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Vector Engine[@(FC/C++ 1> )\1 =

| &54:NEC C/C++ Compiler for Vector Engine
o X9 D =Rk
* ISO/IEC 9899:2011 Programming languages — C
* ISO/IEC 14882:2014 Programming languages — C++
* OpenMP Version 4.5
® I/ HKAE
- BEINRT NS
- BENLFI{EALEE - OpenMP C/C++
- BEN > 51 RRHIMEE
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C/IC++ 1> )\ S DOFIHA

$ ncc -mparallel -03 a.c b.c - CTOJSLDIII\AIL. UL ]

$ nc++ -04 x.cpp y.cpp - C++O05 LD INA)L, U
-04 - RALNILOBEINRD NI b7z EA 4

-03 - BERLANILOBEERY NUtZEEH
-02 - BIELANILDOBEEARD MLz ER
-01 - BWERDIRWBEIND NItz E R
-00 - N NUE. =mB{EZEITHIRN + &

INSE. YA SOEERT MUE. &
BELANLZT> bO—ILT D,

-fopenmp ... OpenMP C/C++#&gE7Z FI)
-mparallel ... HENLS{LHEREZFIFE

INS5EE. O2)A SOWLFTPLEKEZT> bO—)L T B,
THNIBHEREZ ER LISV E S (JBE LR TXLN,
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KRR )ASAT S 3 > DIEEH!

i$ ncc a.c b.c :
:$ nc++ -04 a.C b.C :
i$ ncc -mparallel -03 a.c b.c :
:$ nc++ -04 -finline-functions a.cpp b.cpp:
:$ ncc -00 -g a.c b.c :
i$ ncc -g a.c b.c :

$ ncc -E a.c b.c

$ nc++ —-fsyntax-only a.cpp b.cpp

BELARILOEFNT ML EH
L. 32/A)Le U

RALNILOEEBNRT MU ER
L. TJ2)8A)Le USD

BEnLyHE. XU SELELARILD
BENRT MUEEER L. 321,
>z

BE> 51 2EH. BLUT. AL
ILDBEEND MUbaERL. J2)8A
)be U220

NI NUEZEIESH T, 2RIy TF
IN\wZJ323>2)8A)L. U>D

RO NUEZLIEDHT (S 2RI IF
Ny TF232)8A)L. UZD

JUZOtvR0OHET. TUTOCRE
RFIEBLERHICHENTD

AV IRXFTYVIDHEIT
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OS5 LADELT

$ ncc a.c b.c
$ ./a.out

£$ ./b.out datal.in

{$ ./c.out < data2.in

p
$ ncc -mparallel -03 a.c b.c

$ export OMP_NUM_THREADS=4

$ ./a.out
\C

{$ env VE_NODE_NUMBER=1 ./a.out

T 7ML ZIBTE

T I 7AILICAD T 7AI)LA2IS
A—LEEITEE T T71ILE
(CHRlTCTENSZIEE

EITI7AIVCAN T 7)== IS
1LO b

BENstLIEo 00 S LD LY
RENSIRIZZ2I0MP_NUM_THREADS C
EBETED

FIFIBVE/ —R(Z
IRIEZ#AVE_NODE_NUMBER CIETE I D
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Vector Engine C D4 EERITEHEE

| PROGINF(TOT 1> D)
o J U5 LAEARDEEEIRER
o [+ EE[BEREUS DTz HD A — ) (=W R (A
| FTRACE(Z D hL—X)
o B8 L D%EEIBER
e OIS ADEINI\AIL. BYUSINNRE
@ BHENDIFUN ULIEAINZ UL & MREIBEREUS DIz DA — ) (—~\w RAVK
=D, EATRBRNFRLLRBCEND D
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PROGINF

7’093 A2FED1ERERR e

EITHRF (CIRIRZZIVE_PROGINF(C

© NEC Corporation 2019

; nee 08 a.c bec e UTFoELESHrDEZEZY
a.out . “YES” Ezﬁ'l%zﬁﬁ
% export VE_PROGINF-DETALL “DETAIL” ... BARIFHR+AEVUIER
./a.out
¥ARAkkXkA*  Program  Information  kxxEkkkk
Real Time (sec) 11.329254 y
User Time (sec) 11.323691 } By i) [ B
Vector Time (sec) 11.012581 —
Inst. Count 6206113403
V. Inst. Count 2653887022
V. Element Count 619700067996
V. Load Element Count 53789940198 —
FLOP count 576929115066 c ﬁ%?@?T@é&"ﬁ*&
MOPS 73492.138481
MOPS (Real) 73417 .293683
MFLOPS 50976.512081
MFLOPS (Real) 50924 .597321 ]
A. V. Length 233.506575 ]
V. Op. Ratio (%) 99,572922
L1 Cache Miss (sec) 0.010847
CPU Port Conf. (sec) 0.000000
V. Arith. Exec. (sec) 8.406444
V. Load Exec. (sec) 1.384491 “ ‘
VLD LLC Hit Element Ratio (%) 100.000000 RO BNUEIEER < X
Power Thr‘ottling (sec) 0.000000 :EU'FI%E*E .
Thermal Throttling (sec) 0.000000 | =
Max Active Threads 1 jﬁﬁ”blﬁ*ﬁ
Available CPU Cores 8
Average CPU Cores Used 0.999509
Memory Size Used (MB) 204 .000000
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FTRACE

$ ncc -ftrace a.c b.c c.c (:|\//(’I/}|/\ D) )’JH%(C-ftracej)}\"/(ﬁj'j*}EI \/%TEE‘E)
$ ./a.out

$ 1s ftrace.out

ftrace.out (RITRTH. MEERIRMBINSN/Cftrace.out T 7 1)L D)
$ ftrace (ftrace IV > R THERZRR)

Execution Date : Thu Mar 22 17:32:54 2018 JST
Total CPU Time : 0:00'11"163 (11.163 sec.)

FREQUENCY EXCLUSIVE AVER. TIME MOPS  MFLOPS V.OP AVER.  VECTOR L1CACHE CPU PORT VLD LLC PROC.NAME
TIME[sec]( % ) [msec] RATIO V.LEN TIME  MISS CONF HIT E.%
15000 4.762( 42.7) 9.317 77117.2 62034.6 99.45 251.0 4.605 ©0.002  0.000 100.00 funcA
15000 3.541( 31.7) ©.236 73516.3 56944.5 99.46 216.0 3.554 ©.000 ©0.000 100.00 funcB
15000 2.726( 24.4) ©.182 71930.2 27556.5 99.43 230.8 2.725 ©.000  0.000 100.00 funcC
1 ©.134( 1.2) 133.700 60368.8 35641.2 98.53 214.9 9.118 ©0.000 ©.000  ©0.00 main
45001  11.163(100.0) ©.248 74505.7 51683.9 99.44 233.5  11.002 ©.002  0.000 100.00 total

MPIZAT S LDEE, HREFRAEMEIN=T7MILIERE hEND, TnoE-fA T3V TEET 5,

$ 1ls ftrace.out.*
ftrace.out .0.0 ftrace.out.0.1 ftrace.out.0.2 ftrace.out.0.3

$ ftrace -f ftrace.out.0.0 ftrace.out.0.1 ftrace.out.0.2 ftrace.out.0.3
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%8 ERlERFDEE

| FTRACET (. BE#DAL/EAOTHEIBIRZRENT S/26h. BAEHDOIFUH U
NN TOTSATIOU S LAEKOERITEHEMNMENMLTLED.

$ nc++ -ftrace -c a.cpp e HHNDBEAEHWESENTWND I 7A1ILDFH-ftracelfTE
$ nc++ —;tmain.cpp b.Fpp ct.)cpp T\ A)LT B
i I:];;-f-o;t race a.o main.o b.o c.o o S I (CH-ftraceFiSET 3

| -ftrace’2 LTI /\AILENZT 7 A IILROBEEROHEEIFR(E. ENSZ
IFOM UTZBEBDMREIRRICEH TERREIND,

| FTRACET (&, 1> 54 > EHESNIEROMREEBRE. TNZFTH UL
BEEDMEEEBHRICEH TR RND,

| >R LS5ATSVEEICET D HREER
® PROGINFTERRESNDMEEEIBIRIC (K. TOVSLNSHFUCHEUTWBSRFTASAT

SUBEOMREIRIREESEND.

® FTRACECR RSN B MEEIBIHRICIZ. TOTVSLNSHUPNHUTWBIS AT ALASAT

SUBBOMERBREEZFND. TNSE. WO UZEBOEERRICEH TRR
énéo
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N —R/\y DEE

ML —X)\w OkEeZFIHT D55,
> )\A)L. U>OKRFIC-tracebackZTigE L.

TS (CIRIBEZEEIVE_TRACEBACKIC“FULL"ZtT W ~

#include <stdio.h>

int main(void) {
printf("%f¥n",1.0/0.0);

}

$ ncc -traceback main.c

$ export VE_TRACEBACK=FULL
$ export VE_ADVANCEOFF=YES
$ export VE_FPE_ENABLE=DIV

$ ./a.out
Runtime Error: Divide by zero at 9x600000000cc®

[ 1] Called from ©x7f5ca062f60
[ 2] Called from ©x600000000b70
Floating point exception

$ naddr2line -e a.out -a 9x600000000ccO
0xX0000600000000CCO

/.../main.c:3

¢ VE_FPE_ENABLE (I SN DIEZ ERTE

© NEC Corporation 2019

EEWUS'HE%E cE3(CIE
RIEZ#IVE_FPE_ENABLEIC,
L/LT@{EO)L\@‘TLD\%‘G\J ~
“DIV” . ’G“EIB?"’“@'J%
“INV’ ... EZhEREHS

CORENFE

a>)\A )L, YU>2B5(C-traceback®I5TE

L — R\ TtkeE = R
FeiTennhl BT OFF

TOBRER (CHISFEE

N — )\ D15

YV —RX— FROFISFEERB PRI Z4TE

main.cJ 7 T JLADITE TCLORKREN
EELULTWBDRETHMD

TEdM, rL—RNNY I TEEAN(C LEEZDZFEATSD
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5)\w i (gdb) DFIFH

e A

EITRBEIOEWT O ATIE. EHICRHBEDD DEEEEILSH THE.
ZOEBNEFNDI T 7AILOOAINAIEDFH-gATS 3> = {FRAT S

$ ncc -08 -g -c a.c | a.cDF-00 -g T )\A)L(IHEET D> kT D)
SmllC el oGl TNIND T 7 ILIE-gi2 U CRBIL GIEA

