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SIMD Algorithm Based on Tree Matchingfor Multi-cluster and VLIW DSP
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Abstract: BWDSP is a new type of processor designed for high performance computing, using multi-cluster VLIW
structure and SIMD architecture, including a rich instruction set. In order to make full use of the resources of BWDSP, a
SIMD algorithm is to be proposed. In this paper, an algorithm for DSP SIMD compiler optimization based on open64
infrastructure is studied and implemented. This algorithm is based on WHIRL intermediate language of Open64 and can
make full use of rich hardware resources and vector instruction set. The experimental result shows that the vectorization
algorithm achieves 6 times performance improvement for double-word vectorization and 4 times performance for
single-word vectorization on average. \ B
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gk, AE— MRS IR K 16 452, JFH—
MR AT 8 A ALU, FrlAE 3 P ¥ph 4 ka4l e
FATHAT, ADALIEE R, Wil 4 s,

for(1i=0;1<N;++i){
Ali] = BJ[i] + C[i];

}

1 RNy
RO = B[i] (LOAD)
RI1 =([i] (LOAD)
R2=R0+RI (ADD)
Ali]=R2 (STORE)

2[R AR A ARV g
{x,y,z,t}Rm:m+1 =[Un+=8 , 1]
{x,y,zt}Rs:s+1 = [Uk+=8§ , 1]

{X,y,z,t}Rp =Rm + Rs

{x,y,z,t}Rp+1 = Rm+1 + Rs+1

[Um+=8, 1] = {x,y,zt}Rp:p+1

vE: Hi Un. Uk Um 20 513878 2907 Afi]
B[i]. C[i]HI2EHE, (x, v, z, t} FIRIRILEFE

3 BWDSP [rj & i A AL 4 2R
{x,y,z,t}Rm:m+1 =[Un+=8 , 1]
{x,y,z,t}Rs:s+1 = [Uk += 8 , 1]
{X,y,z,t}Rp:p+1 = Rm:m+1 + Rs:s+1
[Um+=8, 1] = {x,y,z,t}Rp:p+1
E: Un, Uk, UmZ0 378 Miafi]s bli]
cli]fEdhht, {x, v, 2z, t) RORFER

4 BWDSP [n] & oAk f 25 B AR ) 45 B

SIMD 45 56144, 2 Ak 6 T2 1 R 67 4728000
ALl P A 5 05 AR T S P 40 2
P FESE B SIMD 454, 7B SIMD 4CH3
ST RERAS. H T, §HRE SIMD HIBFS S AL I
SIMD i 9 41 4 (95 55 R0 3 IR0 BF 50, 0k AT 3 47
SIMD [ REALHRAE TS, 7o,

Open64 FILAE [ A4 AL AL 7%t BWDSP
SRAH I ALY SR A B SR, AR SCLE open64 Hil
et b, 42 HIESEEL T T WHIRL HRJEE 5 (1) SIMD
IS, AR R BWDSP H i) A 708,
i 8 SRR 1 2

2 - TWHIRLH (I SIMD . :
2.1 EEHLR
Open64 4w 5 2% B9 F 6] & 7~ (Intermediate

Representation, IR)KH 2K R whirl 15 5.
Whirl H1[8)H5 5 K H 2 K451, Open64 IRIALAL HEmE &
SR HELE A 2 Whirl AT, 5N 2K whirl 4E22
R wHRR oI g R, JZIR R E 2 A
TAENA,

T whirl B i A S35 AORE A JE AR o) i
ABER T 1 55 P S A R T, o 2 4 P PO 5 57,
281 R R ) A A IR 7 ) TIUALBE . SIMD 454
Bl SIMD Ji 400125 SIMD J5 S B B, Bk
LI BWDSP (1 i i L 154

Kl 5 22T Whirl B 1 ) F A0 S5 R Ab BE RS,

BRI R AL AL 2

Yes /ﬁﬁ}ﬁ%lvg%%\

TEIRHT b2

v

SIMDF5 44 &

v \
v;. 9

SIMD#R £ &b 22

v !

SIMD Ji5 4 kb 22

HERERTT

Yes v
KA sIMDARAL B FESIMDAR AL

No

5 &7 WHIRL # ) SIMD Sk fe

22 TRoTHR

SIMD AL fe s KiE e = AR R, SR A7 Lt
PEFRIE ok A i) AT 210, BT DAAE AL 3L FrdE AT
T, FIWTIAL B PR e AR HEAT I AL, 0T R
AT AV sSIERE, v REJCIEREST SIMD fifk:

(1) TEFMA R LA R B, WUl X
goto 1511, return. exit S5IR H pR HUANE ), OpenMP
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SRACRH, B N 2R G (0 2L o — sl 22 i L,
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(2) HHEI, OCC ) SIMD fRACAEL S e 2R R,
XA R B NGRS, AEAT SIMD LAt

(3) HLAFIH LA T TR A%, AT RE kbR UE
1, BEE AR S ITER I G R RTEER |, X
T OCC ¥ 5+ SIMD 1lt4k.

