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Abo/rae' 
This plPC! Irn rodIK" • rl(.W ",Ie ror ",hcd~h~a , 1m_I. m~(hlno: with _ ,pd ,ordin"",' 

penaltiu. Tho: deli,,, of Ihl,l\ll. is tMurd on upc<imcl'llinll l"''' .mcien, di ..... lChi"41 rules.. tile ATe 
Jnd COVERT nlln. 0 .... ' ... ide ""I" of tl!c1. f roe 10000·lh .. d paralll~cr. Tho: propoacd nM i. 
_p:.sn.: Il!Id dyllamlc in ,i",e. further, i, rtplaca ,he 1ooI. .. ~.d pararrrcte. """" • lMl.no:ing 
I*~Cf wluch WI be liKed ., a v&Iur: of 0.5 . The compulalion;ol upcrilrl=tl u.bilti' lbe 
.lToo;lency of we proposed nJl. and ils .~ail,bil ily for eJ<ltnl;on. l'~nt>orm~ . ;1 can be inlCII"'ltd Il$ 

• _plemonllry pan of 00.., scbr.dulin, apprOK h., of .. mpl<! Of tampico. shop!.. 

Ka, ...... ra.: ScfonIllhll8. D"pOltdu"l nokI; Weipled lUlIino:u 

I. Litcnlort R~vl ... 

l llc ,",-Ie ml~hinc 10\.1' welllhlCd Il rd"xU 
problem (SMTWT1'). LIII:, '"',r" can be 

ilalCd ~ roIlo....,. II HI J .. IJ,. J" .... J.I 0( 

.. jobs, tall be JIf'O"ued, in "'y .dleCluk, 

.. iIhoul ptttmptlOfl. 0<1 3 , inille mK~;nc Ihll 
CAll process only one JOb II • Urn<' Eaclr. jd> j 
lias a JIf'O" .. inllimc P" I dill: dnle d" wei I 

W<Ii,~SI p<n.ahy .. , pe' .... It lime. AU loin 

bc<omc . vailable Il,ime (:CIO. I .e reilly II any 
11_. 300 (!M:;, ~ <OCa:Ii1l8 "rna .~ 
Indepcndcnl or"", order. A job is prcbd " 
.....,.. " tire fT\lIOhinc bcccma fltt. The p! Is 
10 m""on;~ the !Qt.1 .... iV1'N IInIIIIdt of 
,obi. I\bsirKlty. find • Klocdulc S for J. thai 

Minlmllo L~, "',T, . "[(J . ... J, l y jJ, +- J,ll 'It(J .. J.) .. S ( I) 

Whe~, T, .. ~{O. c:, -d, ) MIl C,. p, 

• I:,_, p, lit IUpcdlycly Ihtc la,rd,ne" Inc! 

wm~1on "'ne of JOb J. The SMTWTP Is 
Ilrot11 Np·bard (lAwIe,. 1971~ u n!i1r' ., ill ., 
1917) II>CI iMUnta of Iar", probleml oan 
oOtn not be solYed <Jptimaliy by V,"ltl1 of 
mc\bodIi (doa ac ..... tI I I., 2001 ; A"d e, "I. 
2003). F.a1y. Emmom (1969) drovcd 
domi ... """ nola IblI uwd 10 optimize \he 

"""",'piled vcrsicn He <kvilcd I branch and 
boutod (MU) appn;>lCh based 011 his ru!." 
(Sbw;IIIct. 1972). Rinnooy Kan . 1 .1. (191S) 
.nd bthLlnllrdul;U (1987) aPIIlicd Era_' 
",les to (l,e "dallIed vcnlun. Mo" of 
IlluCtwtd oppt04C~ Iilor wrichlt1ll 
..... ·d&hltd ~e!$IOn, e'p<ci1Iir the UK' 
~. IIIC Emmonl' ",I" 10 IardlIhe 
opt' ..-I solution (P04" and V'" W_ntro.o~ 
, 98S. 1911. l'JNd Uld S.b\WIC\008lu. 1997). 
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Exact approacbes soch as BkB o f Shwimer 
(1972), POlts and Van Wassenhove (1985), 
and ~bu et al. (2004) yield optimal solutions 
for SMTWTP. but need to high computations. 
Dynamic Profllamming (DP) approaches were 
also presented for SMTWTP (Schrage and 
Bake r, 1978). The DP approaches are found 
inferior than Ihoge 8&:8. Abdul-Razaq et at. 
(1990). in their survey, elf.mined the exact 
approaches of SMTWll> using Emmous' rules 
to fonn a precedence graph for finding upper 
and lower bound.$. Szwan: (1993) reported a 
spechll . ordering for earliness-tardiness 
problem, where penalties of adjacent jobs 
depend on their start times. Szwarc and Li u 
(1993) presented a two-sUlge decomposition 
mechanism to II. special cnse of the problem, 
when tat'diness weights are proportional 10 