$ ncc a.o b.o c.o
$ gdb a.out gdb% 2

(gdb) break func
Breakpoint 1 at func
(gdb) run

Breakpoint 1 at func
(gdb) continue

1linl

| i==E

@ -00ZIEERTICT/N\wIFdLE, D2/ ASORBELICID T — RPEL
HEIBR, BEIESND . T /\YAHTEHENSETERM>ED,. JL—7
N> MORETERWNC END B,

O HWI(C KB B DFATHIENC K> THINFEEMRFINLE U< FRRmSNRW EN
D, IRIEZZIVE_ADVANCEOFF(C “YES"ZENTE I D & CHlATHIHZERN(CT
x5, ITI2U. EiTHlilEER CT D ETTOT S ADOEITRREINAKIE(C
BLRBCENSDBDIEHDERIT D&,
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> A7 A1—)LD KL —X:strace

$ /opt/nec/ve/bin/strace ./a.out
write(2, "delt=0.0251953, TSTEP".., 27) = 27
open(“MULNET.DAT", O WRONLY|O_CREAT|O_TRUNC, 0666)= 5
ioctl(5, TCGETA, 0x8000000CCO) Err#25 ENOTTY
fxstat(5, Ox8000000ABO) =0
write(5, "1 2 66 65", 4095) = 4095
write(5, "343 342", 4096) = 4096
write(5, "603 602", 4096) = 4096
write(5, "863 862", 4094) = 4094
write(5, "1105 1104", 4095) = 4095
write(5, "1249 1313 1312", 4095) = 4095
write(5, "1456 1457 1521 1520", 4095) = 4095
write(5, "1727", 4095) = 4095

~ ~— —~ —~

S A A—)LD5|E] > A A—)LORAME

| > XFLT0-)LD5IER. REMED ~ L — R EIRODOFRR
0> XFT LhSA TS UDOHEUE UNEYCIThNEh? RENMERTE S,
O NMAKEICIRDDT., strace AN RD-eAT>3>ThL—RXITBS
AT A=)V ZERET D EKUN,
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T UL &ER?

| RAIM(CHATZT —F5NENRT NLT—5 EFD, RO BNLT—4
ZAIR T DIRANSanwhZE. FMBUBEZITOINRT NG R TES

WD E=ZRT NUUEEWND
ADSHBDETAA—S
a[@] = b[e] + c[0]; glell = [l + [iehel
a[1] = b[1] + c[1]; a[1] |= | b[1] | +|c[1] | UBTDDEHE
a[2] = b[2] + c[2]; [ Z100[E3E1T
a[99]=b[99] + c[99]; a[99]|= |b[99]| + |c[99]
NI BIVGBBDEFTFTAA—S
al[o] b[O] c[o]
for (i=0; i<100; i++) a[1] | _ | b[1] c[1] | 100fEloDstE
ali] = b[1i] + c[1i]; . % 18] THAT
a[99] b[99]| |c[99]| |&X256ED

STEEIEICET |

© NEC Corporation 2019
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Wian E DXt

ANSHD EE DU DDarE57Z
100[E#E DR STRIFHUTTIR S TR

a[0] = b[e] + <c[0]; M VLoad $vrl, b[0:99]
a[1] = b[1] + c[1]; @VLload $vr2, c[0:99]
@ VAdd  $vr3, $vrl, $vr2
a[99] = b[99] + c[99]; @ vstore $vr3, a[@:99]
@ © @ @
AcHlb Acllc
[o,: . o NN .. .. D
(AEY) (AEV)

D @

$vril + 3 $vr2

(RTNLLS25)

VETI(E. &= KR256{EIDHEES

(7 PILZAZ) BEEFTEHTRI NLL
SZ2Y(CEWDIAH. —E(C
fvr3 HEEETTES
RN NILLZRE)
@
ikeSla o5 . 10: I
(XED)
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NN TR RIDLEER

. _ _ for (i = 0; i < 100; i++)
ABDSINEEGTDETA A= BEIRFETR) [{ , ,
a[i] = b[i] + c[i];
b[@]+c[0] IL—T D DIR UEBNIERE(C dli] = e[i] + f[i];
e[0]+f[0] INENEE, ZHSHEDS }
b[1]+c[1] AN APt s
e[1]+f[1]
b[2]+c[2] T N)Lans
e[2]+f[2]
b[99]+c[99]
e[99]+F[99]
> 4TI
b[@]+c[0] e[0]+f[0]
b[1]+c[1] e[1]+f[1]
b[2]+c[2] e[2]+F[2] _ o
,,,,,,,,,,,, FoHE SN D EITHE
b[99]+c[99] e[99]+f[99]
N ML R(FIL—T O 0DIR UEH

MEIEFENZEND> TR EITER PDRETVNEST, TOBRKEELZRIETE
(e[0]+F[0]1 LD FE(Cb[1]+c[1]1NINE) 2z

D PUNBRBDRTAA =2
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NI UL TEBIL—T

| RO NUEICEST DEE. BoHZESTIL—T
®char. short. long doubleR!ZSZ IR0
FUESTB TIE. (FEAEFEDNIRNE
« ST DEDARY N VEBMBHIRVNZHNRT NIUETERU
O FHHKITUH LaEF /A0
- — AR, EEEI. WHEREZF. INslE. XD N UVLETEE
| BT OEHDES - SBERIC. N NUEZEEE T DMEERMZRCRT &
JAEARB] DARTFRFR) VR0
o T EIEFEDEENRIGETCH D&
| X NUEICELD T, HEEDEILNEIFTES
o)L —TRUL—TDMEDIRULE)D+(CKEL)
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N MUUEARBIORFRE R (1)

LUBIODFED IR U TERSNICESIERPEZ N, ROBDIRLT
B9/ H—>2DEE, STEIEFZEE TS0

fi1 AHNSTOHENER RO ML TOEEER

for (i=2; i < n; i++)

a[i+1] = a[i] * b[i] + c[i]; al3N= a[2] * b[2] + c[2]; a[3] = a[2] * b[2] + c[2];
a[4* b[3] + c[3];  a[4] = a[3] * b[3] + c[3];
/\‘7“|\)7|:1|S§_5C\ E%ﬁ?—.tﬂ?‘:ad) a[SN=NaT4] * b[4] + c[4]; a[5] = a[4] * b[4] + c[4];
IENSEBETERVDT. NXTNUE a[6] =Na[5] * b[5] + c[5]; a[6] = a[5] * b[5] + c[5];
TSR0 : : \
a[n] : EHEhfzaniE EHHIDAE
12
S 2 HSTOEIERE AR ML TOEIERE
or (i=2; i < n; i++)
a[i-1] = a[i] * b[i] + c[1i];  a[1] = a[2] * b[2] + c[2]; a[1]/ = a[2] * b[2] + c[2];
— al[2] = a[3] * b[3] + c[3]; al[2] = a[3] * b[3] + c[3];
/\\0\ F)l/'ﬂﬁb_gzl:_)\ STRIEF(EED a[3] = a[4] * b[4] + c[4]; a[3] = a[4] * b[4] + c[4];
BPTE, ANZ\RHSEES a[4] = a[5] * b[5] + c[5];  @a[4] = a[5] * b[5] + c[5];
—JODIRUEIT. B TREOXEINTERUONTFE TS
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D MUEARBIORFRR (2)

13

for (i =0; 1 < n; i++) {
a[i] = 2
= b[i] + c[i];
}
EBOSEN,. ERLDBEEIC

WNBIL—TEINT NUETSE
7200

a[@] = s
for (1

1; i < n; i++) {
b[i-1] + c[i-1];
a[1] = s;
}
s = b[n-1] + c[n-1];

JO0SAZZEEITDIETN
IRIUELTES

APDSTOEEIEER AT N TOEIEF

al[@] = s ; al[@] = s ;
s = b[@] + c[0] ; al[l] = s ;
al1] 25

= b[1] + c[1] ; aln- 1] =S ;
: s = b[@] + c[@Q] ;
s = b[1] + c[1] ;

ANS TDETIER D MLV TOETIEF

al[@] = s ; a[e] =S ;
s = b[@] + c[@] ; = b[@] + c[0@] ;
al1] =5 ; = b[1] + c[1] ;
s = b[1] + c[1] ;
: al[l] = s|;
al[2] =

© NEC Corporation 2019
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N MEARBIOARFRR (3)

fla
S = 1:0; . . ZHOSEOIICEREN DD THE. EENEITINR
for (i=0; 1 < n; i++) {  |§kelntes3 e~y MUETERD
if (a[i] < 0.0)
s = a[i];
b[i] = s + c[1];
}
fI5
for (i=0; i < n; i++) { SOSBOFICHT SOEENH DD TARI NUETES
if (a[i] < 0.0)
s = a[i];
else
s = d[i];
b[i] = s + c[1];
}
fle6

for (icl: i< e s 1) (A RS (KBRS R =8, (RIFRIRODE N
or (i=1; 1 < nj i+H) {  lymerapnime. A MUETER
al[i] = a[i+k] + b[i];

} (B11D) 5 — > hMiI2a>) 45 — > h\RER)
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CIC++DiA > ENRT ML

a[i+l]=a[i]+..

K 1 for (i =2 ; i < n; i++) {
fl1: p=&a[3]. g=&a[2]DEE(EINRT NUALAT] A *p = *q + *r;
p++, Q++, P++;
A1 >4q RA > }

@E?Ua ﬁﬂﬁ']b Ilz o] . .

)3 - 98 - 3 . ozl Rt S BT O S LETH
+ (CHEET B
R >Fp

Fic%la - -

Bl2: p=Ra[1]. g=Ra[2]DEERT NUELTES
R >Hq A >%r

w55 . oMl = b Ilz, 3 . os I

\ / :|>/W§7“rj°\>z“| N

Rt > 5p #pragma’d £ T. N2 NUE

AE]DARTFEFZEN AW &7
fic%la i - {Z. NI BNIUETD

_ EERIESIBEH. B5
égﬁgﬂﬂ“ HREAEIRNT, AT L

(EREI AR BRI B 5 5D
EF1UTAY MUELRL

© NEC Corporation 2019 \Orchestrating a brighter world N ‘



ifXXDORD UL

FEDIZ(LFS)EART MU=,

for (i =0, 1 < 100; i++) {

if (a[i] < b[i]) {
al[i] = b[i] + c[i];

}
}
D BIVET
mask[1] = a[l] < b[1]
mask[2] = a[2] < b[2]

ma;k[lee] = atl@@] < btl@@]
if (mask[1] == true) a[l] = b[1l] + c[1]
== = b[2] + c[2]

if (mask[2] true) a[2]

i% (mask[1@0]0== true) a[10é] = b[100] + c[100]
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N NUBZIiI A Y tZ—=

| 22/ ASoHEADTBIAYE—T0 URKIEKD IL—=TDRT MUK,
RO BMUEARBIRAZFANRD ZENTED

OIEETS—HH
e UXKNIF7A)LEA]

... -fdiag-vector=2 (GEHIBEHRLN)

... -report-diagnostics

LINE

1181
1181
1234
1485

ncc: vec( 103): abc.
ncc: vec( 113): abc.
ncc: vec( 102): abc.
ncc: vec( 101): abc.

