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BEEFARERE - MNP ZE&UE.EHREEEERET TR KA ORER. EE, TLED
BEAREGAHEARAR . BAAAESSAANNIER. RENBSEFAEREERETMAERNN
BEENLEZAEE D BESTRECBABACF LS, SHsHEEIE  HYMRERBERNEHFREE
H.HEFESEANRM AL BREENZ @ QEFFHEXREN S, 8 —MMEL g 088 TME
H BN ESZHN TR EREABLEL. METRANEFAA"NRAB. W REASFEAWBRTHRTHE
HMERKTHANMBANE BIFAEFAZREFENLHEMAMN TR AL FHNEEXERRRELEN
MABMBEE TR ENBEENEE LR, HEF SRR S.

BE- TERHEEE —BEFRE RS (network of workstations, ¥ ¥ NOW) B AT &/ 1 Bk,
HEXABEE REFTISAMHEE. AAEEEEWEE SRS DAC XX 48 ARET FEHAEREAT
HEW BRARNF2EAREREEEEE.BF W EH TLEVNEA ZERMNESE EFYNAE
ERUNERLD ANMROTHESAELS. ST REAE.
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V=[] ZRESETE R ESEAPHEARBRES NAE o BB MEE, VIEREFE LKA

E=le, 1@ rt s BEFH(EHEFNERARMNBMESFZHNFEBESBORE ., REELE D
R iMAENG,BRMES MES  FEMEYE.  EIRRBMINEE.

G={zBAEH R (granularity) . B FESHREBWES 5 BREE » WITHR.

D={d  JEZERTHZRAEEHRERNES .4 BETES BELHLF  HHER.
Ll #HEEXR

445 H. (oint node) « H - R k8 5 W &85 4.

5385 4 (folk node) &4 BYBK 4 2UME 5 45 5.

L& & (single node) B 28 5 T T #B0Ph &5 5.

D A (pseudo-entry) {4 H (pseudo-exit Y& /- UEG F R F B A HE A

BENBEE6REERAERIBPEA EESOTFEIP. a5 BRUME S 2 sbOFE2w,
Hw A BROIAS LA I RIAHGA.

B HETRERE  pred={jle €E};

gE MRS SE succ()={jle, ;€ E};

EHEINBERMITH A est(i)=0,if pred(:)=¢ & est(#)= min max (ect(j).ect(E)+du);

TE D AE ()

BE . MBERENE ectl)=est(d+g;

R NERITEE S [pred()y=jlect () +d,. 2= (ect{t)+d\., )V jE&pred() sk Epred (i), 275

GEhHREWEE L spred @) = ect () +d,.: (eer (B) +dy.)

Y jE€ pred (i) ;2 € pred (D) s k5= jo by j S ired (7).

LEEHAIH U ENEE(ERDWESAR RESREFERANS L. EFEGHER MMRE
BAF (R OIRT I 8 K.

RN SES L ETEREER GRS LA B AN ES AR IRESLEHNM- T HES £,
BERKWHELEZNESEIE TLEL AR BEFTHEHELERSE.

1T % B (task cluster) B JS HEEES TS A EMESWEL. 0 MBERGEHALRER Py, P4
BT R RAES T, T NS EEA L EAREESER T T T, T
FASEBLE P, E o &2

Wi &85 Z5 3 BT 8]l (intra idle time slots) At BN ER S HEKEERZ AR F EE MR .

AR A L iR B Ganee Bh HERSRRABSHNARL SR 1RNBRAGER Gx 7 ERE
HHES MESA R ASLA SR I RNIHBR. EH 135 0T HRAEESFBE. 4 124 HRTE -4
195 8 (R IR AT 5 88).
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% Intrz idle time slos @
OM B RetEN.

Fig. 1 Gantt chart in task scheduling
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CEMEERTERE. BB TS RER LT W (nonpreemptive) £ HF - BRE , ML AESITRER
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EHFH B EN REESBRASA FUEHIB.

cEMBNBRERET, . BBETEANTERIR2-H SRR TR EEEHA. B R
FIETENITH PR g #FEF  WRITHELLERES WIS EFANB raTHEENAGERN,
] —T & R BT 8 F Eat 3k o

~HTDAGRE—TASL, - THHES WRHAZHAGEAR, TRRA— D SE R, EAIHRE 8k
AR B T A 8 S BB R SE R R O RlER. A e B T RUMA - P SRR
B 9855 A R S oh BT A B O 5 AR LM R SR AE B O (.

