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Dynamic Task Scheduling for 3D Torus
Multicomputer Systems

Hyunseung Choo'- Hee Yong Youn''- Gyung-Leen Park '

ABSTRACT

Multicomputer systems achieve high performance by utilizing a number of computing nodes. Multidimensional meshes have become popular
as multicomputer architectures due to their simplicity and efficiency. In this paper we propose an efficient processor allocation scheme for 3D
torus based on first-fit approach. The scheme minimizes the allocation time by effectively manipulating the 3D information as 2D information
using CST (Coverage Status Table). Comprehensive computer simulation reveals that the allocation time of the proposed scheme is always
smaller than the earlier scheme based on best-fit approach, while allowing comparable processor utilization. The difference gets more significant
as the input load increases. To investigate the performance of the proposed scheme with different scheduling environment, non-FCFS scheduling
policy along with the typical FCFS policy is also studied.

7I%E : E3|A(torus), @E7I(allocator), WEIRHFE (multicomputer), A FE (task scheduling)

HFE UFEY F xBArlold] 541 AL == Ao ]
34 gt A2des 4 AdY AT FAE Asdo
Caltesh Mosaic[2], MIT J-machine[2], Intel TeraFLOP
H AFHSG T2 3Ad v s "E FFeE4 &

.4 B

WA g $Ag sdozshs YEPHEH o4
=S50S EARS 9% Te PEEel ArHn

(1,2]. 19803 F9712= n CUBEI3I®} Caitech Cosmicl4]
o2 hEHE §to]HFH(hypercube) TF27F e o]
Aoy} gAdoe HoFg pRrF RGEHY, 19909
% o|%Z Intel Paragon[5]® Intel /DARPA Touchstone
Deltal6]2 ¥+ 234 Wl 727 gvodd 3840
2 BAZHAY 239 WY nE A5 dolHFH
z9= 28 n35Ho 2, Wormholedh$-#[7]e2 HE)

CATEdEe A7|AA 2 HFEHITEE ag
cATAdE A71Ax 2 AFEIEE ug
cAFdYgR Addsg dgAg 2f
120000 8¢ 12, dAebE 120019 64 8Y

3.
T oL o2t ol
o o

en
i)
e

Fura gl

234 WHE 9% g2 2AEY VY 9 gad
o] AGHAUAT, 32 Egzd didNE 2F¥A k.
AA Cray T3DeIA o4& &3 dmalEF(3ely 7 &
ZHoj7 REAY YL 29 AFAFoI} oA &
T A7} 29 AGAF] ofd A4 WY duHsE d
o7tk Qiaost Ni[14]7F A e A% H2EL o) &8 34
9 Efadre &7 dieFe Uiy 9yl glo) ¢
A% 2E 49 Q4o shssith o AL /Y A
(best-fit)ell 719hg F=d H2 AP(first-fivRch Y0 B



246 HEMRISE=FX A Me-AD M3=(20019)

-

A NS gaz
RS 3Y EZ2E A% 3 HF Vel wedw
£H AN Y SnFE AT AAE W
g2o 9+ 3a9 A MCST(coverage status table)
olgdlal aHHoz 23 FRE WYEEH Bole
Zojel g &7 A A4 KA H2 ER0)
OlelA AgrE 2344 w4 B8 FHolA ol &=, 2
AL 234 AHEE 1Yoz oAk AU HFE
AgYol AL Aty gneFe] ZRAN ©F Azte] FF
Ao 7l £ 71E ¢ugFRg 3 e AL 2o
214l A% zole 98 =47t Z7Hgl wet o AA
3 Ee RaloA @3 Alzte] 71E& Hhd[14]9 ¢k 13 A%
Z ol ti2 2AZY $AFA A WHe Hee
zA}ab7) 98 A8l FCFS(first-come first-served) 27
23 7% % non-FCFS 2#A%9 7I¥& 1t

