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NI R~INE

V—2ZT—F (C/C++)

_ o for (i=0; i<N;i++){
JL—TAIBICDUL\T SIMD (% I .
AULBLSEIRL, EITEEEHD C[i] = A[i] + B[i]; }
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B3 B2 B1 BO B7 B6 g B1 BO
AO c A3 A2 A1 AO + AVARAGHE - IANEA\C
Cco C7 Co mmm C1 CO
SIMD : Single Instruction Multiple Data
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12FIIV° AV INA S5 —DBEEIND FILE%EE

FIAIETER(-02 L EO&BEIEATaY)
« /O1 TIENRT )L EDYfTHh Ly
e JL—THhZHEINBDT7 U5 —3TlE, /03 (-03) & T

icC source.c
icpc source.cpp

icc -O2 -msse2 source.c
icpc -O2 -msse2 source.cpp

ifort source.f
ifort source.f90

ifort -O2 -msse2 source.f
ifort -O2 -msse2 source.fO90

IV IAIVKEIFETICKETBIHEICIE, /0d (-00) T
VIS —DORBIEOXEZN L AEZVDD TS
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ANS—BEI—Rvs.SIMD @EOI—FK

for ( i=0; i<MAX; i++ ) ¥ MAX=1024£93%
cli] = (ali]l + b[i]) * cli];
-, — I BEINT UL
ATV AV INAZ— -
.B1.2: .B1.2:

movsd  (%rsi,%rax,8), YoxmmO vmovupd (%rsi,%rax,8), %oymmO
addsd  (%rdx,%rax,8), YoxmmO vaddpd (%rdx,%rax,8), Y%oymmO0, %ymm’1
mulsd  (%rdi,%rax,8), Y%oxmmO vmulpd (%rdi,%rax,8), %oymm1, %ymm?2
movsd  %xmmO, (%rdi,%rax,8) vmovupd %ymm?2, (%rdi,%rax,8)
incg  %rax addgq  $4, %rax
cmpg  $1024, %rax cmpg  $1024, %rax 4 B=g
il .B1.2 — ib .B1.2

addsd : Scalar Double-fp Add vaddpd : Packed Double-fp Add
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1FIVAVINAT—DONITRINEAT 3>
{EHTS3SIMD P tzYvrDIEE
« JQx<SIMD s tzv i, >
« [Qax<SIMD s tzvi, >
« [QxHOST
<SIMD fistzv > ICIEEBELGF—T—F:
SSEZ2, SSE3, SSSE3, SSE4.1, SSE4.2, 128 bit)
ATOM_SSSE3, ATOM_SSE4.2, 128 bit)
)
)

(

(
AVX, CORE-AVX-I, CORE-AVX2, (256 bit
MIC-AVX512, CORE-AVX512, COMMON-AVX512 (512 bit
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P EYRIINTA—T R EMEICRET D
AMARgELL Y ASTROILRICKDEREINERN [ LTS
JOotwvb—me ATFv1 ATV 2 AFvrF3 RFvS4 56,7

Z VA
(=~ L
127 )" SSE*
(128bit: XMM)

127 )L° AVX/AVX2

(256bit: YMM) . Y—AJ—F
f double *x, *y, *z; N = 8; )
1>FIL°AVX-512
(512bit: ZMM) > orvo 4 for (ipt i = p; i<.N; i++)
z [i] = x [i] + y[i]; )
T1VFIL ARU—=2% SIMD #isRk@$ (17 J)L° SSE)
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P EYRINTA—T /X EMEICEETS

IARTOYV—RT7AINCRIL AT a>EIEET A HER
- LHALEE#ERIZED HS -
AT O T7AILDREEIN B . FBBICEKDA T I HFHIBRINS

main.c funcil.c func2.0bj (ERIFFEDA TV arvHEREINDB)

> jcl main.c funcl.c func2.obj /QaxCORE-AVX2 /[Fetest_code.exe

FIclE N
> icl func2.c JQxCORE-AVX512 /c ) XRITIdL?

> jcl main.c fuinc1.c func2.obj /QaxCORE-AVX2 [Fetest_code.exe
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mPEYRINTA—TIVR EHEICHETS

BEEGD: 5—T v FOERTRENGHO7OEYY—TIF R\, 1 7)Le
AVX/AVX2 D\B1 T )IL® AVX-512 \DOBITHOI—RINEEND

L driverexe — X

driverexe [SBYEERILLELL NI LBHBIANADRET S

COMEDRREEEILTNGT.. ¥ | BEB 7’3: L) eeeeee

]
RO UL TERIF S

[xlsoftkk@localhost work]$ ./a.out ’r\/7__}l/® AVX'512 ﬁ%‘i
ITlegal instruction (75 2/ 2F) ~
[xlsoftkk@localhost work]$ |:| , Eﬁiéh?&b\

FRIBDmPEYRIETOY—RT71ILIC
BILA T3V EET DR

Intel, 1> F )L, Intel Core, VTune, Xeon |&, 7 XUNEREB LV | FizIEZDMDEITEHI1FS Intel Corporation DEIETI . Microsoft, Visual Studio, & LU'Windows [&, K ElMicrosoft
Corporation @, RKEHLVOZDMEDEICH TR EFHIERIFFHIETT, *ZDMOMLE, BRBLEEF, —RICEZLOR TR, BEXRLIFEREIZTT,




—\® (o] / B
7 WwH—-FL AN\NYVFNEHE
D t J . J bV —
UM LFIVIICEDA—IN—AY EDIEM
C:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul >icl multiply.c /¢ /QaxCORE-AVX512 /QxCO C:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul>icl multiply.c /c /QxCORE-AVX2 /Qopenmp

