410 int i;
remark #15479: A —/\—~\w RO ~)LIR(E: 8 for (1 = 0; 1 < 128; i++)
remark #15481: @A —/\—=\w RORD ~JUARIE: 1 sth[i] = sinf(theta[i]+3.1415927f);
remark #15482: RT RJUEENEBM ST 5 U—DIFOHL: 1 }
remark #15488:; -——- R )L)L—TOAR T TY—4& T ---
remark #25015: )L—7O\AR IV T AT FOFRI=16
LOOP END
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L iR—EADOM [ (5)

$ icl /c /Qopt-report:4 /Qopt-report-phase:loop,vec /Qopt-report-file:stderr /Qalias-args- /Qxavx foo3.c

BEL LR— Bt foo(float *, float *)
LR—b =T DANF AT RIILORBIL [loop, vec]

LOOP BEGIN W:¥sample¥code¥foo3.c(6,2)
remark #15388:
remark #15388

remark #15300:; )L—HIRNT <)L bENELE,

remark #15448:
remark #15449:
remark #15475:
remark #15476:
remark #15477
remark #15478:
remark #15479:
remark #15487:
remark #15482:
remark #15488:
remark #250715:

LOOP END

TRIGELT7SA Ay A RS R-O0—R: 1
TRUGLT7 AV A ARSI R- A7 1
— ROV —TOaR T —FE -
ANZ—)IL—7OaR 110

NI R)LIL—TFO3ORX:9.870

AE—R7Y FORBRFE: 11.130
BEA—/I\—~Y RO )LIRE: 8

SA— /=AY RO ) LIgE: 1

RIS NEEM ST ZU—0ROHL: 1
- ROV —TOOR T —RT -
IW—=—TDEANIYTHOY FOFH=16
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RIFINEOYIR—F: B theta [CT7 SAYVSNRFIEADNEENTUVET,
I RTBIMEDER—EBR sth ICF SV SNET I ZANEENTLET,

#include <math.h>
void foo (float * theta,
int i;
__assume_aligned (theta, 32);
__assume_aligned(sth,32);
for (1 = 0; 1 < 128; i++)
sth[i] = sinf (theta[i]+3.1415927f);

float * sth) {

RICEHOBIRREERBIETT,




L IR— ADXT I (6)
$ icl /c /Qopt-report:4 /Qopt-report-phase:loop,vec /Qopt-report-file:stderr /Qalias-args- /Qxavx foo4.c

=Bt LR—~BA%A: foo(float *, float *)
LIR—k L= DODANF ART SILOERE [loop, vec]

LOOP BEGIN W:¥sample¥code¥foo4.c(6,2)
remark #15388: R R)ULDYR—: 28 theta IC7 SV SNETFIZANEENTLET,
remark #15388: NI MO TR—: BB sth IC7 1 VSN 7 IOEANEENTULED,
remark #15412: X2 RO TR—: sth DA —=2 - ATV ERSNE LR,
remark #15300: )L—FHOIRT )L LENE L,
remark #15448: XA 7 2421y AT R-O0—F: 1
remark #15449: R ADGL7 5421V ARTAR- AR 1

remark #15467: RAVIELTZ SAV ARU—ZV T A R77:1 #irllclude <math.h>

remark #15475: -—— NI R JLIL—F OIS TU—FIA - void foo (float * theta, float * sth) {
remark #15476: 21> —)L—7O3 X110 int 1i;

remark #15477: N ~)L)L—T DX 9.870 __assume_aligned(theta, 32);

remark #15478: RE— R 7w 7OHEARFE: 11.130 __assume_aligned(sth,32);

remark #15479: T_E_EZ—/\:—/\“/ FONT LRI 8 for (i = 0; i < 2000000; i++)

remark #15481: %j_/\_/\‘\/ '\(]‘_)//\\_g_'\)l/%}n{? 1 ) Sth[l] — sinf(theta[i]+3.l4l5927f) ;
remark #15482: NI UL NEBMS 175 U—DIFOHL: 1 )

remark #15488: ——- RO MJLIL—TOOA LTI —#T -
remark #25015: JL—FORARIY T AT ~OFEI=250000
LOOP END
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iISUS DEERLEHE

AT ILORT =LY —IL

https://www.isus.jp/intel-vectorization-tools/

1>F)L® Advisor 2017 W —)LICELBRNT S ILbD T 1w D kT

https://www.isus.jp/products/advisor/quick-analysis-of-vectorization-using-advisor-2017-tool/

— R ART S LbDE > -

https://www.isus.jp/products/c-compilers/common-vectorization-tips/

A>T IL® AVX-512 TR ELIERT )LD\ T A—<T > A

https://www.isus.ip/products/psxe/pu27-04-vectorization-opportunities/

BEIND S EDVRBL 72155 OXT AL

https://www.isus.jp/products/c-compilers/what-to-do-when-auto-vectorization-fails/

NI )b US O 3V B Fxscih cE R I HV?

https://www.isus.jp/products/c-compilers/can-you-write-vectorized-reduction-operation/

https://www.isus.jp/products/c-compilers/vectorized-reduction-2-let-the-compiler-do/

EEFOE L RBREMOHENEL: 1> F7)L° C/C++ T )\A1Z5— 170 ICKBINT UL

https://www.isus.jp/products/psxe/pu25-06-indirect-calls-and-virtual-functions-calls/

IW—TENRTRIL T BIz DR

https://www.isus.jp/products/psxe/requirements-for-vectorizable-loops/
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