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Abstract

Inserted idle time occurs when a machine is keptiwgadeliberately for the arrival of a job that ssill being

processed on a preceding machine. A common assumiptimost of the existing literature on flowshaheduling

is that inserted idle time is not allowed, and wéar there are jobs that are ready for processing given

machine, that machine is not kept idle for any sead his study examines the effects of inserted iithes on the
performance of a selection of dispatching rules éine commonly used in flowshops, and for the sspasbjectives
of minimizing the mean flowtime, mean tardinesshamber of tardy jobs. In general, idle times ao¢ Inoked

upon favorably in production scheduling becausg thagthen production runs and decrease machitigations.

However, this study finds that there are benefittsertion of short idle times under some condgijcand that the
duration of these idle times depends on the shagesiion levels, the tightness of the job due daasd the
performance objective under consideration. In paldir, inserted idle time is appears to be mostctffe in

minimizing the number of tardy jobs in situationsexe due-dates are tight.
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1. Introduction

A flowshop is a production system that consistmafumber of machines or processors arranged inssebs that
are processed in a flowshop follow a common rolateugh the shop, beginning with the first machind anding
at themi” machine, visiting each of the machines only ontia the same order. Although all jobs follow gene
route, the processing time requirements for thperations on each of the machines may differ. Hhops have
been the subject of much research in productioediding, where the problem is usually to decidevirat order to
process the jobs on each of the machines, sodhat stated performance objective is best satisfied.

The type of flowshop considered in this paper @dyaamic one, in the sense that jobs continuousiyeamhile
other, previously arrived jobs, are being proces3dids is in contrast to a static flowshop, whelleo& the jobs
arrive simultaneously at the start of the production. After completion of a job’s operations oreanachine, the
job is then transferred to the next machine in saga. If that machine is occupied with another thb transferred
job is deposited in queue at a buffer to wait fargessing. It is assumed that buffer space is a@waagilable to hold
any number of waiting jobs at any machine in te/fhop.

The scheduling objective is to sequence the prougsd the waiting jobs on the machines so that esa@werall
performance measure is optimized. There are a numbeneasures that are often considered, and tpEem
investigates, as single objectives, the minimizatibthree such measures. These are mean flowtirean tardiness,
and the number of tardy jobs. These measures yst@tdiflict with one another, in that minimizing ooé them
occurs at the expense of one or both of the others.

The scheduling methodology investigated in thisdgtuses dispatching rules. A dispatching rule isdufor
prioritizing waiting jobs at a machine. Whenevemachine is ready to be loaded with a new job, tkpadching
rule decides which of the waiting jobs is selecf@idgpatching rules are favoured in dynamic envirents, because
they can be applied in real-time, without the n&ede-schedule the entire flowshop with every nelw arrival.
Most of the research and applications of dispatghines assume that a machine will not be kept édldong as
there are any jobs ready and available to be psedesn it. That is, inserted idle time is not akolwHowever, there
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may be instances where the performance objectivasha better satisfied by keeping a machine delibbyr idle,
even though there are other jobs ready to be psede@ order to wait for a more ‘critical’ job thzas yet to arrive.

The main purpose of this paper is to investigatedfiect of inserted idle time on the performantsame of the
best known dispatching rules in satisfying différgerformance objectives for the-machine flowshop with
dynamic arrivals. Following the notation descrilbedPinedo (2002), the types of flowshop problemssidered in
this paper are identified &s/r//>.C;, Fuo/ri/> T, Fi/ri/>U; . Itis assumed that the release times symbobyeagare
random and not known in advance at the start optbduction run.

2. Literature Review

The use of inserted idle time in production schieduhas received rather limited attention over plast 50 years,
since Giffler and Thompson (1960) considered imskitle times in their study of active schedules dtatic

jobshops. Conway et al. (1967) proved that inseitdel time is not necessary in the static singlectmrze

sequencing problem with regular performance measfa&on-decreasing function of job completion 8in&ince
then, most of the research involving inserted tiflee has centered around single machine problertts eifher

dynamic job arrivals, non-regular performance messuor both. A thorough survey of these may bendoin

Kanet and Sridharan (2000). More recent studie® ltantinued to concentrate on the single machiobélem,

particularly with earliness and tardiness penakigsh as in Valente and Schaller (2009) and Sor(2GtD).

