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1 M ovesEvaluation
W ecallthek-insertionofv forwhichtheestimatedlongestpathisminimized,
approximateoptimalk-insertion. O ver1 7£1 0 6 trialsand17 2 di¤erentproblems,
weexperimentallyfoundoutthatanapproximateoptimalk-insertionisalsoan
optimalk-insertionofv in 9 9 % ofthecaseswithamaximaldeviationof1% .
Table1 showstheaverageerrorfordatasetsdata, edata, rdataandvdata.

D ata A v(error)
sdata 0,03%
rdata 0,07 %
edata 0,10 %
vdata 0,08 %

Table1: M eanrelativeoptimalinsertionerrorondi¤erentdatasets.

2 Computationalresults
T he N opt1 -version ofthesearchproceduredescribed in Section 7 was imple-
mented inC+ + ona266M H z Pentium. T henon-deterministicnatureofthe
algorithm makes itnecessarytocarryoutmultiplerunsonthesameproblem
instanceinordertoobtainmeaningfulresults. W eranouralgorithm…vetimes
fromdi¤erentstartingsolutionsandtesteditonalargenumberoftestproblems
¤SupportedbySwiss N ationalScienceFoundationproject21-557 7 8 .9 8 , “R esource A lloca-

tionandSchedulinginFlexible M anufacturingSystems”.
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from theliterature. T heresults obtainedwithourprocedurewerethencom-
paredwithresultsobtainedwithallproceduresforwhichwecould…ndresults
(intermsofmakespanandCPU time) intheliterature.

Fivedi¤erentsetsofexperimentswereconducted. T hedataaretakenfrom
B randimarte [4], D auzère-Pérès and Paulli [6], Chambers and Barnes [3]and
from H urink etal. [10], respectively. T he procedurewas also tested on a
numberofclassicaljobshop schedulingproblems [1, 9 ].

T hefollowingnotationsareused.

²(L B ,U B ) denotes theoptimum valueifknown, otherwise, thebestlower
andupperboundfoundtodate;

²A v(C0 ) standsfortheaveragestartingsolutionvalueoutof…veruns;

²Cbest is thevalueofthebestsolutionfoundusingourprocedureoutof5
runs;

²A v(C) istheaveragesolutionvalueover5 runs;

²D evStd(C) isthestandarddeviationofthe5 solutionvalues;

²A v(CP U ) istheaveragecomputingtimeinseconds.

W henasolution is equaltotherelated lowerbound, itis optimaland is
markedwithanasterisk. CP U istheamountofCPU secondsusedbythepro-
cedureandtheacronymCI-CP U standsforcomputer-independentCP U times.
T hesevalueswerecomputedusingthenormalizationcoe¢cientsofD ongarra[8],
as interpretedbyVaessensetal. [14]andusedalsoinBalasandVazacopoulos
[2]andmustbeinterpretedwithcare.

Intheremainder, theacronym T Sopt1 denotesourprocedure.

2.1 Testsample1
T he …rsttestsamplecomes from B randimarte [4]. T hedatawererandomly
generatedusingauniform distribution betweengiven limits. T heyconsistof
tenproblemsmk1-10 wherethenumberofjobsrangesfrom10 to20, thenumber
ofmachinesrangesfrom6to15, operationsforeachjobrangefrom 5 to15 and
themaximumnumberofequivalentmachinesperoperationrangesfrom 3to6.
W elimitedthenumberofiterationsto1 0 5. Table3comparestheperformance
ofT Sopt1 withthebesttabusearchprocedureofBrandimarte. O urprocedure
improveduponthebestknownresults. A comparisonofthecomputationale¤ort
fortheserunsisnotpossiblesinceBrandimartedoesnotreportcomputingtimes
[4].