RE-AYX2 /Qopenmp /nologo /nologo
multiply.c multiply.c

C:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul>ic| driver.c multiply.obj /QaxCORE-AVXZIMEENC:¥Users¥kiyo¥Desktop¥hakata¥code¥matmul>ic| driver.c multiply.obj /QaxCORE-AVX2
/nologo /nologo
driver.c driver.c

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

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

Execution time is 3.269 seconds Execution time is 2.872 seconds
GigaFlops = 6.241052 GigaF lops = 7,103760

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

> icl multiply.c /c /QaxCORE-AVX512 /OQxCORE-AVX?2 > icl multiply.c /c /OQxCORE-AVX?2
> icl driver.c multiply.obj /QaxCORE-AVX?2 /Fedriver.exe > icl driver.c multiply.obj /QaxCORE-AVX2 /Fedriver.exe
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Vectorization Advisor

Vectorization Advisor is a vectorization analysis toolset that lets you identify loops that will benefit most from vector parallelism, discover

performance issues preventing from effective vectorization and characterize your memory vs, vectorization bottlenecks with Advisor /\\ g |\ I/A A A\ |\ ' -
Roofline model automation. ) n p -Ij / L—
— \}
Program metrics P 1/ y T} I/® AVX b\iﬁm é nt L \ é
Elapsed Time i N
Vector Instruction Set [A\-"X51 2 AVXZ, AVX, SS5E ] Mumber of CPU Threads 1
Loop metrics
Metrics Total
Total CPU time 1535 [ 100.0% N
Time in 1 vectorized loop 073s () 47.6% -Ij- I /\ 4 I/ I-R_ l\ ?
Time in scalar code 0.80s (DN 52.4% =2 =w
(v Vectorization Gain/Efficiency ni%m %ﬁE I:Ill\J\
Vectorized Loops GainfEf'ficiency':?:' 4.12% l--‘ll'.ﬂ%—r:;’:'
Program Approximate Gain @ 2,49

. ) @ Performance ) ) o Vectorized Loops | Instruction Set Analysis |
[=] Function Call Sites and Loops & Issues Self Time | Total Time | Type Why Mo Vectorization? v - - - Advanced l
ector ISA | Efficiency » | Gain.. | VL (... | Traits Data T... | Num..

=@ [loop in matvec at multiply.c:15] || Vectorized (Bo... E_| 6.03x |8 |FMA |Float32; FI 58 |Unrolled by 4
4| [loop in matvec at multiply.c:15] O 0.317s 8 0.317s Vectorized (Bo... AVK512 8 FMA Float32; F & Unrolled by 4 I
o [¥C [loop in matvec at multiply.c:15] O 0.020:) 0.020:10 Vectorized (Re... AVXE12 8 FiA Floate4: | 5 T
A[E[o] [loop in matvec at multiply.c:13] O 0.863s I 1.210s I Scalar & inner loop was alre.... Permutes Float32...| 12 I
40 [loop in main at driver.c1100] O 0.000s1 1.210: | Scalar @ loop with function ... Floatea 2 [
40 [loop in matvec at multiply.c:13] O 0.000s1 1.210s | Scalar & inner loop was alre.... FMA Floated... 12 I
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aAVIN1S5—DF/BIEL R—F

RIRINEDREEICDWT, VIS —H\BIERAEESD
» AVINAT—AT/3

/Qopt-report<N> (N=0~5)
— TFRALT7AIL *optrpt \HWBEEH

¥ LIR—RICEWVWTRT RS NIEWEeSNBES D, 7TV —3>vm
Ry ARy (%<0 CPU KBERIZF I m) THDNIE, 17 I)L° Advisor THERT D

2% iSUS - iLLWERBILLIN—rZERLTIVTILe VA5 —%SBISERTS
http://www.isus.jp/article/performance-special/get-most-out-of-intel-compiler-with-new-opt-reports/
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Bkl h—k

LAR—k IL—FDANF NI BB DREL [loop, vec, par]
LOOP BEGIN at C:¥code¥matmul¥multiply.c(13,2)
1) —72 #15541: L EF loop BN INILIEINEHA TL:SIMD ToL I T4 T DEBEIRETL TSV,

LOOP BEGIN at C:¥code¥matmul¥multiply.c(15,3)
1) —2 #15344: loop [FRNTRIILILSNFEHA TLI RIMNVEKEFEBEREIRINLIEZIHIFTOET,
BUIOKFEFREUTICSRLUET EHBICOWLWTIE L AL 5 DLR—ZFERL TSIV,
1) —7 #15346: XU )LIKTERHR: FLOW DOKZERD bli] (16:4) & b[i] (16:4) DREICIREINEL T,
1) —72 #25439: B|RHD7>O—)L -2

LOOP END

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

LOOP END
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RBIELLIR—bDATS 3>

/Qopt-report-phase:<7r—X[,[7x—X,..]>
71x—X = loop, par, vec, openmp, ipo, pgo, cg, offload, tcollect, all

/Qopt-report-file:<stdout | stderr | 77 1)L %>

/Qopt-report-annotate:<fmt>
fmt = html, text

/Qopt-report-routine:<BE%%4 [,EA#54]>
/Qopt-report-filter: Y — X771 )L %, (TES-17TES"
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LAR—=FLANILDIEE (RTIFIL1L)

