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Parallel-machine batch scheduling with non-identical job sizes
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Abstract: The problem of scheduling jobs with non-identical sizes on parallel batching machines is considered; the objective is to
minimize the maximum completion time (makespan). A (2 + ¢ )-approximation algorithm is presented, where € >0 can be made
arbitrarily small.

Key words: approximation algorithms; scheduling theory; batch processing; makespan

0 3%

S (batch scheduling )28 AR 3% R4 1ot R P 5 HH ) — S0 R0 B3 Pl A AR S0 B8 IR AT ML B
AFRRS; A4 8 1R 25 58 TARIAES T = (1,2, n Bl m & AT LUSHEIN TOMLES  ABE T T
IRk TAF 7 RS R s, € (0,1 ], T E N p, . B G AL AT DA R A4 T A7 et T, 2
L T A R Z AL 1. — AN AN s AL 2 p B A A o a4 1 n "B i) ] — b v e Jom
T A AR T 0 TSR] COFF LY TSR] 058 T [R) (i ZE 4t Ok 1) 58 ], BB 26 ik U it 9 T
B )i b A ] ) . R H AR 2R3 — AN IR EE (75 55 K 58 LA [A] (makespan) , RFVf J5 — 400 L AR
56 L [E] , fe i .

T B HIE A 24 22 A [ U NP- PRI B . %o NP- R[] B8, fF 5 A o s 76 T M R I I 2 e —
AR IMEIRT L, 2% FIZ A BRI AT 3 S5, S0 A R REAE Z T U A 2 N R 8 — A HFRE A B o 55t
R AT TARE , IFR TR A JRIZ M MBI — A o DS . o PRV A ML RLEL . —IRSE LA, LR —
A 2232 G R 6, AR T R A 8 B IEEL &, 300k AL B—A (1 + &) -3 RURE . GESRISCER[2].)

WA H 4 : 2006-03-20
FATH B R [ RFF2EIE 458 BT H (60373025)
EZ N R (1963- ), 8, B WFFE J7 1) Bk Bie



2 I NN - ¢ ) LRk

Xﬁ?ﬁv‘?ttiﬁlf}?l"ﬂ@%ﬁ%ﬁ,%ZK)%FE?B?%IWEHWERW%(%%Z b PR ) TR . SCR[3 ]

RIS T AL Om = 1) A58 HBR BB 2SR, FFIERT 1 X5 Al M o 58 TR [N RIRR, 24 ey A% [F)
S ) S I e 22 T ) e gt ), T X6 A s A R B Y — SO 0, I IR AU NP-TRIME A . 6 T )5 2, SCRik
(41733 1 235X TRIE A5 58 AR/ M B R 58 TS TR] B8 A5 HILAE U B2 TR R NP- DRI RS, DR Dy s i Bk 24
b =1 JF HLITA TAFFI S B0 58K 2 NP-FRIER ™ (R AT [l 2 NP- FRIMERY) . 24 T B RR
] (AR EF 3038 ) i), SCHR L6 146 1Y 1 2230 TR B 5 5%

UL RA A FRSE I % T8/ B R 58 TN ) Y 23 L 98 B2 ) R, © A 45 R 38 HUR BR T ih s By

T SCHR07, 810F5E T BT A TAF R 2R MR : (714 T4 T RNk, (814t T*/l\%-i!ﬂu

BRI T L7 B 5 ik 48 Rl i — G e O 2. SCHRE9 T AIFE 1 AR ELA R 8] 14 1
LT (2 + )-SR, e RATE/YIERL

PEFATITRN, B AT A FEAT LB AR ST TR R EE A T 45 R A SCHIF TS X — TRl 4BUE T
A LA R R 2455 SCHRI8 ~ 10JAYET, 25 T (2 + ) - B ISAE , e RARE/ MY IESL.

TESS 1 W RAMBR LA ARV 20T, g il 17 20N R %856 2 1925 08 LA R ir 20T S IE , 44
T (24 e)-EREE, e RARE/NIER 26 3 1WRE5E, 15 I 1 A HEsE— 2L WFF Y R

1 ITHAFRIFNER

(e ANRRER T BRI T, o, A3 B R R P T 9F ELWE p, = py = ps
5+ s, = URR T j RRBF6 A R T L IFRIF R AR sopt. B ¢ AT RN
TEH A e e < 1 FRA T8 — ANV , 3L F AR R8I (1 + ) - sopt. BRIZIARE I (1+ ) - T
e

