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Effective Vectorization Technique for Interleaved Data with Constant Strides
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Abstract Due to the development of the SIMD extensions in general processors,automatic vectorizing compilers are
widely used in various fields, especially in scientific and engineering computing area, Conventional vectorizing compilers
can parallelize applications with continuous access successfully, but most irregular multimedia applications which access
interleaved data cannot be vectorized correctly. To address this issue, this paper presented an effective vectorization
technique for interleaved data with constant strides. We achieved any form of data regroupings with the help of the data
processing instructions provided by targeted platforms, As a result, programs with interleaved data access are vectorized
and vector codes are generated. The experimental results show that the proposed method can translate irregular applica-

tions with interleaved data access into high-performance targeted vectorized codes, thereby advancing the execution effi-
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ciency adequately.
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for(i==0; <2563 i++){
a[2%i]=b[2%1] — c[2%1];
a2 % i+1]=b[2 = I+1] + c[2 % I+1]
}
(a)
for(i=0; i<{255;i+=8){
simd_laod(p_6, c[2*i]);
simd_load(p_7, {21 + 16});
p_4=vec_vshuth(l, p_6, p_7);
simd_load(p_8, b[28i]);
simd_load(p_9, b[28i + 161);
p_5=vec_vshufh(1l, p_8, p_9);
p_3=p.5 — p_4;
simd_laod(p_10, a2 *i]);
simd_load(p_11, a[2*1 4+ 16]);
p_12=vec_vshufh(3, p_3, p_10);
p_13=vec_vshuth(4, p_3, p_11);
simd_store(p_12, a[2 *i]);
simd_store(p_13, a[2 %I + 167);
simd_load(p_14, c¢{2*i});
simd_load(p_15, c[2* 1 + 161);
p_l=vec_vshuth(2, p_14, p_15);
simd_laod(p_16, b[2*i]);
simd_load(p_17, b[2* 1 + 16]);
p_2=vec_vshuth(2, p_16, p_17);
p.0=p_2 + p_1;
simd_load(p_18, a[28i]);
simd_load(p_19, a[2* I 4+ 16]);
p_20=vec_vshufh(5, p_0, p_18);
p_21=vec_vshufh(6, p_0, p_19);
simd_store(p_20, a[2*i]);
simd_store(p_21, a[2* 1 +161);

(b
for(i=0; i1<<255; i+=28){

simd_laod(p_6, c[2*i]);
simd_load{(p_7, c{2* I + 16});
p_4=vec_vshufh(0, p_6, p_7);
p_l=vec_vshuth(l, p_6, p_7);
simd_load(p_8, b[28i]);
simd_load(p_9, b[28i + 16]);
p_5=vec_vshufh(0, p_8, p_9);
p_2=vec_vshuth(1, p_8, p_9);
p_3=p_5—p_4;
p 0=p_2 +p_1;
p_10=vec_vshuth(3, p_0, p_3);
p_11=vec_vshufh(2, p_0, p_3);
simd_store(p_10, a[2 % i]);
simd_store(p_11, a[2 =T + 16]);
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2. /78 B b

3./ /% B B EH R R AR newbb
4. algorithm stmt_resort(bb)

5. foreach 1&4] s in bb do

6. if (s RN FE—HARERER &8 ZBEanRian
A HAL (SR
7. FTREAIE bb, ERETHEEE sl 3R~ HHK R

R &8 AT 1R BE3A (B B (AT A 5
8. if(REFE s1)

9. check_dependece_stmt(sl);
10. resort_stmt(sl);

11, else

12. HFEEH

13. endif

14. else

15. BEEH

16. endif

17. end

18, end algorithm
12 EEEHTFER
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F1 #EH geovect PIREMNBFFIE

B4R ¥ AAE BEXD
vect-strided-float. ¢ 16X100X1024 float
vect-107. ¢ 16X100X1024 float
vect-1. ¢ 16X100X 1024 float
vect-10. ¢ 16 X100X 1024 short
fast-math-slp-27. ¢ 16 X100X1024 float
vect-outer-3b. ¢ 16X100X 1024 {loat




for (i=0; i <{ 2% ny; i +=2)
for (=0; j<C 2#%nh; j +=2)
{
real +=h(j] * x[i—j] — h{j+1] * x[i+1—jl;
imag +=h[] * x[i+1—j3 + hG+1] * =[i—il;

() FIR &L
for(i=0; i < n2; i++)
{
m=ia + n2;
rtemp=c * x{[2*m] + s * x[2*m+1];
itemp=c * x[2*m+1]— s * x[2*m];
x[ 2 * m]=x[2 % ia] — rtemp;
x[2*m+1]=x[2 % ia+1] — itemp;
x[2 *ial=x[2 * ia] + rtemp;
x[2 % ia+1]=x[2 * ia+1] + itemp;
ia+-+;

(b)FFT B 1E3F
B 13 FIR 5 FFT BFE&LIEF

5.3 LEWERSH
(DEBHERME 14 F1E 15 Fim.

[ 2424

fire ffte

K 14 FIR 5 FFT #&fFhnE b

4

35

5T

S

5T

2]

171

g T
A PN
F A A &

& & &

W

B 15 # A gee-vect WKL FFHNE

(D EERST

A N X B AAFANBAE BT R AT RE
2% openb4 H LI, I 5 HE AN 4 CHR 43 U FEAE 5 MR A 4K
HERMEMERNFEAHER B R LN EARE.

