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Abstract

The purpose of this study is to develope efficient approximate and exact
algorithms for the problem of scheduling n independent jobs on m unequal
parallel processors to minimize maximum lateness.

We incorporate opportunity cost concept to develop a new efficient
heuristic. For an exact algorithm we use the result of new heuristic as an
upper bound and the result of Lagrangean dual as an lower bound in branch
and bound method.

With the heuristic and exact algorithm we have following computaticnal
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experiences.

First, by combining new heuristic with De and Morton's results we
improve the quality of heuristic algorithms very well.

Second, this study gets tight lower bound which are almost similar to
optimal solution in many cases.

Third, with this algorithm we can enhance the scale of the problem

which is optimized.
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otyd A 4gAZ

S

1.%
m j=1

g Aitstd, K, 8 WEAeos A@sto], 244 gl M2y
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X AoAM = AHA 2o F 4 Stof

r dl
2
2
ol

(b @A) BE KEEHFE i T o daiA
@ M S+ Tilg wage auna j3 5, o2 77
B},
M) & 1 & 714 j o ARG
Sip < Sjn + tyn = BAP
() Tl AAAAYE T 7t el HW (T = 0) HPAH o
Za5d.
obUH A SHAIR HEoL
(6 ¢4 Z 7|AE 2 EDD £02 AX =g}
Fe29 S o ANRFEE B 2o
(1 24) : O(m)
(2,3 9A) : O(mnd), 714 e ) < fn & WEAIE ALY
4,5 FA) ¢ ny = n — nyo)BA Onylogn, + nym)
et 13 s Ael A EFEE
O(mni + nylogny + nom) < O(mn® + nlogn)
(A2l ny, #ny < n)

k 3] wrEA o] At O(kmn® + nlogn) ol Fol2® Se] AAmz
7 8

52 M2 Fe2Hel LFL T

stell A AA R F2HZIRES HAHAEd A s Brstrl Astd 30
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AHe) AYEAE BEAT. F FFEAL  AJIAIAZ 4y

i

0 < t; <50 9 REME BN —8 2 fildiscrete uniform distribution)ell 2|
# 8l % (random numben)® FAI}ID. =E=F W] d; €
0<d;, <100 9 AFE 4 ¥z Fauch EA49 A=E 71AH
£ & 20014 107HA], FAASE 10700 A 50742 22 F7HAA 7tE
A gRE AP st FASHET RABMAAde] dAduwg $efA
BHRERSE (E 5-D s

(E 5-19 4323 9stxd +4 Fei2¥ EDD, LPT, A, B, S € ¥
23 Ax 59 Fo~E FdAM A>B >S5 > EDD > LPT &2 A3
7t UElstth ojFold A ¢ B & ME HlxdA FstedE vEA S = v
Ahael Hlal ZPdF7E g2 Ao A 2Rs A deyds el
7] el FE2E A o HYES Fel2" SA & FAHH E 2AF 30 €4
F 28FAAA HGe AdaE dEEUCT
. iRl gte 2 FEl2d Seof AAE 3 Hupper bound)Z o g1 A
Qb ot A (LR Dol g ME2ACAE|H S AEF 23 0EA T =
T 1670 FAldA gerte dAEe AHIE dE =292 $AEA
o webd oF 50% Ao EAAA BEEPAR &S] Fuk HHH7L
dAHUG. A7 AR G2 FA PAME oF 40% F=o FA
A &gztet b zkelzt ul - ZAA detdoes 4Ed s@vtE AW £
g @& F Aok F 4 0% xS FANM HAHH T dLd stE
AzH 2ohar & ¢

o] Z23}& De ¢ Morton °] 7AW 4 x G745 1070 A= £EA7
A AARHE 7 & AAD AF vuwsd, AHHE AL 5 A= A
TEE 493 FAANAYL B 5 o o dIFd o]&F FHFHE

=
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A2 HM S YIIKHA 20| |4 sfo] st o1 p

486DX-80 PC & AH&3tle vt dF715 S ) 433dd v} 2 7R
TAE 2% + dodggn FHHG

okl (E 5-2)= (R 5-1 & ol&ste] 3 Zk Falxdgso 5o
H] & A 2} (percentage deviation)& Y ebich

(£ 5-2)& 2 9 Fe=8 S o Fo2g A & 488 Fz29 SAY
Bitol 3.05% = FE2H A 9 686% Rk BR AU oL FElad
SA 7t F2l&a9g A o W& o3n HANA 2 FHsd 4nyFo
e AL BoFe Rojrl

