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Abstract Because FIFO thread scheduling used in the existing multithreaded models does not
consider locality in programs, it may result in the decrease of the performance of execution, caused
by the frequent context switching overhead and delay of execution of relatively short frames. Quantum
unit scheduling enhances the performance a little, but it still has the problems such as the decrease
in the processor utilization and the longer delay due to its heavy dependency on the priority of the
quantum units.

In this paper, we propose shortest—frame-first(SFF) thread scheduling algorithm. Our algorithm
selects and schedules the frame that is expected to take the shortest execution time using thread size
and synchronization information analyzed at compile-time. We can estimate the relative execution time
of each frame at compile-time. Using SFF thread scheduling algorithm on the multithreaded models,
we can expect the faster execution, better utilization of the processor, increased throughput and short
waiting time compared to FIFO scheduling.
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fun fact(int n) returns integer

= if (n <= 1) then 1 else n * fact(n-1)
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thrdl: load n RO
Itei RO 1 R1
store Rl TO

stop

thrd2:  load n R2
sub R2 1 R3
call fact cfp
send R3 fact
stop

thrd3: load n R4
load T1 R5
mul R4 R5 R6
store R6 T2
stop

thrd4:  load 1 R7
store R7 T3
stop

thrd5:  load TO R8
jmpt R8 labell
load T2 R9
jmp label2

labell:  load T3 RI

label2:  store R9 T4
send T4 pfp
stop

/% if R8 = true jump labell
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func C/B, (arg0) func C/B,(arg0)
{ {

call /B, }

call C/B,

. func C/B, ( arg0, arg1)
} {

func C/8, (arg, arg1) }

{
. func C/B ( arg0, arg1 )
call C/B, {
call C/B, }

I8 4=Z233 9

a9 45 509 ZEESOR o)Rod T2 agolH
7 m=gse WAL 19 59 2ol ¥ 53 WA
o=z g4 a8y Z 2eEF 3V a9
63 2oz ARV 29 49 o)Al T2aYe] Ay
W, WA /Bt 84 Zale] Hol A%Ed 19 5
o ¥5 5% TYZeNN BRo| C/Boel o3} /B

2 38 A 27 d A5 (0005

C/Bt FFz2ol 98] 4 Zadel Hn oAl
C/Biell 93] C/Bs# C/Bix= wha7tAE 84 =z o]
5o} st

CiBO
cB1 | c/B2 I

N

a9 58 3 agx=

w[[=] T=] [
T

]

ciB,

1]

OY 6 Z=EE9 =)

a9 48 B3 Atg SFF 2AEY dneEe F
43 C/Bo7t WA FHE0] 27 Y ZHA(AFy
o] ¥tk 28 g5 5F @A o8 C/BiEE 21
=9 F7ig Ayt 8 H F 2d=9 AFFLs
24 =Y F49 EE A2 Fo 2AEY 7ol
AdEd. ol AP 23 A4HdE Z=EH 3
7] ARE o83t AiFoz 1 Fe g4 =Zdd
9 BEEZY B¢ F oA AUQAA g2 4 &
HE Fol Fol A4YA. BHHC 2 SFF 2:5Y
dngFol 3 A ZH e 2H=Ee] ©wA +9Y
3HAl "o

(¢28E 1]10] SFF 2AEd @3gFo|c. [
2F 119X AHEEE 7159 ule ts g
+ AFn m WA 49 =z



OEFads mdda Ha Ty g 4

- AFy Aok g4 =z

« Ta n ¥4 2=

« TOKmn B4 Zddd 2¥z=e) F4F ZE
E& Z addr(AFm, T

- SQ 2AE8 7

+ endp 2AZ9 7 e vlxet 93

. sqp 2AEY 7 el 94X

- size(AF) 84 Zade =27
- pos(TOK) 2AEH 7 WelAe §x

[¢18)Z 1] SFF 249 ¢dugE
g8 271 SQ
29 Hzld A9 sQ
uhy:
1 while (SQ * null) do
2 TOKmn + get_token(SQ)
3 if (TOKm, is first_token) then
4 new AFy < AFn /x A Zgle] 7|3}
5 else if (AFy * AF,) then
6 if (size(AFy) > size(AF,)) then
7 new AFy < AF, /+ 3¢ ZYe] H4A
8 new sqp < pos(TOKm) /* SQ W¢] 911