Kanet and Sridharan (2000) classified productidredaling problems into eight categories based brajailability

at the flowshop (simultaneous or not), number othirzes (single or multiple) and performance meagegular or
not). In the first category (single machine, siranttous arrival of all jobs and regular performamsasure) non-
delay schedules are optimal and, as mentionediéasille time need not be considered (Conway 196@)vever,

inserted idle times can produce better scheduléseimemaining seven categories. Therefore, mudiciime shops
such as the flowshop considered in this paper, esefit from inserted idle times regardless of peeformance
measure being regular or not, and whether or reojaih arrivals are simultaneous.

The investigation of inserted idle times nmulti-machineproduction scheduling is rather sparse in theditee,
despite the potential for improved scheduling. Wieat papers have been published deal primarily yatshops.
Carrol (1965) tested some heuristics using insediedtime in conjunction with his COVERT dispatogirule for

the weighted tardiness objective in jobshops. Moréamd Ramnath (1992) proposed a TABU and beam tsearc
method for large dynamic jobshops with allowancéngérted idle times. Storer and Avci (2004) préserseveral
heuristic solution methods, including Lagrangiadaxation and local search algorithms based on a new
neighborhood structure for the total weighted eads and tardiness job shop problem. More recdddyand Sun
(2013) put forth a new idle time insertion stratégyflexible job shops that are subject to machireakdowns.

Studies involving inserted idle time in flowshopvepnments are quite rare. Yoon and Ventura (2G@2sented
linear programming formulations to find optimal rsitag and completion times for all the jobs in &egi sequence,
including inserted idle times, for minimizing theeem weighted absolute deviation from due datedaistreaming

flowshop. Luo et al. (2013) investigated a hybtashop with family setup times, and concluded thaérting idle

times into a non-delay schedule can further redhedotal setup time as well as makespan. They@migposed a
mechanism to determine the location and duratighefdle times in the schedules.

In summary, there are no known publications thatcHizally examine the behavior of dispatching suleith
inserted idle times in a traditiona-machine flowshop. This paper aims to fill this dapinvestigating what effect,
if any, inserted idle times have on various dishiaitg rules that are commonly applied in flowshopestuling. A
methodology for allowing dispatching rules to irtddte times, along with a computational analysi® outlined in
the next section. This is followed in the final §@c by a discussion of the results, together withclusions and
recommendations related to further research osubgect .

3. Methodology

The flowshop under consideration comprisesnachines, and jobs are assumed to arrive contity@h random
points in time over the scheduling horizon. Thecpssing time required by jglon machine is py. The scheduling
problem is to decide in what order to process tis jon each of the machines, such that the degeddrmance
measure (mean flowtime, mean tardiness or numbkrdy jobs is minimized).
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Let

rj = arrival time of jolj.

D; = due-date for jolp.

C; = completion time of jop's final operation.
N = total number of completed jobs.

The mean flowtime is given by:

_ N
F=1%(c,-r) @)
N j:1
The mean tardiness is given by:
_ 1y "
T :NZ(CJ' "Dj) 2)

Where C-D))" = C—D; if C;>D;; 0 otherwise.

The total number of tardy jobs is:

U =i(cj -D))* ®3)
j=1

Where C—D;)" = 1ifG; > D;; 0 otherwise.

Previous studies covering dispatching rules in floaps and jobshops have tended to show that celispatching
rules are preferable to others depending on thi@meance objective and shop conditions, such agestion and
due-date tightness. A number of the best performites identified in previous literature are sedelctor this study,
with the purpose of examining the extent to whiekitt performances are affected by the enforcememntserted
idle times.

The dispatching rules considered in this studytlaeeCOVERT rule (Carrol 1966), crtitical ratio (CRile (Morton
and Pentico 1993), earliest due-date first (ED&8st total work remaining (LWKR), modified due-dét4DD) and
modified operation due-date (MOD) rules (Baker &mehet 1983), shortest processing time first (SRil§ (Baker
1974) and the total weighted processing time (TWRI¢ proposed in Rajendran (1993). The choiceheba
dispatching rules is based on their reported perdmces in the previous literature for the varioesfggmance
objectives (see Blackstone et al. 1982, Haupt 1B&@ndran and Holthaus, 1999).

