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Algorithm for single machne schedule with sequence
dependent setup to minimize maximum tardiness

LUQ Xiao-chuan, WANG Cheng-en
(Key Laboratory of Process Industry Automation, Ministry of Education and Liaoning Province, Shenyang Liaoning 110004, China)

Abstract: The NP-hard problem of scheduling N jobs on a single machine with due dates, sequence-dependent setup was

addressed, where the objective was to minimize the maximum tardiness. An algorithm based on branchand-bound permutation

schemes was developed including the implementation of lower and upper bounding procedures, and two dominance rules.

Computational experiments demonstrate the effectiveness of the algorithm.

Key words: sequence dependent setup; due date; maximum tardiness; branch and bound; single machine schedule

0 &#

FEE SR HTE SN H EBN, BETRBBAE
BN - EEAT. NREFAREEIEN, T RT3
MBI AET], BN L) JER X OB EX R ER, X TF
AR VR R R AT — M AR A . B, B EE™
RGP EHEBBIFHAHE Setup VLA R, Setup BLE M T K
WisERL B AEL , thAnsr BPEE b B A PR A 561 . ol SERRAn
BB R ERR U A RE T 5 AH K Setup REH RGHERER
(AR, XMOBIZANHRARREREE T RIHEX
f) Setup XtSRM E MW, BRFFIHE Serup BN EE
AE B R EFFFIAE 6 Setup 93 A BE M RE B BLIE BT 2
NP-hard") | %5 A RUA0 J7 BRSO ) B AP X HERE

XER[S RIS FFFIME R Setup M FHFTHL2FHIVE B[]
B3RS R SRRk e P T3 ik M B/ M B E

$0 R E #7:2005 - 01 - 22; #T F #3:2005 - 04 - 06

BAIERE ., SCAR(6 16t Xt PR3 45K Setup BAHLIAME MIAE, SR T
— T ETHI4 B H #A58 ( Lagrangian relaxation) f % 35 Sk & /b
A E Ve M3 AR AP 07 #. SCER(7 18Rt —Fh sy Bug
T RATHRIFFIMRE Setup AT 23 1) B/ MULB KR ]
R BREIETERRBOR AR R Y bG8 R AE, 4 5 R 7E 35 48
W BRI SRAE ML b BB R B B KB T CER[8]
B LB T e SRIF B Y 4 B R B 1 R AR
KD SRR R RS

MIEREE T -8 RXA XA, W ATCS
( Apparent Tardiness Cost with Setups) ' Fid™ B ATCS!™ gy #1
W, RERIE AR I Bt M B Y 3T 8 A Setup (G40, SCAR
(918 T —Fiit &5 ¥ A T W 5 FF 5 A8 3¢ Setup 9 Be/ME
HERETI R O 13] R AR R T R B A ¥
FUARK Setup KIBYLIREE FRE ., #R WX 48 7 B (VIR T3
A AR , A RE TR AR IRAB B AR

EHE/MA:BAN1974 ) B OMFEFRA, BB, 0L, TEHRFE £ RRE PR RE ik, ZRB(19%4-),5,

BRICEN, BT, L4 S0, TR CIMS #4885

FERIEER, RS AT T SR IR A 7 A D7 3. 7R L EE R

L AXAH T SEENIFMRE, RET M ETSEEN

EBINZRE S, Al EATZEA KN &)E,

AT EMEFAT T RB ST AITE.

BEIKK:

[1] Agrawal R, Imielinski T, Swami A. Mining association rules between
sets of items in large databases[ A]. Proceedings of the ACM SIG-
MOD Conference on Management of Data[ C]. Washington, 1993.
207 - 216.

[2] Srikant R, Agrawal R. Mining quantitative association rules in large
relations talbes[ A]. Proceedings of the ACM SIGMOD Conferece on
Management of Data[ C]. Montreal, Canada, 1996. 1 —12.

[3] Brin S, Motwani R, Silverstein C. Beyond market baskets: Generali-
zing association rules to correlations[ A]. Proceedings of the ACM
SIGMOD Conference on Management of Data[ C]. Tucson, USA,
1997. 265 - 276.

[4] Brns S, Motwani R, Ullman JD, et al. Dynamic itemset counting and
implication rules for market basket data[ A]. Proceedings of the ACM
SIGMOD Conf on Management of Data[ C]. Tucson, USA, 1997. 255
-264.

[5] Agarwal CC, Yu PS. Online generation of association rules[ A]. Pro-
ceedings of the Int’ ] Conference on Data Engineering[ C]. Orlando,
Florida, USA, 1998. 402 -411.

