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A Predicate-Sensitive Scheduling Algorithm in
Instruction-Level Parallelism Processors

Byung Kang Yoo' - Sang Jeong Lee''

ABSTRACT

Exploitation of instruction-level parallelism(ILP) is an effective mechanism for improving the performance of
modern super-scalar and VLIW processors. Various software techniques can be applied to increase ILP. Among
these techniques, predicated execution is the one that increases the degree of ILP by allowing instructions from
different basic blocks to be converted to a single basic block by removing branch instructions.

In this paper, 2 global predicate-sensitive scheduling algorithm is proposed to improve the performance for ILP
processors that support predicated execution. In order to examine the performance of proposed algorithm, a C
compiler and a simulator are developed. By simulating various benchmark programs with the compiler and the
simulator, the performance results of this algorithm are measured and the effectiveness of the algorithm is veri-
fied. As a result of measure performance with 1, 2, 4 issue execution, this study was confirmed average perform-

ance by 20% or more.
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Low = 0;

High =N - 1;

Mid = (Low + Highj / 2;

while {Low <= High &#& Search |= Data[Mid]} {
if (Search < Data[Mid)) High = Mid - 1;
else Low = Mid + 1;
Mid = (Low + High) / 2;

!

if (Search == DatajMid}} return{Mid);

else return(-1);

(A" 2N ox c oa =208
(Fig. 2.1) An example C source program
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:function prolog

.maxoffset=0
1: MOV $35, #0
2 STR $35,Low
3: LDR $5,N
4: SUB $6,85, #1
5: STR $6,High
6: LDR $7,Low
7: LDR $8,High
8: ADD $9.$7.98
9: DIV $10,$9, #2
10: STR $10,Mid
11 JUMP L3
12:L.2
13: LDR $11,Search
14: LDR $12,Mid
15: SHLA $13,812, #2
16: LDR $14,Data($13)
17: CMPGE  $36,$11,$14
18: JT $36,L.5
19: LDR $15,Mid
20: SUB $16,$15, #1
21 STR $16,High
22: JUMP L6
4 23:L.5
24: LDR $17,Mid
25: ADD 818,817, #1
26: STR $18,Low
IE 27:L.6
28: LDR $19,Low
29: LDR $20,High
30: ADD $21,$19,$20
31: DIV $22,$21, #2
32: STR $22 Mid
I 33.L.3
34: LDR $23,Low
35: LDR $24,High
36: CMPGT  $37,$23,824
37 JT $37,L.7
3s: LDR $25,Search
30: LDR $26,Mid
40: SHLA $27,$26, #2
41: LDR $28,Data($27)
42: CMPNE  $38,$25,$28
43: JT $38,L.2
44:L.7
45; LDR $29,Search
46: LDR $30,Mid
47: LDR $32 Data($31}

49 CMPNE  $39,$29,$32
50: JT $39,L.8
E 51: LDR $33,Mid
52 MOV _ret,$33
53: JUMP L1
g 54:L.8:
55: MOV _ret, #-1
56:L.1:

sfunction epilog

(O3 2.2) ofx|e] old g2l B B2
(Fig. 2.2) An assembly code of an example
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;function prolog

;. maxoffset=0

MOV $35, #0
STR $35,Low
LDR $5.N
sSUB $6,85, #1
STR $6,High
LDR $7 Low

LDR $8,High
ADD $9,$7,$8

DIV $10,$9, #2
STR  $10,Mid
JUMP L3

L.2: o
LDR  '$11;Search
LDR giaMid
SHLA §xa,$12, #2
LDR $14,Data{$13)
: 350,811,814
CMPLT 351
$15.Mid IF851
SUB $16.815, #1IF 351

STR  $16,HighIF §51

LDR  $17,Mid IF $50
ADD 318,817, #1 IF $50
STR $18,Low IF $50

LDR $19,Low IF $50 OR $51
LDR $20 High TF $50 OR $51
ADD $21,$19,820 IF 50 OR§51
DIV $22 421, 92 1F $50 OR $51
STR $22;Mid IF $50 OR $51

AP TEMAE 2B ZAHME XN AAEE 2T2s 205

L3
LDR $23,Low
LDR $24 High
CMPGT $37,823,$24
JT $37,L.7
LDR $25,8earch
LDR $26 Mid
SHLA $27.826, #2
LDR $28,Data($27)
CMPNE $38,$25,$28
JT $38,L.2

L.7:
LDR $29,Search
LDR $30,Mid
SHLA $31,$30, #2
LDR $32,Data($31)
CMPNE $39,$29,$32
JT $39,L.8
LDR $33,Mid
MOV _ret,$33
JUMP L1

L.8:
MOV _ret, #-1

L.1:

;function epilog

(02 24) (F-HEE oM B2 A $E
(Fig. 2.4) IF-converted assembly code pant
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U:CMPGE p,a,b
JT p,Q
P:MOV xm
JUMP T
MOV X, n
CMPNE q,c,d
JT R
MOV x kK
JUMP V
MOV o,y
MOV o x

o

<—-x »

(a)

U:CMPGE p,a,b
CMPLT gq.ab
MOV x.m IF p
MOV x.n IF gq
CMPNE r,c,d IFq
CMPEQ s,cd IFq
OR tp.r IFq
MOV x,k [Fs
MOV oy IFT
MOV x IFt

V..