2 NEE

HE-FRHENRAE(RAER-EMELEERARNEC L EVAER E,RA Bottom-up FiAHTH
EFMNDAGHBEHSESAF R LEYHASFNEENELS £ FTEFH 4L TEHAF SN EBNR
RN R AN YN TR TR AR ETRSES RN EFEN D R C A TEA £
ER.BARABHFALAMNES EE TEHHOFE, SRR ETHFE, S RBF AL, 85,95 LB B,
BB TREMA ZHMAERSESHEN.

HHEHFIAEANELAR, EX RS DFELBHNMTRSANRA AT ARBREY MESFMME
HEN . AL TRARERE. BB,m(RREFER m WEEN n,— B R EHF 2R FERE MBE 2a0F
ARHEFBABE A RADAWEERER 12.9FF 3"HRATHZE 5WE 20 R, — R\ TR 0RE
BREHN 14,8 3BT %P 5.

12 14
HEED l4(3) 1@ e s
3 1 Z-. 5 A1
EEES 4/ Vi 3

(a) Scheduling an duplication tasks (b)) Cotunon task scheduling
Ca) Bl AAE 7 Bl el Bt by —BAE & W

Fig, 2
E2

21 EMR-ERNEGEEHSEE R
211 FEEHHERL

MEREEEE FAND AL S (pseudo-entry_node) i & . BRI EBENEE S (B4R N FH.,
EFMBAGS . ENB— T HEMERTRGEHEDRASAN DAGC TERY. B, 8 24,8548 1
IOABEE A 2 Z AT, WA T SR M T B 4 B B R4 Bottom-up 19 35 1 B 9 oR 4 ME & 8.

2.1.2 Bottom-up @ EHE B

MR HE R T R AL S SR HAME ASSHE RS . EF AEERAIRERE
FIRGS AL BEEE . HR WG AL SN,

TEEEANEHE: YEEKE DAG FHBENES ST YW T A Pol, B5E AN EESE SN @EH
ARE HEHEES MR kA TFFEUANRECFIN AR, S, £ 08 SOFTNERFED. &
HOFBTHELISMIESE 10 fhad R 2. T A 10 B4 & 0 £ DAG BB AT IR 45 AL
2.3 HREAFEE

LM ENS AN B AR C N LB TR . MAEECHRARMLARN op_queve ZF, SHAETE
HEE 7 ER 1 opt_queue PR TEH A B A8 005 5 B 4 3875 (B ] A Cinera idle time slots) 57, IR 8 {R 1k
LHEN.EIHAREHENEH.

HEAEFHTISNERETHESSAWE . SHEXMNIFERRRTHANEN. RATHER
A AL«
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(1) 4rid 28K B pa T3 Rl ) J 3R AT IR 48 R Y B 1.

() YEROOFAEER . HBERAXRLBNIBEASLHFENTLARFNT, THRESBBEELEE
WAKE BACFER MRS FAREREUERE N RAMNSTRE. AR EBEATTI-ARZ AA L
HUBEYTE 24 ES HENRETE - 54N, HRERENERTRY, EXFNATEERRN.

D EHFEOMSBEOFT, I RRSEFN TN,

22 REaw
2.2.1 ABREREHIEY

BRI, EFFRHOBRERE - FREREBEREENER ENBERERER OUVI+HIED,
FTERAMERHEE . EHBEBRERE/NT OV |+ |E)) DAG B KT ERHS OUog|V ). B UL F
FEMEARENEZREROlog|VIXUVI+IE|).

2.2.2 FEEMNEXL

EMAEAMERTSEFTM A ERAST S HE BET REME7E EEE T B 45a.