(6] [ABSHE, KAGT, BEIALR. — 13 T 268 B AU HE 40 e 30 3k
(1. HENIFIE S &R, 2002, 39(4): 450 - 457.



1830

AL A

2005 %

AR —FrE TR E R B RN E B RRERA P
#8K Setup IR /ME B K KA B AL IR B (AR ( B SDSMT) ,
FE A B A R IAE T X — B A b,

1 BAE#HR
1.1 HREEX

DL RS AL

NAEM AT 8T SRR OB A T = [1,2,3,,
N 3Jo =JUO . ALEE VIO Y SR A , AL FE — N R L, AR
“0" iR sinf, kL ALBIEW RSB ik, € Jo;S

LU 0 FFAMFFR, RN — MR KU spm [ To] [T 7 T 1515

LML O FFER YRR 43 FE 7, A0 X T R BTG £k 1T
Ho

2) WABE

p.d AR AL I B FIAT B8 35 Cy - SRR b £
JE AR B AR S, ERREIFS] S ARk ¢ Z S SL BRI HE
fEb j EF R E ) Setup B H.

3) HEELBH

Co. b i TR BT a5 T, - ol i (B T, - BT B HE 3
T, B KME,T, € Jyo

feb i( B TES) fafedk i &5, WifEak (] R A
ERTIP NS  CBELRT.

1.2 ®i&

(1) e AR AL (2) LB Rlp, ¢ e J, E#ATLE
BZRIESH; (3) I TRER N, Al 4 FEL; (4) HLa
REEREeFAL BB MEAL; (5) e = 0 HLES AL R ME
WO,Bp, =0,dy =0,C =0034,i € J R F AL RO
AL ( RA, MR 0 AL (0] ARXTRL T B HUE L
0;(6)s; +s4 = suo
L3 EF@RNEFERE

BigA NIELRIISA L BN, BIEL ) e JALE
Eﬂ‘l‘iﬂpj\fﬁ% d; F1 Setup -‘.jo/‘i} s = {07, [1],[2],,
(N1} A=A MRS, PSS 8 i (LB i
Bk

Ty = max{Cp, - dy, ,01 (1)

B Cy B[] M5E R

0 i=0

C . = i

. { Y (s +py) i %0

k=1

ZERB— IR NMUELFR BRI, P 7
SHBRKHEHAZ
T = max T, (2)

ax i€[0.1.2, ,N] (]

2 AMERHEE

AT HEBRFF] S BRBRAHN K RMEEHET 5
BE R A2 Bk R % SDSMT (a8 B R A ERBLE
fREB/MURIER A PR S 8 B,

2.1 HfE

BEWE RO DV ENEFHLFF K = ([0],
(11,02), -, 060}, 3E8F & + 1 ML BEEEH TFTHERA
BN RIKAESS |k + 2 (08, AT LA 3T 030 73, A
T LB TS RIS
2.2 ER

LESHFH K ALBFE AL, "TLAE : (1) d R K kol =

A EFREH(2) BRVEEN N - kMR, k18 Y
B FRBRREHBN TR RIMBEL THYRREEETE
TRETEAEH TROER b, RS Karp-Steel #p %
J8 & F H: ( modified Karp-Steel patching heuristic ) f4 #§ —
AfTEE R LR
2.2.1 SDSMT &5 F®*

18T 5T BEAT 2 B 493K, AT LA A 43 BL (1 ( Assignment
Problem, AP) =R & 5 =3k £k SDSMT TR,

EF1 AP [a)EZ SDSMT T R AR,
T.=T Egﬁfﬂ—l %= _lﬂﬂl {a]

|Sem]2-] |

—_—

t=dT  t=d+T t=d+T  BHEK)

K S,
E1 Pt eESNE S5 RN R
E N | BIR ) U SREERLEA N, = U,
T RS VEIFF) K B AIEH , fEdk v 8 KRB —ME
W73 S, B U, FRIEBHAITR.T1(] e U) BFFS,
5B IERR R, FRAREN BRI E R
minZ = max{ T'[}?:E,,( T,)) (3)

RR(3) a1, BAMEZ —ENZ" =TT, <T,2°
HATERRIET, <T84 U, EBRNHELFFS, 5i/EH
MMk 8] 4t L E & B (8] 5 45 DR B 1) o X, 3 g — 4k
1 elUn & Ty = T W& Z* = max(T,T) =T,

S LN A Tﬂﬁ%ﬁd\ﬂ:[}?gl‘( T, , EREZRRT
max (7)) RAME & Ty = T I E AN E R R
6], BNk @ e EERT R EEN BN 0L(G,) €
U)W OI; < O B %8 PRI IB) AT —XF R § ARk j Z R
FHEMREN