The version of the COVERT rule adopted here is hasethe unweighted COVERT rule described in Moo
Pentico (1993), with a value of 1.0 for the constaim equation (4):

d -t-1.)"1
Ty, :1{1.0—( ! Jk) :|

Py hl 4)

where m is the priority of jobj at machinek, Iy is the sum of the processing times for jolbom machinek to
machinem, andt is the current time.

There is not one dispatching rule that dominatberstfor any of the performance criteria. Typicatlge rule which
is very effective under some conditions may perfamarse than other rules under a different set ajpstoor
conditions. For the mean flowtime objective, theTSEBWKR and TWPT rules are frequently cited as better
alternatives (Haupt 1989, Rajendran and Holtha@9)L9
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For the tardiness-based criteria of mean tardiardsnumber of tardy jobs, the dispatching rules dina selected in
this study are based on their reported performaimcpseviously published studies. The choice of MiaD rule in
is due to the findings reported by Kim (1992) imimizing the total job tardiness. The MOD rule v&mwn by
Baker and Kanet (1983) to be superior to the MDI2 for mean tardiness when due-dates are relatitighy.
Rajendran and Holthaus (1999) reported good rewiftsthe COVERT rule in a 10-machine flowshop alfdition
to these due-date based dispatching rules, theesh@rocessing time (SPT) rule has also been texporery
effective for mean tardiness and number of tardys jvhen the due-dates are very tight or the shdpugkly
congested (Rajendran and holthaus 1999, EI|-BirP).

3.1Inserted idletime

Traditionally, a dispatching rule is used to setwoe of thewvaiting jobs to process next. In this study, a modifiaatio
is made so that the job in progress, if any, atitiaediately preceding machine is also considesed dispatching
candidate. If a dispatching decision is calleddbmachine (k >1), then any jolp in progress on machin&-g) will
also be considered. The dispatching rule assuna¢sHis jobj is available for dispatching at machikebut with a
processing time requirement equapjoplus the remaining time to its completion on maeli-1. If the dispatching
rule does end up selecting this jolihen machind will stay idle and wait for jolp to complete its operations on
machinek-1, before starting to process it directly uponaitsval. In this fashion, it is the dispatchindeawvhich
decides whether or not idle time is to be inserted.

3.2 Computational Analysis

The effects of allowing the dispatching rules teeirt idle times in the manner described aboverarestigated by
simulating operations on a five-machine flowshoghwlynamic job arrivals, and recording the perfane of the
different dispatching rules in regard of the thmneeasures: mean flowtime, mean tardiness and nuofilb@rdy jobs.

A set of twenty randomly generated test problenes wwed in the computational analysis. Each of these
problems consists of 2000 jobs that arrive non-#eneously to the flowshop at random time intervalke
processing time requirements,, for each joj on each machink are generated from the uniform distribution
U[1,99]. The dispatching rules are tested undezehevels of shop congestion (low, medium and highjd four
levels of due-date tightness. Hence the test pnabl@re run in twelve separate sets, each set tbarad by a the
combination of congestion and due-date tightnessideemployed in generating the set'’s test problems

The arrival times for the jobs in a test problera drawn from a Poisson distributed arrival proogith mean
arrival rateir. The values of areA=0.017,2=0.018, and,=0.019 arrivals per unit time, corresponding to ,low
medium and high shop congestion. Each job is alsggaed a due-date by using the Total Work Contegthod
(Baker and Bertrand 1981), with the tightness esehdue-dates controlled by a multilepf the sum of the job’s
processing times on the five machines. Four vabfes (2, 4, 6 and 8) are used, representing due-tightness
ranging from tight to loose respectively. Thus,leatthe twelve test sets represents a specifidbauation of shop
congestion and due-date tightness, ranging fromglad¢ongestion, tight due-date flowshdg=0.019 andz=2) to a
low-congestion, loose due-date flowshadp=({.017 andZ=8).

