172 s=dEMeEs =EX M5H X5Z(985)

.M B

o]  AuAE  superscalaryt  VLIW(Very

3 3= g9 e 7)Y

o & &'-4 71 ="

2 o

m#o] Aejx= [LP(Instruction Level Parallelism) T2 Aol #EHS &8ss Fo8 A= HAg 7Ho|},
ego] Aufz] %}I’-Eﬁ“% 2 (loop)dll AE31H A= & "J%(lteratlon) Atole} Al 3 s WHoJgo| A
%ilé FojAE AxEYe] vlo]Zalel(software pipeline)® FI7t QojAr} 18y FEZ2RE HEAYL FE34E &

E¢o} Holzalel Wy F2 wHolrjoly A7 F&HA 2AGY 2AFYE FASEE 2 AHd TR WEANE
7Wj Qe HE 229 74 o HEAGE FR3 meulA Zdde BARE dx g9 B = dAE o HEEZ
of dia TaPe 24 A A FHd £ e ARE W9y AASY WEE Adst 9 2AEY hEe X
2ade 27 3 YdolA Fx9 72y 98 24, agn AR 454 Fol dig AMHR ARl s|wste] A&
S FYFezH LTEH] Ho|Zelel Mrct T2 £YLLE FUANZH ¢ Yt B =RAAAE HE 2AEFY
S FHF A%E A5 2ZEYo] golZalgl whel o8] AME WE FZ Ane} FY&E AN Bz}

A Vectorization Technique at Object Code Level
Dong-Ho Lee' - Ki-Chang Kim't

ABSTRACT

ILP(Instruction Level Parallelism) processors use code reordering algorithms to expose parallelism in a given
sequential program. When applied to a loop, this algorithm produces a software-pipelined loop. In a software-pipelined
loop, each iteration contains a sequence of parallel instructions that are composed of data-independent instructions
collected across from several iterations. For vector loops, however the software pipelining technique can not expose the
maximum parallelism because it schedules the program based only on data-dependencies. This paper proposes to
schedule differently for vector loops. We develop an algorithm to detect vector loops at object code level and suggest a
new vector scheduling algorithm for them. Our vector scheduling improves the performance because it can schedule not
only based on data-dependencies but on loop structure or iteration conditions at the object code level. We compare the
resulting schedules with those by software-pipelining techniques in the aspect of performance.
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COPY 0,15; COPY 1,18
COPY 2,17; COPY 3,18
1

CMP 9, 15, ¢c0; CMP 9, 18, ccl;

CMP 9, 17, cc2; CMP 9, 18, ccd
I
¥
FLE w0 s TV ET ]

COPY r7, (3

L
1
t B
H
COPY r5, r1; COPY 6, r2;
COPY 7, 13; COPY 18, r4 COPY r5, r1; COPY 16, 12; ’

l MOV 2, a[4°r1]; MOV 2, a[4*r2}; ]

LMOV 2, a{4'11}; MOV 2, afd"12};
MOV 2, al4'r3]; MOV 2, aj4*r4]

MOV 2, a(4°13]

ADD 15, 4, r5; ADD r6, 4, 16;
ADD 17, 4, 17

ADD 15, 4, 15; ADD 16, 4, r6;
ADD 17, 4,17; ADD 18,4, 1B COPY 19, 1

(38 8) el AH &S Hot
(Fig. 8) Resutting Vector Schedule
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/#source code ¢ program %/ /*object code * assembly code */ /+intermediate code*/
#include <stcio.h> movl $0, i i} copy 0i
L2 movi $0, i cmp nicd
#define SIZE 100 L2 if le cc0 exit
cmpl$9,n copy irl
int i, x[SIZE], yISIZE] jlels copy ird
jmpl3 mov r4 13
alignd mul 3
main() 15 lea mrd 14
{ for(i=0;i<m++1) movl i, %eax copy ird
xlil=ylis11+yli) movl i, %eax add vr5H
b movl %edx, %edx add miH
leal 0(,%ecx4), %edx mov me5 r2
movl i, %ecx mul 3415
movl y+4(%edx), %ebx add y 1516
addl y(%ecx4), %ebx add mr6 r2 12
movl %bxx(%eax, 4) mul 146
14 add X 1516
inc I mov 2 mr6
jmp L2 add ili
align 4 jmp I
13 exit

(T 10) W AASY AL U = MY U

(Fig. 10) Process of input code generation for Vector Scheduling System
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FE 34T 4AT A7 oM E SR 7o
32 R3ve e ¢ 4 di(ad 16 #=x).
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(Table 2> Experimental Data

Sequential
e 2 (FU) 4 8
() 11 in & GR 6 14 28 56
Test In%%oi_?l:r; ernel.c CR 1 2 3 8
Speed-up 1 1.98 3.92 7.86
FOURTH ORDER BOUNDARY VALUE GR 8 18 36 72
PROBLEM CR 1 2 4 ]
F3ol7:31 Speed-up 1 1.99 3.98 7.99
LARGEST IGENVALUE OF MATRIX GR 9 20 40 80
BY ITERATION CR 1 2 4 8
3 3o}430 Speed-up 1 1.99 3.97 7.97
HYPERBOLIC PATIAL GR 7 16 32 64
DIFFERENTIAL EQUATION CR 1 2 4 8
Bols:28 Speed-up 1 1.99 395 7.93
TWO DIMENSIONAL BOUNDARY GR 5 12 24 48
VALUE PROBLEM CR 1 2 4 8
BHols:18 Speed-up 1 1.98 3.93 7.89
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(Table 3> Comparing Vector scheduling with software pipelining
and Source-code-levet vectorization in speed-ups
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VALUE PROBLEM 7.99 5.96 8
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MATRIX BY ITERATION 7.97 5.88 8
HHol4:30

HYPERBOLIC PATIAL
DIFFERENTIAL EQUATION 7.93 5.38 8
3ol 28
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BOUNDARY VALUE
PROBLEM
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7.89 45 8
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