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Method of Loop Distribution and Aggregation for Partial Vectorization
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Abstract There are a large number of loops which contain few unvectorizable statements and many vectorizable state-
ments. Loop distribution separates these specific statements into different loops,and then partial vectorization can be
achieved. Currently, the mainstream optimizing compiler just support loop distribution which is simple and aggressive,
resulting in large loop overhead and bad reuse of register and cache. To solve these problems, a method of loop distribu-
tion and aggregation for partial vectorization was proposed. Firstly, two key issues were analyzed in loop distribution,
which are grouping of statements and execution order of distributed loops. Secondly, a modified topological sorting
method was presented to achieve better loop aggregation, which reduces the loop overhead. Finally, we evaluated the

proposed method in the experimental section. The experimental results show that the proposed method can produce cor-

rect SIMD code, and can significantly improve the efficiency of implementation program.,
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B . WRIBE B SBHHT A
KSR, HESERE 3.

OORE T HEH AR XREHWEREHFF &, AR RIE
THEF R T R A 45 s M4BT , B I T #E— 2 SRR S 3E.
RAKGEREE 47,

2 HEXBR

EHPEEESORIEmBLNEAURIFEZF LN
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#AT pack Y B, EEERE—FE B &R N H IS
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7 B 4 3 47 16 7 i (Subgraph Level Parallelism, SGLP),
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fEF-E XY RIBR S, SR s 23R Sk FoR A Bl B 4k
BB R, B EARNERRER SIMD 4 8k
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EREFNERRAEE . BARTETD R LIRS 0B
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TR TR AE TR . RBIEME I REES '
R LA B4 R (sce 4 RO , FIBT, 25 AR 2 X T i) 9 T
RO B FARRRREEDE, I ATEXT R sce 85 Z[H]
AO0AE R AR, iIX AR AR B T R E S B KA,
FREERE . M TIRA BB 408 A , 8RR E R TR —
Maw . BLT AR SRR A R 4R B0 BRI

Bl :
for(i=1;i<N;i++){
S1 ali—1]=b[i];

S2 ofi]=d[i—1]+ali];
S3 dli]=c[i—1];
}

AT BB AR P B MR R 5 2 o B A LA
EREEEREASHNNE 1 —B DR, MTFRES
SERBRETNS, B REESBOIABRALASHE
F—MEFFP , 4 SRARE TR FF B IR BOC R AR
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A1 R IEERK 4 FhKEIE

BORARIEIR A RIBERER A S S 2R
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R FIREIEIR 0 I RAMKAE .

3.2 MERRHATHF

EXBEN BT RERS D EREIF S HHERLRE,
SE T VR iE AT AT AR SR M A3 A 2 , BB E ) A R R A3 AT B
F—EF . TR R IR R IEI 2 1578 Bl B MEFF AL
BLL B R MIBUT BT, ST 3T BER B 45 AT AN B —F
ARMFTE.

BRENEANGE SR —MER, 270 5 8 2 E3 2%
SRA R — N RYEPATIFF 25 ] SRR SR X SR ER 0 2
BRI B R E AT, RERBAREEE TIATF,
LR REERN. HILHRIFERS Openés RULHIEIF 431
THEEREE A % B BAT Y , X TR BT A AR , 7 L HE
SAEZELARMT R,

Loopl : for(i=1;i<<Nji++)

S1 ali—1]=b[i];
Loop2: for(i=1;i<Nji+—+){
82 [il=d[i—1]+alil;
S3 dli]=c[i—1];
}
R, Xt BIRFTR R BT R S, BIP BT ER 5K

BRFE&RA—H. SRZEFHERELE 1(D), 14
L5 R BIPATIOURT H (seel—sce2) , BARTEE T IR B .
R BER B b, BT KRR AR B BB R 45 0,
E— BRI . 45 R MR 15 1, B I 45 o 3 &
—ERH [EHE DAG. B DAG HBA LLE S IR METF
E R TS HER — R AT, SR X T E P EE X TS
u il v, HEFE—FN u Bl v 3, BLATR « EREFFIH
KHBAETUR v Z80, Bk, WK SR B h My TS AT
FHEFPFESE IR _EBRAIE T 4345 5 BB IR SRAT DT B R A
BT I, MNTTZE4F T 7 o RA AR
AT RBTN 42 A 1 XA B BT HINET
DAEZE—NAER O T .
MR TR AL E R R BT A .
DEEWAT HIRFL . EEEPRAAER 0 WA
O TR BT B R B TR S8 BB B A7 7238,
Fork 7 HAn MR 5 U TR 51 B A e R B — A~
HINERF .
7 Open64 1, B F ERBREL I T XM BERE 06
FMEEFF R B, Open6a 44 BT HHIMEFREEIT .
BA X HIERE ac_g
it 2 IMEF RS queue[ ]
oy
Topological _Sort(queue[ ],ac_g){
g<ac_g;
index < 03
iel;
while(i<{g—>>vertex_count_num-1){
if(1vertex[i]—>Get_In_Edge())
queue[ index++] < i;
else

return;
}
for (i=0;i<Chead;i++) {
j<—queuelil;
e«—g— >Get_QOut_Edge(j);
while(e) {
el<e;
e—g—>Get_Next_QOut_Edge(e);
sink<— g—> Get_Sink(el);
g— >Delete_Edge(el);
if(1g—>Get_In_Edge(sink))
queuel index—+ + J<—sink;
}
}
return queue[ J;
}

Hp,ac g RIEFHKEERE, HHARERZ G
queue FRFFRI R HIMEF S ST . T HRHFR
HITESF , 2 T B R B E MBS S AR T Fim.