E . mERAERTAE AL EDAGHN LT 4 BUERE—AHEULEBRBMNEREE HHE
EEEMDTEDAG AHBEKBEEHEKE MRS RMERERIL T X{TCFBEORITNMMEREHAE K
BT OCAE 26 B 008 % 06 B 2 T PR R WA S0, 76 4 ALk S0 L R0 T £ 7 90 T 000 23 DR L M B TR AT 42 5 8
) HEMEL THESFANEETHMFENM ERAENEN A TRALAEFHAE. [
2.2.3 AEMARLE B

EAR-THENERF . RMNBEATLENRACER. CAEENEREAEL N TREAENIIHFTY
FEH+ o BENER.

b 3 3% 8 AT AE

REERNAREMN AEEFM4BANESBFNADEEEERR—FLERBIEEAAPRELER]
MER ZELFRMIHYTPRENEEN . FEEEHTRE AR EMHATFEFZ AN X R LETSR,
MESBN Gantt BRPFTUFH B/ LSBT EATRAMNARSHANEA A SRESFAA AHLRRES

PERE. WRLER A EZHANLALELATB L e M MEARMHELERF AN v%ﬁﬂ?ﬁ**&ﬁﬁ}z@:%-
W AR ERELAFARERAENASSHAEEA S REEREX T ARWAREHNAFKE, K
L tE A AT I 8 3R 46 00 1 B b B R N R
Speedup(n) =Speedup (n—m)==Speedup,

1008 peedup %
n

Eff(n)=

Eff(n—m)= lOOSieedup%'
n—m
R

_ Eff n—m)—Eff(n) ., _ 100m
Aeff{n—mI=100 0D %_n“m%' O

W, Y p=4.m=10,0eff=25%.
2.2.4 EEH®

EM-EHE LR
“main ()

{

Input :DAG(B,E,G,D};

HEHEER . pred(i),succ(i) fpred (i} ,spred(i),est (i) ect (i)
/ # F| ] Bottom _up FRFAFILHFWE «/

Task_scheduling (DAG);
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SBEIELE
i
Task_.scheduling( ¥ Graph) /* BEEEBREE «/
{
Task_clustering ( * Graph); / % To find the domestic cluster » /
Reconfigure _to.subgragh( * Graph); /% g sum=number of the subgraghs * /
for (i=1 to g_sum)
{
while (some task nodes left in subgragh +)
{
Reconfigure_to . subgragh ( * subgragh ).
Task_scheduling { * subgraph_:};
}
}
A A 25 R BA B opt.queue By TGBEIE A KR S By /= SERAL MM BRI « /
} i
Task clustering ( # Graph)
{
o=Y5 FE PR (PO 0ES A,
if (xr RINE &)
{48 = A RFl opl_queue;
return(};
i
{  y=fpred(z);
if (¥ has been allocated)
TE 24 5 B ob 3 DR 45 o 5 H0 SE BT BE A A
endif
HER vy TEAEEFRCs /«CHESRAEIEALBN P, b=/
T=y
'
do while (z={{h) AL )
} 3
Reconfigure . to_subgragh ( * Gragh)
{
B TETRHFEC MENEFSER RN EZFANIEAEZUSANAREXE;
WP LA AHERTE; /+« RETHEREE/
H

3 EBALEE

3.1 DAG MHEXEMATR
WE 3 = lﬂfﬁ,%ﬁ@ﬁ%%ﬁﬂﬁ&%%ﬁ mHERER FRNRREAZATESIE.BLLH
RERTEREKE.

© HIEERES AT hip:/ www. jos. org. cn



— 1102 —

Journal of Software 4 F3H  2000,11(8)

Fig. 3 DAG
B3 DAGH

3.2 EMSBHTFEAELDTE

A LIOME 4 TR
(9
4

3/

I
s

10/6

e

(a) Sub-graph 1

(a) FHEI1

Table 1 DAG argument table

#1 DAGHBEHE

est({) ect(i) ipred(s) spred (i)
1 Q 5
Z 5 8 1
3 5 9 1
4 5 ] 1
5 5 7 1
6 12 18 3 2
7 8 10 2
8 11 15 £ 5]
g 24 26 10 8
10 18 21 6 7
11 27 a1 10 9

{1/5)
2/3
+ 2

(b} Sub-graph 2
(b) FHE?2

Fig. 4
B4

(¢) Sub-graph 3
(c) FH3

HER E ORI ESR.EAOWNELORTANENGEYTE SRTLRFEIMEH RBA ) RF
RHEWBERENSGTE, (—— =) RRENHHANEHF .

S ZCME S FTAR .