B M R AL s IR NIV KA HEU B I TN TS ;MO B A7 1T R AL, 3K th 7T 75
P SR+ T S — A D

R TEEAT 4 e H 0 T TR N BT, IR UCH T A S — 3 B, , FFIeHE R T R
ZAMBIEH 1 ORATEHE A 5 — A T T RESEZLTF) IR 46 T80 4 T CELTF A0 T AR 50 v i A28
At B, S B, e HEIAE A T UL

VERTEI AL W B 1 B W AT LS

S 1 A7AE— AN ILIREE R TR W

SERD 51— AN IR TG o TR B AHEUR 5 I 2 LT TR S,
VRHEUCHEBH B, 55 LR AV 475 5 08 170 4, OTB) A AL o T T B KOV BE5E 40 B, . 1A
WK, B AR BRI , SRR 0 B, L B, By 1 W

VORI T LA p BT SR T T2 AN D

5|1 2 max?pm,£§ < SOPL<< P + g
WERE BARA sopt= p.. . RI5 sopt < %,)ﬂ'JE#HL%%E‘JS‘EIHﬂLI‘Eﬂ(Eﬁﬂ%‘%iﬁﬂiﬁ@ﬂ%)ﬁ#’l‘ﬂhﬁﬁ@%

TN T2 e m G BLE E T A AR BT 2 AN T2 - = D R A sopt = max | py,
2.

XEBFASHICYC I 1) 2 FE P (List Scheduling Algorithm) ™« {E— LA R , LI — SRR T LK
AL T BT b SRR — N Tk H0TF T 5 58 TR0 S F 7 AR 4891 1L 58

W AEBAL S 2T AT BRI BB S <2 MO T2 S+ pou < pru+ 2 RBERATHEABH T A4



%41 Wit 55 - TAFRGE AR B A7 LA 98 1 )t 3

ATFHIE SRR AL po + 2 THIEAT sopt < po+ 2.

m

A d = emax p 2|8 2 T d < sopt TN T d BORERH AN TR K. v

HoE A AN, BAT PR I 78 1 — 0, N T T A B PRSI0 A4 i T BF [ 2 0 5 42
M —T7k , mER B FITAHIR T, 24— /DB X A/NMIER AT RLZ W, P AT RS 2 E ik
(1 + &) - AR BEZ i T LU E G HEAE 58 T 1) S/ N AILAR B0 Ty 52 I [l g/ O HLAR 19 58 T
WAL AN KRS sopt, FATTHEAFEN 1 FrAHEK S (1 + ) - LR BE . AR N & 91 Z )5, BT A AL UCRR J& ok
.

AR w51 3 YAt W B IR R B D (1 + %)-iﬁ.{uiﬁfﬁ.

SIEE 3 ordtt W BN I B U0 E 14 H AR R BUE AN B I sopt + 2

R D9 BGARTTE , AR 1A I/ MU A B RALIN G AU, e IR UK

I8 W B R — A ERACTE BE 0 S LA R IOE AN T Z 5, LA /NI IR TR
Bles LA LN T BY A —HLEs B AR/ R Z ], BeA KA o T Ok B s Rt e, 6 91
LU NV, A4 S LR b5 IO R T B 8] 22 R Je A e /N B4 T s ] 22 A (e A
M IO IR . 2 WA B35 TR B2 HE R & b SRR B 04t & B L A — > T A 8 B L

EEUE—E IR BTN RN T 24, PR B 45 98 B2 B9 fie K 58 TS RN i sopt + 24, 9 (1 + %)-ﬂﬂui}%]
JE.
CHTAHEION E, By MBI TR RN p(E, ), p(E,) -+ AT ] S U™ (rounding)

%ﬁﬁm%%%mkﬂMMINEWﬁK$?ﬂEﬁm?d%%ﬁ%ﬁ%ﬁ&ﬂ@ﬂ:k&m];-¢
7.d
3
Ak AORFA AT I T IS RS d<p(B) < d A< 7 .
BOXHILYI TR O 2 5, v el v
SIZ 4 St WA B T o (1 + € )- AT ALLIATE

SERE 513 A ST 0 (1 S ) < LR, X AU T TR 2 U, AR
(1+5) (15 sopt= (1 + €) - sopt, UM — 4 (1 + ¢)- SEAAIALE

1 b AT ECR ] 3 | TR T PR 105 e 2 SR 2 A1+ € - AT

73158 2 AT sopt<> - . ot FBFATHEUCHS G | B 3 SER S BRI 10 (1 + -5 )- B E S

(1+%)'sopt (1+%)'§'d ]
— bl E 2R TR A R —— = D e B BT

WA ATREYEA T A, S0 FRIC N 1,2, - T my FoRBCE @ Fhoal BEAE B pLas 20, ) — 38 B2 n] I 4