FIR #1 FFT A7 E 5. B G E BXR S S EA
EIEZAN AL FIR BFHB R 4096 X 2048 X 32, BT HAT A
&4 0. 528s, M BALRIBIFTHE K 0. 2125, PATHRF R T
3E60%, AP 2.5, FFT #BFHBI N 1024 X 1024 X
100, BIFHATHTE] R 0. 874s, (] BALFBBUATET [E] 250. 513s,
BT RB T 40%, I K E] 1. 9.

M gee-vect WKL P EER 6 MEEHBBHFEDHE
B, F i th BB S BUGE 2. 6, Hod vect-10. c HIME L B R
K 3.6, W AT A1, AR F AU 283 short 8, — KA
L3 16 U TTHE L IF A RIBHEHR L A4, H
BERR LB . vect-1. c WME LLB/NRA 1. 3, 7R E
AL, HKEFPRERNBENEF RS TENERTH

25%, AMAESRIFRHE .
BRI A THETEENULTILA:

* A< 3CFE openbd FiFHEFA MBS EBIERT . 4348
F o B 5 0 U AR S RE AR B 1 B AL AR B ) AL BB M T
MBEHRRFE. ZFEFERBELHABRRZECANEK
BEAKS . TR MREBRMNEA, ATERER BIRRE
MRk B LR,

c AW TE BRI R BEAREMBGER
B EHE YT B R E MR BT
X, HHTEA; M REARHEEREENEANFE TR
BEREERHITE, NTEREZRRRIMEL.,

« SEhSRFRY FIR #1 FFT B EEMR Gams
SUIRAE T ZHN A, & RIEA AR M X B IEY
FRRB A BT RS B IF R B IR R F N PATROR.

T—# 0 TAEHE &2 B IR A I8 AR RS A BUS L T
Ve AT — MBS, /7 B s B R IR AR, B £ L
H RS ER R .

& X X W

(1] Hassaballah M,Omran S,Mahdy Y B. A review of SIMD multi-
media extensions and their usage in scientific and engineering
applications[J]. The Computer Journal, 2008,51(6) : 630-649

[2] Allen R,Kennedy K. Automatic translation of Fortran programs
to vector form[J]. ACM Transactions on Programming Langua-
ges and Systems (TOPLAS),1987,9(4):491-542

[3] Zima H, Chapman B. Supercompilers for parallel and vector
computers MJ. ACM, 1990

[4] Larsen S, Amarasinghe S. Exploiting superword level parallelism
with multimedia instruction sets{ M]. ACM, 2000

(5] Gnffith A, GCC: the complete reference [M]. McGraw-Hill,
lnc. ,2002

[6] Lattner C,Adve V. The LLVM compiler framework and infra-
structure tutorial[ M]// Languages and Compilers for High Per-
formance Computing. Springer Berlin Heidelberg,2005.15-16

[7] Lin M, Yu Z,Zhang D, et al. Retargeting the open64 compiler to
powerpc processor[ C] // International Conference on Embedded
Software and Systems Symposia, 2008 (ICESS Symposia’ 08).
IEEE, 2008:152-157

[8] Naishlos D. Autovectorization in GCC[C] // Proceedings of the
2004 GCC Developers Summit. 2004:105-118

[9] Nuzman D, Zaks A. Autovectorization in GCC-two years later
[C] // Proceedings of the 2006 GCC Developers Summit. 2006 .
145-158

[10] Nuzman D, Henderson R. Multi-platform auto-vectorization [C] //
Proceedings of the International Symposium on Code Generation
and Optimization, IEEE Computer Society, 2006 ;281-294

[11] Tanaka H,Ota Y,Matsumoto N,et al. A new compilation tech-
nique for SIMD code generation across basic block boundaries
[C1// Proceedings of the 2010 Asia and South Pacific Design
Automation Conference, IEEE Press,2010;101-106

[12] Bastoul C. Code generation in the polyhedral model is easier than
you think[ C] // Proceedings of the 13th International Conference
on Parallel Architectures and Compilation Techniques. IEEE
Computer Society,2004.7-16

(F#% 203 7D
« 199 -



SREMERERGEAREENNE FIEEERAEHR
Btk . XIE, BT AR EZARRSE ZARBREER
HENRSEZR, XM TREE MRS RAEOUREEEEN
3.2.4 EHERME
TREREPET BN BARRS KN B EE R
FEARPENUE, RNRNELZRABRPREAT FBGX
RGPS IS L R A, I 1 Fg 2 BB,

#£1 B1EEE
‘ : WRAE | RAE
o AREER im%% Pl
TanAR FEA HERX HER
Wk KR A5 A3 A5
e FER 0 0
B FTER 2.2 4.4
e/ R E AR 55 7.7 1.1
#F2 H2AREE
i HRERR igég? iiZi
] Al B3 Al
BEES FER 0 1
ey FER 2.2 a4
BE 77 9.9 3.3
TOM/ARERE A4 B3 Ad