:"16} —fa/2

(a) Sub-graph 2
(a) FH2

(s

. 4‘A"'-.4

5 o(or0)

{l) Sub-grapt 2.1
(b) THE2.1

Fig. 5
Bl

{cy Sub-graph 2.2
(c) FH22
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Hskam @i (a) P FEHELODHEEALE. A E -+ BotEH A9 FEH, E5ORME S M Aopt-
queue B FI LA &5 B 5 R 40,
3.3 Gantt Bi% R A ] 1A BF &5 3R
WE6FR.PRTIHRENLHESES > RAEFEERFEN.
13 19 25 29 33

Inta idle time slot @
QPR 2 W B

Fig. 6 Gantt chart in task scheduling
He L% F HCannH

B Gantt EAIH L ESCFB(PONHELREERENBAERKE PP, FRESSL L RHSES AL
FIRA TSRS S R B R, RETARESEREERT MEFER 5 WAREF B, B
ATHRSHEAY . LAMARNEECES4APH, 38 F AL EHARERNEN. EREEE
BB EHE A9 ZBT 88 10 f RSB #2Y, B 3 AT (R 1 o /Y B B3R 1T R B 25 3L 6
304 fEREM S

WABESHB S RER LR THERE. RR2.HFP

BB Speedup=nt, T, #5785 WA BT, 27 677 BuF3 51 .
»

¥R Efficiency— %%

BB RITIFENEREN 4.
Tahle 2 Perfarmance contras: among severzl scheduling algorithms

Rz HEEREOERILE

v R proc 2 18 BE BT B 40 B B

Algurithm® Length® Processors® Speedup?® Efficiency®  Algorithm complexity®
L.inear clustering® 36 4 1.22 0. 30 UV [ X CVI+IEID
Threshold scheduling[53® 35 4 1.26 .31 OUVI|E|+(V|PM+
Our algorithm® 33 3 1.37 0. 44 OdlogVIX UV I+ IEIN
The optimuul® 31 / / / NP Cempletc

# ¢ P means the number of processur, M meens the number of threshold

% P FT A BT M E T REN

O, DR EEE . QLELR. DmE L, DRF QN . OHEF 2R R GUEEERE @FRL IR BT,

MEABKEE EZH TEEHEAEE I AERE PR LE. SEATSONTEERANN. KRR
FAL & 1A% EH AT BT £ 4 0 i B8 2 MBS A RT . W B0 B W T £ 5 L 577468 7 I 0T 89 % 29
ARAER. SEERHOTEANERNE - S RB. ELEPALP BTEETETESHMGHRIER
F—HBE, U EEREZAH A, ME T TLHEAS .

FE DAG 1, log [V VI<IEI VIR B FTEEARSEMHEREL D TAKF R ARER
EEBERRR. FEEMEH A THRE AERERALENRAZE REQINTREA T HE AT,

4 HRIF

B FEEMERARTECHRMDAC BNER WA —TAESETHSAENEE LHENE
RERAER. TEBELE FANFEANAERESAGRESEETHDRNES. & -HREWTRNE R
REEER EXRNAY . EEEE AN HEL LN EeHEFRERMT N HEE B AR
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A Static Scheduling Algerithm on DAG Partitien-Reconfiguration in the Network
of Workstations

ZHOU Jia-xjang ZHENG Wei-min

(Departmment of Computer Scisnce and Technology Tsinghua Usiversicy  Beijimg 100084

Abstract Static task scheduling on network of workstations is well-known to be an NP-complete preblem in
2 strong sense. Some heuristic algorithms have been proven to be sub-optimal wnder some restrictive conditions.
In this paper, the authors present a henristic algorithm named DAG (directed acyclic graph) partition and sub-
graph reconfiguration algorithm, which is a fast and effective one used in paralle! rask scheduling. The complex-
ity of this algorithm is Oflog™ X ([V{+|E{)}. It adopts recarsion to implement DAG partition and sub-graph
recontiguration , then builds task clusters 1o carry our the task scheduling. At the same rime, it even optimizes
the number of provessors to sotne degree for it has not been solved before. The parformance has been chserved
in a represestative example sompared with other existing scheduling schemes in terms of several valuable fac-
tars. The experimental results show that this algorithm is feasible.

Key words  Task scheduling, DAG (Jirscred acyclic graph), task cluster, predecessor task. optimal predeces

sor task, NOW (nerwork of workstations).
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