$ less abc.L
FILE NAME: abc.c

FUNCTION NAME: func
DIAGNOSTIC LIST

vec( 103):
vec( 113):
vec( 102):
vec( 101):

c,
C,
c,
c,

line
line
line
line

$ ncc -fdiag-vector=2 abc.c

1181:
1181:
1234:
1485:

Unvectorized loop.
Unvectorizable dependency
Partially vectorized loop.
Vectorized loop.

$ ncc -report-diagnostics abc.c

T NUEAE] EBONDARFREFRND
IRA > BplCHoTzEHEL. RTBL
ftLizh o &zernd XAvt—>

is assumed.: *(p)

URXNI7AIV&E TVY—=RT7A)L4.L]

DIAGNOSTIC MESSAGE

Unvectorized loop.

Unvectorizable dependency is assumed.: *(p)

Partially vectorized loop.
Vectorized loop.

© NEC Corporation 2019
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s A~

| V—XITEEBIDIL-TEE. TDORT NUBIKRIRERES TERR
® -report-formatHMEESN/cEEH T

$ ncc -report-format a.c -c
$ less a.lL N
: ﬁ DARIT7AIIV&IE [V=XT7A)L%.L]
FUNCTION NAME: func
FORMAT LIST
LINE LOOP STATEMENT
5 void func(double *x, double *y, int n )
6: {
7: +------ > for (int j = 0; j < n; j++) {
8: |V----- > for (int i = @; i < m; i++) . _
9: |_V _____ a[_i]_ 4= b[_i]_ * C[_j]_i ANV I\)Mlﬁ‘c‘fﬂt_)b—j
10: +------ }
11:
12: +------ > for (int j = 0; j < n; j++) {
13: |+----- > for (int i = 0; i < m; i++) ~ Fa - 1= )|, —
145 |4mnaee X[31 = y[3] * alils I Nt o mIL—7
15: +------ }
16: }
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HLsRARD MU EHEE £ (&

TDERFXETIIRDT MUETERWNEZEY, KDIRDOLKLVWNRT NIULE
MaJgeidiga(lc. O/ \ASHTO0TSLEZRNENICERIDET,
R B)ULDRIRZE =5 (ICEsh DHLEE

| XAz | &R ML
| 28— TJn—5f1k | X OOEBDRH
| 28— T Anix | ZE)L—TFoRT MU
| ZBDRT ML L —TRa
| 1>+ ER
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X DATHRZ

V-XTJOU3 A AZIASICLBDERA A
for (1 =0; 1 < 99; i++) { for (1 = 0; 1 < 99; i++) {
al[i] = 2.0; b[i] = a[i+1];
b[i] = a[i+1]; al[i] = 2.0;
} }
ZTDEIRFNT MNUHUET D& b[0]~ IL—THADXDIEFZ A IRZ D
b[98]DEN I N T2.0(C/TRDTCUE EICKD RUONUETEDLDIC
DDT. CDOFRFTIEINRT MUEA zH
=]
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Z&E)L—TJD—&E1t

V-2T70O035 A

double a[M][N], b[M][N], c[M][N];
for (i = 0; 1 < M; i++)
for (j = 0; j < N; j++)
ali][j] = b[1i][3] + c[1][J];

A2 ASICKDERAA—D

double a[M][N], b[M][N], c[M][N];
for (ij = @; ij < M*N; ij++)
a[@][ij] = b[@][ij] + c[@][ij];

© NEC Corporation 2019

IW—TROL—TDEDERLUE)M
LDELRDBLDIC. ZEIL-T
Z—B{EU. RT NLapmDx)ER
ZEHD
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ZE)L—TDANMR

V—TJOUS A AV )ASIEXBDERA A
for (j =0; j < M; j++) { for (i = 0; 1 < N; i++) {
for (1 =0; i < N; i++) { for (j = 0; j < M; j++) {
a[i+1][j] = a[i][j] + b[i][]]; a[i+1][J] = a[i][J] + b[i][]];
} }
} }

1][@] = a[e][e] + b[e][e]; a[1][e] = a[e][e] + b[e][e];
L[21[oel11[0] - blal(o] S0201] - alel(a] + blo][1];
a[3][e}.s*a[2][e] + b[2][e]; a[1][2] = a[e][2] + b[e][2];
a[4][e] =“a[3][e] + b[3][e]; a[1][3] = a[e][3] + b[e][3];

for (i=0@; i<N; i++) TRIUNUELK IW—TZ AN BE. for (j=0; j<M;
S5&EFBE. BEHalCRT NUAEARTT DMK j++)DIL—T (AU TIEINRT NUAEAT] DA
FREBZEMND DOART NIAET SR FREMFZENTR<IZORT NUULTES
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CiibaraNoB IV | ¢

V—-XTOU3 A AZ)I\ASICRDERAA—D
for (1 =0; i < N; i++) { for (i = 0; 1 < N; i++) {
x = a[i] + b[i]; wx[1i] = a[i] + b[i]; }f\"JI\)MbEJﬁE
y = c[i] + d[1i]; wy[i] = c[i] + d[i];
func(x, y); }
} for (i = 0; i < N; i++) {
func(wx[i], wy[i]); }/\‘OI\)IA'WFEJ
}

IW—=TBEIC. RTMNUETEDED ENRT NUETERVEBDNEEH
NTndiza. NI NUERIEERER D EARTRE/REI D (CHEI L. AIHER
SR TITTEARD MUET B,
CDESHBTHNUSL, FERT MU EDHITEEHIwx. wy)Z{ER
ERSH
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FHRT ~MUE

V—-T7OU5 A A SICKBDEHAA—Z
for (i = N; i < N+100; i++) { if (k >= 0 || k < -99) {
a[i] = a[i+k] + b[i]; /] NTBNUELEEd—R
} }
else {
/] NTBNUEUIR 2 — R
}

—DDIL—FITTHLUTRI N UL UEO—REIHDSOOI— R, FED/\F—>
DHERICEITTETDII—RRRE, BfEEOI— RZ2zHEL. ETRICEHZH
NRT, BYRO—-REZBIRUTCETIBELDSIIIL—THERT D,

(k=-1DEF)
a[i] = a[i-1]+b[i];

(k=-100D & &) N - N+99
a[i] = a[i-10@]+b[i];

a[i-100] a[i]
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70 I:I /i%d)ulb\ﬂ

oAl 2

for (i = 0; i < N; i++)
s =s + a[i];

ACHIDOEZHDES: - SREMRICNT ML

— #IRET SIRGEBHEN DD, ARERT ~
JUETERNBATE, O3/ SHYSR
for (1 =0 1 <N, it+) RIS —>THBT EEDBHU. BRIRA
altl = alitlolilxelili | S aarmuaceT. AT MUET

z

RAX/&/N

for (i = 0; 1 < N; i++) {
if (xmax < x[i])
xmax = x[1i];
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SMAI)L—T DR SUAE

A2 ) ASICKDEAA—D

V—-TO05 A
for (1 =0; i < N; i++) {
for (j = 0; j < N; j++)
a[i][j] = e@.0;
b[i] = 1.0;
}

for (j = ©; j <N; j++)

} a[i][]j] = @.0;
for (1 = 0; i < N; i++)
b[i] = 1.0;

R MUEZ. BERNICEREDL—T52R0 NUET BN
AMAID)L—T = —DICHENFT D EICKD T, MIllo)L—TF
(COIFZENDIXERT MNUETD

for (i = @; 1 < N; i++) { }

COFITIFES
(CIL—TD—E&E
fEERENS
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V—-XTO05 A A IASICRDEFA A=
for (i = 0; 1 < N; i++) for (i = 0; i < N; i++) {
a[i] = b[i] + c[i]; a[i] = b[i] + c[i];
for (3 = @; j < N; j++) dfi] = e[i] * f[i];
d(j] = e[J] * f[]J]; }

A2 )\ SEFRICER DR UESRZ R DERDIL—TZ—DICFE
HTRIT MNUETD
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1254 2 ERICKDINT MUE

V—-T70OU3 A A SIEKRDERAA—D
for (1 = 0; 1 < N; i++) { for (1 = 0; 1 < N; i++) {
b[i] = func(a[i]); b[i] = a[i] * a[i];
c[i] = b[i]; c[i] = b[i];
} }
aouble func(double x) aouble func(double x)
{ {
return x*x; return x*x;
} }

-finline-functions 1>/ \ASAT> 3> %IEFITDE.
AEE TCHNIEER =TT U1 >S50 VBRI D, IL—THRICEED
U U NIE. 1> S50 2 EBREZICRD MU= AD
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JO0oLDOF1—=>7

OAINASAT>a>zBIEELED. O3 ALN\D#pragmaiTDEAIRE(TXKD.
JO0S LhZERIETD(EITHMZR/TD) C&%& [Fa——2T| EHUFET
Fa1—_>(CKD. Vector EngineDHWMHEEZ R AR ETEIESH I ENTEFET,
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FI1—Z2 DR

| RO MUEREEDHS
ORI NUELEREE, TOUSLAEARDDS S, NT NGB CTEITOEERE
T DEEER

o NUUEARB]DERZEDFRE. NT N UbZ{eE
RO MBS TRITIRRE S R T

| RO MLGBSOWEEEDD

0 — DRI NGBS TIIEEIN BT — S DIEEEIED T
IL—TDRDE UKL —TEEAS< T3

o)L — T D DIR U R (CEE WL L—T (IR N IAEZE S D
cp2l [BEEITHEEOLE] O3 — N8R

| XEUFILRONEEDHD

o U~ NLODIERZE RT3
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N ~INEER

| TO03L2EDSE. RT NS CTEITAIREIREF D DLEER

P

Ts

<«

v

N I & b1 12 1) RO NS CRITRI BB %
ANSRAUVEES |\ o ZHSESTET LI E XD
) TsXa >
— “ —— N7 N
. e v ma | ADTEDD| RT NGBS TELT oL NI .
RO NIVEITURESA =/ TH5R Uiz & = iSRS Ts: ANDTETURE ESOEITRM

TvRD NUERTUE & EDFEITHFE

< Tv >
| —H3(C. RYNULERERECRHD & FRETH DD, KT~

JVEEXRTHH

N NVEBRER =100 x

RO NLas R TR =Nz — 5 DAEER

A RRIT —NT ML GERTH + T MG TR NET — Y DERR
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IL—T & DR UER & EITHE R

ND MLasHDRhE

| L —TO@DELUSETEBRIFAS LA, RT MUEICE
BERALDBBRIAZE
0 — DDA MLESTIMETE 35— S DEHNE <123

(TR RONUELRWNES o .
7 I mnRUESEIL—TE
([CDHT 9 DOIIEIEH
SR\ =N DFE
EIIANDT NLVETHOR
@ NITBNUELTEHZE  —DoAs MLaahiuie
LIz — S DEMDF,
BA256ETH B,
J—T D
& Lo A