T heresults seem tosupportthehypothesis thatsimultaneousapproaches,
likeours, performbetterthanhierarchicalones.
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2.2 Testsample2
T he second testsamplecomes from D auzère-Pérès and Paulli [6]. T hedata
consistof…vesets of18 testproblemswherethenumberofjobs ranges from
10 to20, machinesrangefrom 5 to10, operationsforeachjobrangefrom 5 to
25. T hesetofmachines capableofperforminganoperationwas constructed
bylettingamachinebeinthatsetwithaprobabilitythatrangesfrom 0.1 to
0.5 [6]. Table4showsthecomputationalresultsonthe…rstsetof18 problems.
T he lowerbound values werecomputed in asimplewayandhencetheyare
generallynotveryclosetotheoptimum. T hebestknownupperboundsfound
up tonowarereportedby[6]. W elimitedthenumberofiterationsto4£1 0 5.
Table 4 shows thatourprocedure improves the bestknown upperbound in
18 cases. A lthoughthequalityofthestartingsolution is lowerthantheone
reportedby[6], ourtabusearchprocedureleads tosubstantialimprovements.
ComparingouraveragesolutionvaluesandouraverageCI-CP U withthebest
knownsolutions17 testproblemsyieldbetterresults, whilein1 caseouraverage
valueisworse. Figure1makesacomparisonbetweentheCI-CP U timesrequired
byprocedureD P [6]andT Sopt1 averageCI-CP U . N otethattheCI-CP U axis
hasalogarithmicscale. O naverage, T Sopt1 is 5.6timesfasterthanD P.
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Figure1: ComparisonbetweenFJSP andD P CI-CP U .

2.3 Testsample3
T hethirdtestsamplecomesfromChambersandB arnes[3]. T hedatawerecon-
structedfrom threeofthemostchallengingclassicaljob shopproblems (mt10,
la24, la40) by replicatingmachines selectedaccordingtotwosimplecriteria:
thetotalprocessingtimerequiredbyamachineandthecardinalityofcritical
operationsonamachine. T hesetconsistsof21 testproblemsandtheprocess-
ingtimesforoperationsonreplicatedmachinesareassumedtobeidenticalto
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theoriginal. Table5 showsthecomputationalresults. (A gain, thelowerbound
valueswerecomputedinaverysimplewayandsotheyaregenerallynotvery
closetotheoptimum).

W elimitedthenumberofiterationsto4£1 0 5. T Sopt1 improvesthebest
knownupperbounds in17 cases. Comparingouraveragesolutionvalueswith
thebestknownupperboundswe…ndthatin16testproblemsweobtainbetter
results, whilein4casesouraveragesolutionvaluesareworse. Figure2 makes
a comparison between the required CI-CP U times by procedure BC [3]and
procedureT Sopt1 averageCI-CP U . O naverageT Sopt1 is 21 timesfasterthan
BC.
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Figure2: ComparisonbetweenFJSP andBCCI-CP U .

2.4 Testsample4
T hefourthtestsamplecomesfrom H urinketal. [10]. T heproblemsaregener-
atedbymodifyingbenchmarkproblemsfortheclassicaljobshopproblem. M ore
speci…cally, theywereobtainedfromthreeproblemsbyFisherandT hompson[9 ]
(mt06, mt10, mt20) and40 problemsfrom A damsetal. [12](la01–la40). Each
setM i is equaltothemachinetowhichoperation i is assignedintheoriginal
problem, plus anyoftheothermachineswithagivenprobability. D epending
onthisprobability, H urinketal. generatedthreesetsoftestproblems: edata,
rdataandvdata. T he…rstsetcontainstheproblemswiththeleastamountof
‡exibility, whereastheaveragesizeofM i isequalto2 inrdataandm=2 invdata
[10]. W elimitedthenumberofiterationsto1 0 5. Tables6, 7 and8 showsthat
T Sopt1 outperformsthecombinede¤ortofalltheotherknownprocedures in
7 7 cases anditisneveroutperformed. Comparingouraveragesolutionvalues
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withthebestknownupperbounds, in 129 testproblemsweobtain 7 4 better
results, whilein4casesouraveragesolutionvaluesareworse.