A4
9 else
10 new sqp < endp
11 end-if
12 append TOKm to SQ{sap]
13 end-if
14 end-while

[FuE)Z 11d4A F7I8 A/t 8d 2¥sr) BEE
o] g2 2AEY Fol AQiEch oiwf =&Y Fel
AE B9 ZyYs AEd F Agdeid o3 A4
H =Zd e 27 JRS o83t HY =Yg 2
o} ghoF Hu ZEglel Efo] ohEtw, AYgAdE
2u S wet 2AZY Fol A4yt

3.3 adlEge M5 It

2AEH9] 7|23 e A2w A9 LA
33} 2&FeE)(deadlock)} 2L /S Fehe Aol

A" AeE FA ez dwry, /O BA,
Rz AA7 J1 FF Ager Z2AAML ok
E3| SFF ¢18&e 534 A &3k T2AA9
B AHES EEsed ol #4 =ZHYY T
7] Az E0l3 MY FHE Fole Wl Az ol

2AZH 45 HHE st Agdold 2d(11]
& gt AEHe)Ae Azt wet AA FEs)
1z} e AM=Hle 5A4S 2l¥dlsle dF9 zZza
Hoz AA A" Ay € 493 AFE Qo=

2= 2ASY duE 579

k")

2AZ Y e

ANE E48la BoFEt. durEql
< A}7H(turnaround

gL Z2AN BEE AYF FS
time), W71 ARt Bo} Sk

oEAdE Tdd H48 T2AA §E29 ouje
shte] Z2AMA S e Z=EF] 3 FY
o, HA A Alztel tig Ha AR Azte] vlgolh
o TN $4d o AA £33 Ak g8
Zo] Aatdtt o AdM Tume W7 AZtelx
ARt AZHe ool

T, -3
computing~—

Texec =

Twai t t Tcomputing

aeEE ZEAH BEE P T 2ol AL
I,

Puit = T computing / Texe

gEn v Z2AMY we 9 Z2AA9 At
< 0] §3l g Zo] £ = Ut

P, util = ZTcomputing / ZTexec

¥ eFY gFzd= 24 8" HFe 99
Alzkel] o] stn® I=BES AF4E Dtk EFo
AAE AR & AlglA oz e 84 =Y
< 3o FE @92 Hol Yo BF AFHE A
Holxe Z=EESY AFE ETO IeHHY HujolA
9 A AR oEsds EddAR oe
Z 2o Ay Azt 2] #AE A 9l
.
d=o] mdd Hgd thr] AR
Ae A3 A9 F=BEF 9
vl & ougith. A=EES] AHA
AR ATE ZTerer, 28E F8 ML ZTeompuing™t

g o A=EE diF tr] AT We o A4 o)
A At
W = 2Texec ~ ZTcomputing
4. o 8

£ Ze AR SFF 2AEY dxaEe A% ¥
7He f8) 71E ALHE 2AEY gneEHY vla
AEE 90 49 29 2ASYL A9 4F Palolv
£ =RodA AR D =Y 4 Pde gl
Hogesh gEojlly 2d=d Ao mE 2A%89)
&40l FHeHE2 2 =AM AL D Zdd



580 ARG A 2xEY] B 34 A 27 F A 5 F(20005)

4 wae 4 gy 2AZSYY vasiEE e
£ A7olAM ALgd dEads 2do AAEY WA
e FAse oz B3RS AAAHE AT
olof itk Ay @Y =AZH WA FEol siA
Culler[12] 9 AAI= o] Slch

44 Ay zdy g§74L dFsn oA Z2aYg
B3 2 2AEH] A% Frk 718 o3 A9 2
Miyiz=3

4.1 AE DU gy

B A¥e fH2 87404 7EE 2AEY 7Y =
dof} 7Rk 2AZE 9 AEHEE F3 o Folzn)
aY 78 A¥E 8 TEE tFE2ds 2l
2724 AEgo)d mdojch