S )L — T E(=#13E)
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Fa1—=>JDF|E

| HEERIEREED T O S ADMEEBIRE D EITHRRHEDRL B
D NVEEERMEVN, FERDT NURMEBEIEZFE
®PROGINF

- TOJSLRORITHEM, RUNUEER, THURT MLE
®FTRACE
BT EDFITHR, FATEHR. RO NUEER, FHIRT NLE

| F5E UTEBEDNRD MUEEZIIA Yy -2 8B L. XTI NUE
SN TULRWL—T =Z4S55E

| I/ aSAT> 3>, #pragmaEFmidA L. N N UELZ{EE
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PROGINF|&¥HDFIH

17451
¥rR®A&kXAX  Program  Information  k¥¥Fkkkk \[Z 151 /N
Real Time (sec) : 11.336602 I AVLength (:Fi,j/\g l\) I/E)
User Time (sec) : 11.330778 Q AN TS (=P i 1]
Vector Time (sec) : 11.018179 oYU MLan B DINEZ K I 18R
Inst. Count : 6206113403 by =]
V. Inst. Count : 2653887022 .j(%(’\(gtd:(’\ (Hﬁj(256)
V. Element Count : 619700067996 » == _
V. Load Element Count : 53789940198 ./J\éb\&'g“’ /ig |\) l/ﬂSE_'TTUT_)I/ j
FLOP count : 576929115066 DiENDIR UV NS, KELSTER
MOPS : 73455.206067 =
MOPS (Real) : 733760.001718 LHVRET 9 B
MFLOPS : 50950.894570 . “ Nl T,y
MFLOPS (Real) : 50891.794092 I V.Op.Ratlo (/\0 |\) l/‘ﬁi? 1?—‘)
A. V. Length : 233.506575 “ AN e
V. Op. Ratio (%) : 99.572922 o N)Laps CUIR =N —45 DL
L1 Cache Miss (sec) : 0.010855 >
CPU Port Conf. (sec) : 0.000000 ==
V. Arith. Exec. (sec) : 8.410951 »
V. Load Exec. (sec) : 1.386046 O XZL\EE KL (5KX100)
VLD LLC Hit Element Ratio (%) : 100.000000 w -
Power Throttling (sec) : 0.000000 ./J\éb\c‘:-g\ /\0 |\) l/'fbénj:—) l/_j
Thermal Throttling (sec) : 0.000000 73\\’}\78:(/\ AL\ E )l/_j’g,fzkj]\j
Max Active Threads : 1 “ * _ < * “
Available CPU Cores : 8 Dg jAEFI(L_/}\TdJ/\o /\7 I\) l/'fbfg
Average CPU Cores Used : 0.999486 N — =
Memory Size Used (MB) : 204.000000 5)1/_7373\'{113(‘—73:('\73\@5#3_5
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FTRACE

| B3 & (CIEREIR R = HRER 9 DHRE
®PROGINFERB U LSI(C. V.OP.RATIO (NI MNLEBEER),
AVER.V. LEN ((FIAXRZT MLER) (CFBUL. BEC E(CHRT D

Execution Date : Thu Mar 22 15:47:42 2018 JST
Total CPU Time : 0:00'11"168 (11.168 sec.)

FREQUENCY EXCLUSIVE AVER.TIME MOPS  MFLOPS V.OP AVER. VECTOR L1CACHE CPU PORT VLD LLC PROC.NAME
TIME[sec]( % ) [msec] RATIO V.LEN TIME  MISS CONF HIT E.%
15000 4.767( 42.7) ©.318 77030.2 61964.6 99.45 251.0 4.610 ©0.002  0.000 100.00 funcA
15000 3.541( 31.7) ©.236 73505.6 56940.8 99.46 216.0 3.555 ©0.000  ©.000 100.00 funcB
15000 2.726( 24.4) ©.182 71930.1 27556.5 99.43 230.8 2.725 ©0.000  ©.000 100.00 funcC
1 ©.134( 1.2) 133.700 60368.9 35641.3 98.53 214.9 ©.118 0.000 0.000  ©0.00 main
45001  11.168(100.0) 0.248 74468.3 51657.9 99.44 233.5  11.008 ©0.002  0.000 100.00 total
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O2)\A SHERIT

| BEaIRT MUE. RBEEOMNRZEESE DT, #pragmazE <
CET, OA2)INAILEFICOBSRWVERESX D, CNZI>2 )\ 1S
FERIT EHES
e 1> )14 SHERITOE
#pragma/\_NECAIERATZ 3> (A:ZEA)
@ LN T NUBIERAT 3>
*vector/novector : BEINRDT MUAEDIZRE T D/ UIRLY
«ivdep : NI N UAEARB]DIRTFEAFZRNIR0N

#pragma NEC ivdep
for (1=2; 1 <n; i) o« NI NULETRAT S 3> @I —T OBRICIEE
{ « ZETRY) S TEETS

o IETRITOERDIL—T(CDOHHNRNHD

*p = *q + *r;
p++, q++, r++;

}
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N MR BRI OARFREFRDOXTL (1)

ncc: vec( 103):
ncc: vec( 113):
ncc: vec( 121):

a.c, line 16: Unvectorized loop.

a.c, line 16: Overhead of loop division is too large.

a.c, line 18: Unvectorizable dependency.

Unvectorized Loop

=i AN WY IV | o5 7
DIEH. DX
Ay t—IHRREN

B ENHD D (LB,
&)
\ectorized Loop
for (i=0; i<N; i++) { ZEH I EERES
if (x[i] < s) Na3XSEILE
t = x[i];
else
t = -x[i];
y[i] = t;

}

T TER SN | | for (i=0; i<N; i++) {
DNEDIHHOH if (x[1] < s)
S51RLDTNRYD t = x[i];
NUET S8R0 else if (x[1i] >= s)
t = -x[1i];
y[i] = t;

}

Unvectorized Loop
MAIEDN IO || for (i=0; i<N; i++) {
VR CEoak C o= if (a[i] < 0.0)
A s =s + b[i];

else
s =s + c[i];

}

\ectorized Loop

INT NUERDZIA Y Z—20

for (i=0@; i<N; i++) {
if (a[i] < 90.9)

t = b[i];
else

t = c[i];
s =s + t;

}

B DY IOEE
L. RTMNUE

ncc: vec( 101): a.c, line 16: Vectorized loop.
ncc: vec( 126): a.c, line 21: Idiom detected.: Sum.

fiodla T B (FFFhl7RHWaR
DEEALTRT MNUE

© NEC Corporation 2019
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N MR BIOARFREFRDOXTL (2)

ncc: vec( 103): vec_dep2.c, line 7: Unvectorized loop.
ncc: vec( 113): vec_dep2.c, line 7: Overhead of loop division is too large.

ncc: vec( 122): vec_dep2.c, line 8: Dependency unknown. Unvectorizable dependency
is assumed.: a

| XU NUERBIDEFRAGMRE SNEA. ERRICIEART NUEART]
DRFREZRDNTIZNC ERDOMN DO TWVNB EE, ivdepZiBET D

Unvectorized Loop \ectorized Loop

#define N 1024 #define N 1024
double a[N],b[N],c[N]; double a[N],b[N],c[N];
void func(int k, int n) void func(int k, int n)
{ {
int i; int i;
#pragma _NEC ivdep
for (i=1; i < n; i++) for (i=1; i < n; i++)
a[i+k] = a[i] + b[i]; a[i+k] = a[i] + b[i];
} }
a[i-1]=a[i]D/\F—=2h\ a[i-1]=a[i]D/\F—2THD &
a[i+1]=a[i]D/\F—WARBRIRDT MEASHRESE. ivdepZiEE LT
N MUE LR R ~MUE

INT MUERDZIA Y Z—20

tncc: vec( 101): a.c, line 7: Vectorized loop. ]

© NEC Corporation 2019
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TRNA =5 DARTF BER DAL

ncc: vec( 122): a.c, line 13: Dependency unknown. Unvectorizable dependency

ncc: vec( 103): a.c, line 12: Unvectorized loop.
is assumed.: *(p)

| RO NUERBIDAEFREFEDSMRESNZAY. EBRICERT MUEAR
A DARFEMRRRN S ENRDMN D> TR EE, ivdepZIETET D

Vectorized Loop

main() { malloc(3C) Thll % (CHER S NITHBI CTH DD T,
double *p = (double *) malloc(8*N); p[i]. q[i]DEICARD NUUELAE]DAKFEER (SR
double *q = (double *) malloc(8*N); WA B func ()R TIEZNA DO SIRUY
¥unC(p,q);
} EE— :

- JOTS7ICERT N AEARBIDOUFRIZR AR U

k3 X

void func(double *p, double *q) { CENBSHRDT. ivdepElSETES

#pragma NEC ivdep
for (int 1 = @; 1 < nj 1++) { ivdepMEESNEELTH. B2 BT NUERE
p[i] = q[i]; DIREEBEN S D =, O3/ SFENEERET.
} IL—T DRI NUERITOR

—

KIRICART NUAERB]OMFREFRN DD EE. ivdepZiBEE L CULED LERALE
EIRBCENHDIDTERIT DL

}
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TINA > DARTZBEMZR DXL : restrict

ncc: vec( 103): a.c, line 16: Unvectorized loop.
ncc: vec( 121): a.c, line 18: Unvectorizable dependency is assumed: *(p)

| restrict+—"7— R (R > FEEIT)

O HBINA A TIESNIZTEFEN, BIDNRA A TIESNZED ., BIDEEZT
Tk, SHEINDCEEFRNCEZRT

ORIDINRA A, BETER., ERSNBVWCEMRIEESNTHED, RA>H
BIDART N)UEARBIDAKFEFZRDTEWNED E L TART NUAEZEER T D

\ectorized Loop

void func(double * restrict p, double * restrict q)

{
for (int 1 = 0; i < N; i++) {
p[i] = q[i]; restrictMEESNZEULTE. BESHIC
} BIORA> 5. BRTER. SRENTNS
= EE. OA)IASIEENEZEREIS. )L—F
} DRI N AEEITOIR
]

EIRIC. BlIOINRA A TIRSNIED., ZBHTESR. SBEINTULBEE.
restrictZ i EE U CUE D ERBBARIEERDCENHDDTIFRI DL
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IL—TEEDRECKDINRT MUE

ncc: vec( 103): a.c, line 16: Unvectorized loop.
ncc: vec( 121): a.c, line 16: Unvectorizable loop structure.

| L—TE&ECUATORENDDEE. RO MNUELTERVWT ENDD

01>~ g TN, BTIMEINTUND JL—TD8E DR UEHIL— T
oo v BHICEE TSR

OL—TRTEMHRIC. 1= ==HEFHEFND ERIICHIE T
o)L—THTEMAHNIC, & | |JHEFNMNEEND T RARP (CHISNMELTFE

for (j=0; j < m; j++) { o i, A AH DI IIEE

for (i=0; i < n; i++) { o j<m. i<nHV)L—THRTEM4N
a[i] = b[j] + c[J];
}
X A AT IEE = TDENIL—TOREDRUEICHED T, BHIAEM. F£2&. BHiARLD 3%
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IW—TRTEERD! =, ==

l l=, ==N)L—TRTERARICIENIZESE., ERIAMNT UBEKRILTD
EFIBRSRNVDT, IL—TDgDIRUEZETE TSR0
IR TR TIE, TEBE T =, ==ZFNT, <. > <=, >=ZF>S