/Qopt-report: N

NICIZ EETBLR—FDFMLNILEIETE
NONBEESNEIEBSIEI N=2 DT TAIL

- LNV O:RTRUMELIR—REL

- LNV 1 ROMVEDfThONBEZL R—k

- LNIL2: LRIV T ISR AR RIUbENEh o B BB GEZR =L R—
— LRI 3 IL—TFRT RIE D2 ZE I

- LRIV 4: =0T 51 X MMEREFRIEHR%ZEN

- LNV 5 K EFEIEERZEM
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RNIFILICEET S 6 DDERA

I—TEijiKTE REABIL—TFHIUk
struct _x { int d; int bound; };

DOI =1, N
A(I+1l) = A(I) + B(I)
ENDDO void doit(int *a, struct _x *x)
{
for(int i = 0; i < x->bound; i++)
a[i] = 0;

FEAHIFOEL
for (1 = 1; i < nx; i++) {
BEXE)—7201EX

x =x0 4+ i * h;
for (i=0; i<N; i++)

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

A —TAUTIT
" ’ NI —

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[i] [j] += 1;

: }
}
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NI RIVEEZIB TRV INT S —DHEEE(1)

IPO: 7OV —IvRIDREL

70V —IvREOsEL(IPO) IZBEIMIBETCIV/INAMS—DY —R T 71 )L &ZFES
O— REMZTUVRBEEDIERNE S HIBTLET

R float func(float x, float y, float xp, float yp) {

for (i=1;i<nx; i++){ float denom;
X = X0 + i*h; e o
sumx = sumx +[func(x,y,xp,yp) é denom = (x-xp)*(x-xp) + (y-yp)*(y-yp);

) denom = 1.0f/sqrtf(denom);
} return denom; }
Sourcel.c Source2.c

JO771IVBRICKDA VSV REAWY
ZDDRBEILOERAZFZH E
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IPO ICkBRIEL

///7wbz@ﬁm REIPU L \\\

BRI DINT 1> 151 EH

TAJ7 AR mod/ref &4

A5 D BENERiE RERIEVHL DR BIHERR
XEY—=T—ILOBEFER L REZ—IC5 |8 BL TR HLEL PR
C++ US> A& B fRMT 2—DFERAZREL

HE IOV IBRORE A A—tE
HEIOvID5E| IL—F>DF—BMHEDIEHE

ER DR BRI

AELZMEOHLOEH AAYITIL—LDT 1Ak
ARER RS | B DHERR BEEDEE T—ILRDILEARE X
ARELZEBROBERR VR T=TI - T—2DIEE
REIBDT T4 AR RERZHDHIFR

\\\‘ﬁﬁﬁk TO5S L RO R ////
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IPO DV INFARATYTICKDRIEL
?5;1&#7‘9“::9 hwiﬁz

a.C

=

¥

a.obj

b.c

i

L 4

b.obj

!

C.C

i

c.obj

=1k (IPO)

ipo_out.obj

a>INT)L

Linux*

icc -c -ipo main.c funcl.c func2.c

|
>0
A 4

Windows*

icl -c /Qipo main.c funcl.c func2.c

ET 771 ]

U
Linux* icc -ipo main.o funcl.o func2.o
Windows* | icl /Qipo main.o funcl.o func2.o
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/Qipo {EARFDFESEIHE

1. IPO ZERALTEY—RT 7LDV /I\AILSNBIZRIC, TV I15—FV—X
J—FOFRERKRIR (IR) ZB AT 2O T 71 ILICKRINT D, BIUA T T -
T71ICIF BEDAT IO T71ILOKRODIC IRNEFENSD

2. AV INAS—IFUA—nER]ICEEIESN. AV//\1T—IF . IXNTOERUATI o
T 7AI)LETIRIC IPO Z2E1TI D (.0 W .0bj ICATI U RIEFERNLGLY)
ipo ZERALGWAT IO RE ipo ZHERBLEAT VORI DT BIEEIE,
1VFINDOUV oY —)%={FER

47 3)—%{ER T BBE R U8RI ib (ar) X link (ld) D£1DIC
B —)L.xilib (xiar) & xilink (xild) Z{ER T3
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IPO ZiBALLBWA T I
IPOZBRHLI-AT Ik

Intel Compiler 17.0 Update 2 Intel(R) 84 Visual Studic 2015

> icl multiply.c /¢ /nologo

s #3180 AT/ OperMPx TS5 w9,
Bpragma omp simd

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

driver.c

ipor & #11003: 724 ~ - 774 )L nultiply.obj 12 IR A% UFERA, CODT
7 A )% -Qipo © OV NRTILINTOEE Ao

>
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NI RIVEEZIBTRaVIN1T S —DHEEE(2)

=nn%ﬁb (1)

SATEEE

__declspec(align(n))

__assume_aligned(a,n)

#pragma ivdep

#pragma novector

L)z
BE nINARBERICT SAXNNTBESIIAY INAMT—ICIBTRT %o ZHOT7RL XX
address mod n=0

Begl a bt n NAMERICT ZAXNIINTVWBRERABET LSSV INAF5—ICETRT %0
ToAXMERD IS TIAH S IIGEICERTS

RNIMUVKEEDFEEL TOWAEHESIN THENZE R T DLV /INTT—ICIET
IW—=ERINIELEBEWVWESICIERE
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NI RIVEEZIBTRaVIN1T S —DHEEE(2)
SEEHEE (2)
V—ZO—RICEHOBEBHD S ENTVWARIEE. TILIdVX L AXAE)—2B DA
EICEDFED SIMD fiS v CREBRMEEZRIET AL OBRADRETS
_EhH3
L L TYTILCAVX2 TREDREERE

funcl () {...} *~
EEEEZ ) o > icl source_code.c /QxCORE-AVX512
func3 () {...}

source_code.c

#pragma [intel] optimization_parameter target_arch=CORE-AVX2
ZEHMESDERICENM Y 3L WROBHELTomm Y EZEAEE
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NI RIVEEZIB TRV IN1 5 —DHEEE(3)