rlo
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(¥ 5-1) B EBMAIE

Ay E A A 3
ARG | FaAs | FoD P A LB T IA LB gegn
10 55 | 65 | 49 | 49 | 64 | 49 | 48 A
20 108 | 109 | 108 | 104 | 100 | 100 | 99 A
5 30 230 | 257 | 219 | 223 | 226 | 219 | 218 A
40 321 | 287 | 280 | 282 | 251 | 251 | 250 A
50 419 1 358 | 359 | 349 | 334 | 334 | 334 @]
10 120171121217 | 12 12 O
20 62 | 57 | 48 | 48 | 57 | 48 48 @]
3 30 8 | & | 711 | 4 | &4 | T 62 X
40 130 | 127 | 119 | 116 | 96 | 96 | 93 X
50 189 | 162 | 154 | 151 | 153 | 153 | 140 X
10 -7 -7 7| -~7 | -1 -7 -7 O
20 13 | 26 | 13 | 13 | 26 | 13 13 O
A 30 21 | 37 | 14 | 21 16 | 14 14 O
40 37 | 68 | 31 | 37 | 46 | 31 25 X
50 8 | 77 | 71 | 68 | 55 | 55 | 52 X
20 11 | 13 7 7 1 7 | 547 O
30 17 | 29 | 15| 15 | 29 | 15 | 13 X
5 40 37 | 37 | 37 | 30 | 33 | 33 |30.09 X
50 33 | 59 | 28 | 29| 25 | 25 | 25 O
20 5 5 5 5 5 5 5 @)
30 13 | 20 | 13 | 13 | 18 | 13 | 1205 A
6 40 8 8 8 8 8 8 8 O
50 11 | 23 | 11 13| 21| 11 1 O
30 22 | 22 | 2| 2 12 | 2| 22 O
g 40 -9 | 5 9| -9| -5 -9 -9 O
50 14 | 22 | 13113 | 21 | 13 |1201 A
20 5 5 5 5 5 5 5 O
30 14 | 14 | 14| 14| 14 ] 14| 14 O
10 40 18 [ 211 18| 18 | 18 | 18 | 18 O
50 13 9 9 9 9 9 | 798 X
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XN HAM UL XSHAIZ O F 4 Sto] 25t 1P

(% 5-2) Fe)2dse] Hxsis eRAa 7
EDD LPT A B I 1A
vl -8 A 23 o 1757 38.08 6.86 10.28 21.54 3.05

Medrn 2= S

(Zy: ®A==38 g, Z, ; HFNY @)

6. &

¥

£ dA4c HIEALZANAA Hdig A AA D maximum  lateness) S

Hagtehe Foadgdds AN TR A $o1g neleia

&2

2 Aol o] EAe FALLEAIZH(makespan) HAFHEAZ ZAF 0, o
TAHC WaAE olm % 3} £ (1991)9) AHFATI AU wEA Hug )
AdH s TAGLEALEARTL E71(due date)Be 2471 3715
o2 B 58 £A7F 5o, 2871T0] HEHA ¥E AL o] EAE @
A3 g 2dA HH A (NP-complete)?t ¥ttt 22152 £IERER o) ol
of sdst= AHAPE F37le ALY Eoestrl O R $H R
H g ek EREFS dE3e Fad2"HiEe Aesdd. dgew

;

A FaA2EdUY 45 & #Hrler] il vurFozs Wed AAHS
TotaA g At ojgd MEaddAE e o FL&HA WL THIEA
f i #% ¢ (pseudo-polynomial time algorithms)2 FA4 38t A-8232 9] ®eloly

3 ARale] G (E -DE ol FAA T 5 Y+ pRe TRAZ
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o) FAd g HHse 2AE AxdPrt o] ARE FIHM O 22
ATFZAE AFAH.

AA, 712 FIF2Eo) LHLEL(EDD), HFAAZLAFAHDPTIY 2
ol HFE FEdH H&HA, R FA2EHYLS HEE M (opportunity
cost)?] 7idel ¥ 71AT AfEFELdoad equalization)E HFd L&

%, °l& tA EDD ¢o2 Muldste WS Agsa(FaL8 S), olE
7|&e Felad A o A¥AA A5R AR LA Fo2H FILH
el g ZA M

A, ERIEY dRAG2ANE BHFFR ojaAA G AL oA
AE FAR MEIHUOIEZ YRS HE3e o|gEA BRHHANE 73
B Ad, Erige REgwd A9 sEdte 4Est sdrtE 7€ 7 AN
23

A, gJollA F3F Felzdf(Ferh GagAgh oA FhH
(st k7h)gke] B2 RANA FRIEES HAHs} dAEo Ty ALAE
o] 285E RugMe HAE AXNA ik HAHE AT & AU

A, olelg P AeE dsto] A FHFH (486DX-80 PC) 22

3
HHE 7 4 A= A F2 vlgo] A FEHUL

A, B AT AL Aze Faxgdded ARAYe F2A
o BHEE A9l A A2AFY BAY BNRFY AA ZA) 3850
Azde JTE AnAFE W 2A 48 F A Aok

281 De 8 Mortond Fa2d 2ndE F 7AY 2EuadAe
ol &8 Fe2" C & F/HAA BA8 wAE 2ok oo WHME F71
A7 9oy Ao A7Eo Ad,




UMl HAHM =GR HAAZIO| FAsto) st 4P

of| A & A
71 A = ge] 1 2 3 4 5
1 13 3 18 5 10
2 18 6 11 9 8
3 15 9 8 4 9
g 7 15 16 19 21 25
Min L

s. t 13xy — 15 <L
132 +3xy — 16 < L
13x; +3x5 +18xy — 19 < L
13x; +3x5 +18x5 + 5x5 — 21 < L
13xn +3xy +18x5 + 5x4 + 10x5 — 25 < L
18x;; — 15 < L
18xp +6xp — 16 < L
18xyp +6x9 +1lxy — 19 < L
18x)p +6xp +1lxp + 9xy — 21 < L
18x); +6xp +1lxy + x4 + 8x, — 25 < L
1523— 15 < L
15x;3 +9x3 — 16 < L
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15x13 +9.9C23 +4X33 - 19< L
151'13 +9x23 +8x33 + 4}\743 - 21 <L

15x13 +9x23 +8x33 + 4x43 + QXSQ, -2 <L

a txp +ag =1
Xpp + Xp t A = 1
Xy + xp + xp = 1
Xq T xp + x3 =1
X5 t Xy + oxgg = 1

BE x; =00rl
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