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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 onc 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, a global predicate-sensitive scheduling algorithm is proposed lo improve the performance for ILP
processors that support predicated cxecution. 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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SUB dst, src, opr IF p_cond

A PH oA wef p_condd] ] FolH srcollA
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Low = 0;

High=N-1;

Mid = (Low + High) / 2;

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

}
if (Search == Data[Mid}) return(Mid);
else return(-1};

(a8 29)0lxc2xr =228
(Fig. 2.1) An example C source program
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Aodad elsiA ojgsle YHA 2239
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CFG)o|t}. AAEZ AHEHE C 22 ZRIPL (2
g 2.D)0l3 o] th# ojA e I=E (2H 2.2)
el gkt

;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,$8
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,$11,814
18: JT $36,L.5
3 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 $18,$17, #1
26 STR $18,Low
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
(4 33:L.3
34 LDR $23,Low
3s: LDR $24,High
36: CMPGT  $37,$23,$24
37: JT $37,L.7
(3 as: LDR $25,Search
39: LDR $26,Mid
40 SHLA  $27,$26, #2
41 LDR $28,Data($27)
42: CMPNE  $38,$25,$28
43: JT $38,L.2
E) 44:L.7
45: LDR $29,Search
46: LDR $30,Mid
a7 LDR $32,Data($31)

49: CMPNE  $39,$29,$32
50: JT $39,L.8
| 51: LDR $33,Mid
52: MOV _ret,$33
53: JUMP L.l
IS 54:L.8:
55: MOV _ret, #-1
) 56:L.1:
;function epilog

(28 2.2) ofxie) ojdE2| RE £
(Fig. 2.2) An assembly code of an example
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(Fig. 2.3) A control flow graph of a example assembly code
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;function prolog

L.2:

LDR $17.M IFSEO
ADD $18.817, #1 1F §50
STR $18 Low I $50

LDR swuwmmmgsl
LDR TF $50 QR #51
ADD ma 820 IF 850 OR #51
DIV mm.nmmgt 51
STR $22,Mid IF 850 OR $51

P ZZMME 2B THAW XN AAHEY 202lE 205

L.3:
LDR $23,Low
LDR $24 High
CMPGT $37,$23,$24
JT $37,L.7
LDR $25,Search
LDR $26,Mid
SHLA $27,$26, #2
LDR $28,Data($27)
CMPNE $38,$25,$28
JT $38,L.2

L7:
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 L.1

L.8:
MOV _ret, #-1

L.1:
;function epilog

(28 24) IF-HEHE O|Mg2| ZE BE
(Fig. 2.4) IF-converted assembly code pant
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(33 3.1) Hof | Jelxo] of
(Fig. 3.1) An example of CFG

U:CMPGE p,ab
JT p,Q
P:MOV x,m
JUMP T
MOV x,n
CMPNE gq,c,d
JT q.R
MOV x, k
JUMP V
MOV o,y
MOV 1, x

(o]

<D ©»

(a)

U:CMPGE p,a,b
CMPLT q,a,b
MOV x,m IF p
MOV x,n IF ¢
CMPNE r,c,d IFq
CMPEQ s,c,d IFq
OR tpr IFq
MOV x k IFs
MOV o,y IFr
MOV x IFt

V...

(b)
(a#l 32) (a) WYIEQ SHTE  (b) IF-HE RS
(Fig. 3.2) (a)Sequential code (b)IF-conversion
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g (list scheduling) @312 F& ¢ /AUT 2w
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predicated-sensitive-schedule()

{
S=f#HERS 2Ho0|Hd FHE,

last_cycle = 0;

while (J &SI & ol otf2tsd) ¢
op= eS| 7t w2 &9 oP;
$=S§- {op};

cycle = last_cycle;

while (cycleO| 00! of| M
op?t INST[cycle]®l OP® =}
Giole] Z5AUAII Rl2H) ¢
--cycle;
rAAHEE VHE mE ZRAOIE FHY
}

++cycle;

while (cycle = last_cycle+1) {
PEE ANG YHO TE o Xy
if (op 7} INST[cycle]2l OP&}
AEE LA teH)
INST[cycle] = INST[cycle] + {op};
fAH B
break;
}else —cycle;

