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Abstract With the rapid development of multimedia technology, more and more processors are integrated with SIMD
(Single Instruction Multiple Data) extensions, Almost all current compilers are equipped with automatic vectorization,
SLP (Superword Level Parallelism) method is introduced to some compilers in order to exploit intra-iteration paralle-
lism, Frequent data type conversions are required when handling the multimedia data because of its characteristics of in-
tensive storage and regular computation. However, the processing capacity of current SLP technique is not sufficient
enough. In order to exploit more opportunities of SLP vectorization in programs with large amounts of type conversion
statements,an SLP vectorization method was proposed to deal with type conversion statements, This method is able to
handle the type conversion statements with the same or different vector factors using data regrouping in the framework

of SL.P vectorization. The experiment results show that the proposed method is efficient to exploit the SL.P vectorization
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of data type conversion statements and is effective to improve the performance of the vectorization programs.
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L1 =

BEE Z AR B AR FHESERIK
WARRE,SIMD I BEHAE 8 TEk BT ZHNNA. BEK
BRAAHEESERT SIMD § &, 10 Intel ZE R ALHEES FHE R A
SSE/AVX $54 #£ £ 51, AltiVec %, E &£ B, T SIMD ¥ &.
FAI i, SIMD 3 & BTk 32 187 FH 3 PR3 A0 S5 9 SC 1E b B L U
ITEF DSP AT, MBAR TERENT. B RERE
MBS EENERATRFRFEMESEERER.FLE
B TERKHAES B4, LASCH, ®im SIMD B 3 &4k
BRBARBF LIRS QBUEFN—MEERRE.

BT IAT (SLP) PR G H AR 48 B % 42 #0354, 3 3
o B IE AT 6L, SR G AR T -l e R A4 - 6

FES AR 2014-01-14  REH$H.2014-08-08

RETAY R AMETOEL. Bk bR SLP [ &1Lk
BNt BT A W RME T ITE, T — R E BN E
KT WEEBHRRERBAEE. EFERTREERNN
AT AT LAEA S A T B SR R SR T m 2. 8
X T M BLE B, SLP eS8 K , I H TR
ZFPRRTRIF G50, LU RV B I S KB B b 1
BIERBIS

Ik, BT ER SLP ) BAL T BT T RER
ARIBFFEND 3 e T AR A0 R 1o R o AR [B] B4 O v 4R TR
W BALRE S , BUB L 45 -E SLP [m) B AL FI1E 5 v B Ak ik ik
—HIZIRBRF AT ST, TE AR PP P AR TE SR S B R e )
R, 33 86 77 ¥ A RO IR T B9 1T » 7 24 A S48 3
144 B P oP A7 2R R B B U 28 O 4R IRV R, BRI G 5 i ()

FUEBim AR EREI(20092X01036-001-001-2) ¥ B

B O#A989—), B WA, FTEHFEF EEEETE eSS RIFH A  E-mail: zhaobo197359@gmail. com; BFEF (1957 —), B, i+, 242,
T ST, E BB A S AR AR R TR MK (1989 —), B B+, TEME M ST B REE A E F

(1989—), 3, W4, FEMRF A A BRI . el miEH k.
- 16 L]



BB SLP | B4 R B A FHE— 5T
BRI MR AE S EEHXN TERBRP LR,
B 2h 22 3 U 0 50 HE S AT R RUAF B, W0 short BIERHE
char ), SR AL 12 47 B LA I S8 R B R BRI /D& AR ZE .
BIAnFERE 1 9, 8 A4 b & 16bit (1 short ZUBHE, HRETE
PEATH BB B AR 5% 4k 32bit BY int BIBHE. E M BEAL
At B BT SRS AR e pE AT AH AL 3R
;cieﬁneM,N;
short b[N];
int Lj;
for (j=0;j<Nij++) {
inta=0;

for (i=0;i<M-j;i++)
a += ((int)b{i]*(int)b[i+])<<2;

}
B 1 short 3 int $UEARH R H)