proceSiing times. 
The nature of this problem generates a large 

number of local minima compared with 
neighborhoods of pairwise interchange. 
Moreover, the lower bound of solUl ion is 
based on reducing to other simpl!!r yersions of 
the probkm, which may be a virtual bound 
(Aktult and Yi ldirim. 1998). Therefore, using 
exaet methods may be una.tta.inable for large 
problems. Since th~ is no dom;n.nnt method 
for all problem conditioM. Ule researche~ 
havc paid more attention to heurist ic 
eppro<K:bt:s, instead. T ..... o types of heuristics 
ore widely used-<onstructive end in terchange 
types-for such problem. 

Dispatching ru les (static and time-
dependent) are the si mplest construcliYC 
heuristics. More sophis ticated constructive 
heuristics almost employ dispatching rules for 
making $tcpwise deci!ions to assign jobs in 
fixed positions. For additional inFonnation 

2. A P ro posed Sched uling Rule 

Table I summarizes the charncteristics of 
the ATC and COVERT dispatcrung rules. The 
ATC rule (Rachamadugu and Morton, 1982; 
Vepsal3inen and Morton, 1987) is one of the 
efficient rules of SMTWTP and superior to 
other hewistics. The A TC is an iterative rule 
assigns each job b>, indexing it in view of 
completion time t of the preceding jobs, 
average processing time fi of all unassianed 

about using d ispatching rulcs, reFer to 
Korxlakci et al. (1994), Aklurk and Yildirim 
(1998. 1999). Aklurk and OuIemir (2000), 
Avci et al. (2003), Della Croce et aI. (2004), 
and Ta,getiren el al . (2005). Interchanie 
heuristics continue with improyin, an inilial 
solution. Pons and Van Wasscnhove (1991 ) 
discussed several heuristics, in a comparative 
study, includina dispatching rules reporting 
that the pairwise Infcrchonge heuristics 
perform satisfactorily. After this report. many 
research followed these heuristics like Akturk 
and Yildirim (1998) who developed lower 
boundinK scheme based on an adjacent 
p3irwisc il'llerchanK!! heuristic. Morton and 
Penlieo (1993) and I)inedo (1995) are two 
books detail the heuristic scheduling includ ing 
the SMTWTP. 

Melaheuristie approoches have been also 
proposed 10 solye the SMTWTP, such as 
Simulated Annealing (Mat5l1o <:1 a!. , 1989; 
Polts and Van Wass~nhQ\·e. 1991 ; Crauwels et 

aI., (998), Tabu Search (Crauwels et 111., 
1998), Itef1l.ted Local Search (den Besten elIL, 
2001; Congram ct ai" 2002; Grosso «:1 .1., 
2004; Ergun Illld Orlin. 200S), Genetic 
Algori thms (Crauwels el a\., 1998; Madureira 
el .III., 1999; Ayei et aI., 2(03), Ant Colony 
Optimization (den Besten et 01 .• 2000; Merlde 
and Middcndorf, 2000), Particle Swa.'l1l 
Opt imization and Diffcrential Evolution 
(To:jgeliren et al.. 2004. 200S). Such 
melaheuristics ore moinly based OR the local 
search and some of Lhem use dispatching ruk.-s 
to generate an initial solution such os Congram 
cI al. (2002) who used the ATC rule. For more 
details on the SMTWTP and meUihcurislics, 
see Ta,gdiren CI 01. (200S). 

jobs. llnd a look-ahead parameter 1(. Selection 
of the free paramcter K is crucial to the ATC 
rule (see Monon and Penlieo, 1993; Mortoll!!t 
aI .• 1995). Caskcy and Storch (1996) tested the 
efficiency o f the ATC and other dispatching 
rules in different shops. The COVERT rule 
(sec Kanet and Zhou, 1993) is similar to the 
A TC rule bUI less efficient. Notice that both 
rules reduee 10 the WSPT rule (see AktuB: and 
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Rw. E l lips!~ 

Ap!W"ol T..-di!'less COil ATe 

C(»I OV~( Time CQV[oI\T 

Vlldirim, 1999) afkr lOIIIO values of ... This 
."nilins wndilion depmds 00 the pl~ljng 
11m~i, 

Sevenl stud,u ha\~ rtpotled!he lupcno,;ty 
orlhe ATC and COVERT dilpa(,hing ruks to 

. ~r he:wislt<:1 of the un_ight«l!wcia/lled 
problem {$Ce fQl" example, R~an\adugu and 
Mocton. 1982; V.p:u.llinen Ind Mon oD. 1987; 
Ak\urk and Ytldirim, 1998, 1999: Ave; 01 at" 

Priority by til.! ~pplieoJ ~rjl.lIon 

ml{ ;,ex{ _ max(o.: -1-p,)) 