W e compared T Sopt1 with 3 approximation algorithms: M P M JSP [10],
M M JSP [5]and D P [6]. A comparativeoverviewofT Sopt1 averagesolution
andM P M JSP, M M JSP andD P, isgiveninTable2 (B :E:W representsthenum-
berofexamples forwhich T Sopt1 averagemakespan is better(B ), equal(E)
orworse (W ) than thebestmakespan foundby M P M JSP, M M JSP and D P
respectively;TotalCI-CP U isthesum oftheCI-CP U usedtocomputeallthe
solutions exceptforprocedure T Sopt1 whereitis thesum oftheaverageCI-
CP U ). O naverage, ourAv(CI-CP U )is 15, 32 and 25 times smallerthanthe
correspondingCI-CP U ofM P M JSP, M M JSP andD P respectively.

Figure3 compares therequiredCI-CP U times tosolveproblem setvdata
usingtheprocedures M P M JSP, M M JSP andD P andtheaverageCI-CP U for
ourprocedure(asimilargraphcouldbeobtainedfordatasetedataandrdata).
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Figure3: ComparisonsbetweenFJSP, M P M JSP, M M JSP andD P CI-CP U .

2.5 Testsample5
T hetestproblems inthissampleareallclassicaljobshopschedulingproblems.
Since the classicaljob-shop schedulingproblem is a specialcase ofthe FJS
problem, ourtabusearchprocedurecanalsobeusedtosolvetheseproblems.
W etestedourprocedureontheoriginal43testproblems(sdata) [?, 9 ]usedto
generatetestsample3and4. Forthis setofproblem weran T Sopt1 10 times
from di¤erentstartingsolutions and limitedthenumberofiterations to 1 0 6.
Table9 showsthatourtabu-searchalgorithm …ndsanoptimalsolutionfor38
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of43problems. W ithregardtothe5 remainingproblems, thedistancefromthe
bestlowerbound(oroptimum, ifknown)issmallerthan0.1% . Itisworthnoting
thatourprocedureisableto…ndtheoptimalsolutiontothenotorious 1 0 £1 0
problem (mt10) byFisherandT hompson in just0.01 seconds startingfrom a
solutionwithmakespanequalto1686. T hesearchprocedurefortheclassicaljob
shopschedulingproblemdescribedbyBalasandVazacopoulos[2]iscomparable
to(butconsiderablyfasterthan) T Sopt1 . H owever, ourtabusearchprocedure
isquitesimpleanditisanobvioustopicforfurthercomputationalexperiments
toanalyzehowmoresophisticatedsearchstrategiescouldimprovethesolution
quality(andperhapsalsothecomputationaltime).

Inordertomakeamoredetailed comparison on problems forwhich itis
meaningful, weselectedthe13mostdi¢cultinstances, accordingtoBalasand
Vazacopoulos[2], amongthe43problems. Table10 containscomparisonrelated
tothebestmakespansfoundbyT Sopt1 , againstthosefromD T (thetabusearch
procedureofD ell’A micoand Trubian [7 ]), N S (thetabu search procedureof
N owicki and Smutnicki [13]) and B V (theprocedure SB -G L S2 ofB alas and
Vazacopoulos[2]). O urresultsareclosetotheonesobtainedbythebestsearch
procedures tosolvethejob shop problems, although thecomputationaltime
usedbyT Sopt1 is considerablygreater. Figure4showsacomparisonbetween
theCI-CP U ofT Sopt1 , D T andB V . InthiscasetheCI-CP U forT Sopt1 isthe
totalamountofCI-CP U tocompute10 runs (forN S and BC thetotaltimes
arenotreported).
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3 Tables

A lgorithm TotalCI-CP U B :E:W
M P M JSP 258 7 50 102:27 :0
M M JSP 531056 107 :22:0

D P 428409 .6 7 7 :47 :5
T Sopt1 16568.36

Table2: SummaryresultsfortheH urinketal. data.

Problem (L B ,U B ) Cbest A v(C) D evStd(C) A v(CP U ) A v(C0 )
M k01 (36,42) 40 40.00 0.00 0.01 102.40
M k02 (24,32) 26 26.00 0.00 0.7 3 9 3.20
M k03 (204,211) * 204 204.00 0.00 0.01 511.60
M k04 (48,81) 60 60.00 0.00 0.08 147 .20
M k05 (168,186) 17 3 17 3.00 0.00 0.96 310.80
M k06 (33,86) 58 58.40 0.55 3.26 255.40
M k07 (133,157 ) 144 147 .00 3.00 8.9 1 361.80
M k08 523 * 523 523.00 0.00 0.02 867 .40
M k09 (29 9 ,369 ) 307 307 .00 0.00 0.15 807 .80
M k10 (165,29 6) 19 8 19 9 .20 0.84 7 .69 7 30.60

Table3: R esultsonBrandimarte’sdata.