Xt AT B HIAY AT f B AU AR AU B R 2 B
SRR, SCRRL 1148 B 7 — Rt Xof 1 47 i X 5 43 #r #0498
KA B R 360 SIMD ARA5 AR 07 ¥ » BV i SR AR #e i 7
EXZIB T BOX T (5 BT AT R AT R B R . X
BRL12 8 W T —Fhiiy 2 B & 00 40 128 88 DR IR BRI B R, B4t
X YR IR B 13 A R b A R R LA R B R B R EARIAETE K
R HIT R E R THER T LA HRPHER
HIREIEIE, ASCHRY T — R HE n R B BRIEME SLP &
877 ¥ R MR P P A TE R B BUE AT B A .

SCERU 1T Bl AR R B S0 AR B AR L8RV R
LI AR K R B B AT I X 575 B R AL 3, 3R R I
FES M BAE R B R R AT M B AR, T A SR BT )
R KRB R AR R R ERNRE R, MRS RER
FHRW K. BA O BE R RIFEBAY SLP % i3 2
17T R4 HR , (R & i E A 5 205 X R 5 AR e
HAT T AL,

SCARTL2 8y B AR e 42 1 DR 8 30 B ot (R E B0
R AR 72 18 SO BT S5 R b 50 IE 58 14 A0 B8 8 8 i 4w
#, RRAZESHRAHEXHEEMAT ., MALEZELE
B2 A TP () B AR e B AL IE A B SLP 1 2 4k k48 Br
FHEBLET STEEERR, T HEFEHKEEFRE
TE B B UL B KD B A B (AR 7E B B AL S 1 B A R 2R
PITEREBETRNBRARY, N BLETAR. Fin
—KBED 128 i B B A A AR AEAB R EE 4 1 32 iRy int 3¢
RIMBAREE 2 1 64 f1 A9 double JRY A9 BT , X AE R 7] [
BEFREORIEHEITREFE RN, B T M REPTE
AMECRTE, H B E AR BE R AR R IR S5
B XA SO 2 THFEHNSGE.

BEXS 2475 SLP 1) £ 1k & 3 3 R B HaE A AL B
TERIRIRE , A SC4G H — Fh R BV B BB M) B SLP R 48 07 45 45
BRIEEA, B T RBFEBIEMK SLP ZEAERME %,
AR ) B4 206 U 17 i) B AL A o ) 2 BB 7 B RN 7 T R AT %
I8, REA A D AR RS (] 1) B B 74K BE 2 T U H 2R B Iy e 5t
7108

AICEE 2 WX R R R BB B S KT T R I
HHRA BT ROEEEAIET T A H 3 WIRAHitR
T AU 4 iRV 0B AT Y SLP R 4RI A2, 3F FIR
TR KER T B mBA R IR, 4 T ARG A R
LA 4 WIE KRR A SR H 2 R e SLP LR

TR BEAT T AR S B R XA ST AR — 1 B E
ARARHFTT7 ) ) — L FAE

2 WMREM

2.1 HRIBIRKR

VR ARG IZ A T SR AT, i BG4t
B E SR BRI R %, UL CIEE NG AR
SHERS R EFRERB Z R KERA YN L, PR
RBZHE XL — RN, 27— MR LA .
BT &R ik R ST T & F R B M SR B X R AR MR,
1R ZRAVFEHRAF L EARE BRI T 0T

WAEZEL D MAURBELEEN mBERHAN - N
fLHEE R, T RERY e e KB BL IR 1 Bsil.