A 25 AU 0] getE 7l il

= EESE(1): IRAHD restrict {6
- COOCHRE(OVINMIZ—ATZ/3~ -std=c99)
- C++ THAV/N\AS—HBLRE L TH AR BE( -restrict )
= EEESER2): AVINAT—ATay
- -fargument-noalias
RN ITAUTALBVWCEZRTE

1
2

3

— Fortran Tl&, S ERICEKD 4

FIAILTEX 5  for(i=0; i<num; i++){

6

7

8

void addvec(int num, float * restrict a, float *b)
{

int i;
( -assume dummy_aliases THEZ}{L ) a[i] = afi] + b[i];

}
}
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NI RIVEEZIB TRV IN1 S —0DKEE(4)

-no-vec A7</3
e NIUKIMEICEDT7 UG -3 hENKBLWEEAESNTLWDIH\EEICHE

« /Qvec- (-no-vec) ATV avhEESNDEIV/\1Z5—IZ,SIMD i %= {EH
FTEIMNRITNIMEETICAN ST I—FE%ER

* /Qvec- (-no-vec) HBDE ELD/INAFU—ZER L TINTA—T >V A% LR
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NI RIVEEZIB TRV IN1T 5 —DHEEE(5)

FENARBUEREICXT I BRBIEOFIEH - /fp:<keyword>

/Od (&BILER])
1.7997571173440164e+12

AT avEL (T IAI: SSE2, [fp:ifast)

1.7997571173439973e+12
[fp:precise
1.7997571173440164e+12
/QxCORE-AVX2
1.7997571173440073e+12
/QXxCORE-AVX2 [fp:precise
1.7997571173440227e+12
/QxCORE-AVX2 /fp:consistent
1.7997571173440164e+12

// #include <random>

mt19937 engine(777);
uniform_real_distribution<double>
dist(-1.0e10, 1.0e10);

vector<double> x(100000);

for( size_t i=0;i<x.size(); i++) {
x[i] = dist(engine);

}

double sum = 0.0;

for( size_t i=0; i<x.size(); i++ ) {
sum = sum + Xx[i];

}

printf("%.16e¥n", sum);
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FANA[RBEHOARFHEEE

BIRJ3FRHTIFEGDERENELDENHD

o AVIAZ—(RVSF—=)DiEL

o AVINAS—I\—J3aVmiEL)

- (SIMD)@HtYDEL

- FIETHOEL (MPIDIZEIE, /—FRTLFNBOEVDHED)
- CPU(RTroO7—FF70Fv—HHK)DEL

SE 5

YT OV I S—DRE MR EICH 1T B RO— B (R

https://software.intel.com/en-us/articles/consistency-of-floating-point-results-using-the-intel-compiler
(Z5%ER) http://www.isus.jp/article/compileroptimization/consistency-of-floating-point-results/

The Parallel Universe - Issue 21 &KDTA>5F)L® MPI 54T SU—DFHFEBIRM,
http://www.xlsoft.com/jp/products/intel/tech/guide.html?tab=3
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RIRINBICEKBINT A=V RENT MUK ZIRBIET D
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MRPGRBEIEDHEFHZRDITD

1>7IL° Advisor: v v azBEBLICIL—T7 51 8
=542 NTF—=I > ADHH

o _ ~ L: EE N - —
INT A=V ADOBEDNHBDIL—THEI\NAT1 INTEL ADVISOR

ENENDI—TDINTA—IYAD TNy roomaes 0005 M@ X0 Dt =
DIINE =T
- WEARIIL—TIF?
- WEOMENHDIL—T(F?
RELRYOOREE BB TR ERRL
TRBIEDRDATY T7ERER

0.8+

T T
0.04 0.72
Arithmetic Intensity (FLOP/Byte)

Al = flops
DRAM DNDDERIET 1 X (byte)
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7075 LDEEEZDHE

1> 7 )L® Advisor D Roofline (JL—751>) Bth%x=ERL .7 74)LO—FD
INT A= > R8T 3: icl driver.c multiply.c /O2 /Zi

FyyrarX
EU—DEER
mE—U 4R

L1 Arithmetic Intenzity: 0,09 FLOP/Byte

o R 58 o g
14 - 1\6,_-.5:'\\.' - = matvec multiplyc:15 r
pREMEAEET @) Performance: 2 92 GFLOPS

Performance (GFLOPS) r(Q) | O Use Sinele-Threaded Roofs @ E
______________ o e easggroes | BRSO
e T T T o vactor P Eeske i 3 GFLOPS
eI e T SR oo s Pk 36 Y GFLORS T T—E’]@t" 2
e IS o772 70 . DP Veclor AddPesk 0244 GFLOPS
e ges PR Scalar Add Peak: 152 GFLDF’S' =
s =TT LmesTIllo . SedsrpdPesISEERLORS

Self Elapzed Time: 6914 =

Total Time: 6914 =
Self Elapzed Time: 6.914 = / Total Time: O9TF

=

1 10
Arithmetic Intenzity (FLOP/Byte)

CDERMETT P —2auld  XEBV—EHEITHD SIMD dp s DO—R /AT
T—AlIE vy alllNEz>TULEWLD GERL TULZERLY
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B—~R1f

