
PQVRS[]_afhdc
bNi^jXUWYkZ\TgP`elO

sry� ����y �H¡J ~wKn
£¬�²�²¯«M

µ¹

�I|Á¼ÀËÑÍÏ»æÊÑ¿ÄºÈÎÄºîxÕÝ�òG¤î�Ó,

ÉÎÂÄ¾åtó��§ðî�LÛë´¢áÒë. �òG¤äæ½ÁÆ
Ö©ÔÝé, �àåG¤î�ÔÙâæá×Ü, ��ãG¤î��Ûëo�
ÖÒë. Ùìèáå�uáæ, �òG¤å��øªvÐ��ôEqØå�
ä, (1)ÊÑ¿ÄºÈÎÄºîxÕÝÅÑÃF�ÒëÓæ, (2)ALU, FPU

âÓÞÝÉÎÂÄ¾å�ß³§ÌÇÄÆå ñâ÷ä�Ûë¨ï, Öp
�ÚàÓÝ. ��áæÙìêå��}î°®Ûë�uîzDÚ, ��uæ
Á¼ÀËÑÍÏ»î�íãÓö�âmç 10%{�å���õÖ¥êìë
Ùâî±¦ÚÝ.

Implementation and Evaluation of Global Instruction
Scheduling Based on Execution Cycle Estimation

Naoya Hattori Takuya Araki Shuichi Sakai Hidehiko Tanaka

Graduate School of Engineering, University of Tokyo

Abstract

Global instruction scheduling is a technique to improve parallel execution in process-
sors by moving instructions between basic blocks. As processor resource is limited,
we need an e�cient selection algorithm to choose which instructions to move. Pre-
viously proposed selection algorithms have limitations in (1) Not considering data
dependency between instructions in di�erent basic blocks, or (2) Not considering
either type or number of execution units available in processors. In this paper,
we propose a new scheduling technique which overcomes the limitations described
above. Compared with non-scheduled code performance, we get 10 % improvement.
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�1X����}Yx��x³3ÒXâÉNC
SYVB, �Ò�)m�,¬çIjETSÔ2â

ÉmY?PRAM. { �r�YLX}�û�T
GR, ��y��W.õIj�,Ôm8¹IjM

dW�)�z��û� yTÜZkj�)�[_
=PömçPR;j. �)�z��û� yY`
AB 2±(W�Chk, �û~�x���x.S
�)ï45mç<�¿�z��û� yT, �û
~�x���xm:=M�)1*mç<`2@�
z��û� y@:j.

`2@�z��û� ySY,�û~�x���
xmÝ;S�)m1*G, s2����@¢lk

R;V;}rx� (�A����)mØhIETS

êV8mY?j. G?G`2@V�)1*WY

1. ��y��X0�m	¦IjMdW����
mÆùIj (������û� y).

2. 1*I���xX�A����mÆùIj.

T;<{��@7<Md, 1*SAj�)WYÛ
i@:j. LXMd, �áV�)1*mJbGV
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¾!WY�q +Ë
m�;j. Ë
TGRY�

��or��û�TÜZkj, ¬ôW��y��

m*öFKRñ¯GM�û�?, ��y��äS

?h�UGM�û�m�;jETWVj.

EkaSX�z��û� yX�áÔ8=ù�
I½.�CWY,

� �)X¬çþCXbm·¤G, �û~�x�
��xm:=M�û�/Xmæ$GR;V;.

:j;Y

� �û���ûy��m�;R;jMd, ��

��}.W�Ijs2����X±(fÒm

æ$GR;V;.

T;<�aB@:PM. �åSYEkhX�am

d"Ij`2@�z��û� y°�WQ;R»
^j.

2 ¶y~z

�qX&�X��?h�)1*mç<°�TG
R, aJ�û{�û~� �z��û� y@�
Dhkj. EX°�Y�)1*mÉ�XbWÛ=

G, ^È�)mÉDhkjNCÉW�Ì$S1*
Ij. EX°�Y, 1*X�I½.�CmçlV
;Md�\V1*S¥Ùm-ùIj=2Ô@:i,

aM1*X�áÔ8=mçlV;Md, �,¬ç

SAV;�)m1*GRVC<7mÄB�k@:
j. LESEX!BmfLIj°�@>,FkR
;j.

��x�q��z��û� y [3]Y¥Ù��

üm�;j. ¥Ù��üTY, j�)@UX���

�]:}rx��W6çFkj?m©IüS:j.

Ð 1VUX¥Ù��üY6�â@js2����,

¶�â@}rx�müGR;j. EX°�SYÉ

#X�A����W^GR, LE]1*=2VM
RX�)m7#���xMR?h0G, LX7S

ðe¬çk"Xê;�)m1*Ij. G?G¬ç

k"XbS82GR;jMd, É#X�)?h½

W1*IkZ, 7#X�)m1*GfIBVjT
;<Ô«mæ$GR;V; (ÇòY 3.1S»^j).