=

Scheduter

from SCT
SQ

| a9 7 2AZHe AEHold =Yl

E 294 =299 53 B4

sl |s2 100|fact 25| mm 20|as 100

F=BE] JR$ 5 2 1 7 8
FrBE 77| 68 | 41 53 67 78
g4 =Zd9 A 5 | 101 25 407 | 604

A 2d= sl | 20 | 603 125 | 38132 [ 32404

¥ 28 Z=EER A, A, 84 =g Al
AYE 2FEe AF2 zZt TP 54L Jehd
o Z2aY s1& F49 FumFH & g 78I
(max), 18]z Adlgk(abs)e F3h= F+ES 44 %
£33, s2 1002 158 1007HA19 g T3 e ==
aejt}, fact 26 AA EE S o1& 259 HED
de 782, mm 202 20 x 209 ©F wjde FAE
37t 283l gs 1002 & AE(quick sort) &1g)
& 0|83l 100719] dE AIAIIe TR0l

)

2oy A3 AY rMges AN, 9 ZT2AA
ol 2yt 9 Z2AN FRHL OF TEAAY
#7433 g8 AR EYad Reg usty &
ol 238 ¥ SFFe A% 43S 9 d43<d 83
o2 AR EA, dA2EHY = T2 59

o 983 wE FE3ih AlA, B4 HiEey F
z Wz A uge pEdA gEoh

Akt SFF 2AEY dne8$el 4% %71 2489
HlE Ao HYAE 2AEY dndFoez o
A Wye 2AZYY A% Byt 249 A3 AT
Z2AN FEE, d7] A17ke] BHNA o] FoFik

4.2 &g An

AYHE 2459 dndEH SFF 2423 g1
g TEE AEelHY Axe 19 8 19 9, 1¥
3 ¥ 1090 vk 4 A geEs A3 Azl 3
7Y, ZEAAM 859 Hrt uz] A HrkE UE
i},

Ak SFF 2AZEY ¢n8l5S A94% 2AEY
gn &g nag AY A9, A3y A7 HrldAe
BE 15% AE AP AL G2z Z2AAN S
%9 YrllME 5% A= A% P4 AU}k a2
o H7] AzbY] FrbelMe HE 24% Fxe fi7] Al
e £ A AgoH #5385 s AHE
FF 2A12% 2¢32Ee 2= A3 Ha u7] A
& A3 EdoEN AAHY =2 A AT
SEA)Z] o

A

100 -
2 80
ot
= 60
&

g 40 ﬂ
2 20
0 T T T T >

sl s2 20 fact25 mm 20 qs 100

wn

tlo Y

O FIFO
® SFF

I¥ 8 A¥ Ao Yot A3

AmOj W
g
'61%80
€0 -
ol
% 4o O FIFO
x @ SFF
M 20
HI
0 T T T 1>

si s220 fact25 mm 20 gs 100

I8 9 TEANA 8o Pt gt



O52ds Bl A zHY +4 2ds 2AEF g

A

£100 -1 —0—__ 5
80 — .\'//.\0//‘
n
71 60
= 40_4 O FIFO
= ® SFF
w20 7]
IR >
| i { !
st s220 fact25 mm 20 qs 100
g 10 i71AIze] Bt
5838
E =2ixE 7j& tdRAgE BdX 2A=H

gnege BAFEES A7) A3 SFF 2AEY ¢
nYEL AYsHD. SIF LuES o8¢ 2d=
ZAZYS ZE U F9Y AS odstd A3 A
of ddez g #e = dE FUxe=m d9s)
o APAF= WS Hook =z 4 At #
HY Azhe] dojAe A=EEY AV] ARE o&st
o A

g SFF 2A=8 ¢ndFel 4% d7ts 98
APAAE A9 dndFEs viag dFM 2=
T3] B ] AT A5 FA w2 A H
A ZRIP AP AR GRS