In the computational analysis, every test set isirumultiple replications, each replication beidigtinguished by
the limit on the amount of inserted idle time thigmtpermitted. The need to run the tests with varibonits on
inserted idle time arises because it is observegénformance of the dispatching rules tends terabette sharply,
in most cases, in the absence of a cap on the drobinserted idle time. The majority of the testssare therefore
run in twelve replications, with limits on the anmvwf inserted idle time ranging from zero in tirstfreplication to
10 time units in the eleventh replication. The fiteteplication is run without any limit on insedtédle time. In
some of the test sets, where it is observed thédrhygerformance can still be achieved with furtfetaxation of the
limit on the inserted idle time, the number of feplions is extended to twenty-six, including thimited idle time
scenario. The mean flowtime, mean tardiness andeuwof tardy jobs are recorded for each replication

The computational results from the flowshop simala are given in Table 1 for the mean flowtimeeatiyve by
using the dispatching rules SPT, LWKR and TWPT. M#éawtimes obtained by the other dispatching raesnot
presented in this Table because those rules aeflychlue date-based and not designed with any gerpd
flowtime minimization. Table 2 provides the resttis all eight dispatching rules with respect te thean tardiness
performance measure, while similar results forrthmber of tardy jobs may be observed in Table 3.
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Table 1 provides the average mean flowtimes obsgeirvéhe 20-problem test set under the three diffearrival
rates that correspond to high, medium and low stmmestion. For each of these runs, the Table gesviour
figures. The first, under the column headed ‘Nollfit’ is the average mean flowtime recorded wltleere is no
limit on the amount of inserted idle time. The setdigure under the column headed ‘lIT=0" providee average
mean flowtime when inserted idle time is not peteditat all. The third figure under the column hehdemited
IIT" displays the lowest average mean flowtime daied from the multiple replications with differecéps on the
amount of idle time insertion. The value of the d¢hpt produces this best performance is indicatedeu the
column headed ‘Cap’. The mean flowtimes obtaineddigig the other dispatching rules are not includetable 1,
because those rules are designed primarily forddtie-objectives.

Table 1: Performance comparison of three dispatgchites in minimizing mean flowtime under conditsoof no
limit on amount of inserted idle time, no insertdi@ time at all, and inserted idle time cappediaén value.

SPT LWKR TWPT

Arrival No IIT _ ~ |Limited No IIT _ ~ |Limited No IIT _~ |Limited
Rate imit "TEO Ty CaR e WTEO e Cap )y TR0 Cap

High 5340.3 1151.0{ 11495 2 4799.1 1330.5| 1328.0 2 1411.7 1213.5{12134 1
Medium | 3262.7 840.1| 8379 2* 3191.8 932.5| 932.0 2 9115 8640 863.9 4
Low 1208.7 648.5| 646.3 5* 1588.3 712.8| 7124 2 693.4 6696 669.0 3

In Tables 2 and 3, similar information is given fbe dispatching rule performances for the meatirtass and
number of tardy jobs, respectively. In Table 2, tbsults for each dispatching rule are given i fows, giving the
average mean tardiness under the conditions dfiteld idle time insertionef); no inserted idle time allowed (0);

best performance under a cap on the amount oftatséme allowed (LIIT); and the value of that cae same
arrangement is repeated in Table 3 for the avemag®er of tardy jobs. The figures in the columnJalbles 2 and
3 display the results from the different runs cammg due-date tightness (Z) and arrival rate (higadium or low).

4.0 Discussion and Conclusions

The results displayed in Tables 1, 2 and 3 summahie observed performances for the different disyreg rules
in the cases where idle time insertion is allowssdnpared to the alternative of no idle times peeditin each case,
a pairwise t-test comparison is done to determihetiher an observed difference between the resttts amd
without idle time insertion is statistically sigitiént. Significant differences are indicated by nweaf an asterisk
attached to the value for the maximum allowed titee that produced the result, which is the valtieted under
the column headed ‘Cap’. A review of Table 1 shdlves there is no statistical significance for amprovements in
average mean flowtimes resulting from the use séiited idle times by the LWKR and TWPT rules. Hoarethe
difference for SPT is statistically significant ihe medium to low arrival rate cases, although thitierence is
minor in magnitude.

With regard to the mean tardiness criterion, thig anle to experience some clear advantage frorerted idle time
is the COVERT rule, under medium to low due-dagbttiess levels. Even then, the magnitude of tHerdifices is
rather slight. The SPT rule does show statisticalgnificant improvement when inserted idle tilmeused under
low to medium congestion, with very tight due-datest this only under a severely limited allowarioeinserted
idle time.