B =Re Yuz BELE g3 go] FAE 284dA
L =24 tHA Ao HUHo|l LildY. 7&EY =
2AA g9 duPFL 7 AwEch 3-A 324
Egzd gig ZT2AAN @3o| Actdch 4844 At
dho] ZFE ABHo|AL BdA Aol HrtEH JE
G vugd vl GoR 5AdA E =78 2
2 d=t)

ft

X
2

iR
&

fr oo o2 X

2. Feolot ®OIY

712 dndZERY AL FAY A8 (1444
AHEE Aok M E ol g%t 3aY Eg= 3DT(L,
W, H)S LXxWxHE LWHAY ==& 713 #F4 28=
(cubic grid) olth L& EdA9 o] WL Ef29 Y
), a28ln He Egid golg ¥t 344 Eae
8 d2¢ 713 339 W49 dyolth Eglae gAY
el wHo] F719 ¥ ¥ HHEL Y F =
zatole] A1 &L APE 334 vdd Ae wez
2t Ef2dA 7 =28 #F (x, y, 22 EEEHI,
@ 1<x<L 1<y<W, 2383 1<z<H Z& dAE
AY B4 P34 HPEch o] ddiE Q%A 2
#oz Uy AdAE goN HE, Fol JdaE o

A Y=5H FEda M s

Aol 1:3DT(L W,H)dA ZAo] | Ul w, Eol hE ZE
2204 S w Y AdAE FAY 334 #AR
Slxy, 2y, 2z)8 E79 (xy,2E SY
ARE, gz &y, 2 )e S E3olth

Sl(x,y,2,(x,y, 2’7t €& 43& AEHA FE& o,
(a2d D) @AY x<x,ysy,z<z¥9 9 (xy,2)7
ANZFdelz x',y,z')0] S9 EHolu}, utie] x -4, y-

I

A9, z-ALol A &8 P2E AERTE, F, x>xy>
y,z>zd 9 5o ARAA 24 A AB= (2 D
)~ o] FAY 7t5d A% F9 stolth. <&
oA R, R, R-e 27 R2ul4d x3E, y2E, 2 &
E d92 yehdth 24 [xxle FEuAY xFEY
(Ry) HHE UEHITE <& 2>& <X 1>9 & 399 &
gt BRuHY o], Y|, Folg& HAFT FEHH
7t Qe Adxte gddd dote o8 79 A2 F
Bsg UHod FHER FAHE REWARZ 71AEA
U z2z87E odah (28 1) (e 939 Ase =
A FRE £8 P32 d49 339 E29 o4
MY UFEADS e 8749 FE v+ FALh
714 E=PHez JdFF wEEo] AFHS) JAdxE

27 gl ZEAA 3¢ Ad NYe zdte AL

(T8 1) 3 E2HA00M JHEE 71K FEHHNE

(B 1) IXR EBA0M GIEIIN THSE XE FERUHe
2t xielo) el

Case 2 d A R, Ry R:
1 |xsx,ysy, 252 [x.x1 Iy, y'] [z,2']
2 | x<x',y<y', 7>z [x.x'] [y,y] [z, H] (1, 2]
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6 | wx',y<y.z>z | [x.Ll[1,x] [v,y'] [z, H], 01, 2]
7 | woxt,y>y 22 | e LLxT | [y, WL 0Ly} [2,2]
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CE 2 879 7hsE 3Rt 220l Zol 1| J22 0|

Case

Case 1 W h

1 x ~x+1 y -y+1 2 -z+1
2 x' -x+1 y -y+1l Z'-z+1+H
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6 x -x+1+L y -y+l 2 -z+1+H
7 x' -x+1+L y -y+1+W 2 ~z+1
8 x -x+1+L y-y+1+W 2 -z+1+H




KA ERiL FTE

A7kA dolrh. whebd A4 QY22 9 dgd =9
Hq de2gg e Y T AEE =D ©
A9 FuiRolA sH¢ 334 2AE7} Y FFE o83t
olgA HA HEZ HYHEA AN GE2E ST
gl e 7 FEAAS HEAE BT