ÂÅhX�z��û� y [6]Y�û�/XT
Óß/Xm^)W*<ETS, ��y��7X/
Xn�m 1QXy��WüI. EXy��mpW,

7#���xXx��qv������X�)m,

É#���xXx��qv���mÎZFV;g

<W1*Ij. EX°�SY¬çk"Xê;��û
�½W�z��û� ymÏdjETS,�û~�
x���xm5=M/Xmæ$GR;j. G?G,

x��qv���m'R;jNCVXS, ���

�X±(fÒWnGRYæ$FkR>hJ, Ek

SY¬ç§mXg;'Eeim,jETYSAV

; (ÇòY 3.3S»^j).

3 �	�������������@

`2@�)1*XôW}rx�ÒØÃX(TV
jXY, 1*Ö���xX}rx�Ò@ØÃIj
?÷?S:j. �)1*WgPR�,¬ç�)Ò
mRfGMTGRe,1*ÖX�)@LX�û~�
x���xX�����xWVPR;j�)SV

CkZ, }rx�ÒXØÃY�dV;. *=ZÐ

1(a)XÊë, �) a@�BVkZ}rx�Ò@Ø

ÃIj@ (Ð 1(b)), �) b@�BVPRe}rx

�ÒY�lhV; (Ð 1(c)). EX*X aXg<V

�)mEESY�����xTÜ\. �°�SY

aJ1*ÖX���xX�����xm0G, ¨

WLX�)X²C/kIm0IT;<p��û�
mñj.

aM, ÃGJQ1*m�i�GR;BT�qm
5=MÒNC����mÆùIj=2Ô@:jM
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Ð 1: 1*Ö���xXêV8
¡±ÀËþÛØÝ, a, b, c, dÀÖæ, ×&À"ì£ðÆÌ¹
(á�¶¡���	, Ñá�Àÿ÷û�ÆÝ¹

d, �)1*XôY1*=2VðÉ#]1*Ij.

cúX�z��û� ySY�I½.�CTG
R,

phase 1 �û~�x���xX�I½.�C

phase 2 ���x.�)X�I½.�C
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2IjMdW

phase 3 ¬ç}rx�ÒX'Ei
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�û�m�IIj. 2, 3W>;RY, ����X

±(TÒmæ$G¥Ù��üm�;MdDmç<.

j¾!XÇòY¨G-èS»^j.

3.1 ����������¸��A��
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4S:jg<W'=j. G?G, unit2m 1QG?

eMV;����}S:kZ, 7�d¥Ù��ü
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mØÃWâ?lKVCkZVhV;. EX82m

ç<WY, ¬ç}rx�Òm'EejET@û�

S:j.

cúX°�SY}rx�ÒX'EeiTGR,

P
(j���xX¬çWû�V}rx�Ò�

j���xX¬çeÒ)

m�;j. Ð 6XÊëY,
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G?G, ����X±(TÒmæ$IjT 2}r

x�SX¬çYÿ=2S:jET@l?j (Ð 5(f)).

LES, �û���ûy��mXEXg<V�a
Bmd"IjMd, �°�SY¥Ù��üm�;

M��mñ�Ij.

4 �9�B

4.1 �B�|

ìe>,GM�z��û� yXý;TGR,

�z��û� yGM��y��m UltraSPARC

X¬sÉS*öFK, user time mU=GM. Ul-

traSPARCY�û�û�v�����}S:j@,

Out-Of-Order6çmGV;Md�z��û� y
Xá>@LXaaÚkj. �z��û� yY Ul-

traSPARC�W�0GM����z��û�Sç
;, �z��û� yX�û�TVjp� ��
�û�Y egcs ver 1.1 release W,

� �z��û� y,

� delayed-branchðA81
,

� peepholeðA82

X 3Q-hXu�~� mQCR¹'FKM. U

=WY Sun Ultra 1(UltraSPARC 167MHz, �

�� 96M)m�;M. V>ìeXU=SY, �z

��û� yXð`Ô2m9^jMdW!O@V
���or��û�m¢�GR;j.

U=é�TGR, ü 1W©GM�z��û� 
ym�0GM.

alwaysTY����z��û�Xu�~� 
S, �û{�û~� �z��û� yXg<V
�Ì$V�)1*mç< base T local Y�¿, `

2�z��û� yXá>m'jMdW�0GM.

aM, 1-topdown, 1-frequency, 2-dataow, 3-dataow

Wgi, phase1-3S�Xp�|���mñ�GM

1ï¨�ý��C��ü¿%Î¼KM¸º
2�é�F½þC
Æµ´¹ÅºÁ ¸º

B base �ý��C��ü½¸
B local ï¨�ý��C��ü

+ delay slot �R)
B always Ô¯ôÖæ#E

(�Cþ�C���Q)
B egcs egcs¿�ý��C��ü
B proposed P!¸ºÍâ
B 1-topdown phase1»���ûÆÚë (± 3(c))

B 1-frequency phase1»ÞT¦¾Úë (± 3(d))

B 2-dataow phase2»

�C��Cü�ÆÈÜ (± 5(b))

B 3-dataow phase3»�C��Cü�
¾ÃÅõêÂÄÆÈÜ (± 5(e))

ü 1: U=GM�z��û� y

ö��ýC��� Hå
compress bigtest.in

go 50 21 null.in

li *.lsp

ijpeg vigo.ppm

perl scrabbl.pl scrabbl.in

ü 2: ý;W�;jp��zû~� 

ÊëXÔ2m9^j. V>, øl^È-hX phase

Y proposedT+HeXm�;R;j.