Unvectorized Loop \ectorized Loop

for (i=0; i l= nj i+=2) { for (i=0; i < n;l i+=2) {

} }

NMVEFERD & SR (FRIL LR i<n(C{ELE

Unvectorized Loop \ectorized Loop

double *first, *last, *p; double *first, *last, *p;
¥Sr‘ (p=first; p != last; p++) For‘ (p=first; p < last; p++)
{ {

} }

C++®Diteratorsd -1 7 DECH!
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=T TERAEADEE. ||

LT TE4R(CR. | |MRNEEE, IL—TETHEMNS DR
HUNMEEIFIES D E(CIRBDT, RT NUETEIR)N
o) — TR TEMHXPTIE, && || ZENDRLY
O R D—Ef &)L —TAIKICECIR L. break TIL—T%IRITDELDICTS

double func(double *first, double *last, double *a, int n) v

{ IL—T ALK

double *p = first;
double sum = 0.0;

/* Unvectorizable loop structure */ i<n false | JL— &
for (int 1 = @;1 < n & p != last; i++, p++) { "
sum += a[i] * (*p);

} pl=last H=%, JL—F#&T

return sum;

=TT RN DI

double func(double *first, double *last, double *a, int n)
{

double *p = first;
double sum = 0.0;
/* Vectorizable */
for (i = @;i < n; i++, p++) { JL— T AR
if (p == last) break;
sum += a[i] * (*p); : fal
} i<n =5 LT

return sum;

p==last "% JL—SH&T

A 4
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12541 2 ERICKDINRT MUElEE

ncc: vec( 103): a.c, line 9: Unvectorized loop.
ncc: vec( 110): a.c, line 10: Vectorization obstructive procedure reference.: fun

I BET O UhIRD N UEZISIT TCLWB SR EIND
ILX_FODCEB‘BD‘_C‘F;@??QO)/I’\/54\/@%7&%@5’7‘5
® -finline-functions 1> /\ASAT< 3>

ORI E S (CinlineRAZX EIBTE
<inlineE#=IEE I DIEFE>

#include <math.h> #include <math.h>
double fun(double x, double y) inline Idouble fun(double x, double y)
{ {
return sqrt(x)*y; return sqrt(x)*y;
} }
¥or (i=0; i<N; i++) { // Unvectorized ¥or (i=0; i<N; i++) { // Vectorized
a[i] = fun(b[i], c[i]) + d[i]; a[i] = fun(b[i], c[i]) + d[i];
} }

double sqgrt(double)(d. R ~JLALIER]EER
BEETH DT NUAEZEIHTIRUN <AII\ASATZa>z=EET DEE>

$ ncc -finline-functions a.c
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NEICESIDIRN D)L —T IS L

DHEZFHD

ncc: vec( 103): a.c, line 8: Vectorized loop.
ncc: vec( 126): a.c, line 9: Idiom detected.: List Vector

| VARRD ML ZivdepZiEE T DL TEBICERE
O RFRICEHIN RN BDESIZE U X MR ML EER
OTHAICEAL U R MY MUIRNZ & &, ZOMKEFEMFEN R THID TN

2 MUETER0N

Vectorized Loop (1ist_vectoriETE1T) Vectorized Loop (ivdepi& R1T)

#pragma _NEC list_vector #pragma _NEC ivdep

for (i=0; i < n; i++) { for (1 = 0; 1 < n; i++) {
al[ix[1]] = a[ix[i]] + b[i]; al[ix[i]] = a[ix[i]] + b[i];

} }

list_vectorZiEE I DENT NULTE DN, BeFlaDERNIL—

TJHRTCEB EFEERSINRVNESE, DFED, ix[i]DENEU (TR

PRTNUL. ivdepZiBTET D ET. KDRDKUVWART NLanH
FITETETED

<ivdep(CKBART NUELEDAVEZ—>
tncc: vec( 101): a.c, line 8: Vectorized loop. ]

© NEC Corporation 2019 \Orchestrating a brighter world N ‘



SRL—T o> Oa—)> 0 NS MRS

DHEZFHD

| MIL—TF D72 O—ILFT BT ETO— R, X NFEEERST
o) |- T=ERIDCEEZI7>DO-JTEND
02D FDIL—T DHRA DB EEHL—-TZ77>0O0-)ILgBZETHREIIL—TD
A2 AERDOHFEFERITDIO0— R, ANT7EZRBRSED
SML—D &AEICTZ >O-I)EDOIT OIS A

for (int i = 0; i < n; i++) {
for (int j = 0; j < n; j++) { for (int i = 0; 1 <(n%3)); i++) {
a[i][3] = b[i][3] + c[J]; for (int j = @; J < n; j++) {
a[i][3] = b[i][3] + c[]];
} } } BE5lcOND LO— R1E(C
outerloop_unroll(4)#E/R1THEA [fEMAC7>0O—)L o _ 47{%4@/\0 MVRREhAS
R HIETET S for (int i =(n%3) ; 1 < n; i++)
/ for (int J =05 j < n; j++) {
#pragma _NEC outerloop_unroll(4) g%ﬂH%] f EH}_H%] IEEJ% ’
for (int 1 = 0; 1 < n; i++) { a[i+2][J'] _ b[i+2][J'] +C[J-] |
for (int j = 0; j < n; j++) { a[i+3][J'] - b[i+3][J'] + ok
ali1(3] = b[i1[3] + c[31; ) ! el
} }

outerloop_unrolliE’r1T. F/=(d. -fouterloop-unrolliERITZIETEIT D&
ML= (A 2023 > BEI)DIL—TEMNELRD., BE5lcdDRT ~LO— REIEHED

<outerloop_unrolliERITICKDIMIIL—T7>O—-)LEBEDODAYTZ—>

ncc: opt(1592): a.c, line 3: Outer loop unrolled inside inner loop.: i ncc:
vec( 101): a.c, line 4: Vectorized loop.
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IR LD/ INEWNL—T ~RD P IERS

DHEZFHD

| i@0RUEHNINENESE, IL—THIHDOUIEEE N TERL
O NIRLE<=256 ... >3 — MNL—T(CU. JL—THTUNEZHIR
O NIR L#<<256 ... L—TEBRIL. STEOLUSMEHEIRR

WBEDIV—T >3—hbI—T IN—T B
(FBOIRUE > 256) (FBRORUER <= 256) (BRDIELE << 256)
TRDIRLZ E DAL ®0DIRLZ EDWIHAML ‘
[ I
J—T Ak JL— T A JL— T A
(5T88057) (5T5&8057) (5T58057)
—TET 2 | o rLaaTiE l ANSHSTHE)
'
for (i = 0; i < n; i++) { #pragma _NEC shortloop #pragma _NEC unroll_completely
ce for (i =0; i < n; i++) { for (1 =0; 1< 7; i++) {
} cee ces
} }
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BaiRT NUEDLAN)L EEH SN D EE L

| -04. -03. -02TEHENT MULDLNLZEELIZEE, RO
R NUEEREE BN (CERASND

ER » 1K

BRETNSIAD MUE - &=iE{E -04 -03 -02
FHERT MUBICELDIRT ML
(-m[no-]vector-dependency-test) C) (D (D
—&{b. ATUR. 1TAES A TS UBMEBRICKDINT ~
(-f[no-]loop-collapse. -f[no-]loop-interchange.
-f[no-]matrix-multiply)
)L—THDEeF Z 5 IR > AR IEART N UEARTTDUTE
BN R EARTE O O —
(-fnamed-[no]alias)
91"@\”) I/_jd)7>|:| - U \/g%gq:ﬂg_é O O _
(-f[no-]outerloop-unroll)
I—TRTEARDI=. ——&BBIL O B B
(-f[no-]replace-loop-equation)

* FIREDDHEEE. (NHMERICIEETDEEOIAI/INASATZ 3>
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N MUEBIC K DEEFRRNDRE

| RO NUELIZIEE E UIRVEE T, EEERNRESBE CTRERDI LN
DD
o xE L - N NULICKDEEIEFOEZEEPREOREZLICKD. BHES - #7
BE - IHRENEDD 2
O NULESNTZEFERETIE. BRI NLETETED LD AN SIROEF
B EERBIEAE7ZIITIUXLZFERLU TR
O EHAM LNV I ERE T (L. FEVNEREDNRY Nl nzERT D128,
528w NCKRIRTEDIRMEDHETEIHE
oYU NS HEIIEEFMANMER SNBSS, EROEEREZNSOT (CHIE
MMThNd7zsH. FRURWNES(CH UTERDEBRER E/RDOJaEMEN DD
| RENRICIRDIES
®novectorf& RITCIL—THIRT MU EENRWELDICT S
®nofmas’R1T TR MNLEHIEENMTHONIRWVWELDICTD

#pragma _NEC novector
for (i=0; i < n; i++) {

sum += a[i];

}
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NI MUEBICKDFEITR/ (XIS —DFRE

| 481 NP S+ > Enszislzs/ \« RBROARY MLESTO— KA RFLTWS

BIAEME G B

o LITDHITIE, BIETESNCfloatB(4)\A hI75 1 > )DiEcsla. bHluinted_tE(CH+ X M TL)

BTz 8)\A hEZRDOART MlanmscO— R ARFTEN5.