Ol =T +d, -(T+g —si—pj) =d, -d; +s5; +p,

(4)

FEIPE j BRI ERE A

Ty = T+ max( ZOI[i—l][i] ,3) (5)
MK (3) WE TN,

s
max (T,;) =T+ [;I'?mtfl,( max( 201[,-_”[,.) ,0)) (6)
€ =

Llel;

BARABEER T e U) BRI R
(6) BE-T.4.D = ‘_rr_li{}Ol,-j,E)‘( O,/ =0I; -D,(i,j e
Uls) 1”1“?'13:%%39 01.;’ = 0(':1.’ € Uls) 13%1’??’1*%’3—
e RA O BRIMEB KGR, BAHENR.

J

max (max( 2[ Ol 4y15,0))

NI‘

= max( Y, Ofj; ;' ~ N, x D,0)

i=1

BEA:
i

mex (Tyy) = T+ max (max( ;Ol[‘_l]'[il 0))

Ny

= T + max( 201[__”[1.]' -N,xD,0) (7)
MK (7) ﬂ%ﬂ,ﬁd\ﬂ:[}?m( T, RBB/AMLE T+

N N,

19, Ol TATH0E, BAME 2 Ol;_1y;)' f&—/~ ATSP
(IERFRIATE S RIDE) , 3 H AP(AEIRE) £ ATSP 198



%84

FAONF  LHA 7 A8% Setup F L R X E 1831
ST R0 4 AT 2 ATSP U Y, Ol 0 AP T g PPET [ < T (K1) B4 ) (K ) Bith
i=1 K
18 SDSMT I T R 24
SLcli-a] & [adt ]| u [
z =max(T’52%f(Tm)) l PlartO ! Lit Lanllk — I Parltz—l|
. ] | I Il
Sl e Tt TTar[ o [ u []

= max(T,T + max( 3, Of, ;' -~ N, x D,0)) =
i=1

T + max(AT* - N, x D,0) (8)
2.2.2 SDSMT &5 LR

R ER T EAHGHE S BUE RE R RE, R A b K
(1442 BB Karp-Steel #M2 J8 R N H 3 (MKSP) L3 |
FdE, I—HERHTFRE KSPHENR, ARBEEH K
BATHRE, MERHFAK TREXN, &G RRABITFH—
N EET R AKSPHE B —# , Bk KSPH B4 48 R 1 & 36
e MERE 0(n°), 0 I Sucl)

BREREAELO KEER
B3 K & s % /R0 ( Hamiltonian)
B ARGV MK TBE B H
MALEHEMRAERE S mE .
2400 iR M F R AR Do () HERE
TEENHNFRES , KESMN B FMZ RN

A(L,) = OL g + OLiguy = Olsuiy — OLisiqy  (9)

A Sue(i) BRFBERPEL § EHEL.

R P W AT A B B R DR B R AT
AQL)) AEEBIERW S, A E RS RAH - E
HFH T
2.3 o8

AR BERHSERTB—MESTREET 24
. RIEHEEDRA Best-First AN, B MR RARNDT
FRENESH R EF VRS E R FREKN TR
ER FRARBHN (R 3 W) EBRAFREH S HERH
TR
2.4 TN

— M RSEFMHELT g# — PR REN 1) Hix
WRBLMMEHET AR KNGS T 80 ;2) mRET A
MTRATETYHELF-ENBRERN, EHBHERHE
P EE XHPHRUTERAEETRE-KTEHFATRE
il RELSFENH LR,

3 SDSMT 84k 3 4L 1

P BN EERAERENER, BB EL
3 S spte v AL B, FTEAR B — B ME FF S, LhEE
AR B B E B — N FE S RS

J(K) B K PR EA; UK)  REEELE
4 C(K) K PEIE—T e i SE i ] K | w . R E R
¥ K 2 m—A el v B8 —FREFS Y (K
lu) : &% K|u, ®ith J - J(K|u) FRELERBITFIREN
RERMERAEFT,

T FFI S B — 2ot b 160 B R 1 — N T IS
S L[] BRIBFEFIS FE i LB MRS JFFI S S P
KD HIN Ty BT "(E e D)o T, T 1875 S F S 5958
i ¥ = 0,1,2)d FIBCKHE.

EE2 # 3i,[(i] e J(K),ds = Seeaypny TSty

Shetjth) ~Stimt)(8 T St ~ Ste-1)ri] »Stile + 88 S0 S e +

Sue() .