Aol 2:®EMH S((xy2,(x,y,2z)¢ 7P &4
4 SAEAE 323 AEE (xy 20, v, 2")
= 5,9 AlFEE (x, w2 ) S o E3olrh

G 1sx<SL1<ys<WIl1<z<[1<x'<2L
1,1 <y £2W-1,1 <z <2H-10th x> x'o]H
X' =x +Le)3, 28R oW x' =x'olth vhi
AR, y>yold y' =y +Wolx, 28 ¥
oy, =y'olth z> 20| 2/ =2+ Holi, 187
gow z/ =20t}

A9 3: R SUw ) 271 FEAAd e =
g9 F, [XwxhiZ Bt}

>

Aol 4: A4 REM4 Be ¥R dE ZE =&
ol @A el BFEo] AHE F AdHolth
A AHg REAAE 99 Ao 20 oA AHE

Bo49 733l e REHAZN dojd
E} AHEE9 REWAEY g2E B-liste AHE

Brjdse) 2E q@x}ﬂ TP & =89
dlﬂloﬂ»\i‘“ A% 2HE 2579 THEE
AslM BiEE FA 6&\:}. ¢i=123

0w

dA 1: (28 29 3DT 4, 4,099 Al N A4 HE
W45 B, B, 283 By7t EAsta, o]5¢ A7
= 7tE, Az 2 Eold oA Zhzh 1x3x1, 2
X2x1, 28] 3 1x3x2 o]},

CST

s
SCmr
Cuir 7 "

(L1, = 41D

(23 2) ABE, AHH2IX] £20i4et csofl FEE 002
Ol &

% Bi(L,3D=(12D,0,4 1,822 1= (3,

EE} (29 elA Az Z-2-9e] 10709] HAHEe
Aee FAsA 449 "HH z=-2,-1,6 7% &
7t 2817 gonz AHc)

A rulm

ez YEIBFEHOMY &5 MY 2AHEY LS 247

3,3),(4,4,3),B3(1,3,2) =((3,2,4), (3,4, 1))°| t}.
webd B-liste By, By, By% BF Y%L By
(1,3,2)=((3,2,4),3,45) ¥ B33l i B,=B,
B = B0l o]},

(7 A BEUY Bl 014 A T(Lw,h)
of thg 7H3 AW BEEUHA VCs r= () Vi
2 (X e ¥V e @ NE THE AME FEVAE A
HEte 7 BRIt o xo=x—I+1,5,
=y—wt+l,z,,= 2=+ 1,(x e, ¥V o @) = (x,,
v/ 200tk 1<x<L1<i<L & 7183 2=
Li=LY 9 x.9 Hags 4 5 dsd 2

& - L+1=2—L°lt} wHel, x=L,/=1Y o
1,2 HAogte ded 2 g2 L-1+1=Lo|th
gy 2—-L<x, < Lojth uhAAR 2-W <
V< W 2—-H< z, < Holt}, 2822 Mg ¥
7Hl A A REWH S((a,b,0), (de, )Y HH
F02-L)<as<L 2-W)<b<W (2-H)<c<
H 1<d<2L—-1,1<e<2W-1, 1<f<2H—1°lE}

VC-a2EE Al & TS 9% 71 A %
dAse BE AdzE xgach

(A oA Ao Sojo: T(2,2,2)d o

s, 713 AR R didste 7 AT
¥UHAE B, By, B 4% VCaur=1(0,1,00.(1,
4,1)), VCamyr=1((2,2,2),(4,4,3)), VCa,r=((2,
1.3).(3,4,5) ¢tk