E.QOLBHETF—MBRi%: A3.B3.A4 . B4 A5 . B5 fEFTERZ TR IA R
SRTE MITENHLER BB FT ENARBK 6 R0 J5 F By 4Rak . Lh o, BRFTED
B3 K RIACHYFTERHLANRESTED A4.B4, A5 BS KB 43K @
REM x yH x BRERES yBRBERS, M7 TRRTHT
B BB % 3 i FTER AL,

BRI, B T A B £ L9 AR 55 A LA 3R 1 45 5%
ZRAHE R D ELH RE S K IR X L5 R RS
REHRS , X FBAERHE BRE; )%V H ML 7 H
SAFBEENMEREHRER S SBELONEAEEE. W
MERGE SBE T AN L LR MR 55 2 ALH AR T — A
HARMRE RANFIEESR LMY, MEEER EFERR
o

HRIE N Web RFRZANAEE, MANKEHED
BERIAR S i h BER IR S R RS R R BRI,
A SCHR B T A A 2B TSR AR 57 A B A IR T e 62 1)
DCFE AR SUUTER A B 1 R 5 | A 2 SR BB 20k R BB A ) R
% (RS R BEAR R, KRR R T RS RECRPERE. J0fa]

FEATEEAELRNHE -SRI R I FENTRA

o

g

8 % x w

[1] Berners-Lee T, HendlerJ, LassilaO. The semantic Web [J]. Scie-
ntific American, 2001,284(5).35-43

[2] Corby O,Dieng-Kuntz R, Faron-Zucker C. Searching the seman-
tic web:approximate query processing based on ontologies[ ] 1.
IEEE Intelligent Systems, 2006,21(1);20-27

[3] JiJ,BuF,Cai H,et al. Ontology model for semantic web service
matching [ M1 / Information Computing and Applications.
Springer Berlin Heidelberg,2010:181-188

[4] Yang Z,Chen J, Wu B. A new ontology-based service matching
algorithm[ C] // The 6th World Congress on Services. IEEE,
2010,170-171

[5] W, BT NRRIE XK Web RE LTy iHE LB
K5 KR, 2007,44(008):1357-1364

[6] Chakraborty D, Joshi A, Yesha Y, et al. Toward distributed
service discovery in pervasive computing environments [ J .
Transactions on Mobile Computing, IEEE, 2006,5(2):97-112

[7] Caceres C,Ferndndez A, Ossowski S, et al. Agent-based seman-
tic service discovery for healthcare: an organizational approach
[J]. Intelligent Systems, IEEE,2006,21(6) ;11-20

[8] Kritikos K, Plexousakis D. Requirements for QoS-based Web
service description and discovery[J]. Transactions on Services
Computing, IEEE, 2009,2(4) :320-337

9] Zhou C,Chia L T,Lee B S, Semantics in service discovery and
QoS measurement[ J]. IT professional,2005,7(2):29-34

[10] &R EREFETRS XA HEXHERBFR(D] RN H
Bkt E AR K E R, 2007

[11] Meditskos G, Bassiliades N. Structural and role-oriented Web
service discovery with taxonomies in OWL-S[J]. Transactions
on Knowledge and Data Engineering, IEEE, 2010, 22(2); 278-
290

(127 Segev A,Sheng Q Z. Bootstrapping ontologies for web services
[J]. Transactions on Services Computing, IEEE,2012,5(1);33-
44

[13] Lacasta J,Nogueras-Iso J, Béar R, et al. A Web Ontology Serv-
ice to facilitate interoperability within a Spatial Data-Infrastruc—
ture: Applicability to discovery[J]. Data & Knowledge Engi-
neering, 2007,63(3):947-971

(4% 199 B

[13] Ramanarayanan R,Gupta M, Chakraborty S S, et al. Harnessing
partial vectorization in Open64 compiler[C]// 2014 IEEE Inter-
national Advance Computing Conference (IACC). IEEE, 2014:
813-824

(14] #h,#X56%, ghik. mm E ™ CPUSW-1600 g EA[T]. it
BN R S5 84,2012,28(11):230-233

[15] Wu P, Eichenberger A E, Wang A. Efficient simd code genera-
tion for runtime alignment and length conversion[ C],/ Interna-

tional Symposium on Code Generation and Optimization, 2005

(CGO 2005). IEEE, 2005:153-164

[16] Allen R,Kennedy K. Optimizing compilers for modern architec-
tures: a dependence-based approach[ M. San Francisco: Morgan
Kaufmann, 2002

[177 Leupers R. Code selection for media processors with SIMD in-
structions[ C] // Proceedings of the Conference on Design, Auto-
mation and Test in Europe. ACM, 2000:4-8

(18] Sreraman N, Govindarajan R, A vectorizing compiler for multi-
media extensions{J]. International Journal of Parallel Program-
ming, 2000,28(4) : 363-400

+ 203 -