)

if (cycle == last_cycle + 1) {
*OP7I2FBE HBHOI2A YR/ RSIHY
INST{cycle] = {op};
last_cycle = cycle;

)
}

}

(T8 34) =AY XN YD2|E
(Fig. 3.4) A predicate-sensitive scheduling algorithm
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o] A=§ /LR FEE TR AEFEE Y
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o] TSHEo| ¥ #HE5YA4 & Jebd 2ol

(b) after tall duplication

(28 4.9) FHER HUFX|
(Fig. 4.1) Superblock formation

(29 42)€ IF-HEE Fo| 2AFY dAol He
F#HEg U@ 1= FEo|nt (23 43)2 (ad



429 A @ dolg F4 =g Jeldn. a1y
M AHE gE2 st M8 AR ES Yy
BAE JUL F49 3§ S UhR o]F 44
IF-3@so] 22 edd=rt 22l $YE o
€ vehdn.

L.2:
1: LDR $11,Search
2: LDR $12,Mid
3: SHLA $13,812, #2
4: LDR $14,Data({$13)
S: CMPGE $50,811,$14
6: CMPLT $51,811,814
7: LDR $15,Mid IF $51
8: SUB $16,$15, #1 IF $51
9: STR $16,High IF $51
;L.S
10 LDR $17,Mid IF $50
11: ADD $18,817,#1 IF $50
12: STR $18,Low IF $50
;L.6:
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,$23,$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

(38 42) 27 FE tY0| Sl DERE
(Fig. 4.2) Scheduling code parts
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3 xE 304 x5 30 A& xES 71 o gou
2 xE 39 2AEY +H4E97 dAo. 2 gf
o T 13 X 49 A 9o F x5 RE Aj& x
g 84 oy k= 47} kX 3o FE£AYL
2t HA 2AFHEG

D
D
@

curae OB

.
e GO <
GD
GD G GO

(38 43) dio|g| B J=
(Fig. 4.3) Data dependency graphs

BH = 59t 62 [FHEE 2ROF Fo
W eHA=od dE =4 29AE ge AN 3
TLE FUY FHUENE 2o k= 103 Zo] 3
Sol SUHY AE|L YN 5@ AP A4
o MAdD. (29 43)& (29 42)9) Ui W3 =
ol X2}l o}FE N7} & Ato)E F T o] 49 ox
#Hold-& T FYUR 7MY o o]Fo)AE
ZAEY A& depa

2AEo) AEHA (2P 44)9) $2 ¥ 0) X9}
ol =9 WA £X7 A ok (29 4.9)
€ A T2 didte 2AFYE ojdEe 2
=& Yepdt.

Data Ready Instructions

Set I I
1 2 2 1
1 3 3
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4 4
5 5 6
3 10 7
4] 11 8
1 12 9
8 13 18
) 14 19
10 15 20
11 16 21
12 17 22
13 14 23
14 24
15 25
16 27 26
17
18
12
20
21
22
23
24
25
26
21
(a8 44) 2T 2
(Fig. 4.4) Scheduling
2: LDR $12,Mid
1: LDR $11,Search
3: SHLA $13,812, #2
4: LDR $14,Data($13)
5: CMPGE $50,811,$14
6: CMPLT $51,$11,$14
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

b
s 0w

LDR $19,Low IF $50 OR $51

LDR $23,Low

LDR $20,High IF $50 OR $51

19: LDR $24,High
15: ADD $21,$19,$20 IF $50 OR $51
20: CMPGT  $53,$23,$24
16: DIV $22,$21, #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
(38 45) 2AFYE ojd@e| 3=

(Fig. 45) A scheduled assembly code
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<# of static instructions>

total # : 55
dataop :12,0.22
movop : 4, 0.07
cmpop : 4, 0.07
cvop : 0, 0.00
ldrop : 19,035
strop : 6,0.11
jump : 3,0.05
jt. if : 4,0.07
retop : 1,0.02
call : 0, 0.00
push,pop : 2,0.04
nop : 0, 0.00
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 12,033
strop : 3,0.08
jump : 2,006
jt. 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
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(Fig. 5.2) A sample of simulation result
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