?
Stagie) * Pr) = Spenm tSwien P Ty S Tou (K| W),

B3 k(] Farklk 4] A

EREREEFFIS = Y (K|uw), 3B i] k]
AL BEMERERT S'(B3),F5 S a4 =54

fE Part 0T, = T,',C, = Cy'o

e Part VAR sy 0051000 + Pra Z sy tSunay
P, i+ 1] B[k - 1] I BM N SR BB R X T8
(] falk] WP, B F Ty’ < T (Kl w) FIT, < Tou (K
|u) oﬁ Tm(Kl u) ; Tllc

FE Part 2: B8 sy + spnia) + Suenm — Guogpg +
Sttiat) tSpeng) = ds, By, tds =5, A C, =C, AL,
(B FFRR TR v MRV BEE WP S’ PR R4,
BT, =T,

%Eﬂﬁ T = max(TO’Tl’Tz) =T = max(To',T,',
T,") ,Brkh 2 (K|u) BEHR,

o] I V22 W N W U
K
£ N 23N N 2 R T
Case A
S I 22 P 3 i T U
K
sCEE T T I T e )
Case B
A4 BAHMEL] EAELRE]
EE3 ﬁ#&iﬁT[n = max T[z}v% 3]’ []] €

[#]eJ(K)
J(K) W TR %A

Dsgong + Sty * Suiim) = Stentay ¥ Spm +
MGy

2)Cpy" +sp + P < Ty +dgy

3) Ty’ + AC < Ty

e

max T, CaseA
T r o melislii-l]
{max) — ’

max T, Case B

zefi+lj]
AC = {(smm P ¥ Staga) T SgGa) Case A
S{ic)ist]) T (3[.'-1][.-] + Py +3[.-)[.-+1)) Case B

W2y, (K|w) Bk,

EWERAERFTIS = Y (K|uw) JEFFI K FABERK
MRk (] B (/] 25 EHEE TR S'(E4),

FERRFEEEW RGBT

Sty ¥ Stia) ¥ Sgigan Z St-ntia) Y5 ¥ g

BB C. =C/MT, =T, BMAEMT LR u FFIRHIR
VR FFIRELERAE S PRCEAL A,

SHEW (1,81 C' (] +syy0; +Ppy < Tpy +, THRC, =
C/HT, 2T

X TR B RS A g HAAE L, ZF EE BRI OL -

Case A: R (1] ZEARML (/] 2S5

Ve = max T,

xe [j+l.i-1]



1832

i AL A

2005 4

AC = (s +Pry + Stgen) — Spige)
Case B-AENV[i] 4BV (/] Z 80

max T’

T, =
{ mas] selisly] *

AC = sy = Spenn + (Pry + Spagen)

Y Ty +AC S Ty AIBFENR [ + 1] FMEML[i-1] 2Z
[8]( Case A) BREAEM [ + 1] FEML[ /] ZIE( Case B) fHERH
BT Tiyo

EAmax(Ty,) = max(Ty,).) B Y (K|u) Bb k.

4 BRAGERE

BEEAMISBRTEFEEXBIRIRS, ZREE
ERRTHEBESFITRAENZH AR, SRiRaFRN®
EmEMMEZRBEN SR N, BT EXXESFY &H
DA B P )a IO AT U B, o 4t B K BN -8 1B, 1%
TR R TR B Y. AR SCHR BB X R Y VR 1)
B ATk, {3 AT BE S BLAY BRK A RIHEHRA Bl BN

A GE S BUERG BT X PR B AT
Wik, FEHTIHENEEFTENTHEARE . SRZR
$A d, , BV AL FRET 18] p, F Setup {Bs,; . EHBHT M ERH S
P4 A B8 # 6 B (Due Date Range, DDR) 13t 3 B T
(Tardiness Factor, TF) , ¥ T ‘43 Fr A ek & 8 B 61 K
B, MBS RE

d -d. Zd,-
o —mar  Tmin =] - &=t
DDR . TF o

DDR EHIZE RN S HHE, TF & RN T 71
SRR L, S0 T e R SR I B, 2y
P T — R R Setup H. ) [H T (Setup Proportion Factor,
SPF) ,SPF BT Setup X 4b3ga (8] i AXT HL BB