[w ( ."rod-'-')ll m~x ;, ma, 0, I - .;" I 

. 2003). Ullin !'IMs arc composite ..-i!h aood 
"""'lUres and dynamic in tim •. The ATC ru le 
is ",poned superior to th. COVERT ",Ie_ 
licit:. the ATe "nd COVERT rut'l are 
~ubJccted 10 "CIY I.". compulaliQ" .. J IIIII)'!leS 

O~r I w,de flnge or ,,", "'$ a I'I:lul!, ~oothcr 
rule Is developed based on Ihe .Iilenon !l'W) , 
'11th thol 

\I'(IJ) " _~~ - , I . . [w, { m",o"'-'-')ll 
P, ajj t {Jp, 

"'Mle, a and /J plly llIe role of look·~he3d 
parml"le,$, and I a nd "Ii arc u defined fonner. 

The higbol priority is ,;von 10 tile: job lL:Iy ing 
mU{II'(Ii)}. Tho: effect of mjob 00 iIi priority 

i~e1 each lime I job I!I :lChc:<luJed- VJJ\IeS 
of a and /J ""'" be II).:en ., free constants 
1:ft:II\c1 Ihan UIQ as done for 0:. Only GIll: 0( 

Ih. IWO ~~elcn (In bot U TO but ncl bolh in 

the 5iU11e time , Not!'. thlt II p .. O. Ih. 

pn:IpoMd nile ,tdutell [0 the 1\ TC role . Hen:. 
tile principal I, 10 m a .nd fJ II flIDClion$ of 
lhe number of all un1c~eduJ~ job. II lime I, 
NC ~L are two complement venlon! crth. mle. 

,» 

.) (~{ .~,O, d, -.- p ) 'J) 1",(1}" .~ - , 
P, '< In(l.>)p, -I-upr,-)'/l «) 

wh= t.> i. !he number of III \l1l",he<luled jobs 
.1 lime I, .l.:!: 0 ;1 • balandllll panlmeLef. 

Thus. .lln(v) and up( -1.") represent 
hamo<miled klo~ -Ihead pa1'3metcl'$. Tht Iwo 

"ersioos oppo!oC: gIving tht weight [0 a 
considered job and al l unscllNulOO jobs 

Tho: complllilional experiment il continued 
on the factors a and p. A" ITslIll. another II>.., 
coml~Cm(nt velalOOS of the ~.opostd rule ore 
ins~"ed !i~ch that 

.) rw, { m .. ,O.d, +, ) 1) Ii',llj • ~<~ - , 
P, AIn(I,IJp +tlp(- AIn(l,I llp,' 'SJ 
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An eumpJc problco, (T. bk 2). appea ... .! ;n 
AklU1k ond Yild irim ( 1998), il pruc~<""d 10 
display !he dc-;e loped ru~ (v<rsiCD$ I and 3) 
YCrl;1,I/; the A TC rule ower a ~8e of ,{ ;wd Ir, 

a:i ~I:n in Fit (I •• ) FOf 1M po.orp<»c: of 
CQmp.nS<J~ ower d,fT= nl pI'ObIem • ...d rmge 
of rulu ' pl r.>rnckts. tit<: ind.~ 

'C" • r 
~" J, 'I'" -, (7) 

"!:: .. p, 

nt>k 2. A SMTWri' cxampl~ of len jobs 

Job J, J, .1, J, 

"1 1 10 10 

d, Jl 2ti 26 27 ., , • 
is proposc:d 10 n",lS\U'C the so\Ylioll <.\I: fl< ic" t)' 
11 ;1 011"00& Ihll wetsion J yield'! • monOlonl. 
i~ of !he doficiency for A ~ 0.5 wbile 

•• >. -

I::' OJ 

, , 
I , 

~. r-' 
~ I 

.V I •.. ""'",.J 

9 

"j ..... _-- - 1 _V"' oo., 

L _ _ __ -~-_-~-~·~"'::::~::.:''_I 
0.11 ,-

• , , 
A . ~. 

J, J, J, J, J, J" , 1 , , 9 , 
" " " " 12 ., , 9 9 , 10 

IXlll! ~'l'$iOIl! t<;IIch the mInimum <Jd'it iency II! 
A_OS 

(al An u ample SMTWTI'. (hl SimuliMOO SMTWTf'. (ttmdI;). 
fiB. I. p. rf\>JlTllllCe of the prllpoK'll rule and the A TC n.llo . 