The results for the number of tardy jobs are mdykddferent. With the exception of the COVERT afuitical

Ratio rules, all the dispatching rules demonstsgagistically significant improvement in performaneith inserted
idle times, for all arrival levels under tight ddates (Z=2). The magnitude of this improvementuisssantial for
many of these dispatching rules, amounting to ashnas 26% improvement for the LWKR operating ured@igh

arrival rate and tight due-dates. This improvemisrimited for most of the dispatching rules tghti due-date
levels (Z=2). As the due-date tightness relaxds,dnly the MDD and MOD rules which continue tchébit modest
improvements with inserted idle times. For verydealue-dates (Z=8), none of the dispatching ruéesamstrate
any gain by inserting idle times.

The results compiled from this study may be ex@dito a great extent by the fact that insertedtidie tends to

contribute to increased job completion times, agidle time cannot be recouped later on. The estrtiene a job
can be completed on a given machine is only extiifdelle time is inserted on that machine priorthe job’s
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arrival. This explains the failure of inserted idlme to have a major impact on the mean flowtime aean
tardiness criteria, the minimization of both of aihidepends on job completion times.

Table 2: Average mean tardiness by dispatching nuteler scenarios of unlimited, none and cappegvatices on
inserted idle time.

Z=2 Z=4 Z=6 Z=8

Arrival Rate| High Med. Low | High Med. Low | High Med. Low | High Med. Low
Covert-oo’ 4217.5 2007.1 526.5| 3151.1 772.4 123.3] 1803.4196.1 19.3| 846.1 4538 3.9
Covert -0 727.2 4119 2281 4513 180.5 61{2 240.0 634 121053 18.3 3.1
Covert- LIIT | 727.1 411.3 227.8 4512 180.1 60[7 239.6 63.3 121049 18.1 3.0
Cap 1 2 3* 1 2 6* 1* 2* 8* 2* 4* 10*
CR- 1376.6 697.9 367.9] 904.1 333.9 114/0 550.6 1458 3p.5 131559.2 9.8
CR-0 1168.9 608.5 326.9] 727.3 248.7 674 3768 727 80 160.221 0.5
CR-LIT 1168.5 608.2 326.2 727.1 2486 670 3765 727 79 160.2.11 0.5
Cap 2 2 4* 1* 1 8 2 0 8 0 3 0
EDD- w0 1325.3 683.6 360.3] 857.2 3052 882 4818 1045 140 23825.6 2.0
EDD- 0 1315.7 669.5 3445 8284 2745 70 4317 769 123 18812.3 0.6
EDD - LIIT [1315.7 669.5 344.3 8284 2745 703 4317 769 121 188123 0.6
Cap 0 0 2* 0 0 0 0 0 4 0 0 0
LWK- o 4347.6 2747.3 1149.8/4139.0 2560.0 986.6 | 3993.92436.9 889.2| 3874.22338.0 815.0
LWK-0 856.3 471.7 264.5 653.7 308.2 139.3 54549.22 885 | 4674 1779 59.2
LWK-LIT |[856.3 4717 264.5 653.7 308.2 1393 B5#45.229.7 885| 4674 1779 59
Cap 0 0 0 0 0 0 0 0 0 0 0 1
MDD- « 1269.2 565.1 292.3] 682.8 234.2 649 3555 75.1 97 167.761 15
MDD- 0 874.8 467.3 254.2 5314 185.7 507 269.7 152.6.4 | 1108 8.1 0.5
MDD - LIIT |874.8 466.8 253.4 531.2 1857 507 269.52.1 6.3 | 1108 8.1 0.5
Cap 0 2 3 1 0 0 0 0 4 0 0 0
MOD- 3904.4 1794.8 494.7 | 2230.0 647.5 148.7| 1408.5283.6 51.2| 9384 139.7 14.0
MOD- 0 677.1 3747 198.1 359.5 138.2 428 178.7 148.115| 824 16.6 3.2
MOD - LIT |677.1 3734 196.0 359.3 138.1 42/4 178.&79 114| 824 165 3.1
Cap 0 3 5* 1 1 5 2 2 4* 0 1* 7
SPT-o 4874.6 2803.5 759.7 | 4640.32594.7 593.4| 4483.82464.9 504.4| 4355.82363.0 441.4
SPT-0 676.6 382.0 2054 4818 229.2 92.1 389.1 .316655.1 | 326.8 127.7 35.7
SPT-LIT 676.1 380.8 2045 4816 229.2 920 389166.3 55.1| 326.8 127.7 357
Cap 2 2* 2* 1 0 1 0 0 0 0 0 0
TWPT-w 938.6 452.2 24785 7395 293.1 1285 633.2 2194 8 815574 1722 55.8
TWPT- 0 737.7 402.1 221.8 5405 2454 10p.4 4401969 63.3| 3713 1343 408
TWPT- LIIT | 737.7 401.8 221.6 5405 2453 1054 #840176.8 63.3| 3713 134.3 40.f
Cap 0 1 3 0 1 0 0 1 0 0 0 3