F 1 BAEEBELRMSE

FHrexa fo & M>N R M=N W M<N
R m & H AR
AAREEEN
HEE R A3 e - -
EHERE 'Z:Iy%ﬂ'ly' m{EFE mELRE
implementation-
defined
WRmMEAEER R m WEEBHF
TS A E AAREEEANE RAMELER A
o FEEN, FEEN, m E AR
HEEE A . . . .
implementation- implementation-de-
defined fined

R m =

HFHEEREE #Rm20,EF%; LRm=0.HAL%; 0, HF%;

THEEA B m<0,2N4+m  wEm<0,2N+m R m <
0,2N+m

EAEEEEE #Rm=0,HTE; : =
HEERE  Rm<0,2N+m TELE m A%
B EE HOBRM  WRmABERN B HEREANRELE,
- U 3 AT 0 AR AT,

WMEmEEIREANBREEE, WEEFE,ER-A T4
ERIRA WAEE; R m ey EH N AR R o BCE T E, W 34T

R,

R mAEERHRER

AL, e

AE R RS
FRERA A¥E mEmEE mESRE mEF %

MHEFEYHRME

EE, BT RME

W,

B LA B IE R RIS ¥ 2 char BUFD short B[] int BY
R, T ERTEEERREE T INFSEMGE, R E
RHEEZE S, Z B TRETE S, RS8R SLP [
B R FRKEHTH . EIASFF 5 ZE M
ARRI 40 BRI E, H 455 M BIR YA A7 B R s
A, UEF AR mMEAEFREEIFE S TS E 3
RBEE B, AT R FEIE AR SLP 4.

2.2 HiEEAR

AshmEfkdhm K EREEN, A ERBIERE R 5
AR HEAR,, XE T AR B BARIEA#TRET®
HENHBPHEFEEROES—#H. BARFERELR
FRENRELRHTHEE R, FERBE MK
A BUREE B 4 R (R R AR 3wl o U A9 — 20

MATH SIMD Z & e E L RS EEE TS A BT
A3 SIMD 23 Bl 50T . SR » 33 B0 5 =X R 1 s 2 4>
HEMAR. (DSIMD #4MF AR FESNESRESRR
B BT H R BE A T B T IR 2R E B H
73 (2)SIMD P 52 ST BRI, Hh i — 4k SIMD R & R

. 17












£2 EEREAMRRF

MR E KA F BF Ik

bzip2 BRES
SPEC2000 vortex Hw st R REE

gzip BEES

Video. alphablending P 4 28
Tep/ip. checksum A5 AR it

4,3 RERRSWH
(D EWEERWNFE 3 E 11 Fir.
#3 LBRER
kA SLP fui t, SLP-+conversion fnifth, At #
Bzip2 1.03 1.07 4%
Vortex 1.02 1.05 3%
Gzip 1,12 1.24 1%
Video 1.56 2.53 62%
TCP/IP 1.83 3.49 91%
wSLPnE H

W SLP+coversion

n#te

B 11 sERER

(O ZERNT:

LY SLP mE s Rk A SLP [\ &bt T2
FHATIRIB R4 R , SLP+conversion JINTE Lt 3 7m R 4% 3CH)
AL I R (T SLP (6 B LA FRBEFHITRENSE
SO e BRI E AR 3 AT HAREME 11 Fis.

SPEC 2000 § i) R AL BRFR ¥ bzip2 725 LA refl AL HAT
LD EEREEER 4 1, generateMTFValues i getAnd-
MoveToFrontDecode 4351 5 B $h 47 B 5] #4918, 13% F115. 86%,
sortlt 1 qSort3 IPHAT T [E] 4> B K 12, 42% F11. 25%, H
L5 KRB R I 2 BB generateMTF Values 1 getAnd-
MoveToFrontDecode, &1 ¥ HH —1 48 B 2| A5 F 4
RUR R RUEL R PR 3E , B BB S 9 BB R BUIT IR B 5
XA P R 1090, BAMFARE BB F RS HIER
RIS, BATH AR S RS ¥ 1) B AL SR A TR b O 3, 26
BRI B RIFRITH 3. 4%, Bk (18.13%6+15.
86%6) x 10%6=3. 424, LIRMIR ML RA R 4%,

Vortex [a BLEHEER FHBE R bzip2 Jfp), FEER
16 EAC I TE IR TE R 1B A BT o 9 EO B RIS, WP R
HERERRARRIFIHE.