9



P roblem (L B ,U B ) Cbest A v(C) D evStd(C) A v(CP U ) A v(C0 )
01a (2505, 2530) 2518 2528.00 6.89 28.17 4604.00
02a (2228 , 2244) 2231 2234.00 2.45 42.48 47 62.40
03a (2228 , 2235) 2229 2229 .60 0.55 64.44 4855.40
04a (2503, 2565) * 2503 2516.20 10.38 27 .66 4834.80
05a (2189 , 2229 ) 2216 2220.00 2.7 4 45.52 4503.40
06a (2162, 2216) 2203 2206.40 2.41 54.08 457 2.60
07 a (218 7 , 2408) 2283 229 7 .60 10.7 4 68.23 49 35.80
08a (2061, 209 3) 2069 207 1.40 1.52 53.32 47 9 2.80
09 a (2061, 207 4) 2066 2067 .40 0.8 9 81.19 49 61.80
10a (217 8 , 2362) 229 1 2305.60 12.14 56.11 5211.20
11a (2017 , 207 8) 2063 2065.60 2.88 61.48 49 60.60
12a (19 69 , 2047 ) 2034 2038.00 3.9 4 81.9 3 4884.40
13a (2161, 2302) 2260 2266.20 4.32 48.54 5564.60
14a (2161, 2183) 2167 2168.00 1.00 110.68 59 01.20
15a (2161, 217 1) 2167 2167 .20 0.45 137 .53 57 66.00
16a (2148, 2301) 2255 2258.80 5.26 7 4.66 5586.20
17 a (2088 , 2169 ) 2141 2144.00 2.55 120.83 5458.40
18a (2057 , 2139 ) 2137 2140.20 2.7 7 149 .49 5836.40

Table4: R esultsonthedatafrom D auzere-PeresandPaulli.

Problem (L B ,U B ) Cbest A v(C) D evStd(C) A v(CP U ) A v(C0 )
mt10x (655, 9 29 ) 9 18 9 18.00 0.00 4.31 1822.60
mt10xx (655,9 29 ) 9 18 9 18.00 0.00 1.7 3 1642.60
mt10xxx (655,9 36) 9 18 9 18.00 0.00 1.10 17 23.60
mt10xy (655,9 13) 9 06 9 06.00 0.00 4.02 19 15.00
mt10xyz (655,849 ) 847 850.80 2.49 5.50 169 7 .60
mt10c1 (655,9 27 ) 9 28 9 28.00 0.00 2.33 17 9 5.60
mt10cc (655,9 14) 9 10 9 10.00 0.00 10.04 168 7 .20
setb4x (846,9 37 ) 9 25 9 25.00 0.00 7 .45 207 9 .00
setb4xx (846,9 30) 9 25 9 26.40 2.19 14.8 7 2031.80
setb4xxx (846,9 25) 9 25 9 25.00 0.00 7 .9 9 2186.00
setb4xy (845,9 24) 9 16 9 16.00 0.00 3.15 19 53.20
setb4xyz (838,9 14) 9 05 9 08.20 1.7 9 7 .35 2023.80
setb4c9 (857 ,9 24) 9 19 9 19 .20 0.45 14.02 2111.80
setb4cc (857 ,9 09 ) 9 09 9 11.60 5.81 12.9 5 2052.80
seti5x (9 55,1218) 1201 1203.60 1.52 15.85 27 10.80
seti5xx (9 55,1204) 119 9 1200.60 2.30 23.64 27 28.40
seti5xxx (9 55,1213) 119 7 119 8.40 0.8 9 23.51 27 8 7 .20
seti5xy (9 55,1148) 1136 1136.40 0.55 11.9 1 27 05.80
seti5xyz (9 55,1127 ) 1125 1126.60 1.14 17 .13 239 1.80
seti5c12 (1027 ,1185) 117 4 117 4.20 0.45 19 .49 27 7 4.20
seti5cc (9 55,1136) 1136 1136.40 0.55 11.9 1 27 05.80