{b)

(38 32) (a)YuEgl =Xt (b)) IF-BE 3

(Fig. 3.2) (a)Sequential code (b)IF-conversion
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predicated-sensitive-schedule()

{
S= f#HEE2 2HH oM T &
last_cycle = 0;

while (Bl &tS7F & 8tol ot atd) ¢
op= T Efsel 7t =2 =2 op;
§=8-{op}h

cycle = last_cycle;

while (cycleOl 00| of] fiAM
op?t INST[cycle]® OPE T}
Hole AT gled)
--cycle;
rANEE JHE wE 2 A0E W

}

+teycele;

while {cycle != last_cycle+1) {
rEF AHE BH g W Xy
if (op 7t INST[cycle]® OPS}
AHSE AT B12H) {
INST[cycle] = INST[cycle] + {op};
[¥AFH B/
break;
yelse —cycle;

}

if (cycle == last_cycle + 1) {
/*OPIIAHEE HHOIL WX RsHy
INST[cycle] = {op};
last_cycle = cycle;

}

(O 3.4) ZZMY N Y02 E
{Fig. 3.4) A predicate-sensitive scheduling algorithm
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L.2:
i LDR $11,Search
2 LDR $12 Mid
3: SHLA 813,812, #2
4 LDR $14,Data($13)
5: CMPGE $50,$11,%$14
6: CMFLT $51,%11,814
7: LDR $15,Mid IF $51
8: SUB $16,815, #1 IF $51
9: STR $16,High IF $51
L5
10: LDR $17 Mid IF $50
11: ADD $18,$17,#1 IF §50
12: STR $18,Low IF $50
;L6
13: LDR $19,Low IF $50 OR $51
14: LDR $20,High IF $50 OR $51
15 ADD $21,$19,$20 IF $50 OR $51
16: DIV $22 $21, #2 IF $50 OR $51
17: STR $22 Mid IF $50 OR $51
L.3:
18: LDR $23,Low
19: LDR $24 High
20 CMPGT $53,$23,%24
21: CMPLT $54,823,$24
22; LDR $25,Search IF $54
23 LDR $26,Mid IF $54
24 SHLA $27,$26, #2 IF $54
25: LDR $28,Data($27) IF $54
26: CMPNE $55,$25,$28
27 CMPEQ $56,$25,$28

(18 42) A3 82 HAO] =2 BERE
(Fig. 4.2) Scheduling code parts
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(Fig. 4.3) Data dependency graphs
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1 4 4
1l 5 5 6
5 10 7
) 11 8
z 12 9
8 13 18
5 14 19
10 15 20
11 16 21
12 17 22
13 14 23
14 24
15 25
16 27 26
17
18
19
20
2L
22
23
24
23
26
21
(212! 4.4) AH S8 S
(Fig. 4.4) Scheduling
2: LDR $12,Mid
1: LDR $11,Search
3 SHLA $13,$12, #2
4: LDR $14,Data($13)
5 CMPGE  $50,$11,$14
6: CMPLT $51,$11,814
10: LDR $17,Mid IF $50
7: LDR $15,Mid IF $51
11: ADD $18,$17, #1 IF $50
8: SUB $16,815, #1 IF $51
12: STR $18,Low IF $50
9: STR $16,High IF $51
13 LDR $19,Low IF $50 OR $51
18: LDR $23,Low
14: LDR $20,High IF $50 OR $51

19: LDR $24,High

15: ADD $21,$19,$20 IF $50 OR $51
20: CMPGT  $53,$23,%524

16: DIV $22,921, #2 IF $50 OR $51
21: CMPLT $54,$23,$24

17: STR $22,Mid IF $50 OR $51

22: LDR $25,Search IF $54

23: LDR $26,Mid IF $54

24: SHLA  $27,$26, #2 IF $54

25: LDR $28,Data($27) IF $54

26: CMPNE  $55,$25,$28

27: CMPEQ $56,$25,$28

(22 45) ~AEYE old R RE
(Fig. 4.5) A scheduled assembly code
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<# of static instructions>

total # : 55
dataop 12,022
movop : 4, 0.07
cmpop : 4, 0.07
cvop : 0,0.00
ldrop : 19,0.35
strop : 6,0.11
jump : 3,0.05
jt. if 4,007
retop : 1,0.02
cail : 0, 0.00
push,pop 2,0.04
nop : 0,000
misc. : 0, 0.00

<segment address>

text segment => start address : 00000000,
length : 220 bytes

data segment => start address : 00010000,
length : 60 bytes

<executed clocks>

executed clocks : 34 clocks

<# of dynamic instructions>

total # : 36
dataop : 7,0.19
movop : 3,0.08
cmpop : 3,0.08
cvop : 0, 0.00
ldrop :12,0.33
strop : 3,0.08
jump ;2,006
it if : 3,0.08
retop : 1,0.03
call : 0, 0.00
push,pop : 2,0.06
nop : 0, 0.00
misc. : 0,0.00

(38l 5.2) Giix|2] AlEyolM X HR
{Fig. 5.2) A sampie of simulation result
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