(3 3) 7H ARRE & HHE(X| F 204

£ e A9 T dadE oe A AR
1



248 BEM|ER=FX A MB-AR M3Z(2001.9)

A9 6: AE Y. & ==9 ¥ 339 HEE A
33 ABAAM HE uigo] &) Aojr}, Fof
A 7Hd 3ALRE (x,, 3,200 HSHE AA 3
A BAE (x,5,2)F otefe] Y g5 vE F
A Aoj R, 2B RR T(x,, ., 2. = (x,9,2)0]

o} o714
Xy 1<x,=sL Yo l<y,sW
x=|x+L x,¢1 y={y,+W 3,<1
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3.1 Coverage Status Table(CST)
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of sle AWAA ==oA AFsin JadEe YE BE
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ment from I'o|gt @} FALEHA AlZHES e 2=
dla Buz o] oW A REdH £3% ‘covered
segment from L'ol2} 3t} AIHEY o] 8 HAE ¥
2 HAIHEY RE xTFo| ofd AW EEuHd] &3}
W ‘complete coverage segment'® ¥k, CSTE WxH
azle 2 WdE CST(W H)EA ®7190. &, W
Sl MY Edag o] 2 HE Eololth of wWid
9l 84 F Zt x-x99 #olM covered segment from 12
714 8% el x AR covered segment from L2
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Fol Ztzte] gof g FHE AGFc)
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o] EAFTE o7,

Q2-L)<as<L,2-W)<bsW,(2—H)<c<H,
1<d<2L~1,1<e<2W-1,1<f<2H-1

olth. CSTY wol #3} Sof y-atgle] EA Wl what
el A5 Atk 4 B Y1) e—b+12W Y-2)
1<b,e<W Y-3) e—b+1KW, e>W, Y-4) e—b+1< Wb
<1ojvh. z-&9e] AP e} 47449 F 97} et
Z+ B9EZ1) f—c+l12H, Z-2) 1<c,f<H, Z-3) f—¢
+1<H f>H, Z-4) f—c+1<H, (1ot} TB2 (2
X AE dA 167119 o] 7ssich

Projected Image of Virtrual Coverage Submesh.
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A s
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(22! 4) CSTet 7HAtA H2iFREn4e FAH O|0jX|

AA 4: (28 2% (28 A VCu, r=((0,1,0), (1,4,1))
< Y13 Z-49) gy 12, R,=[1,4]°]3,
R.=[1.1]%} [1,4]01t}. O|RE& Cp r=((4,1,4),
(1, 4, 1N EFE QAT VCpy +=((2,2,2), (4,
4,3 Y-29 Z-27 %o digdt 2R
Ryt R-& Zr= (2,41 & [2,3]7F 8% VCyx ¢
=((2,1,3),3.4,50 = Y-1% Z-39) A7 A
49t R,=[1,41% R.=[1,11,[3,41°1™ Cg 7=
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Foid VC-list2 58 ST 9] gh& %A AAsH=A] =
At Agel ZE j¢k kol thate] CSTLJ, Al froml =0,
CSTlj kl.fromL=L+1(i < j k< L)olt} o]He] AZF3
9 A o], CSTY FEL AW REWAEY xFE9
A o3 AR M Aw FEWH S9 oF
FEol ofn ZAHUR T 7HAHEAL x-1) d—a+1<L,
-2) 1<a,d<L, x-3) d—a+1<L, x-4) d-a+1<L,
13 22L& -2A9d e S £ HHd uis 4717
o] A9 Ut

=
T
(o]
LN

™

x-S oM CSTL, k. froml = Lolt}, o] o]
Aol Ae BE wE50] X WPgE wo i) PEus
o A= 134 LAel9] BE w29 ofgsolr okd Av Az
HEZ} 57] wjitoltt x-2)7$ol ek a< CST L, £). froml
+1<do|¥ CSTUj, &l froml = d oItk o| A& A CST
(7, k] froml 9] kol 1914 N&se 7H8 229 Aug
REZF ofd i EF 28 AW RRvHe] &El= o9 pA}
o]¢] xEol7] WEolt), gv 1o A|Fale spg oaZe
ANE w==7 dloh x-3)3 9o W (- L) > CSTI;, 4.
fromLO|® CST{j, kl. froml=d— Lol & 4 CST[j k.
fromLOIZYH, CSTIj, k. fromL= g o]t} o]AL &3 44
o] Abg =HolA 7h A BREUH7 ¢ST 9 2AH 1 7}
4 AW BEuHe Aelzt Lro &) gRolth FF w)
B g ol 98 dojA [1,d-L)[qa, L1F} 2 AW
FEuAY A E et F A ESAUI Aok uwkek
d—L<a®| ¥, CSTIj, k). froml=d— Lo 3L CSTLj, &l. fromL
=q o|t}. x-4)3 S, Wk &> CST L5, 4l. froml ©| R CST
[ B froml=d o1 T, (a+L)<CST [/, &l fromL ©]¥
CSTj, k. froml = a+ Lo|t}, o]Z HA] ¢87g-olx|0t 7}
4 A FEu49 Helrl LuT} A, HF wFo 9
A BRuA S x-Ade] @ [1,d],[a+L, L1 F 7}
A EA WYt Atk A BN d=a+ Lo)W CSTI),
Klfroml =do|3 CSTL;, kl. fromL=a+ Lo|t},