Table5: R esultsonthedatafrom B arnesandChamber
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P roblem (L B ,U B ) Cbest A v(C) D evStd(C) A v(CP U ) A v(C0 )
m06 55 * 55 55.00 0.00 0.00 101.40
m10 (8 7 1, 8 7 3) * 8 7 1 8 7 3.00 1.41 1.61 1812.00
m20 (1088 , 1106) * 1088 1088.80 0.84 3.52 2034.20
la01 609 * 609 609 .00 0.00 0.01 1110.20
la02 655 * 655 655.00 0.00 0.04 1181.40
la03 (550, 554) * 550 550.00 0.00 1.00 1086.80
la04 568 * 568 568.00 0.00 0.36 1131.00
la05 503 * 503 503.00 0.00 0.01 9 9 4.80
la06 833 * 833 833.00 0.00 0.00 1540.40
la07 (7 62, 7 65) * 7 62 7 62.00 0.00 0.35 1438.40
la08 845 * 845 845.00 0.00 0.02 1431.40
la09 8 7 8 * 8 7 8 8 7 8.00 0.00 0.04 149 3.20
la10 866 * 866 866.00 0.00 0.01 147 8.40
la11 (108 7 , 1103) 1103 1103.00 0.00 1.9 1 19 35.00
la12 960 * 9 60 9 60.00 0.00 0.02 17 7 3.80
la13 1053 * 1053 1053.00 0.00 0.02 19 9 7 .20
la14 1123 * 1123 1123.00 0.00 0.03 19 15.00
la15 1111 * 1111 1111.00 0.00 0.30 2018.60
la16 (89 2, 9 15) * 8 9 2 8 9 2.00 0.00 0.25 17 28.80
la17 7 07 * 7 07 7 07 .00 0.00 0.58 157 0.00
la18 (842, 843) * 842 842.00 0.00 0.7 9 1624.60
la19 7 9 6 * 7 9 6 7 9 6.00 0.00 1.53 1624.80
la20 (857 , 864) * 857 857 .00 0.00 0.88 17 7 7 .80
la21 (8 9 5, 1046) 1017 1023.20 5.26 2.83 2220.60
la22 (832, 8 9 0) 882 883.00 1.41 4.29 2123.40
la23 (9 50, 9 53) * 9 50 9 50.00 0.00 2.9 7 2156.60
la24 (881, 9 18) 9 09 9 11.60 2.61 3.88 2113.20
la25 (8 9 4, 9 55) 9 41 9 45.00 2.83 1.7 6 2217 .60
la26 (1089 , 1138) 1125 1127 .00 3.39 5.48 2536.60
la27 (1181, 1215) 1186 1188.80 3.27 9 .25 27 60.80
la28 (1116, 1165) 1149 1149 .00 0.00 3.44 2654.00
la29 (1058 , 1157 ) 1118 1120.60 2.88 5.47 2564.20
la30 (1147 , 1225) 1204 1213.20 6.46 9 .22 2882.60
la31 (1523, 1556) 1539 1540.60 0.8 9 9 .58 339 0.60
la32 169 8 * 169 8 169 8.00 0.00 1.85 349 7 .20
la33 1547 * 1547 1547 .00 0.00 1.40 3640.20
la34 (159 2, 1613) 159 9 159 9 .20 0.45 9 .35 357 0.40
la35 17 36 * 17 36 17 36.00 0.00 0.41 3457 .20
la36 (1006, 117 1) 1162 1163.20 1.7 9 8.08 28 9 1.40
la37 (1355, 1418) 139 7 139 7 .00 0.00 3.48 3003.00
la38 (1019 , 117 2) 1144 1146.60 2.61 6.9 0 27 19 .20
la39 (1151, 1207 ) 1184 1185.60 1.34 8.68 2811.80
la40 (1034, 1150) 1150 1151.60 2.61 7 .7 8 259 7 .60