*o0 - nO limit on inserted idle time; O - no idle tinmesertion allowed; LIIT - idle time insertion alleed up to cap .

The situation is not the same for the minimum nundfeardy jobs criterion. As far as that criterinconcerned,
the effect of a machine working on a job that readly tardy is equivalent to the machine remaiinltey Increasing
the completion time of a job that is already p&ésdue-date does not affect the performance ingeimumber of
jobs tardy. Hence, there is very good reason forahine to remain idle, rather than start procgsaitardy job, in
order to wait for an upcoming job that has a chdoeceompletion before its due-date. Now, in a biélswshop
where many in-process jobs are already overduieeeal allowance of inserted idle times will enabtechines to
avoid working on the already tardy jobs and foaistéad on expediting the jobs that can be comptatedne. This
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is seen from the results where job congestionds lind due-dates are tight (Z=2), where the dispajcrules’
perform better with high allowances on permissitlle time insertions. Conversely, in the low cortggsand loose
due-date situations, the number of overdue jobsatein-process is quite low, so that there teljustification for
increasing job completion times by inserting idheds.

Table 3: Average number of tardy jobs by dispatghiries under scenarios of unlimited, none and edpp
allowances on inserted idle time.

Z=2 Z=4 Z=6 Z=8

Arrival Rate| High Med. Low | High Med. Low | High Med. Low | High Med. Low
Covert-oo’ 1990.2 1981.3 1848.5/1922.9 1658.7 923.5| 1721.9 920.2 260.7| 1309.2417.9 76.9
Covert - 0 1952.0 1809.9 1588.4/1726.3 1201.7 706.0| 1350.3 641.4 213.0f 892.7 2855 69.0
Covert- LIIT | 1951.5 1808.8 1588.4/ 1726.3 1201.6 705.9 | 1349.7 641.3 212.0| 892.6 285.4 69.0
Cap 2 1* 0 0 1 1 1 2 3* 1 1 0
CR-w 1988.6 1936.7 1788.7|1883.6 1515.5 1013.2| 1648.0 1000.5 435.2| 1330.3 607.2 185.5
CR-0 1981.71886.3 1682 | 1780.11214.3 662.4| 1321.9 545.,5 115.6| 751.4 147.3 203
CR—LIT 1981.7 1886.3 1682 | 1779.21213.9 661.1| 1321.6 545.5 114.9] 750.5 1449 20.B
Cap 0 0 0 5 3 2 1 0 5 2 3 0
EDD- « 1978.5 1882.9 1677.4| 1773 1190.5 630.3| 1353.5 554.7 102.9] 868.2 180.9 18
EDD- 0 1976.8 1866.9 1639.9|1734.4 1085.7 517.7| 12429 439.6 71.8| 648.3 979 9.15
EDD - LIIT |1976.5 1865.4 1635.51734.4 1085.7 517.4| 12429 4395 714| 6483 979 9.1b
Cap 10 3* * 0 0 1 0 1 3 0 0 0
LWK- o 1057.3 992.9 905.5| 5355 465.3 376/2 408.8 338.3 256.6 .134@82.6 199.8
LWK-0 1333.3 1156.5 965.2| 434.9 3247 220 281.2 193.3 1144 209.2 13265.1
LWK - LIT [1057.3 9929 885.3] 4349 3239 220 2812 1933 1144 209323 66.1
Cap o0* oo* 16* 0 3 0 0 0 0 0 0 2
MDD- « 1837.2 1711.8 1498.5/1585.2 1022.4 521.9| 1149.2 451.9 83.8| 697.2 139.6 14.8
MDD- 0 1897.3 1735.1 1492.8/ 1534.7 918.4 433.4] 1028.2354.7 57.4| 5024 743 7.2
MDD - LIIT |1849.3 1691.2 1459.2/1525.1 915.2 431.3| 1023.9350.8 56.3| 501.4 74.3 7.2
Cap oo* 19* 20* 10* 6 8* 3 * 4 2 0 0
MOD- « 1795.5 1738.2 1510.2| 1545.7 1239.4 634 | 1372.7 735.7 235.3| 1198.7 437 71.2
MOD- 0 1707.8 1473.3 1215 | 894.6 457.4 191p 4125 1237 311 1395 31.6.3
MOD - LIT |1685.9 1445 1186.2 889.1 450.3 184.2 4109 121.3 29|19 138.7 31.6 7.3
Cap 10* o* 10* 4 5 6* 2 3* 5* 2 0 0
SPT-o 1279.4 1189.9 1054.5| 659.2 551.8 406.3 504.4 405.6 257.9 429.2 332.8 .8196
SPT-0 1400.51207.3 1001.3| 440.7 315.2 204.0 2715 175 91}4 193.3 1158 525
SPT-LIT 1257.6 1096.1 915.5| 438.5 312.35203.2| 2704 1743 91.3 1929 115 52.1
Cap 19* 19* 20* 2 2 4 2 1 1 1 3 3
TWPT-w 12725 1099.7 907.2 | 426.35 309.8 203.3) 275 1755 101{5 2024 1171 60.6
TWPT- 0 1345.01171.1 966.0| 403.7 294.2 189.6 2539 1619 894 182.0 010551.2
TWPT- LIIT |1272.5 1099.7 907.2| 403.7 2929 189.6 253.3 161.6 88.6 181.3 810451.2
Cap oo* oo* oo* 0 9 1 2 1 3 2 1 0