Loop2: for(i=1;i<N;i+-+){

82 c[il=d[i—1]1+alil;
S3 d[i]=cli—11;}
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Loopl : for(i=13i<N;i+—+)
S1 a[i—1]=bli];

4 BIHREAMRK

FRAESERYJ5 Bk 3R 2 8 40br BE B 1l B AT P, T BB 3
fEFRTRIRA , W B AR AR E 8 CHRINIEER b, BIR
F R BB PR 7 k. Wi 5 SIMD 418 B 35178
e X HE BTERAAE N . BB  TE SR 13
o, SEAEIRIT S REIE K , RS AFI T FFEER M cache WE
M. Bk, REEREWIHFATHER R T HATEF G, £ R
RAT BB TERR

i PRI A R T R B 69, BESR A B 145 R X R
—AMESR, B MBI & 3 AT B RN B T SRR B IS R A, &
XMFRZ HERRE .

4.1 WRERRE

Witk &I 530K 2 BB AR » 3118 37 3 B A

RETH—NER. N TR/AMERITH, iR AMER S H 4%

=

WOF AR B sdg
E: 875, KRTEEY, STEARLE

)

(B EFNHE M Bdep_g_p

EAEING BN BAEER , i L TR R 8 3R R L R Y
ENEERE NG S FHERHAIER SR ERL
LHETEIR G FHERR , FHFIEAR S WIER B m B, BE
EREFPAFERKRRA , B ATEH G I E WARFERKHI .

53 W0 T HEIRAE 1 — S B - B S A IR
adg IEAMKERE sdg A8 %8 3 BAKEE dep_g p, HFBAA
BOREE S BEERE ac_g; RGN ac_g HTHIMEF, £ 8
R BT sequence, BHERITEIFS 7 4§ sequence
o B R AR T i L o — MBS, B0 KRB
I, MAXHR AT ER sequence PHSH XL HAS
BB —MER D, HBHIRE S LA A B BR3P,
AT HER M. BRETERBEWEREN N : DAE
KRB AEE S AR A E—E; D FERBIF MBS X
REAE—E;DREARTMRINESA.

B —RE RO FRBREFRESHBR, WA 2
Fim. B 2R MERIEaKEE, & 2(2) 33 R 58
BEE 2 BRI B 2(3) AR BB RE .,

scc2 sced
(3) WHMac g

B2 BRATESRMANERERE

Xt 2D HEERERTHIMEF ETEBE 3D FiR
BRI S B IF 5, & B R AT B RS 41 K618 2
B 3(D PR EER R E PR AR S AR A EHHATH
FNEEF RIS BN 3(2) Fias P 3 , SF R AT 1R TR A2 B
WHE 3WFURHEER. BR, BARMARE = ERFEFRN B
FRIE.

(1) scc7> scc6-> sce5->sced=> sce3-> sce2-d scel

(2) (sccT)=> (sccb-sce5-sced) D (sce3) > (sce2-secl)
loopl: $1;53; loop1: $1;53;

® joop2: S6; @ loop2: S6; 57; $10;

loop3: S7; loop3: S2; S4;59;

loop4: S10; loop4: S5; S8;

loopS: S2; 54; S9;

loopé: S5;

loop7: S8;

B3 wmiMEFEREIRE O

4.2 HEEEXREHHF
MHEETFEATHIMNEFHERFARE—H, E
MR EGREHFAERHER XY, HINEFERERY
MREWE R AXAHT A —FHIMFERIE 4
WA EXMFFTHTERREGBATE A RN
REFI, ENT B R E R B 4O FE 4(4)
BiR. B8R, ZETARKEIMNEF, RARME S ROTEF A

Bopi R 2, T RT— R .

(1) scc7-> sce3-> sce5Dscc6> scel> sce2-d sced
2) I(sc<:7-.';<:sc:3)sg) (sccS-scc6-sccl-sce2-sccd)
3) loopl: S1S3; foopl: S1;53; $2; $4; 59;
& loop2: S2; 54; S9; “) foop2: S7; $6; S8; S5; $10;
loop3: $7;
loop4: S6;
loop5: S8;
loop6: S5;
loop7: 510;

4 FIHHFEREREEG D

& LFR AN S RSN RS SRS T
EMBEANBTSHER. FR-FBINEFTTH, FBE
FIFPITT R AR RGBSR EE, Rl —
P R AR A NI A i, (AR TIN5 S R FT RBAESE
REEIRG, AR T BBARSE .

B E PGS NI RIS SRR, X
JE B E TR P SR G T ) B K IR B MR SN, AT T R R
7.