Ab3EE (81N Setup (HIE R BS54 .p e (10, 100] 5
(10, SPF x p J ZHRBEZ A (RER AR RMNA) .
RMERETHEFINZH, REERARTFINRTBHE

Sy, 1Y Sewup (ERIERL, WA T = Z (p; + average(s)),
F1 EERATHOEHNSH

TF&DDR SPF
[0.2,0.6,1.0,1.4,1.8}

[o) B AR A
(10,15,20,25,30} {0.1,0.5,1.0}

BiEE 1 SEMEHSEEENL4 5 x 225 AHIELH
T B L, BEVC++ 6.0 LB, 7E Pentium ] CPU
600MHz 256M &R PCHL L EfT,

R2 RERBkERE
MERE EATHEs RN KRR FHETS THRE(%)
10 1.461 685.47 131.82  43.68 100
15 84.513 24630 3586.5 1158  97.333
20 344.65 61395 9697.1 5528  68.889
25 520.97 19521 4142.7 3201.5  46.667
30 593.15 13514 3964.3 3436.5 37,333

BREERTREHEV=EFARELH (3£ 5 x225
) ER2 BIH T XERNFHER, §—LHK CPU
BT EIRE A 15 538 W3R 2 ATEAE A 10 TUF 15 I
Ve By SR R B 1B 2> F 85, B YE b S 89380, AT A SE
BIE S B |, I B HE 05 AR Bk 25 ARk [l Al Y
46% 30 MENL [ 37% . B BEE fRL BRI, T 5

ERFMRHEMU B ZEETEHE 30 MEAL 25 4B 32 fi
B R R TEAME CPU HHE R R A BRI

5 %

FFFUAH3E Sewup T /2 3T 5% 5516 V81 B (51802 b 1y FA A
SR SR BB R, A7 S0 X IR R R TR T &
MEBRIBHIN B E R B . ER AT 3 b FiE s
TR . ERTEM—BEAN, KR RIER TR
REBENAHM, W TERXH TR BRSNS
EHENRESATEENENL., RAFXEHNEE, B
R 100% B 10 ME L AUBE B KB 197 % 1) 15 MEAL MR 0
EHFMEZL 37.33% 5 30 MEL BN LH,
$ E 30k
[1] GUPTA SK. N jobs M machines job - shop problems with sequence

dependent setup times[]]. Intemnational Journal of Production Re-

search, 1982, 20: 643 —656.

[2] KRAJEWSKI LJ, KING BE, RITZMAN LP, et al. Kanban, MRP and
shaping the manufacturing environment[ J]. Management Science,
1987,33(1): 39 -57.

[3] KIM SC, BOBROWSKI PM . Impact of sequence - dependent setup
times on job shop scheduling performance[J]. Intemational Journal
of Production Research, 1994, 32: 1503 —1520.

[4] BAKER KR. Introduction to sequencing and scheduling[ M]. Wiley
New York, 1974.

[5] OVACIK IM, UZSOY R. Rolling horizon procedures for dynamic par-
allel machine scheduling with sequence-dependent setup times[ J].
International Journal of Production Research, 1995, 33( 11):3173 -
3192.

[6]1 SUN XQ, NOBLE JS, KLEIN CM. Single-machine scheduling with
sequence dependent setup to minimize total weighted squared tardi-
ness[J]. IIE Transaction, 1999,31(2):113 —124.

[7]1 RAGATZ GL. A branch-and-bound method for minimum tardiness
sequencing on a single processor with sequence dependent setup
times[ A]. Proceedings: 27 twenty-fourth annual meeting of the De-
cision Sciences Institute[ C]. 1993. 1375 -1377.

[8]1 TAN KC, NARASINMHAN R, RUBIN PA, et al. A comparison of
four methods for minimizing total tardiness on a single processor with
sequence dependent setup times{ J]. Omega, 2000, 28(3):313 -
326.

[91 RUBIN PA, RAGATZ GL. Scheduling in a sequence dependent setip
environment with generic search[ J]. Computers & Operations Re-
search, 1995,22(1):85-99.

[10] TAN KC, NARASIMHAN R. Minimizing tardiness on a single pro-
cessor with sequence-dependent times: a simulated annealing ap-
proach[J]. Omega, 1997,25(6):619 — 634,

[11] LEE YH, BHASKARAN K, PINEDO M. A heuristic to minimize the
total weighted tardiness with sequence-dependent setup[ J]. HE
Transaction, 1997, 21(9) : 45 - 52.

[12] PARK Y, KIM S, LEE YH. Scheduling jobs on parallel machines
applying neural network and heuristics rules[ J]. Computers & In-
dustrial Engineering, 2000, 38(1): 189 —202.

[13] GAGNE C, PRICE WL, GRAVEL M. Scheduling & single machine
with sequence dependent setup times using ant colony optimization
[R]. Wark report 2001 —2003.

[14] GLOVER G, GUTIN G, YEO A, et al. Construction heuristics for
the asymmetric TSP[ J]. European Journal of Operation Research,
2001, 129: 555 - 568.