Table6: R esultsonthesetedatafrom H urinketal.
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P roblem (L B ,U B ) Cbest A v(C) D evStd(C) A v(CP U ) A v(C0 )
m06 47 * 47 47 .00 0.00 0.00 82.80
m10 (67 9 , 686) 686 686.00 0.00 2.7 1 157 2.40
m20 (1022, 1024) * 1022 1022.60 0.55 3.53 19 07 .40
la01 (57 0, 57 4) 57 1 57 1.80 0.84 1.9 7 1232.40
la02 (529 , 532) 530 530.60 0.55 1.31 1133.80
la03 (47 7 , 47 9 ) 47 8 47 8.20 0.45 1.36 1118.60
la04 (502, 504) * 502 503.00 0.7 1 0.62 1013.00
la05 (457 , 458) *457 457 .60 0.55 1.7 8 8 89 .00
la06 (7 9 9 , 800) * 7 9 9 7 9 9 .40 0.55 2.9 9 1588.60
la07 (7 49 , 7 50) 7 50 7 50.00 0.00 1.13 1401.80
la08 (7 65, 7 67 ) * 7 65 7 65.80 0.45 0.35 149 4.00
la09 (853, 854) * 853 853.40 0.55 2.29 1526.00
la10 (804, 805) * 804 804.60 0.55 1.32 167 9 .60
la11 (107 1, 107 2) * 107 1 107 1.00 0.00 2.56 1863.80
la12 9 36 * 9 36 9 36.00 0.00 0.08 1638.40
la13 1038 * 1038 1038.00 0.00 0.9 0 19 9 8.60
la14 107 0 * 107 0 107 0.00 0.00 0.28 19 49 .60
la15 (1089 , 109 0) 109 0 109 0.00 0.00 1.7 6 1858.00
la16 7 17 * 7 17 7 17 .00 0.00 0.07 17 80.80
la17 646 *646 646.00 0.00 0.03 1384.40
la18 (666, 669 ) *666 666.00 0.00 1.7 9 1625.60
la19 (647 , 7 03) 7 00 7 01.20 1.64 1.9 0 17 32.40
la20 7 56 * 7 56 7 56.00 0.00 0.03 17 7 9 .00
la21 (808 , 846) 835 841.00 4.24 7 .81 2436.60
la22 (7 37 , 7 7 2) 7 60 7 63.60 2.07 5.14 2057 .20
la23 (816, 853) 842 845.20 2.9 5 6.50 2230.20
la24 (7 7 5, 820) 808 813.80 3.35 4.06 2084.60
la25 (7 52, 802) 7 9 1 7 9 4.40 2.19 3.38 207 4.80
la26 (1056, 107 0) 1061 1063.80 1.64 7 .69 27 47 .00
la27 (1085, 1100) 109 1 109 2.60 1.34 7 .47 2619 .20
la28 (107 5, 1085) 1080 1081.60 1.14 7 .54 2689 .60
la29 (9 9 3, 1004) 9 9 8 9 9 8.60 1.34 4.03 27 16.00
la30 (1068, 108 9 ) 107 8 1080.80 1.7 9 7 .7 8 267 9 .80
la31 (1520, 1528) 1521 1522.00 1.00 8.61 3454.20
la32 (1657 , 1660) 1659 1659 .80 1.10 12.67 37 7 3.80
la33 (149 7 , 1501) 149 9 1500.00 1.00 11.48 3436.40
la34 (1535, 1539 ) 1536 1536.20 0.45 7 .28 3356.00
la35 (1549 , 1555) 1550 1550.60 0.55 15.28 3556.80
la36 (1016, 1030) 1030 1031.20 1.10 4.9 0 2818.00
la37 (9 8 9 , 1082) 107 7 1080.60 2.7 0 9 .52 2860.60
la38 (9 43, 9 8 9 ) 9 62 9 68.00 3.67 9 .32 2839 .60
la39 (9 66, 1024) 1024 1033.20 13.29 2.7 8 2639 .00
la40 (9 55, 9 80) 9 7 0 9 7 4.00 3.39 6.11 2836.00