Stepl EE— 8K list_no_inedge, FNEFFBU LRI A
H 0 %A,

Step2 HEHH AN 0 BIG E I A4EE list_no_inedge,

Step3  #418 list_no_inedge FHFH —PME R A AR
(G J B RS 2O
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Stepd  MEES list_no_inedge 3k FF 138 7 BA 3 b i 45
RO IR YATSS MRA 5 Step3 RRIBIIL SRR B B2H
HEEE AL BIBR I TR A AT LA 0 R SR BT 1, 304 | e 7=
A BRI ABE SR O B9%4h £ 38 A BB R list_no_inedge M EEF.
SR MATE RK ALY Stepd i 945 SRR — B, A4 Bk
AZER.

Steps FE Step3 il Stepd, H E4E 3 list_no_inedge 2N
%,

ERBPBPATIESS » 45 5 0% 0P R B A B #R HINHE
RN «

T BB, & A Openbd W4 77 9 8l b
P T H B KR K30 TN HEF 7 B New _ topological _
SortO) , HAARB T .

WA T BERE ac_g
i B HIMEFRBASY queue] ]
Bk,
New._topological_Sort(queue[ ],ac_g) {
geac_g;
index<-0;
ie1;
while(i<(g—>>vertex_count_num-+1){
if (! vertex{i]—>Get_In_Edge())
list_no_inedge—>>insert_last(i);
else
return;
}
while( ! (list_no_inedge—>>isempty())){
orgnode<list_no_inedge— >first();
orgattr<—orgnode— >>attr();
for (node<-list_no_inedge— >first() ;
node! =list_no_inedge— >last();
node <list_no_inedge— >>next()){
if(node— >>attr() ==orgattr) {
i=-node—>value() ;
queue] index—+ -+ J<i;
list_no_inedge—>>delete(node) ;
e<g—>Get_Out_Edge(i);
while(e) {
el<e;
e<—g—>Get_Next_Qut_Edge(e);
sink «<—g-—>> Get_Sink(el);
g— >Delete_Edge(el);
if(1g—>Get_In_Edge(sink))

list_no_inedge— >>insert_last(sink) ;

Continue;
}//end if(node—>>attr==orgattr)
}//end for ( node=list_no_inedge—>>first() ;---
}//end while(list_no_inedge— >>count())
return queue[];
}

DA 2D R R E R B A AR R NER, 5%
HEE AR 0 MG REE, Bl {(scc?} X BAER list
no_inedge "1, 58 —yK4i i scc7, WA 5CD FiR. MErE P
scc? FILL scc MR RBA B EWAE R 0 HEAES
K {sce3,scch,sceh ), BT list_no_inedge, TNE 5(2) fiR. 8
HEA 5 scc? FZRIMLE A sce3, FIreE M 0 RIS A
A% {scel,sec2} , B list_no_inedge, B1E 5(3) fias, 6
LIS 5N sccb,scch, sl Fl see2, ZILBE L H sce? [B]2
B LE s, BIRIAT Step3 Hl Stepd, B % 4 sccb, scc5, seel,
scc2 F sccd, W 5O FE 5D fim., RO, BREHNE
HUB BB 5 BrR . BB 5 E 4 BR R TIER G 30

MR —3
1) wkHE:
head — scc7 — null
2y b seeT
head —» scc3 —» scc6 —» scc5 —» null
3)  #:sce3
head —» scc6 —» sce5 ~» scel —» sce2 —» null
(4)  #HH: scc6
head —» scc5 = scel —» sce2 —» sced —» null
(5) 4 sces scel scc2 sccd
head —» null
B AT
scc7 scc3 scch sces sccl scc2 sccd

Hs HE 200 HERENHT LR

5 KB5S

AW B FE SW-VEC i F & LB 3 TH 5L,
HHRGBRFHNENTFARAIET 8BRS E, CPU F 55
2. 0GHz, BF 2GB, L1 3 cache 2§ 32kB, [ B F FHTEE
A 256 L, AT A DRSS RIEE 8 MEERIMUE, AR
HRIEF RS 5o ST ER R A ae R,
XA RIEAT T
5.1 IER{EMIE

T B UEET R IE R, BT spec2006 WX K
oA, ZERE A 14 4~ CEIF,6 A fortran 12
F,7 4 C++8F .4 4~ C 5 Fortran BEBF . ZHLARN
TSR, B TREMESAE SW-VEC ¥ & 1Rk
WL ARTE. £ 1AE T BB RS
. GREAACRAYREGRATERNRTEREH
RA B0, BITERE 3 A SUR BB R RS R
FERTEHN,

#1 B4k spec2006 F4FH Y 1E B8 IR,

Z5 401, 410, 429, 433, 435, 437, 456. 458, 462. 464, 470. 998. 999,
bzip2 bwaves mef mile gromacs leslie3d  hmmer sjeng  libguantum h264ref Ibm specrand  specrand
o N L N N N N
N N A e I e

(T4% 81 7
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I RERA, EUAB B B ARE, ARS T R
S BALRER G R REFTE, MR ERIER AT
HREHT, BRAEFRERBMEFRFHFRBEHENRD
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