FLOPS | Trip Counts Why Instruction Set Analysis
[=] Function Call Sites and Loops .1 @ Vector Issues | Self Timew | Total Time Type
. GELOPS | Al = : - - - Loop Instance Total Time | NoVew| Trite | DataTo, [Mum
= [loop in matvec at multiply.c:15] | B | * 2 Assumed d..] 6.914s|6.914s( 1|Scalar 2.922 [ | 0.089 101000000 | < 0.001s < 0.001s = vect. Floatbd |3
Scalar loop. Mot wvectorized: we Scalar loop. Mot wectorized: wector deperflence prevents vectorization
Loop wag unrolled by 2 Loop_waz unrol led by 2
i i 3 [0 @ 10pportunit... 0.439s) 7.354s Scala ] 0.045 101 101 101 1000000 <0.001s < 0.001s g out.. Floattd 3
g PP
"2 § matvec 0.010s1 7.36 1000000 < 0.001s 3
ul f _scrt_common_main_seh —_— 7.363s 0
_SCr - - W\ ~ 77
s(_r)[loop in main at driver.c:28] ] O /\al\jbftéh C L\jas L\;'\jj7 )L =3 7.363s dloo.. Floated 2
4| § main 7.363s : Sh... | Float32.. 16
7ra—)LlanTtng '
- 2[E7>O-)LEh TV
<
, « JL—T[EIEIL 50 [2]
Scurce | Top Down | Code Analytics | Assembly | ‘&' Recon
T FOHINTLS
-« AIEL{AT 101000000 [EFFEU I TLY a
Line | Source R B e A e Traits | |
1 finclude “Multiply. k" — : ; —
N Source | Top Down | Code Analytics | Assembly | 'y Recommendations | @ Why No Vectorization?
3 Fifdef NOALIAS
4 void matvec(int sizel, int size2, FTYPE al[llsize2]. FTYPE blrestrict]l, F | Address | (o= ‘ Assembly | TutaITimE| % | SEIfTimE| o |
3 felse body » 0140007510 Block 1:
0x140007510 16 movsxd r13, ri2d = ggg‘j:
B ° —
FTHPE 0] G40007513 16 lea rléd, ptr [ri2+rizw] 0.152s | 0.152s 1 J double

ﬁh)b*“/ﬁt@?fb\5“/—j i 0% 140007517 16 ?hl r19, Oxd 0.020s | 0.030s | O ﬁ%énfb\ébs/“

0x14000751e 16 movaxd r14, ridd
1 \M\A 0140007521 16 movsd xmml, aword ptr [rbxtridst] 0.740s | 0.7140s | Zg_ti 3 1@
12 tprazma O« 140007527 16 mulsd xmml, qword ptr [rdi+rid#g] 0.072s | 0.072s |
13 for (0= 03 0 <sizels i+0) { 014000752d 16 addsd xonl, sl 10775 ) 107750
=+ b il 0140007531 16 moved qword ptr [ri+rbp#d], samd 0.130s | 0.130s |
0x 140007537 16 movad xnmZ, gword ptr [rboetri3sl +0x8] 0,996z | 0.9965 0
0x14000753e 16 mulsd xom2, qword ptr [rdi+r]4e8+0xd]
0140007545 16 addsd xmmd, xmm? 0.181s | 0181s |
0140007548 16 moved qword ptr [ri+rbp#8], wml 1.737s 1 1.737s @
0x 14000734 15 cnp ri2d, rl0d 1.181s 1.181s 1
(140007552 15 ib 0:140007510 <Block 1>

Intel, 7> 7L, Intel Core, VTune, X 5 &, PAUDEBREBELD [ £IFZDMEDEICHIFS Intel Corporation DFEIETY , Microsoft, Visual Studio, 35&U*Windows I&, K EMicrosoft
Corporation 0, H%BA:U%G)WZG)I%I)

CHIIZERHITELIIFIZTT, *ZOMDHE, REB L F, —RICRHLORT, BIRELIFBREZTT,




V7 IL® Advisor ok B HELE

= = " @ FLOPS Why Wectonzed Loops Trip Counts
+ Function Call Sites and Loops Vector Issues | Self Timew | Total Time Type

2 i P GFLOPS | Al Mo Ve..| vect... | Gain...| vl .| Average [ Min [Max | call Count | hteration
I;E; =0 [loop in matwec at multiply.c:15] [0 % 2Assumedd... 6.914s B 6.914s GEE Scalar 2.921

4]0 [loop in matwec at multiply.c:13] O e Opportunit.. 04381 7.2545 - Scalar .46 . 9 7‘ N~ ,— ®

Z\\

u) f matwec 0.010s1 7.263s B Function O [Rec0| I “ I |endat|0n5] ,r/ 7 }l/

| f _scrt_common_main_seh 0.000s 1 7.263; B Function = —~— = > Y k3 /B8 ,~

5105 [loop in main at driver.c:98] | 0.000s| 7.263; EEED Scalar AdV|SOI’ h\bd) B lﬁ'ﬂ:d)}ﬁ"ﬁé% 13:'9;1 lé

= f main 0.000s | 7.263: I Fu

< r

Source | Tep Down | Code Analytics | Assembq

lAll known issues with all possible recommendatibrre—Es———Fortremr

¢ Recommendations | @ Why No Vectorization?

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 investigating the assumption and handling a
) Recommendation: Confirm dependency is real
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

Confidence: @ Need More

Your current hardware supports the AVXZ 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 AVX2 ISA, no AVX2-specific code executed for this loop. To fix: Use the xcore-avxz compiler option to gene
axCORE-2vx2 compiler option to enable multiple, feature-specific, auto-dispatch code generation, including AVY 2.

windows* OS [ Linux* OS |
| /OxCORE-AVX2 or |QaxCORE-AVX2 | -xCORE-AVX2 or —axCORE-AWXZ |
Read More:

® ax, Qax; x. Ox
® Code Generation Options in the Intel® C+ <+ Compiler 16.0 User and Reference Guide
® Compiling for the Intel* Xean Phi™ processor x200 and the Intel® AWX-512 |5A and Vectorization Resources for Intel® Advisor Users
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/Qipo TT7#ILEDAR ML ZERLI-FER

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

| [ Use Sinele-Threaded Roofs @ =

Performance (GFLOPS) k |Q|
SF Westor FMA Pesk: 38083 BFLOPS .