(4) SIMD Ak T 2T xR A b R S AT,

WG B A L A S I, WJEVEREAT ) &
Ak,

(5) MIEARIKECK D, SIMD AL AT 08 1H350%
T, AT

(6) HH, OCC ) SIMD At Ak SCHF ) 17 AL 45 4
fii load. store. HVZ. 8032 HeVkSE, MM APE A
B SCHF ) 1) S AR I, AT SIMD fiLft =

10452 BAT B Fh el LR 2 R EIE IR, I
AL 54 MO R, T 246 H e N5k ) A
AALERRBY B, TS T3 A 1) B A A 4% 2 1 D)
N T BB B
2.3 $5RmE AL

TisrHrh SIMD Ak A LU E Z1, X ] figss 3
FOXFERIE L — LA RRL R AN AL ) S AL A )
S, R IR A0 EIAACH: . DLACRF R TR 4
G R ) A AR PR B, ) LT ) B A

R R ) A Ak 3 I 22 B A 10 B AZ 4 (Loop
Interchange)! ' RIEIA /> 4ii (Loop Fission)!'. 4 BHA5 4]
ARG 3R Hh B 2R B0 1T AR AN JZ A8 PR 485 77 I

A LA RS AT A SN Z G R, A P 2R

AFHEHAKATOC R, AT AL 1) AR AL 8 2 PECRL A4
LK 6). -

¥

for(i=0;i<M; ++i)

for(j=0;j< N; ++j) | FEHRHHT
A(i,j+1) = A(i,j) + B
for(j = 0; j < M; +4+j)
for(i=0; i< N; ++i) | BHRLHE

A(i,j+1) = A(i,j) + B

6 EAAH
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TR A A0S AMRER M5 0y 2 OF, QLim7 fe
RO R €5 OB R IR, 4 T/ 7 dE o
YARIMABEAFIRBAT SIMD ffL. G555 75 1 0
7.

for(i = 0; i < N; ++i){
A[i+1] = A[i] + D;
B[i] = C[i] +E;

L
3 -
| |

for(i = 0; i < N; ++i){
A[i+1] = A[i] + D;

TEFR AT

}

}

for(i = 0; i < N; ++i){ TEER 537 J
B[i] = C[i] + E;

}

7 A

5 7 8B 3 RV ER A e 8 2 S o A DA T
W5, §RT BWDSP HAE R B AR R AR A, TR
VAT LASKEAE B4 o T L2 B B A 4 1 B8 B A S0
THRA T, IR, 5 e SIMD fib sk
W4 I LT SIMD HiAk. Fif, Blimax. min f54
LB SIL ) \ s

W 8 FiR, (AR 201, T for fE3F
AT if ) BRI whinl ¥ S AP EBR S,
FTBA R B F IERET SIMD Ak, AR AT 40 M5
J AT B R B RS SR S A, T L
BWDSP '] max $574 5 f52E4T SIMD k.

for(i = 0; i < N; ++i){
if(A[i] > BIi])
C[i] = A[i];
else FRAA T
Cli] = B[i]
}

| |

for(i = 0; i < N; ++i){
Cli] = MAX(Ail,

B[i]);

}
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(AU RLE remainder loop H AT ARALEE, 7%
AN 73 45 R F RAFAAE remainder_loop T
AR,

(5) 5 SRt BT A R o 4 AT IR 29 b 3, I HLEE
B du BEAF S
sum =0;

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

PRACHT
}

{x,y,z,t}R0O = 0;
U1 = A;//urh fEf St bt
for(i=0;i<N;i+=4){
{xy,2,t}R1 = [U1 +i, 1];// 5.7 T Bk 384
{xy,2,t}R0 = RO + R1;

}
lE:N 0k k=g
XR1 = yRO;

XR2 = zRO;

XR3 = tRO;

XRO = RO + R1;

XRO = RO + R2;

XRO = RO + R3;

sum = xR0;

RN

9 SIMD Ja4i4y

30

AT RARACTT RIRCR, BATER T 3 AN
() fi] LA 24 TE AT D S Bl (& 10). X 2841 1 7
DSP Ak AT AR R 2 N . S () Enis

SR (b) [7) f53feda S AR 1% 3 XU REAT T AL AL, (c) |

A(d) R REHEAT B (K 1) AL DAL

for(i=0;i<N;++) //N=2048
Ali] = B[i] + C[i];

(a) HENEH
for(i=0;i<N;++i) //N=2048
Ali] += BJ[i] * C[i];
(b) BRIEH

for(i=0;i<N/2;++1){ //N=2048
A[2 * 1] +=BJi];
A2 *i+ 1] *=CJi];

(c) R BEA LT ) a5
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for (;i<N/4;++ ) {  // N=4096
A[4*i] += BI[i];

A[4%i + 1] *= C[i];

A[4%i + 2] —= B[il;

A[4*i + 3] += BI[i];

(d) REgd s rmm s
K10 sz 41

I
p

K1 ARACHIAI DL G I 301 5 cycles)

Tk KA R R L
N s 5 18477 3123 5.92
U mmiEs 18477 2607 7.09
PRI 1 15392 3677 4.19
LR 2 27642 6745 4.10

R 1Y TIX 4 A HBIERE . TG, A
FH#ET WHIRL B (1) SIMD 5.3, X REWS & XTI
INREE AT T8 6 i bl, St REN A s (0 A
W, WA T38 415 By e, SCRR[1S]8H T — b
BT B A I 0 53 & X SIMD AL A6 vk
SLUS, & BWDSP100 FHUfH T 200~300% 13k 42
Ft. AHLG SLUS, FRATTREMS 34T 504 1 2 42 7t

1
"

4 4k .
ARG ARl Bl OPENG64 11564t B, #FFUIf
SEHL T FrP A i WHIRL (1) SIMD Jij ffb 573, 5
WKW, SIAN {2 % VLIW DSP, B R AT
PO AT AL

S0k
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