*o0 - NO limit on inserted idle time; O - no idle tinresertion allowed; LIIT - idle time insertion alleed up to cap .

The computational analysis conducted in this retestudy leads to the following conclusions. Fitisg use of any
amount of inserted idle time in a flowshop is rafeéneficial for minimizing either the mean flowtnor the mean
tardiness performance criteria. In those few cirstamces where some benefit has been observed itdsy minor
benefit and achieved only with a very strict lirait the permissible amount of idle time. On the otrend, there is
strong evidence that inserted idle time helps ndisgatching rules to improve their performance inimizing the

number of tardy jobs, particularly when the duesdadre very tight. Second, it is observed thaecdkfit dispatching
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rules react differently to the use of inserted tillees. Some rules are able to improve their peréarce much more
substantially than others under the same set ofitistance. Finally, and most critically, there dtidae a limit on

how much idle time can be inserted. This limit degseon the dispatching rule, the shop conditiomadestion,

due-date tightness), and the performance critbrithe absence of such limitation, the performamitmost of the

dispatching rules rapidly deteriorates under mésgth® operating conditions considered in this study

The objective of the research conducted in thidystias been to determine the effect of insertesl tidhes in the
performance of some well-known dispatching rulesinimizing a selection of performance criteriagirdynamic
flowshop that receives jobs continuously over timiée main finding is that inserted idle time carovide
opportunity to improve the performance of thesealishing rules in minimizing the number of tardypgo What
remains to be seen is whether such improvementdagh to make these dispatching rules stronger etitags in
comparison to other scheduling algorithms spedlficdesigned to minimize the number of tardy jotsch as those
proposed by Rajendran and Holthaus (1999), Lod2664) and Chiang and Fu (2007). Futhermore, ingastin
needs to be also conducted on those procedures¢hara to determine whether inserted idle times prayide
opportunity for further improvements in their perfances.

Future research efforts should also investigateldbation and duration of inserted idle times. Timsans that in
addition to deciding which job to load next, a disghing rule will also need to decide how much tiiee, if any, to
allow in waiting for an upstream job to arrive. &y, Inserted idle times have been also the stilgieesearch for
non-regular performance measures, such as sudma®fsearliness/tardiness penalties. Future reseay also
consider inserted idle time in such non-regulafggarance measures for dynamic flowshops similathi one
discussed in this paper.
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