_-E ______________ N ___-E_______::;E_____________________________é__ i
. et Ll DPYeowPMABeskI33Rs BFLOPS, StybcDBE
oF, \famm%d Faak: 135 f6 GFLOPS III|:I BE Y/ /

[ et BB o s f A — MR
T

£yt X
EU— DR
N AL

1 main multiply c:15

Performance: 11.42 GFLOPS
1 pan il L1 Arithmetic Intensity: 0.18 FLOP/Byte | d o
— DR Self Elapzed Time: 1.698 = | |

Total Time: 1.698 =
1 1 10
Self Elapsed Time: 1698 = Totgl Time: 1.698 = frithmetic Intenzity (FLOP/Byte)

COERBETT I r—2a> DstEMREIED ARDE EL3 Ty v aZMRBFHABLDDH S

Intel, 1> F )L, Intel Core, VTune, Xeon |&, 7 XUNEREB LV | FizIEZDMDEITEHI1FS Intel Corporation DEIETI . Microsoft, Visual Studio, & LU'Windows [&, K ElMicrosoft .
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Y -1 RT3

: /Qipo BEH#%

= FLOPS B Vectorized Loops Trip Instruction Set Analysis
1] [=] Function Call Sites and Loops & | @ Vectorlssued | Self Timew | Total Time | Type Why No Vectorization? - - e - Advanced
a GFLOPS Al Vect.., |Efficiency | Gain.. VL (. Counts Traits Data T... | Num..
Z |E® [loop in main at muktiply.c15] 1 Potential u...| 1.698s ——)| 16985 | Vectorized (Bo... | 11.423 ==20.134 |sse2 | il 1.e2x |2 H
Al O [loop in main at multiply.c:13] [] | @ 1Opportunitl. 07405 @ 24475 @I Scalar 22910 0.380 & inner loop was alre... 101 Unpacks Float32... 12

Scalar loop with instructions that use | Scalar loop withfinstructions that use S3E2 rezisters. Mot wectorized: inmer loop was already wectorized
Mo loop transformat ions apelied Mo loop transforgat ions applied

sl f _sert_common_main_seh 0.000s | 2447 B Function 0
. - P — - E - . =

Scurce | Top Down | Code Analytics | Assembly ‘Q Recommendations | B Why No Vectorization?
N ) AN
o A2TIJL°SSE2 TRIKMILMEINTULS

Line | Source ‘ Total T\me| % —_ _ —
‘\2 finciude “Multiply.h” ° t}bj;{jﬁ%Fﬁﬂ‘g\ 6.914 *&b\b 1 .698 *&A%ﬂ%{ﬁ
i §;f:je;a;q32t?:it sizel, int size?, FTYPE all[size2], FTYPE blrestrict], FTYPE x[1) O 1 1 .42 3 G LO PS

5 else - ) ) } e 2= - — —_ -
e e e, e o RITMUERNER 91% TWAAZ—IIHL 1.82 15D
3 Yendif W ~

o ! b— ’r/

10 int 1. ds

11

A « A[ED7>O-)LUIIRARTRUEICEDIL—=T
e e B 12 [BlISED

1 Bli] = 0:
15 =] for (J = 030 < size?; i++) { 0370s 0
[looe in main at multiply.ci18]

Vectorized 33E: 3362 loop processes Floald2; Floatfd data type(s)

Loop was unral led by 4
16 blil += alilLi1 # =[il: 1.328; O
17 i
18 1
19 i
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Corporation O, KEH IO ZOMDEICH 1T BB RFHIFEIFEIECTT, *ZOMDHE, REBEE(E, —RICRADORT, BIEEIFBEEHIZTT,




RIB{LICEDFEZEDIEEMNEZERTD

MRRILRY O DS E

T 74D —REIL—TS1 B =FERLI-R1 R,
BECAIBZARINIL{EL TR >R &R icl main.c /Zi /02 /QxCORE-AVX2

Perfarmance (GFLOPS) k |QJ 1= Use Single-Threaded Roofs @ | [ Show Roofline with Gallstacks € ==
0 = P P, g - SFvector FMA Pealc 121 SREFLOPSE |
100 2
Tl LamT T e DF ‘e ctor EMA PEak 6066 GFLOFS
-8 B PEERE SFeFector Add Pesk G057 GFLOFS 4

I e me T o720 DR Veotor judd Pesk 3048 BFLOPS | __ ija_:ggg)
Q@ IL—2

T
0.1 1 10
Self Elapsed Time: 4.108 = Total Time: 4.108 = Arithmetic Intengity (FLOP/Byte)

NI RINEED AN S —BEDI—TZBZeh, AFICETEREMETLTLS
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—N1EFD