8

(s s g AR . BT, TR Tt he e b7 <2l 01 (s s
RS S K (o + D7, K m BBk H2E2 5 BT T FE TP R LN, 283 (43
MU ISR /N MO 0 T IR 50 , B0 TBRAEE] T (1 + & ) BLIAIRE . e RETR A4 0T F A

1 W FA TR, BT A AVERTE . 2 E bR R ks T B 3B E AR
R T A I A 2005 L (D

<

2 IEHFAFZETWER

bR VRO R, A TR 1 (1 + &) - T RIA B X — PR B 2 TR R 20T



4 I NN - ¢ ) LRk

SEPREDR AR AT B TS FLVF 2T BT R IR B B AL A opt.

W LA ARV STT S, R B s L5 iE B, By, By, -+ (13 1) 1% j Bz i — 245 T0F, 3
IF j SR BB o2 BIAERL K B, A B, b AR B, R B, A3 IR N TAF j B9RTHEAGHE .

&% Unsplit

551 A BT IOE S TR ARSI — AN (1 + %)-i}ifuiﬁjﬁ .

528 AR TN oy G ST EHEAE X AT TE I pLES b VR — Atk T T

55 3 0 AT — B I HE R DA R P i SaE A T L A 2R ~, .

EE 2 WA LAFRBRGE, B T RV 2 H R R EUR /b SR 58 TR, 532 Unsplit
T — 2+ e)- T RUEEE .

IERR JHBE «, v TR TR A RIF W, IS — AT AT EE iR oy A, B EHARE ST B8 T, F0
T, FERTE m, B A — MK B 22— 2T TR RTHE, I Bzt i im e RSN T2 234F TR0 hn

THE XU T, <27, .l T, < (1 + %) “ sopt, sopt< opt, 142 : T, < (2 + ¢ ) *opt. i 7w, B—"1(2+¢)-ITfh
PBE

3 %iE

ARG FEIFATHCIN AL A [RR ST A A 97 2 T L, (BB B PR [ s 21 3k 3k A AR 2 /M Fe K
SE LI, 25 1 T (2 + ) - LAUSRE , e JRAT /MY IE R — MR B SR Y TR ABUR: « BETS 4R 2 L e S 47
5% T3 o, A EA AN R s 18] 4 1A R (A9

S 30k

[1] CY Lee, R Uzsoy, L A Martin Vega. Efficient algorithms for scheduling semiconductor burn-in operations[J 1. Operations Research,
1992, 40:764 ~ 775.

[2] C H Papadimitriou, K Steiglitz. Combinatorial optimization: algorithms and complexity[ M]. New Jersey: Prentice-Hall, Englewood
Cliffs, 1982.

[3] P Brucker, A Gladky, H Hoogeveen, et al. Scheduling a batching machine[ J]. Journal of Scheduling, 1998, 1:31 ~54.

[4] X Deng, C K Poon, Y Zhang. Approximation algorithms in batch processing[] 1. Journal of Combinatorial Optimization, 2003, 7(3):
247 ~ 257.

[5] M R Garey, D S Johnson. Computers and intractability: A guide to the theory of NP-completeness[ M]. New York: W H Freeman and
Company, 1979.

[6] STi, GLi, S Zhang. Minimizing makespan with release times on identical parallel batching machines|[ J]. Discrete Applied Mathematics,
2005, 148(1):127 ~ 134.

[7] R Uzsoy. A single batch processing machine with non-identical job sizes[J]. International Journal of Production Research, 1994, 32:
1615~1635.

[8] G Zhang, X Cai, C Y Lee, et al. Minimizing makespan on a single batch processing machine with non-identical job sizes[ J]. Naval Re-
search Logistics, 2001, 48:226 ~ 240.

[9] S Li, GLi, X Wang, et al. Minimizing makespan on a single batching machine with release times and non-identical job sizes[ J]. Opera-
tions Research Letters, 2005, 33:157 ~ 164.

[10] L A Hall, D B Shmoys. Approximation schemes for constrained scheduling problems[ A]. Proceedings of the 30" annual IEEE Sympos-

ium on Foundations of Computer Science[ C]. North Carolina: IEEE Press, 1989. 134 ~ 139.
[11] R L Graham. Bounds for certain multiprocessor anomalies[ J]. Bell System Technical Journal, 1966, 45:1 563 ~ 1 581.

(3. Foeir)



Wit 55 - TAFRGE AR B A7 LA 98 1 )t