Table7 : R esultsonthesetrdatafrom H urinketal.
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P roblem (L B ,U B ) Cbest A v(C) D evStd(C) A v(CP U ) A v(C0 )
mt06 47 * 47 47 .00 0.00 0.00 9 8.00
mt10 655 * 655 655.00 0.00 0.02 159 3.00
mt20 1022 * 1022 1022.00 0.00 3.7 9 17 66.60
la01 (57 0, 57 2) * 57 0 57 0.80 0.45 1.08 107 2.00
la02 529 * 529 529 .40 0.55 2.29 1158.00
la03 (47 7 , 47 9 ) *47 7 47 7 .60 0.55 0.58 109 9 .60
la04 (502, 503) * 502 502.00 0.00 1.15 109 3.60
la05 (457 , 460) *457 458.00 0.7 1 1.40 9 7 7 .20
la06 7 9 9 * 7 9 9 7 9 9 .00 0.00 0.9 7 1519 .00
la07 (7 49 , 7 50) * 7 49 7 49 .80 0.84 3.55 1466.60
la08 (7 65, 7 66) * 7 65 7 65.20 0.45 1.81 1518.20
la09 853 * 853 853.00 0.00 2.59 1545.40
la10 (804, 805) * 804 804.00 0.00 1.66 149 3.20
la11 107 1 * 107 1 107 1.00 0.00 0.68 17 9 0.40
la12 9 36 * 9 36 9 36.00 0.00 0.59 169 7 .60
la13 1038 * 1038 1038.00 0.00 0.65 19 41.80
la14 107 0 * 107 0 107 0.00 0.00 0.53 19 60.00
la15 108 9 * 108 9 108 9 .40 0.55 1.55 2053.00
la16 7 17 * 7 17 7 17 .00 0.00 0.01 17 30.20
la17 646 *646 646.00 0.00 0.01 1557 .40
la18 663 *663 663.00 0.00 0.01 159 0.40
la19 617 * 617 617 .00 0.00 0.12 1660.00
la20 7 56 * 7 56 7 56.00 0.00 0.01 17 47 .20
la21 (800, 814) 806 807 .60 1.52 4.66 2136.40
la22 (7 33, 7 44) 7 39 7 39 .80 0.84 6.42 2103.80
la23 (809 , 818) 815 816.00 1.22 5.66 217 0.40
la24 (7 7 3, 7 84) 7 7 7 7 7 9 .00 1.58 6.7 9 2103.20
la25 (7 51, 7 57 ) 7 56 7 56.40 0.55 6.27 2084.00
la26 (1052, 1056) 1054 1054.60 0.55 8.55 27 46.60
la27 (1084, 108 7 ) 1085 1085.80 0.45 6.44 27 43.40
la28 (1069 , 107 2) 107 0 107 0.40 0.55 12.7 3 27 9 4.80
la29 (9 9 3, 9 9 5) 9 9 4 9 9 4.60 0.55 13.06 2542.00
la30 (1068, 107 0) 1069 107 0.00 0.7 1 9 .60 2668.00
la31 (1520, 1521) * 1520 1520.00 0.00 16.9 2 3643.20
la32 (1657 , 1658) 1658 1658.00 0.00 13.00 37 06.00
la33 (149 7 , 149 8) * 149 7 149 7 .80 0.45 17 .14 3312.80
la34 (1535, 1536) * 1535 1535.20 0.45 13.50 3454.60
la35 (1549 , 1550) * 1549 1549 .00 0.00 20.69 3633.20
la36 9 48 * 9 48 9 48.00 0.00 0.28 27 33.00
la37 9 86 * 9 86 9 86.00 0.00 0.44 2834.00
la38 9 43 * 9 43 9 43.00 0.00 0.09 267 1.20
la39 9 22 * 9 22 9 22.00 0.00 0.22 27 9 8.60
la40 9 55 * 9 55 9 55.00 0.00 0.26 2810.60