ARSI ROFRAE

18 : NI M EniEH

= @ Performance Vectorized Loops FLOPS Trip Counts Instruction Set Analysis
'g [=] Function Call Sites and Loops Self Timew | Total Time | Type Why No Vectorization? N N N
=] Issues Vect...| Efficiency | Gain...| VL (... | Self GFLOPS| Self Al Average | Call Count | Traits Data T..
=2
F-Z; Filv] [loop in main at recfline_mod.cpp:6a] @ 1Inefficient ..J 4.108: D 4106 @ Scalar B novector directive ... 64660 016667 33z 10000000 Floate4
=/ [loop in main at roofline_mod.cpp:73] @ 1 Inefficient .. 1.790s @ 1.790s@ Vectorized (Bo... AVX2 45% 361x 8 14.662 3 0.12500 41 10000000  FMA; Permutes; Unpacks ~ Float64
Yectorized AVH: FMA loop processes 1 Yectorized P¥i: FMA loop processes FloatBd data typels) and includes Fié; Permutes; Unpacks
Loop was wnrolled by 2 Loop was urgolled by 2
4|0 [loop in main at roofline_mod.cpp:6g] 1.056s @ 1.056s @ Vectorized (Bo... AVX2 \wﬂ 2 10000000 | PMA Float64;
4| [loop in main at reofline_mod.cppa2] @ 1 Opportunit.. 0.010s] 1.0665 @ Scalar © inner | =

< > €

Source | Top Down ‘ Code Analytics ‘ Assembly ‘@ Recommendations | @ Why No Vectorization? (] ’r \/7__ ) l/® AVXZ —t‘-\/\\\al\ ) l/'ft
e | wee| o )L T EITEERSIZ.4.108 FH'S 1.790 A\ 4EHE

bE

0x1400012e8 75 wmovupd ymm2, ymmword ptr [rdi+rdx*1+0xd5780] 70.176ms | 70.176ms | ° 1 4 6 6 2 G LO PS
.

Ox1400012F1 75 vaddpd ymm2, ymm2, ymmS5
0x1400012f5 75 wmovupd ymmword ptr [rdi+rox"8+0xd4220], ymm2 109.143ms | 109 143ms | N 7'{ b~ /7 0
Ox1400012fe 75 vperm2f128 ymm2, ymm15, ymmd, 0x20 a0.442ms | 90.442ms | Permutes O /\ I\ ) L } = 4 5 /0
0x140001304 75 vperm2f128 ymms, ymmils, ymmd, 0x31 Permutes —_— — — ©
0x140001302 75 vunpcklpd ymmi15, ymmz, ymm5 Unpacks Y Z jj 7 — ‘ X-L‘\j'l/ 3 6 1 1—‘-’- @ 7- 4 \/
0x14000130e 75 wunpckhpd ymmS, ymm2, ymmS3 10.026ms | 10.026ms | Unpacks - " n

0x140001312 75 wmovupd ymm2, ymmword ptr [rdi+rdx™1+0xd57a0] 140.169ms | 140.169ms | | 8\

0x14000131b 73 add rdx, 0x100 o /\ 7 I\ ) l/ E 8

Ox140001322 75 vimadd132pd ymm?15, ymmsS, ymmword ptr [rip+0x8f175] FMA .

0x14000132b 75 vperm2f128 ymmd, ymm3, ymmg, 0x20 Permutes ° A I h\ 0 1 6 6 6 7 b\ ’5 O 1 2 5 O O L - m:;f t
0x140001331 75 wperm2f128 ymm2, ymm3, ymm?2, 0x31 100.185ms | 100.185ms | Permutes L] . e ﬂ
Ox140001337 75 vunpcklpd ymm3, ymmd, ymm2 10.028ms | 10.028ms | Unpacks

0x14000133b 75 vunpckhpd ymm2, ymmd, ymm2 Unpacks

0x14000133Ff 75 vimadd132pd ymm3, ymm2, ymmword ptr [rip+0x9f158] FMA

k140001348 75 wvaddpd ymmd, ymmS, ymm135 190.497ms | 190.497ms |

Intel, 1> F )L, Intel Core, VTune, Xeon |&, 7 XUNEREB LV | FizIEZDMDEITEHI1FS Intel Corporation DEIETI . Microsoft, Visual Studio, & LU'Windows [&, K ElMicrosoft
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5 IL® Advisor DHEIRZETEED

A0S % SoA ICL1 7 D+ R I DREL Z#LE

@ Performance Vectorized Loops FLOPS ~
[=] Function Call Sites and Loops | Self Timew | Total Time | Type Why No Vectorization? - ;
== Vect... | Efficiency |Ga|n... | WL (... |Self GFLOPS| Self Al Self GFLOP | Self Memo...| Self Elapse... | Total Elaps...

FI[v] [lzop in main at recfline_mod.cppie0] @ 1 Inefficient ... 4,108s B 4.108s Scalar & novector directive ... 64660 016667 26.560 159,360 4,108s 4,108s
fu [leop in main at roofline_mod.cpp:73] 1 Inefficient ... 1.790s @ 1.790s@ Vi i (Bo... AVX2 | 45% | 3.61x 8 14.662 C  0.12500 26.240 209,920 1.790s 1.790s
| [loop in main at roofline_med.cpp:86] 1.056s @ 1.056s @ Vectorized (Bo... AVKZ | 100% | S5.00x 4 25,144 0 016667 26.560 159.360 1.056s 1.056s

W\"ectorized ME; FMA loop processes Float] Yectorized AVH; FMA loop processes Floatf4; I |

Loop was unrolled by 2 Loop was unrolled by 2 o \3 \ ~

4 [loop in main at roofline mod.cpp:82] @ 1 Opportunit.. 0.010s] 1.0665 @ Scalar [Recol I I I I Iendatlons] ; ; b } ) 0.010s 1.066s &7
<

Source | Top Down | Code Analytics | Assembly | ‘¢ Recommendations | a bihg% ;ﬁ:lj\% é n 5 %E{t%ﬁﬁgﬁ

All Advisor-detectable issues” C++ | Fortran

TSSUETNEFFICIENT MEMORY ACCESS PATTERNS PRESENT

. . There is a high of percentage memaory instructions with irregular
Recommendation: Use SoA instead of AoS (variable or random) stride accesses. Improve performance by
Confidence level. low investigating and handling accordingly.

