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The Instruction Scheduling for Compiler Optimization

Ho-Young Kwak*, Jung-Hyun Han**

Summary

This paper deals with instruction scheduling, one area of compiler optimization. This assures the
correctness of program execution during occuring the interlock and reduces the execution time in
pipelined processor. DAG (Directed Acyclic Graph) is used to represent the problem and is proven
to be pretty convienent to represent the various Kinds of serialization constraints,

Gibbon's scheduling algorithm with O (n?) is introdued to schedule the instruction from DAG. Three
heuristics and some assumptions are explained to prevent the problem to be O(n"). Furthermore, the
impact on another phase in compiler is discussed. Actually this scheduling algorithm assumes to
perform the instruction scheduling after register allocation. More work relating to this area will be

the relationship beween two phases-register allocation and code schduling.
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Fig.1. Example of pipsline.
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Statement |Incorrect code| Correct code
=B+C Load B, Rl Load B, Rl
Add C, Rl NOP
Store R1. A Add C, Rl
Store R1, A
Fig.2. Incorrect instruction sequence and

correct instruction sequence.
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1 add #1, rl, r2
2 add #12, sp, sp
3 store 0, A

4 load  -4(sp), r3
5 load -8(sp), r4
6 add #8, sp. sp
7 store 12, 0(sp)
8load A, 15

9 add #1, 10, r4

Fig.3. Basic block instructions.
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Fig. 4. DAG(Directed Acyclic Graph).

e Bzl2E o @Al Bulelyal, olza
o BA Fo R HEEd £A4E dehie
EE Aol AgE Z¥EYch oiarl oy
cAlel A g Age g 2o

@® #lA2¥ & X (register dependency)

@ w22 9= (memory dependency)

@ zZ2MAA Adl "7 ode F (processor state
-modifying mstructxons)

® E¥H+/JNY+ 2= (carry/borrow
dependency)

HEE AedE Al A2 2L ooz 2y
e g2 o8} dajol] o8l AFsleizch
Foll4 = Hennessy®} Gross, a2]i Gibbonsg]
Hazl 73 d#zeg Al4%lc), Hennessy$t
Grosso} "ol 2 o4 L Az a2FA @
< i, Exie Ae-AY BAE &4 Ay
¥ ¥oA%ch o] Ao-Ae ¢4 ALY ¥
2 2AF% dneFoA ma4del (deadlock) ¥
AE A

2.4 X WIPI| (static evaluator)

71 gl P FFol Ao E A4 FY
Aoz 2AFHYsd ¥ AF A el o
HESY A4 Ay Fed 4 gdo dx

Ze FEY A& A daFg el Jdeisd
A 2AFE PHFE A8k gy elz
9 =4 xcgo] e = FuAz ¥



23 - w3y

2, Fux 2FolM A 2he) FL YL =
ot 2AEY =8 AAydch

718 §¥olA ofa Fux 2Fol &3l Y
P FEE vlel neyg & qlod ¥4I 2AF
ge Adse #¥4"Ect a2y o) lookahead:
Hotel AR AW Feol F7HIUch A
ofgoll 4 izl A Zixl FYA ubfe] AEE
c} (Gibbons 1986).

@® HaolA HPEol g AL =g A
Fo] Qle7}? U Fo] gle x=7h AFH
o}x Me xcr} g w UEER =L
F $4Aoz AdYssd 2AFHd

® vt odf AL x=F9 F7L B xE27
S4dMeg AAdd A AAHE 2o Us
AL EE HA ¥t 2jzE gl H99
¢ €A 71 # Qi

® H3¥es ¥e vao v xc(eaf) 7t
A 7bg 7 A2E 7B 2§ AR da9
oz gt xcSfol Uy AzE vz FHE
g},

o] #elads F24 A=t Zlgd £l o
9t daol4d r=§ Haydd OY =1E
A zalgln =g HEe kv Yo 0
e g Azt glod, of @Y =2AE HA
#x, th] glowd @Y =0 Flz =§F A
gt

2.5 23 @8 wnes
A HYEE £AFYse drelFe i
g2
1D 71¢ #8¢ doz Fzsdd 2458
@ stech Z 9y ie o A Fad
2o xeg3 A2 Aol n2isieo} ¥
(2) Na2s) FEF Fux 3Fd 7M. =
Aol glv ko FEZ Fotich
(3 #yz 1Feoz FE o 7L #HE F
BAl7ln, AA HrrE AEAA A 2AER
A e g Ay
(4 %82 2Fol emptys} obd & of @,
@.0¢% 4Yyct
® cixlgdez 2AFH FHEFA J2HA

—190-
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3 store 10, A

2 add #12, sp, sp
4 load -4(sp), r3
5load -8(sp), r4
8load A, 15

1 add #1, rl, r2
6 add #8, sp, sp
7 store 12, 0(sp)

9 add #1, 10, r4

Fig.5. Scheduled codes.
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Load J. RO
Load X(R0),
Load K, R2
Add R2, Rl
Store R1, X(R3)

R1

Fig.6. Generdated Instructions after register
allocation,

sl Wi o wygon: MA2EE 7lF
¢ AAEsiA o, AEEA gL HAZEHES
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o] 2E AMejdd F s, oju AHuds
ol zc¥ Fig. 73 Zth

Load J, RO
Load K, R2
Load I, R3
Load X(R0). R1
NOP

NOP

Add R2, Rl

Store R1, X(R3)

Fig.7. correct instruction sequence.
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