4.2 {C

U=#>mü 4W, base?hXVCâÉ"mü

5W©I. ü 47XÒ4Yp��zû~� ´%a
SX user time (sec)S:j. �z��û� y
Y���px��X§maSY1¸SAV;Md,

Ô2âÉY/¼VVCâÉ"SYH�SAV;@,

�+TGRVCâÉ"móKR>B.

perlW>;RYUX�z��û� ym�;R
;eÔ2âÉY_TnU'hkV?PM, EkY

perlXg<V�,ÔX<;��y��W^GRY,

�z��û� yXá>@5;ETm©GR;j.

-7SY perlXémÁ;Rw.mÏdj. aM,

goX 1-frequencyZ?hX(ÑFkj4?h`A

���	Õ �²
ALU 2

FPU 2

Load/Store 1

ü 3: UltraSPARCXú=js2����Xi�



condition compress go ijpeg li perl

base 332 296 188 498 251

local 320 276 174 504 252

always 310 297 197 468 251

egcs 320 282 170 481 258

proposed 299 262 169 464 247

1-topdown 308 267 171 463 257

1-frequency 310 296 175 469 256

2-dataow 301 261 170 464 244

3-dataow 318 291 193 475 250

ü 4: U=#>

condition compress go ijpeg li perl

base 1.00 1.00 1.00 1.00 1.00

local 1.04 1.07 1.08 0.99 1.00

always 1.07 1.00 0.95 1.06 1.00

egcs 1.04 1.05 1.11 1.04 0.97

proposed 1.11 1.13 1.11 1.07 1.02

1-topdown 1.08 1.11 1.10 1.08 0.98

1-frequency 1.07 1.00 1.07 1.06 0.98

2-dataow 1.10 1.13 1.11 1.07 1.03

3-dataow 1.04 1.02 0.97 1.05 1.00

ü 5: VCâÉ"

BJkR;jMdw.?hÁhGM. EXJkX

×4Y9î7S:j.

egcsY���or��û�m�;R;V;Md
àÕVølSYV;@, egcsX��VCâÉ"@
1.06VXW^G,�°� (proposed)Y 1.11T�

kMÔ2m¹GR;j. +�W, phase2S 2-dataow

m�;j°�e,��VCâÉ"@ 1.10S:i, 2-

resourcem�;MÊëT_`�lhV;. EX!

�TGRY, ìe�;Mp��zû~� Y�,
ÔWGB,Ð 5Xg<VÍ�@tNPMXSYV
;?Tæ=R;j. gi�,ÔXê;p��zû
~� SY phase2WgPRí@ÚkjT£lkj.

phase1WnGRY, 1-topdownXÊë�� 1.09,

1-frequencyXÊë�� 1.07TVi, k"NCS

82GRYVCâÉY�dV;ET>g[>,G
M°�S�;R;j, ¬çk"Xê;��û�½
X�I½.�CX�áÔ@©FkM.

phase3WnGRY, 3-dataowXÊëY��
VCâÉ"@ 1.02T<B, �Ì$S1*mçPM
ÊëT+Hg<V#>TVPR;j. Ekgi>

,GM°�S�;R;j, ����X±(TÒm

æ$Ij'EeiX�áÔ@©FkM.

5 ���

����}XÔ2âÉmY?jMdW, �)�

z��û� y, -W`2@�)�z��û� 
yY·�VvºS:j. `2@�z��û� y
SY, ¾!§m?hXÓ�?h3CçPM1*m
¯iÆIETYSAV;. LXMd�)1*X¯
Jb@û�WVj. �åSY, !O@V���o

r��û�m�;Rý;mç;, j±X�I½.
�CT}rx�ÒX'Eeim�;MÊëXð`

Ô2mølGM. LX#>>,GM°�Y, �z

��û� ymçlV;ÊëTø^R 10%?CX

VCâÉ@,hkjETm©GM.

ìÞX?aTGRY-7XB@�Dhkj. ì

eXý;SY, ���stp�r��r� y, �

r�����zû~� , ���qzû~� )
XvºY�;R;V;. EkhXvºm�;MÊ

ëXãVjêV8WQ;R&�Ijû�@:j. a

M, ìeXU=Y���or��û�@:jET
m9=GR;jXS, ���or��û�@V;
ÊëXÔ2ý;@û�S:j.
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