An array is the most common type of data structure containing a contiguous collection of data items that can be accessed by an ordinal index. You can organize this data as an array of Use Intel SDLT

struct‘lures (A035) or as a structure of arrays (SoA). While AoS organization is excellent for encapsulation, it can hinder effective vector processing. To fixx Rewrite code to organize data using Use SoA instead of A0S

SoAinstead of AoS.

Read More:

» Programming Guidelines for Vectorization
» Case study: Comparing Arrays of Structures and Structures of Arrays Data Layouts for a Compute-Intensive L oop and Vectorization Resources for Intel® Advisor Users
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REY=TORRAINT—VEITDET
A=Y hrARSTFORE

Site Location Loop-Carried Dependencies Strides Distribution | Access Pattern Max. Site Footprint | Site Name Recommendations
O [loop in main at roofline_mod.cpp.. No information available 0% /100% /0% | All const strides  7KB loop_site_19 &' 1 Inefficient memory access patterns present
[loop in main at roofline_maod.cpp.. No information available 33%/ 67%/ 0% | Mixed strides KB loop_site_22 ' 1 Inefficient memory access patterns present

Memory Access Patterns Report | Dependencies Report | '4' Recommendations

[[¥] Stride Type Source MNested Function Variable references Mazx., Jte Footprint | Modules Site Mame | Access Type

Eor {int 0 = 03 1 < ARRAY_SIZE; i++)
} 8021 _K[0] = AoS1_¥[id.a + AcS1 ¥[il.a + 4031 _Y¥[il.b + &80 ¥[il.b + &% _¥[il.b; k

=p 4 Constant stride roofline_mod.cpp:75 AoS1_X 4KB ° /\“7|\) [/'ftéhﬁ:) L—jm d)ﬁagluj:

for (int i = 03 i < ARRAY_SIZE; i+t)

3
g : fos1 K0T = &oS1_¥[il.a + #4031 _Y¥0il.a + AcS1_¥[il.b + #S1_¥[il.b + AcS1_¥[il.b; ]\/ZQ\/I\L‘—TatZéh—CL\%
7

== I ey

L7
mps [ Parallel site information | reofline_med.cpp:73

mps @ 0 Uniform stride roofline_mod.cppi7s 328 ° 12“/"1"3’”\—(7&\/\77'&1‘1
NIEIMEDNRZETEEET
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SIMD ir Bl Rl T—5%IRDeo DS NDIEVWE=DT7 It XIFIERNER
e AZYrARSARTRWT—ST7OEXIZ

% Fortran [FBCHIDEDHRZE,

MEEETOREAICEESD C/C++ FERFIDEDHRZIENIZY XS4 R
for( 1i=0; i<4; i++ ) for( j=0; j<4; Jj++ )
A[O0][i] += ... ; A[F1[0] += ... ;
RORILLY RS — RORILIRE—
3 2 1 0 |_3 2 1 0

/ FRIFAAST—O—R/RALT7 x E=H[E

Fe5l A [4]04] | [o][0] | [OI(7] | [O1[2] | [O1(3] | [110] | [1[1] | [11[2] | [11[3] | [2][O] | [21[1]
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AoS (BIEADELT) & SoA(HESTIDIBIER)

EEIRDER 5! (AoS)
val[O] ZURE

(x| vjzjvialr | x|v]z]Vv]alP

Fo 5 DEEIR (SoA)

val[2] -

(x|vjzjvialPr

vals

0 [x1 %2 |x3 [~ | | |[yolvify2|y3 |~ ] | [0]z1[z2 =3 [~ | |
(vo [vijve|v3 |~ | | |20 alfaz]a3 |~ | | [pO[pl|p2|p3]~ | |

BEROZRE=ICE LTV IERATBIIENZLIEE, SoA DA DRIREY
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ﬂf Array of Structures

typedef struct 51 AcS Performance (SFLOPE) 3 |§J B + | Use Single-Threaded Roofs @ | [ Show Roofline with Gallstacks € =
{ 0 [ P oo g FPMeetor EMA Peak 121 8 9’:_'-_0_':'_5_ L.
double a; e PP I DF “vactor EMA Pk 5056 GFLOPS.,
doble b ABETT oo e oo Pk TOET BRLOFEL
b OE _hos;

double AoS1_K[ARR&Y_SIZE];

QI oS oSl Y [AHHAY_SIZEy
ﬂf Structure of Arrays \

typedef =truct 31_Sof
{

double a[ARRAY_SIZE]:
double bARRAY_SIZE]:
V51 Sod;
double Soil_Y[ARRAY_SIZE]:

Ql_&an Sokl s /

AoS1 Y 1EiE{A% SoA ICEELRRCEICEKD . SIMD @ nO—R/ARFHR#EEEN
INTA—T VAN EICELELTLD

0.1 1 10
Self Elapzed Time: 4108 = Total Time: $.108 = Brithmetic Intengity (FLOP/Byte)
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AVFILCOAVINAS—DOBEENT ML bi#gEL SIMD fn v IR LET
NIRINEICRHETDIERZSHLET
1> 5 )L® Advisor TIRIRDIBIEE I— REFEITUWHREOROERBELET

MBOLNT MM NeI—FIF YILFALY FMEICELD
MHEMRZT D, BIC/\—FT 7 D%ERE
S|EHICENARETT
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