® 8/ A FDARD MLO— RIA R7anw(38/\A 7S A >8R Dfcsh. O— MR K7 I DEHINA/N

A RT7SA2ETNTNBDHEE. FRITHICAETIDOAREVICRCEL D> TURIS—HEET D,

void funcl(){
float a[512],b[512];
func2(a,b);

¥

void func2( void* a, void* b ){
for(int i=0; i<256; ++i){
((uint64_t*)b)[i] = ((uint64_t*)a)[i];
}
}

//111<---vectorized loop

| 41 b —5BE LTEIICTOTERT DM, novectort&RIT TR MUz

IF93s

4)\A " —FBE U TR IEX

void func2( void* a, void* b ){
for(int i=0; i<512; ++i){
((uint32_t*)b)[i] = ((uint32_t*)a)[i];
}
}

novectoriB/RITZIETE

© NEC Corporation 2019

void func2( void* a, void* b ){
#tpragma _NEC novector
for(int i=0; 1i<256; ++i){
((uinte4_t*)b)[i] = ((uinted_t*)a)[i];
}
}
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5 AL & (F

| DAEZBEIL. BHEDRL Y RTEKIICETIDSE
o)L—TDEDIRLZDE|
o 1S AND—EDIIR(XDEE D) =N E
|

for (j=0; j<100; j++)
for (i=0; i<100; i++)
a[j][i] += b[JI[i];

}

> U7IVET

W= DIEDRUZMDICHEIL Tz & E=DH)

ALw k0 ALw 1 ‘ ALw 2 ALw 3
for (j=0; j<25; j++) for (j=25; j<50; j++) for (j=50; j<75; j++) for (j=75; j<100; j++)
for (i=0; i<n; i++) for (i=0@; i<n; i++) for (i=0@; i<n; i++) for (i=@; i<n; i++)
a[jl[i] += b[jl[i]; a[j1[i] += b[j1[i]; a[j1[i] += b[J1[1i]; a[j1[i] += b[J1[1i];
N7,
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5L (C K DR T R DA

| 5L (C K D BB EMRE SN
O ACPURSFREI L FNWIBDTZsb DA —) AW RigETIENT B

B B ]

.
>

U7l | cPuBRS CPUBETS CPUSRS CPUSES

\/l

«— Xotia

ALY 0| CPUBERS \| 1CPUTELT UTEIB S DRIB IR

Albw 1 CPUHF[]

= FA—)IA\w R
U S e (HEERZ L v RIFIEITSE B DR
A\ = 2]

“ ARy RTEITUI
ALw R3] CPUBSR / AR LY RTERITULL A& MDCPURER
HE DB R E
AN
TAD TTCoUmm | cPURE | CPURE | CPURSE
CPUREfHE
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0705 LD

| E5OR LY RTIFIZAT

TEBRE5TOTS=>2093CE

o)L—TVOXDEFNHME L. WHNIBTERILS(ICTOTSAEER
® E &N 5{LA°0penMP TliFRIT I BELT

TITI— RZERL

Bl1. BTSN (C KDMLTHE

{
int i, j;
double b[n];
double sum = 1.0;

for (j=0; j<n; j++) |
for (i=@; i<n; i++)
sum += a[j] + b[i];

}

return sum;

}

double sub (double *a, int n)

| -mparallelZ i85 L CEENIULZEMNCT S |

$ ncc -mparallel a.c

ncc: par(1801): exl.c, line 6: Parallel routine generated.: sub$1l
ncc: par(1803): exl.c, line 6: Parallelized by "for".

| BT ERT UG | [forstzasift L —T&IASIRTS B CHIBRICL T DET
WHRITTEBIL—TEES |

&)

© NEC Corporation 2019
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Vector Engine CHIBECE AWML OS5 =270

| OpenMP C/C++
e JOUSNM, MHEITTETDIL—TPOXDOEFDZHME L. ENSDiEFIEEE
%R 9 IERIT(OpenMPT « L5« D) Z18TE
.j%;/\} 1S 2O RZT(CTOT S L'ER. WHIYIRSIHDIZHDIERTZ

| B&iii{k

o 1> )\ S, MBIETTEBIL—TOXDELEDEML. 00 S A% NGIIE

ST B KD ICERH

OHINR—=m [Hl1] DIL—TDt&et. TOTSLAZR. I8RITOEBADI A

S —

COVEZRZ A )\A SHBEENICITD

TOISSIFE| Manonn | Exaoma (ZOZ2080) geg | O:70957ELSERNUA

— VI ASHEENICRRET
B3DTAE

OpenMP C/C++ _ =

(-fopenmp) O O =]

B & FIE, ~ _ _ &

(-mparallel)

X FA—Z2PJRCE [-] ODIETH> TETOISVICLDEENRECIRD I ENDD
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OpenMP C/C++

[$ ncc —-fopenmp a.c b.c ] > ODEE(ICE-fopenmpZiBEEIT D&

| HEATYUBRLFTNIBDTZHDISRT - 5175 UREDERIEE
® NEC C/C++ Compiler for Vector Engine C (. OpenMP Version 4.5K CD—EBHE
Bz H/R—
| 005z 0F%
e JOTUSIMN, MHEITTETDIL—TVOXDELEDZEHHE L. ENSDIF
b 5EE R IIERIT(OpenMPT «« L5« D) &IETE
o 1> /)\AS(FXZDIERZICTOT S LZER. WHNIEHITHDIZHDILIE

ZiRA
® -fopenmpZZiEELC. O>/\AJL. U>D
| e
o U SNMMFIELER D ZIEIR, 18 CEDIcsh. HENLFIELDEL VIEEE
[m)_E AV HAT

O MFLEPSDEIDH L, /WU PEHE. ZEROLEBIECHHIDZTOIS A
&) ASHTS . TOISZINES
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f5ll: OpenMP C/C++(C &K D gl

511 DEFEsubdDOpenMP C/C++I(C KDi54k

double sub (double *a, int n) -fopenmpZ15E L COpenMPIER1TZ
{ BMCITD
int i, j; OpenMP3E7R1T
double b[n]; ZHA $ ncc -fopenmp a.c
double sum = 1.0; ncc: par(1801): a.c, line 5: Parallel routine generated.: sub$l
#pragma omp parallel for Ncc: par(1803): a.c, line 6: Parallelized by "for".
for (j=0; j<n; j++) { ncc: vec( 101): a.c, line 7: Vectorized loop.
R 3> A SHIBIEF TE B L5
} TOISLEERTS
return sum; WHEITTEBRIL—T=ET

} |

| OpenMPODIE/R1T(E#pragma omp(CHElT ClliFMESEEIEE T D

#pragma omp parallel for

4 k
parallel for
W56 X EIDRIE DI TE for)L—J D5t &EIETE
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Fas&

] OpenMPX L K (OpenMP thread)
o SmIERY /AL H IR DEI, ALY REBENDZEEHD
| 15 —=3 > (Parallel region)
O 1EENMOpenMP ALY RICKDIIF(CEITESNBAIXDEFD
| XU —=3 > (Serial region)
05— DAIMIITTYRAIAL Y RTDHEITSNDINDEFED
| 7S X— | (Private)
o5l ) —=3>27%23%1i79 50penMPAL Y RDSED—DDAL Y RDAHH
570 A0 CHhdDE
| %5 (Shared)
03]25']'2—}“3 S EERITI DI NTDOpenMPA LY RIS 7701 X B]EETH
D
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OpenMP7« L5«

K FEHENDEDDHERA
#pragma omp parallel for [schedulef] [nowait]

schedule(static[,size]) .. schedule(static)HBIEfE
esize[BDIENRLEOVOEFEEND EL. OpenMPAL Y RICSDO> ROE AR TEINDHTEITIS
esizeMIBEMNAMENIZEE. size® ALY RETEI > TENMEESNICED EHRT

schedule(dynamic[,size])
esize[BIDIEDIRLEVDEFTEFD EL. OpenMPRL W RICEMICEIDHTEITITD
esizeMIBEMNAM SN EE, INMEESNTZEDEHRT

schedule(runtime)
o IRIRZZZIOMP_SCHEDULE (CERTESNER T 1 —ILIFETEITI D

nowait
o 151)L— TR T RFDBEERD) L) J7 [EHAZ TR0
#pragma omp single
O EDDOpenMPAL Y RTDHEITT Do NATAL Y REFEST,
—BREICTALITATICREUEIRITTEITITD
#pragma omp critical
BB (CHEERDOpenMP A L RTEIT UIRUNK D (CT B (i)
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B Ehi 5 EHERE

BEnLS b ZEFIRA LT EE. O3 LDHSE] TRUZKDIC
dA2I)NA S IR TEETITD

$ ncc -mparallel a.c b.c J D> ODEE(CEHE-mparallelZiEE I D&

| -mparallelzigELTCO>/\AIL. UL
O FKITTE BRI —TOXDELEDEHME L., WHIWUBTEDILS(ICTOTS A
TZH T D
- M5{EDBEEERZE S ERL—T DEENHEIR
« Z &)L —TDOIM)L—T = B EhEIR
—ERA)L—T(ERT MUt ZEFES TEIR{E
| 32 /(A SHERITICK D BENNFI LD
o 1> )14 SHERITOE
#pragma/\_NECAIERATZ 3> (A:ZEA)
O EiMERATZ 3>
- concurrent/noconcurrent .. [BEZD)L—TDFEZEFRI T S/ LIRL)
*cncall L IL=THR(CEARBOFLE UMD EETHEA{EESFR T3
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T—HDOEBREN

| 77— FHBEMEO /A SHBEEHTHITTS

o;tﬁ
B I—T4}. extern. static CEESSNZZE#H
S L— TR EZSOREEDS 1 2EE

07°54 ~N—p
HEZIOE A= Mz I TRVER

doub}e a[N], b[M] e fid%la. b. x(&. HBELELTESRBENS
static double x[M]; o )L—TROFEIERZRIF I DICHDAECFIWK,
double func() IL—THIHEETHBi. jld. ToARXR—hk&ELTESE
{ N3

double wk[M] ; o Zsumld. AL v RTLOERRZELEDED

double sum = 0.0; WMENSDIzH., HBEELTERBEND

for (int j /= 0; j < M; j++) {
for (int il= 0; i < N; i++) {
Wk[1] = "E‘[.;l E[?g?“ RETHIEIIWKIZRL Y RT & [CHRESN S5,
, Sum = XOIT k[ ZOHAZIHAEZNEXEUERBNEL < IBAT 3.
} AR CTHINUIRA N SERICESTRAZZEDIN KL,

return sum;
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BT (C KD BB HEDH1EH

| noconcurrent ... BEDIL—TDiIFIELEFR] LR

(void) func(4); // BAEEFEUHL

\./c.>id func(int m) {
#pragma _NEC noconcurrent
for (3=0; j < m; j++) { // RIImDEA/NSL
for (i=0; i < n; i++)
y a[i] = b[J] / c[J];

}

BROR LDV IRVIL—T RS EN D & W5l
IEDTEHDA—) Ny ROEDHDLERNSKREL &
REEMETFLTULESZENDD

[ noconcurrent Cillizl{tZ 1t ]

| cncall ... JL—TH(CEAHFEUNH D LS TEAMINEZHFRT TS

#pragma _NEC cncall

for (i=0; i < m; i++) {
a[i] = func(b[i], c[i]);

}

BN WHRITTETINESHON SRz, B
BT LZE0)L—T (FBEELITE =120

[ BISOEFIRITTER &=, cncallZissE ]

(B IFIERITTED L. TOTSIYMRELRITINIEER
5730Y)
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OpenMP - BENlli5I{LAEEE D E B!