For litis elCllI11pl. problem, W dn-eloped 
.uk .llemalcl !he superiority with the ATC 
!\l Ie over tile lelected .. "gt or.t and /1(. The 
ATe rIIl~ rcOIl"':S to the WSPT Ilo~r tlwm the 
proposed l"IIl~. Thi, lim iting eon<Iition i. n'e 
M eaHI)' CO ~ UlC ... "'" for ItDe .. I. Tbt 
hindnnoc or coml*fifon becomes tbe choioc: 

of .t ud 11.". SlICh paruneem lII~c a .ignifi,a'u 
drca on tho: 5O/uti .... Thus, thc vallie of 0: 

bcromes an obslac:1e bcc.use it <leeds CO 

uefa.iv~ u pe.imcncs 10 caiCh ie. txsl val ue 
every tilM. pmblrm •• 101m. TheRfon:. ehe 
proposed f\/Ie i. eCJlcd (()I" • :sel of .... rdcmly 
~ncratcd problem. ror • ran8c of.l Th .. ee!l 



$howullhot the bt$l val", of.t licslWOlrld 0.5 
Q lecn on Fi g. [l · b). "'lkr Wmo vi i ...... th~ 
incruse of A doesn', IrrNI !he ..,lu1iOtl 
botIU>t of limilina \0 ,ne WSPT rulo For tIN 
CWTcnt cum""'. lhe mnlm ........ 11 ... of .t II 

J. C""du.iea 

Ahooup. ,he rcat:orcMs ilUp ircd &lrUOU..,ro 
heutl5"C& f(), "",vonl 11>< SIvITWTP. th. 
dilp"~bi~g rul.. oI.y prcf"'.bl~ by the 
priIC~l;onen bo._ o( "mphdly. 
Funloerm\lfe. eVCR the <ompln h"\IIill",1 
den', .... "'", .. lhe ~uah1Y of fOl",ionl. 11a-e. 
• ",hedulina ",10 "i dc:¥eluped. bo..ed Oft 

Rumeriul u!!<,nmcnll, rIM \he SM1·WTl'. 
Alto, In Illdcx ;, propcied 10 me .. ",e II>r 
solution der""cn'Y. Thi, rule 0-«<""''' lhe 
aihcalily of chooslnw • 1oo1< •• he3<! !)oramele, 
For I .. g. "",blorn., a IhBItt ( h'"", of !he 
boJancinc p.ram.tc,. uoun.d ill but v.1ue, 
/I:u n' l ,mt effeCt.5 lhe look .. h".d pIIIunele' 
oI"tbt: ATe Mel COVERT rule,. N.nrth.I .... 
lhe COnvt[K ," oy occo' for Imall problem' 
!lo ....... ,. ,be value of J ;1 r«omm.01I:kd II 

The propoMd rule "ill be .ubjecle\l to 
rllllbtr~ri_1O ""h ...... 1M .. ~(;omhip 
bel ...... n " . nd p. F""hcn'lLOIl:. Ihe 
pelf""""""" e.m be CMltoeW by hnl<ins 
v .... ;O"' J I nd 4 In I hLc"'IChy wilh all jobs " 

M. 11 

found 2. Fo, t."" I"'oblcm., lhe <.pnime<11 
Pfovtd Ihll the pro"a$ed rule I,mill 
tempO_ly 10 IIx \II S ~T rule oRI~ II lht >IAn 
or.ol~lioo'I.t .. OS. 

0.5 The propc"",, ",Ie .on domlnale bolh ",Ies 
depending on tbt:- <OOlec of "'" Ioo-I<· ... ad 
pIIfBll",I.IS. 1bc auloo' i.« th.11 il is 
.on~. '" CI~ "", n.tI< l /o..-..ofliUJI ATe 
'MI. (HATe) btCIU", I' hormon i,.H a .. vllu., 
or a Ind p .. tUh .schodulinl ilel1ljJOa. no. 
PfOpootd ",Ie mly bc~o"" mOl" dynom ic .nd 
emdenl if ''''' balUICI"I p"..-l. used IS ' 
r~"" lon of 1110 jY'Xo'''''i t,me and du.e ".Ie of 
• _dcred joI> besodn ,he .... ",beJ of III 
unscll.du lcd Job, Filially, Vemoo. I "Kl 1 
on ' <COm<mntkd r", !he proW ..... boo.·;'" "~ 
10 ~y jobs ",hil .. _."' ,onl 1 an-cl 4 lie 
.. tom~ for III probklR. 110""'''. !he 
1111.,. v.,..,On. ell" be "Wiled .. du"vcly DIll 
."",piem<ntary ~"" of other ConstnocIl~ 
scheduling, II'l'TC.ch" of \I,IT ... nl ,OOps 

~.n in Fill. 2. TIl< IWO vn\fOM I .. _",".d 
10 .. t il OIher and each wucl'ledu led job ;, 
..... ,Shled by .""h """ion In on mlelJ<li •• 
[ranlCW()f\< I$lh •• <;Icvdopcd by SOII ..... nd EJ· 
Kass" (2006). 

Ove,"1l Go'I · min~· .. T I!..,., " 

J. 
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