Gzip PHIEMBEAEREA R AT KPP a2 565
HHRMBEAERPATREY H &R FRIT SR8 4%,
FHXF 5 B AT , B4 i 28 B 5% i ) i B AR IRAT N B LR
2% 3, BRI RN R T AT LI R 2 120 YRR R+, SEBr I
RERMARERELYS.

Video. alphablending #l Tcp/ip. checksum Fr$#EEB 5
B EBMEFEITHHORE, fTE R AR S HARST L
HEF, AP HFRAGSNEEFEME TR K
WERBE BB AE BIEF LRI EKREN
BRI BFEENBEAEREERRANES.

J& RS O IE AR — A BE B R R A, R 3
HEHR AR,

BRIE AR R BB BIE AT T T
R T B K R A — 585038, 45 B 1R BB UE AN 32 AT IR
BAR R T LR BB SLP MR A ITE.
o DA S 0T R A S R 8 A B 1 R DU B 1 U 26
BRI H], VER T X BAA AR BB T B B R 2 2 8]
HEATR AR SLP K 3iad 72, S T X AR BE B B A7 AR
B, SRR SO RS BR A B AE F R AT
HEEHOT KB BIERTHEE, ZRIEH BN 87 k6
A X o 0 R R B B O T R e, TR /7 SLP
ERARRER, Ik 3 ), X TR SLP m24k, 5L
BAERA 3005 01 BN BRIt , MM T IR B0
1. 053 3. 49,

T— 2B TAE R A X B JE B e o A2 P 0 1 b B
FORE B SR BATRTA  SFE A SO ERL LR E MM RS,
B2 RABF SLP [ BALK B BCR M 0 BALE 27 E
T4 REEHE.

2 £ X M|

(1] Allen]J R, Kennedy K. Automatic Transformation of Fortran
Programs to Vector Form[ JJ]. ACM Transactions on Program-
ming languages and Systems,1987(4):491-542

[2] Zima H, Chapman B. Supercompilers for Parallel and Vector
Computers M]. ACMPress, 1990

[3] Larsen S, Amarasinghe S. Exploiting superword level parallelism
with multimedia instruction sets[]]. Proceeding of the ACM
SIGPLAN Conference on Programming lLanguage Design and
Implementation, 2000,35(5) : 145-156

[4] Rosen I, Nuzman D, Zaks A. Loop-Aware SLP in GCC [C]/
Proceedings of the GCC Developers’ Summit. Ottawa, Ontario,
Canada, 2007

[5] Dai Y,Li Q,Zhang Q. SIMD-Efficient Loop Unrolling Design
for Embedded Multimedia Applications{ C]//IEEE International
Conference on Multimedia and Expo. 2004:1851-1854

[6] Wei Shuai, Zhao Rong-cai, Yao Yuan. Loop-Nest Auto-Vecto-
rization Based on SLP[]]. Journal of Software,2012,23(7)

[7] Nuzman D, Rosen I, Zaks A, Auto-vectorization of interleaved
data for SIMD[C]//PLDL 2006

[8] Nuzman D, Zaks A. Quter-loop vectorization-revisited for short
SIMD architectures[C] /PACT. 2008

[9] Barik R,Zhao J, Sarkar V. Efficient selection of vector instruc-
tions using dynamic programming[C]// MICRO. 2010

[10] Liu Jun, Zhang Yuan-rui, Ohyoung Jang, et al. A compiler
Framework for Extracting Superword Level Parallelism[C] /
PLDI’12. Beijing, China, 2012

[11] Wu Peng, Eichenberger A E, Wang A. Efficient SIMD Code
Generation for Runtime Alignment and Length Conversion[ C] //
CGO. 2005

[12] Mi Wei, Li Yu-xiang,Chen li,et al. A Source to Source Transla-
tion Method with Type Restoration ib a Compiler[]J]. Journal of
Computer Research and Development, 2010(7):1145-1155

. 21 .