‘$ ncc —-fopenmp -mparallel a.c b.c J

| -fopenmp & -mparalleldmAZIEEL T /AL, U
® OpenMPilliF| L —=3 >4 D)L —T A BEAMSIEDIFN 18D

® OpenMP> o L U7« JZ SRz BHMIE U< IRV EE,
-mno-parallel-omp-routineZi8E 9 3

double sub (double *a, int n) $ ncc -fopenmp -mparallel t.c
{ ncc: par(1801): t.c, line 7: Parallel routine generated.: sub$1l
int i, j; ncc: par(1803): t.c, line 7: Parallelized by "for".
double b[n][n]; ncc: par(1801): t.c, line 11: Parallel routine generated.: sub$2
double sum = 1.0; ncc: vec( 101): t.c, line 8: Vectorized loop.
ncc: par(1803): t.c, line 12: Parallelized by "for".
for (i=0; i<n; i++) ncc: vec( 101): t.c, line 13: Vectorized loop.
for (j=0; j<n; j++)
b[i][J] = 1 * J;

BEdlitensd

#pragma omp parallel for
for (j=0; j<n; j++) {
for (i=0; i<n; i++)

) sum += alj] + bLL]3]; OpenMPilFl{LEN D

return sum;

}
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OpenMPiliF{b EcNI=T OO0 S IDEITA A —

=/

OpenMPZAEWTCIEF{E LU &=

NAGALw R

mainBaEXDEI (CET
TEICR LW REAERK

BEMNRITFNL,
IL— T HIHE R = bR
L\C. 9 X Cshared
F—HERD

LV

double sub (double *a, int n)
{
int i, j;
double b[n];
double sum = 1.0;
double derive;
#pragma omp parallel private(derive)
{
derive = 12.3;
#pragma omp for
- for (i
b[1i]

0; 1< n; i++)
derive;

}

#pragma parallel omp for ¥
reduction(+:sum)
for (3=0; j<n; j++) A
for (i=0; i<n; i++)
sum += a[j] + b[i];

}

return sum;

}

Y

A

ERI—=3>

WA W2 a3 | [MBIU—S5 @IS
[CXDFIEERICIDEEND.
BEt+1— REF 1| BEalEsubs1 &R B,
i e mwH)—=>3>
i) L— V=T

A

RUFEBRrGONns | | BRU—>3>

1| BI% 4 subg2

E

L—¥

-
wH—-=3>

¥ VETIE, R M5 (nested parallelism) (EH7R— ML TULVRL),

© NEC Corporation 2019
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BENSHESNTZET O S LADETA A=

mainBaERaDa] (T
([CA LY RZEERK

NASFRA LY R \/

double sub (double *a, double *b, int n)
{

int i, j;

double sum = 0.0;

for (j=0; j<n; j++) {
for (i=0; i<n; i++)
sum += a[j] + b[i];

}

return sum;

AL AR 2 A3

DEIENIIL—TZWHIELT
(C DEBS DRATHEEIN AEHE)

v BEARHIE]

(BAL Y ROFTEREREMNS
sumzksH D)

I S UTFIVEIT

(ER : TOJSLDFET. R FE5EDENIE)

© NEC Corporation 2019
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OpenMP - BENLFITD R LW REIDRTE

| THMRCERTBRL Y REFEUTFDIL—ILTRE

par‘allel?'l’ l/gj__’ll j\_c Yes LX—FODI*_I/J\Z:'W\H%XD“J F;&t
num_threads(requested)'g |— 935
ESNTLD - VEOJ77%
N « IBESN/crequested
0 A b
v
B84 Comp_set_num_threads | Y€S
(requested) WMETE SN TULD
[
OMP_NUM_THREADS(Crequested | &

PNERTE

lNO

VEDQI7#&m AL v R#ETD

X VEQID7RIBETH B, 8 KDKXKEWVWAL Y RAZIBELTH
RA8 ALY RETUNERSTNIRL,
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FI1—Z2 DR

| I5IEITENDERD(EZ 0O
o UIi5I{E L2\ TERITUZIBADZBIEMICH TS, MFHIEITAEEEPD DET
BRI HINE <TRUVVDY? (5 SEITER S /G ) L— T & 1Y)
| RBRAF LA TIONTNDHY?
e UiFIE TN TV BIL—T DERTERN R (EERIL— T &AL T )
O TiFEDIZDDA—) Ay RIVAZE KRNV (A—) Ny RENE L T B)
e XL v RT LDfEEENI—h? (L—THRONIEZE BET)

SRATHFE (F@msR )

A
v

U7IVET | WHIHEARE] LEEER Ty

\//

T5ISRAT AE5N{EAB] 5 EEB Ty

AEEN{EABTED WBNEER DT
DNERMST Bz 3EHE 9 D
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Fa1——>JF&

{ERY S EaEfRtTHEEE
i 5 " BEAFHT(FTRACE)

1. BRI L— T /BEEE D
e O 71 SIE#HR. FTRACEDE NS, EITHRIOREV\EZR DI
kel
2. iF{EERD 21BN
0 1. CRDIFTZREF DAL SN TULVRWIL—T AR UFETE /RO
N, MERSIBRITOIRE. OS5 LAOERZITWVLLSIET S
3. 0— RI\S > RDeliE
®PROGINFIE#HR. FTRACEDHEAMNS., BHYRXT(CAIEMNIZF(CEINDH
THN3dLS,. O—RNSX%=ZHETSD
% WHUEDRFICARYT NUEDF 1 -0 % +Di7o>THLLE
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5L D)L — T DiER

. . BB C RS T B —Th
| 5L EERDRVIL—T EEI RS, DAL~ S

o\ 51T = /R0 VKFF %R

O\ 5T E R UV\FHITEHIES

® |/OB8ER EEATNER ZR5E LR T NUIIR S IRV BEEITF U U
| 28— FORIMIIL—TF

o LIRS DRWIL—T

o5zl — T (INRT N UAL TOEERILZIRET

j=0 j=1 j=n-1

for (j =0; j < n; j++) { i=0,1.m-1 | i=0,1.m-1 i=0,1..m-1

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

a[j1[i] = b [JI[i] + c [JI[i]; .

} T BUBIC LD EFERE

}
WHE(IE K DEERIE
MFHEDTZEHDA—) =AW K
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56T E /R0 MRERE R

| B—EHERNERDBDIRUTESE - SREZNTVIIL-T

=— t% - 21 . -
EI— AP ERDES - S L—TOROEL BB EE
for (i=0; i<n; i++) { i=0 b[1] b[O] s
A\ 1 v
ali] = bli#1] |; i=1 1] YT
bli] |- c[1]; 2 b[3] .

b[2]DZRMEERFEL LAKIZHELIMREES NG

\

| I—RASEHNREZEDELTES - BBENTVEIL—T

E—XDSZEE

for (i=0; i<n; i++) {
c[i] =& 0;
t = b[i];

}

o E&. SROIETHNEASI{ERIEE

o A0 - RED/\F—2(F TOTSLDER. &R
ITOEERE(CKDAFMERTEE, (BENLFIFIA
BF(E. O/ A SHABBMICERHELILINET D)

IfFRAT TEERSNIEEREN IR TIIN TSR

for (j=0; j<n; j++) {
for (i=0@; i<m; i++) {
if (a[jl[i] >=d ) {
: T = a[jl[i] - d;

c[JI[i] =715

o BET(FIFXDRMANHRIZUTZ
RO TERSNIZEZSIR

« COIBEFER - SRODIETH
AiH{EAE]
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56T =RVl iEEE

| L— T SORUH L
O TR T ERADRII LIRDIE L &k DD DR L EESTU TIRRSRUED,
WFE T =)

for (j=0; j<n; j++) {
for (i=0; i<n; i++) {
if (a[i][j] < @©.0 ) goto labelle@ ;
} b[i][3] = sqrt(a[jl[i] );

}
Labell00: ;
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$ ncc -mparallel -fdiag-parallel=2 a.c -c
ncc: opt(1380): a.c, line 6: User function references not ok without "cncall".: funcl

| L—THRCEBHTUHUNEFEND EE. TOBBMISIETRIENE
SMRBATH DTz, JL—T(FEENTEFMEDITR L7257

| BT EITRIRE THNIE. encalliERITZIBEL. IL—TZ=BHEN
SI{EDXIRET D

void func() void func()
{ {
for (int i = 0; 1 < M; i++) { #pragma _NEC cncall
c[i] = funcl(a[i], b[i]); for (int 1 = 0; 1 < M; i++) {
} c[i] = funci(a[i], b[i]);
} }
}

$ ncc -mparallel -fdiag-parallel=2 a.c -c

ncc: par(1801): a.c, line 7: Parallel routine generated.: func$1l
ncc: par(1803): a.c, line 7: Parallelized by "for".

ncc: vec( 103): a.c, line 7: Unvectorized loop.
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sEml A EIERTT

| BEEhsbEE THF b SN o 7T
| OO0 57— Hu5IERIEEIR C & F D TWLVD

| s&dlii 5 biE RiTparallel forZi5TE L Ci5IME
o)L—7. XDEFDZIMILIEETED
01> )\AS(d T—HDKFEMFRZEHAL TMINET D,
[EULMERNMESNDCEETO0SIMRELRITNIEIRS IR

id
0 unc() =T OIS
. IL—TWTHEERE L TRAY
double wk[M]; - 3%, mlidprivate] TIRE
#pragma _NEC parallel for private(wk) 193

for (int j =0; j < M; j++) {
. BHEREOTIOEEDY for (int i =05 1 < N; i++)
ZESHEE. atomiczE EDXD wk[i] = a[i] + b[J];
ERICIEET D I"l funcl(x[j], wk);
#pragma _NEC atomic

sum += X[Jj];

BREILEE S NTIIL— TN, K L

}
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FEDTZHDA—) =W R

| DO035 AZ=NFE LTS &K DIBINT DETRBIDZ &
o5t I DIz (CT OISV (C KD TEMSNIZAIRDEITHFH
- J0O0 5 LAERIC K DIENNEERE
« i 5 QLR FIFID Tz b DEITRF S 1 T 5 U DULIRRF ]
0> X5 LS TS URNDHHt I C K DF S
S RATFTLAT—HZEEFH. BRIDIATLASTAT SRR TOHHbHIEIC
K BDIFEHFHE
71 )LIIOEEEY. malloc()/q &
« C++Dnew;BEEF Cldmalloc () ZFEHT D128, newEHEFZZLHLUTL\D
C++JOJSATIETFENNE
oD A L v &M/ J7EHADTZ 8 DIF I
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S AT LS54T S ROHEb

| TO0S LG THREIND T —5%2SR. EddEE. Blb
OpenMP R L v RTHEIFICEFH SR K DHHMBHIHZIT S
0 U7 AT+« X UTH, malloc() THAR LI fEIRDERT — T &

| 3 AF L5405 UBBOEUE LB ZE Y
®malloc()[FTEDTIT—DICFEFLEDHD

O HENTDOIMERT D7 —4 (InewEHEFCTHFEEI. O—HIL>7—FEL
TEELU. RV UICHEIBZHERT D
OFRAXATYICKRGNHDEE., TJ7AILHSDGEMFHAHI—E(CITLN. A
S ATYUICEBAL. BEBERT—IZATIUNSHEHADKLDICTD
| 18 FABAREEICDOWVWTIE. MFXES T Exxx_unlocked () %
= EHT D