EOIRE TG, w,h)% wile] AHE: BB B(1<i<a)l
ated CSTE ¥7] A7 Az} ofdlel A=l gl
k. Hgol VCiste d(mil)E CSTIj, k. froml=0, CST
(7. & froml=L+1% 27|89} (1 ;< W2<k<H).

Procedure BUILD-CST
Input : Busy submeshes B;(l1 <i<=#), and a new incoming
task T ;
Output : Coverage Status Table
CST[j,k] for I1<j<Wand 1<k <H

For each B,=((x,y,2),(x',y,2")) do

Compute VCp, r ={((%ye, Yoo, Zuc) (X .Y 06,20 ))-

Insert VC g, + into the VC-list by the increasing

order of x,.

oM
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/* If x,>L, x, is assumed to 1 when VC . 7 is inserted
since the submesh has the wraparound connection, */
For i=1to do
/* beginning from the head of the VC-list */
Calculate Cy, 7 from VCp 7 by the coordinate
mapping function 7.
Obtain R, and R, of Cp 1
/* The residence ranges in y and z-dimension will be used as
x-range and y-range of CST, respectively.+/
Obtain R, of Cg r and update the CST(W,H) accordingly.

4714 ¢STY 2713 O(WH)7} BEL VCp 8 AR
3t VC-listel A8k 3ol O(nogn)ol He I CSTE
e A& o(nwH)7E AR wH7L 339 Ef )
o AEAHA Aol A logrRtt ABE O(nWH)7}
BUILD - CST Z 2|49 AzHEg%7} gk

32 =2 MM g2nt s

Procedure PROCESSOR-ALLOCATION

Step 1. If (the number of free processors <L - W- H)
g0 to Step 6.
Step 2. Determine the orientation of 7. There are up
to 6 orlentation of T.
Step 3. Based on current B-list and 7, run the procedure
BUILD - CST.
Step 4. For k=1 to H do
For j=1 to W do
If (CST(j k].froml+1 < CSTLj,k].fromL)
x=CST{j, k). froml +1 ;
y=haz=k;
base_found = TRUE ; go to Step 5.
Step 5. If (base_found = TRUE)
Allocate the free submesh whose base is (x, y, 2)
to T of the current orientation.
Add T to B-list. Stop.
Otherwise, if all possible orientations have been checked,
2o to Step 6.
else go to Step 2.
Step 6. Wait until a deallocation occurs.

A BV A 194 ALE s ZEAMY 58
HAArgth 97 2604 e 79 WEe AXa Z2AR
T AARG UEe d@xe] wake] ddEzA Fahd z¢le
WHEre Wl [ w, k7t B2F 9=2Y 6719 thE 9
o] A FAZE 2w 379 thE Wol A I=w=h
ol¥ 2 & s9 WgukE et WA 3944 csTE
BUILD-CSTE 32%024% AAHECt @4 40X ST
CST([1,11 oM CSTIW, H] A 2%k CSTE 203}
£ 5l o] HEHE 79 AAHE FAHIL, base_
found= TRUEZ AEHU, £33 B4 544 T8 B-g2E
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