£ =19 37 A%, v 2AEY Hrb 849 v
3t g3 Awot v ZEAM E8EE FH I
AZlE Wedel B3 7 A7 Yo SFF AAE
3 e S4E Hopy] HlMe " B 2AE
el g% wlmrt gasA ol wimg HMe
Gl ALY Adly Aol gesit B
ggA za%eld BFg Aojge] e Tz
Aox Ao A ZEEFRY A7IE FHI
T & & ol dasih

o rfr o

ox

[1] D. E. Culler, A. Sah, K. E. Schauser, T. Eicken and
J. Wawrzynek, "Fine-grain Parallelism with Minimal
Hardware Support: A Compiler-controlled Threaded
Abstract Machine,” Proc. of the 4th Conf on
ASPLOS, pp.164-175, 1990.

[21 S. H. Ha, and et al,, "Design and Implementation of
a Massively Parallel Multithreaded Architecture:
DAVRID,” Journal of Electrical Engineering and
Information Science, Vol. 1, No. 2, pp.15-25, 1996.

581

=11}

[3} O. Maquelin, "The ADAM Architecture and its
Simulation,” TIK-Schriftenreihe Nr. 4, 1994.

[4] R. S. Nikhil, "Can Dataflow Subsume von Neumann
Computing?,” Proc. of 16th Ann. Int’'l Symp. on
Computer Architecture, pp. 262-272, 1989.

[5] R. S. Nikhil, “The Parallel Programming Language
Id and it's Compilation for Parallel Machine,”
LCS/CSG Memo 313, MIT, July, 1990.

[6] R. S. Nikhil, G. M. Papadopoulos and Arvind, ""T: A
multithreaded massively parallel architecture,” Proc.
of the 19th Int’l Symp. on Computer Architecture,
pp. 156-167, May, 1992.

[7] G. Papadopouls and D. E. Culler, "Monsoon: an
Explicit Token-Store Architecture,” Proc. of the
17th Ann. Int’l Symp. on Computer Architecture,
pp.82-91, 1990.

[8] M. D. Noakes, D. A. Wallach, and W. J. Dally, "The

J-Machine = Multicomputer: An  architectural

evaluation,” Proc. of 20th Ann. Int’l. Symp. on Com-

puter Architecture, 1993.

D. E. Culler, S. C. Goldstein, K. E. Schauser, T. von

Eicken, "TAM - A Compiler Controlled Threaded

Abstract Machine,” Journal of Parallel and

Distributed Computing, Vol.18, pp.347-370, 1993.

[10] H. H. Hum and G. R. Gao, "Supporting a dynamic

SPMD model in a multithread architecture,” Proc. of

Compcon Spring’93, 1993.

M. Milenkovic, Operating Systems. Concepts and

Design, pp.27-86, McGRAW-HILL Publishers, 1992.

{121 D. E. Culler, K. E. Schauser, and T. von FEicken,
"Two Fundamental Limits on Dataflow Multi-
processing,” Technical Report CSD-92-716, Com-
puter Science Division, UC Berkeley, 1992.

{9

—
ot

49z
10074 29 sk AAA LY
F(ehD. 1009 29 Astoigha A
AVEST EAAD. 19009 29 ~
A7) mRIESe(F) d79. BHEoke
WA, WY AA Ag, 7 e, 2

2% 59

%43
19759 Mgustn Fgst 8587
Z4. 1978 Meista tihe A
RAB(IGFUAD, 19859 ALAGT et
2 AN BB(eIERD. 19029 ~
2 1993 University of California, Irvine

AAAT. 19799 ~ A AN
THYS ARAANTE D AR Zaadd oA
of, A, AN 2", WE 2" FY.



582 AEAES =g AZEYo] 2 $& A 27 A A 5 (20005

FFE
1985¢ sty AAAAMEE £
(o)8rAD. 19883 ¢lsttigm uigkd A
* AR E<(0]grAT). 19963 oI5t
sty e ARAT I (FEet
‘ . AP, 1990 ~ 19979 EHAENE A
AALerE Bwae, 1998 ~ A A
ZFad AduS3 AY7AAL #YgRoke 2oy dof
(F4=2109), AP, Asred.