Table8: R esultsonthesetvdatafrom H urinketal.
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P roblem (L B ,U B ) Cbest A v(C) D evStd(C) A v(CP U ) A v(C0 )
mt06 55 * 55 55.00 0.00 0.00 9 9 .80
mt10 9 30 * 9 30 9 32.50 2.7 6 27 .69 19 38.7 0
mt20 1165 * 1165 1166.7 0 5.38 2.01 2035.30
la01 666 *666 667 .20 3.7 9 0.01 119 3.40
la02 655 * 655 656.10 3.48 0.05 118 9 .30
la03 59 7 * 59 7 59 7 .60 1.9 0 0.39 107 3.20
la04 59 0 * 59 0 59 0.00 0.00 0.05 1127 .30
la05 59 3 * 59 3 59 3.00 0.00 0.00 9 81.20
la06 9 26 * 9 26 9 26.00 0.00 0.00 1541.40
la07 89 0 * 89 0 8 9 0.00 0.00 0.02 147 5.40
la08 863 * 863 863.00 0.00 0.00 139 5.7 0
la09 9 51 * 9 51 9 51.00 0.00 0.00 1620.30
la10 9 58 * 9 58 9 58.00 0.00 0.00 157 6.9 0
la11 1222 * 1222 1222.00 0.00 0.00 19 18.30
la12 1039 * 1039 1039 .00 0.00 0.00 17 41.20
la13 1150 * 1150 1150.00 0.00 0.00 19 42.60
la14 129 2 * 129 2 129 2.00 0.00 0.00 19 68.80
la15 1207 * 1207 1207 .00 0.00 0.04 19 82.7 0
la16 9 45 * 9 45 9 45.00 0.00 4.01 17 45.40
la17 7 84 * 7 84 7 84.00 0.00 0.19 1520.20
la18 848 * 848 848.00 0.00 0.45 167 1.40
la19 842 * 842 842.00 0.00 1.29 17 55.00
la20 9 02 * 9 02 9 02.00 0.00 0.49 17 61.60
la21 1046 * 1046 1047 .30 1.16 33.63 229 2.9 0
la22 9 27 * 9 27 9 29 .60 2.7 6 27 .9 3 2182.60
la23 1032 * 1032 1032.00 0.00 0.09 217 4.9 0
la24 9 35 * 9 35 9 38.00 1.41 26.59 2080.30
la25 9 7 7 * 9 7 7 9 7 7 .60 0.9 7 14.10 2123.20
la26 1218 * 1218 1218.00 0.00 0.9 1 268 7 .00
la27 1235 * 1235 1249 .30 9 .65 8.18 27 21.00
la28 1216 * 1216 1216.7 0 2.21 3.48 259 1.60
la29 (1120, 1157 ) 1160 1167 .30 3.20 35.38 2454.30
la30 1355 * 1355 1355.00 0.00 0.68 27 69 .60
la31 17 84 * 17 84 17 84.00 0.00 0.14 3456.40
la32 1850 * 1850 1850.00 0.00 0.11 367 5.20
la33 17 19 * 17 19 17 19 .00 0.00 0.17 3353.40
la34 17 21 * 17 21 17 21.00 0.00 0.50 3533.40
la35 1888 * 1888 188 9 .00 3.16 0.17 3642.40
la36 1268 1269 127 2.7 0 3.09 58.13 2813.30
la37 139 7 * 139 7 139 9 .9 0 3.60 60.7 0 29 11.50
la38 (1184, 119 6) 119 6 1201.60 2.32 41.53 2561.60
la39 1233 * 1233 1237 .50 2.32 53.09 27 49 .9 0
la40 1222 1228 1229 .7 0 1.7 0 7 4.61 27 64.7 0

Table9 : R esultsonthedatabyL awrence, FisherandT hompson.
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Problem B V T Sopt1 N S D T BC
mt10 9 30 9 30 9 30 9 35 9 35
la02 655 655 655 655 655
la19 842 842 842 842 843
la21 1046 1046 1047 1048 1053
la24 9 35 9 35 9 39 9 41 9 46
la25 9 7 7 9 7 7 9 7 7 9 7 9 9 8 8
la27 1235 1235 1236 1242 1256
la29 1164 1160 1160 1182 119 4
la36 1268 1269 1268 127 8 127 8
la37 139 7 139 7 1407 1409 1418
la38 119 6 119 6 1196 1203 1211
la39 1233 1233 1233 1242 1237
la40 1224 1228 1229 1233 1239

Table10: M akespanfor13hardproblems.
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