®getc(3S) » getc _unlocked(3S)
®getchar(3S) » getchar_unlocked(3S)
®putc(3S) > putc_unlocked(3S)
®putchar(3S) » putchar_unlocked(3S)
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J\U 7 EEADTZ b DF S EFE DR (1)

| OpenMP T, RDIGFACEEINIC/ VU ZEEANITHOND

®nowa it/@ DIRL E‘Iﬁﬁ']) L— jd):‘f‘gTﬂﬁ BENEETE. O> /S
®reduction@DISTE NICAF)L—T DIETEE(*) S (CBEERS)) (U P EEIET S
‘ . [y — = I | ] — ~ VAN = *
copylnﬁ\O\‘DTE\EégT 5 —= 3 > DRI (*) el k.
o5 —=3 > DT HF(*) U PR AT BT LN TS
YA A

| XL v RS EDABE#T—(CT D (IFERRIDIEHE)
OiENRUC EDIEESENE T DS —T DIEE=DIT—EIC (S,
schedule(dynamic)H\E3)

#pragma omp for schedule(static | ) #pragma omp for schedule(dynamic @)
for (j=m; j>@; j--) { for (j=m; j>@; j--) {

for (i=0; i<j; i++) { for (i=0; i<j; i++) {

} }
} }
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J\U 7 EEADTZ b DF S EFEDHIR (2)

| 5D —= 3 > DEEIC KDL 7 EEADHIBR

| nowaitf157E (C KD AE/REERY) VU D7 EIHADHII B

o HIFR T =2/ U ZEEA(Cnowait@AMEE=NTIZS. O /A S(&

nowaitBDIEEZHEHRIT D

double a[N], b[N*2], x;
void func()
{
#pragma omp parallel for
for (1 =0; 1 < N; i++) {
al[i] = ..
}
X = 0.0;
#pragma omp parallel for
for (1 = 0; 1 < N*¥2; i++) {
b[i] = ..
}

BN —= 3 > D&

double a[N], b[N*2], x;
void func()
{
X = 0.0:
#pragma omp parallel
{
#pragma omp for
for (1 =0; 1 < N; i++) {
a[i] = ..
}
#pragma omp for
for (1 =0; 1 < N*2; i++) {
b[i] = ..
}
}

nowait@&187E

double a[N], b[N*2], x;
void func()
{
X = 0.0;
#pragma omp parallel
{
#pragma omp for nowait
for (i = 0; 1 < N; i++) {
a[i] = ..
}
#pragma omp for nowait
for (i = 0; 1 < N*¥2; i++) {
b[i] = ..
}
}
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O— RN > XDediE (1)

| ROLSIIL—TTlE,. FRIZ EDIELEMI—TRL, L—TD
RTISA TS < OESEBENEL S

WHIL—TZUDICHEIL, UDDAL Y RTERITUIRES
ALw R0 XLwR1L ALY R2 AW R3

WH)L—T DRAYA #pragma omp for

for (j = 1024; j > 0; j--) {
for (i = 0; 1 < ji; i++) {

Ty

— FH5EEE } }
: : : WHEENTIL—T DR DR UHED (CDNT
Y T R s WRUL—TOROELR, 905, SHEEN
i ' RS

O— RIS > RADE

ALY KORLYKLALY K2 ALIKS 2w RTCEODIEEEHZTED
2t —(C L. 55z
<FBDE. LDERFEITIANT

O O B I 1= T ey
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O— RINS > ADeiiE (2)

EEEZET—(CF DT, WHIIL—TZ2LDMN<HEIL. XLw RICE

DHTD
| OpenMPIEFIU{E

®scheduleD)\S A —SF THREL

#pragma omp for schedule(dynamic,4)
for (j = 1024; j > 0; j--) {
for (i =0; i < j; i++) {

}

}

IS A—FEERUR, AL w REICHE]
(BT (I4E)

KON < HEILESHBE
PRLTES

| ExE AL

® concurrent}ER1T(COpenMP & [EIk(C
schedulef)Z (3 CT/\S A - THE

#pragma NEC concurrent schedule(dynamic,4)
for (j = 1024; j > 0; j--) {
for (1 = 0; i < j; i++) {

}

schedule(dynamic,4)iEERF

PDENENZWNEER L v REIlfEID
IZHODRFENUE(CIRDD T, 7]
BE/RR O DRV DEIER(CT D&
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12 [ Ee AT EE : FTRACE

| XLy RS EDBERED, BEATOO— RSO EMB T ENTES

REQUENCY EXCLUSIVE AVER.TIME MOPS  MFLOPS V.OP AVER. VECTOR L1CACHE CPU PORT VLD LLC PROC.NAME
TIME[sec]( % ) [msec] RATIO V.LEN TIME MISS CONF HIT E.%

60000 62.177( 73.1) 1.036 100641.4 79931.0 99.55 248.5 62.134 0.023 0.000 100.00 funcX$l
15000 4.467( 5.3) 0.298 107076.2 83033.3 99.47 248.4 4.455  0.005 0.000 100.00 -threado
15000 11.552( 13.6) 0.770 104082.7 82404.6 99.54 248.5 11.542 0.006 0.000 100.00 -threadl
15000 19.000( 22.3) 1.267 101390.4 80683.3 99.55 248.6 18.990 0.006 0.000 100.00 -thread2
15000 27.157( 31.9) 1.810 97595.1 77842.2 99.56 248.6 27.147 0.006 0.000 100.00 -thread3
15000 22.711( 26.7) 1.514 1426.9 0.0 ©0.00 0.0 0.000 0.015 0.000 0.00 funcX
79001 85.034(100.0) 1.076 74062.7 58500.4 98.89 248.5 62.249 0.043 0.000 100.00 total

JL—J'ERIlC#pragma _NEC concurrent schedule(dynamic, 4)%187%E

REQUENCY EXCLUSIVE AVER. TIME MOPS  MFLOPS V.OP AVER.  VECTOR L1CACHE CPU PORT VLD LLC PROC.NAME
TIME[sec]( % ) [msec] RATIO V.LEN TIME  MISS CONF HIT E.%

60000  66.872( 99.6) 1.115 93599.2 74318.7 99.52 248.5  64.077 1.418  0.000 100.00 funcX$l
15000  16.766( 25.0) 1.118 92992.0 73842.7 99.52 248.5  16.022 ©.409  ©0.000 100.00 -threade
15000  16.697( 24.9) 1.113 91671.80 72790.7 99.52 248.5  16.000 ©.397  ©0.000 100.00 -threadl
15000  16.714( 24.9) 1.114 94854.7 75312.8 99.52 248.5  16.040 ©.305  ©0.000 100.00 -thread2
15000  16.695( 24.9) 1.113 94880.7 75329.6 99.51 248.5  16.014 ©.307  0.000 100.00 -thread3
15000  0.129( 0.2) 0.009 1284.5 0.1 0.00 0.0 0.000 0.010 0.000  0.00 funcX
79001  67.148(100.0) 0.850 93334.5 74082.8 99.51 248.5  64.192 1.430  ©.000 100.00 total

EZEHT : funcX$1D-threado~-thread3MEXCLUSIVE TIME(CIESDENH R (O— R1>I/IZ>X)
ERE  (X5DEIHRLKIED, funcXDEXCLUSIVE TIMEAYAEHE (/N 77 B HRRS RS HVEEHE)
2 UR Ly REVEIRFRGANE 9 f=sbFfuneX$a (BN
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malloc(3C) - newERF CHfR L IZnBl,

| malloc(3C) : newBE T CTHERLUCHEIENHEN. TSAR— N
BUFCTRE
O THIFNADINA > ANHEEN, TS5AR— hHv?
o TEIGFEREF. IR D f2hv?

p. q. r : shared | | void func() { p = malloc(16)(F1[EIET, ERL v R TCHE—DMEEHZES
s: private double *p = malloc(16); S
double *q;
double *r; q = malloc(16)(2t/£\1|/“/ RTEITEN. TEIEK(EIUDHER
— | #pragma omp parallel num_threads(4) END. L. FRESNI\EEHEENNIOEDT. £X
{ Ly RCE—DESZSRT D, 7&DD=DDEEIFHEEL
double *s = malloc(16); (CTRxDo
#pragma omp critical
ﬂﬁﬁ'JMfEBFEﬁ Proe q : ma]_]_oc(]_G); r = malloc(16)(3:71/9Xl/“J FT@%‘%EZ—STL\ ﬁﬁiﬁ(g
#pr\agma omp master _jj—:“cj-ﬁﬁﬁén%o éZl/“J F_Clﬁ.l_mﬁﬁiﬁﬁéjlﬂ\gg—%o
) r = malloc(16); s = malloc(16)(FERALvw RTEITEN., TEIEK(EIUDHER
|y ENd. ALY RTHIZ DEIBAMEREND,
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EX7&O—71)LEcY!

| ParallelV —= 3 > IR EMHIEITESNDED (CHWNT, EXRO—-HIL
ez {FERA T 355, IRIEZH0MP_STACKSIZE(CZDHESI LD AKE0N
HA XDIEZRTE T B

® OMP_STACKSIZE(L, WRXAXL W REUSNDIL YW RDRAAYW IDERATA X ZRTEYT
DIRBEH, REURDOIEIBEDRI Y IDERRY A X(F4X)\A1 ~,

® X5 I DRERMEKICEIMNADY SN > EE, TOTSLNERERTITD,

A8 FEIEZE M
- $ cat a.c
ALY R#3D OMP_STACKSIZET .
ATV OmE BESNIY AR #pragma omp parallel
ALY R#20 {
25y 58, double x[16*1024*1024];
i | RV IBAYA XRBR—SYLITHADHS double y[16*1024*1024];
ALY R#1D N3DT(64MBDEBH YA X(CIRBDT). func(x,y);
ATy IR, RIBZHTIRESNEY A XZBXTHEBT } 22
EN, WHEROYAMXEBIDIERERT
?50 oo o
BICRAHA XEXREIKLITED L., DT $ ncc -fopenmp a.c
B(e—TRREVPNELLBRBIDTHEY X $ export OMP_STACKSIZE=384M
EOXREZFVWHA XIBEULLBRVADLL. $ ./a.out
IZFALY RD
AR DRl
% BRIAIHEEShIL—TORBTRIEZEZELTL\IBESLRAKOTRIBE,
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GG I

| RIDEE IS RIEETH DN, R LW ROFEITIEFEH—E TR
(EITIEFEARIESN/EWN) 728, B ULIAFDIEFHEITI DIZUC
ZNDDCUEDuREEN DD
OHERAFHHE C. S UVIEITH EFETERBRMNERD. Fie, WHIETT
BDIZGTHERNMNENDZENHD

for (1 = 0; 1 < 100; i++) {
sum = sum + X[1];

}

ALwv RO ALwviki1 ALwv k2 ALw k3

x[0]+...+x[24] | x[25]+...+x[49] | x[50]+...+x[74] |x[75]+...+x[99]

.................. +

CNSOMEDEFIEREAECA L & (LR
SIEs. BADERCHENRRL B
BEEN G B
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