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OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

ScoreDirectorFactory<CloudBalance> scoreDirectorFactory =
solverFactory.getScoreDirectorFactory();
try (ScoreDirector<CloudBalance> scoreDirector = scoreDirectorFactory.buildScoreDirector()) {
scoreDirector.setWorkingSolution(solution);
Score score = scoreDirector.calculateScore();

}

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:
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ScoreManager<CloudBalance> scoreManager = ScoreManager.create(solverFactory);
Score score = scoreManager.updateScore(solution);

ScoreDirector X> ScoreDirectorFactory D1 Y A4 VA ZRBTEBLIICTE AV v Rid, &itk%
EAET, NTY v APIDNSHIBRI X L7z, Score Director 1 >4 —7 =4 ADfg/h/ =2 3 U
NRTY) w2 APLICZAE—bM L. /87Y w2 API IC ProblemFactChange 1 ¥ —7 =4 2% 70O
E-MLFLL

SolverFactory: getSolverConfig() D BlIf&

YA4F—. R"T) v API

SolverFactory.getSolverConfig() X ¥/ v RH'3E#ZE L 72 Y SolverFactory.create (SolverConfig) X
Yy ROEEERY F L, BRBRNICARS LS. SolverConfig 1 > 24 > X%, SolverFactory
AVRIVRALYBRNA VRI VY REINZ LD ICRY F L, LREIDIEFAHIFRINE L,

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

SolverFactory<MySolution> solverFactory =
SolverFactory.createFromXmlIResource(".../mySolverConfig.xml");
SolverConfig solverConfig = solverFactory.getSolverConfig();

Solver<MySolution> solver = solverFactory.buildSolver();

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

SolverConfig solverConfig = SolverConfig.createFromXmlIResource(".../mySolverConfig.xml");

SolverFactory<MySolution> solverFactory = SolverFactory.create(solverConfig);
Solver<MySolution> solver = solverFactory.buildSolver();

ClassLoader £ #57%E L 72354 1CI1&. SolverConfig.createFromXmlResource() &
SolverFactory.create() DE A ICIEET 2L DICLET,

SolverConfig: buildSolver() M Bl F&
XAF—. R"TVY v AP

SolverConfig.buildSolver() XV v Ri&, /X7 U v I APIIZBIARWVWAEAY Y KTY, Kb YIC
SolverFactory.buildSolver() X Vv R&fER L T 72X,

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:
SolverConfig solverConfig = SolverConfig.createFromXmlIResource(".../mySolverConfig.xml");

Solver<MySolution> solver = solverConfig.buildSolver();
OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

SolverConfig solverConfig = SolverConfig.createFromXmlIResource(".../mySolverConfig.xml");

SolverFactory<MySolution> solverFactory = SolverFactory.create(solverConfig);
Solver<MySolution> solver = solverFactory.buildSolver();

PlannerBenchmarkConfig: buildPlannerBenchmark() @ HllB&
XA F—. R"TY) v AP|

10
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PlannerBenchmarkConfig.buildPlannerBenchmark() XV v K&, /X7 1) v o APl LB I 72 WWAER X
Vv RTY, £ YIC PlannerBenchmarkFactory.buildPlannerBenchmark() XV v K& {#EA L T
I,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

PlannerBenchmarkConfig benchmarkConfig = PlannerBenchmarkConfig.createFromXmlIResource(
".../cloudBalancingBenchmarkConfig.xml");

PlannerBenchmark benchmark = benchmarkFactory.buildPlannerBenchmark();
OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

PlannerBenchmarkConfig benchmarkConfig = PlannerBenchmarkConfig.createFromXmlIResource(
".../cloudBalancingBenchmarkConfig.xml");

PlannerBenchmarkFactory benchmarkFactory =
PlannerBenchmarkFactory.create(benchmarkConfig);
PlannerBenchmark benchmark = benchmarkFactory.buildPlannerBenchmark();

SolverFactory: cloneSolverFactory() D Hll R
YA4F—. Ty API

SolverFactory.cloneSolverFactory() X ¥V v RIZFEHZE L 2 Y, # L L SolverConfig(SolverConfig)
DIE—AVANZIY—hE#kE Y. SolverFactory.cloneSolverFactory() X V v KA HIERI 1
L7,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

private SolverFactory<MySolution> base;

public void userRequest(..., long userinput) {
SolverFactory<MySolution> solverFactory = base.cloneSolverFactory();
solverFactory.getSolverConfig()
.getTerminationConfig()
.setMinutesSpentLimit(userinput);
Solver<MySolution> solver = solverFactory.buildSolver();

}

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

private SolverConfig base;

public void userRequest(..., long userinput) {
SolverConfig solverConfig = new SolverConfig(base); // Copy it
solverConfig.getTerminationConfig()
.setMinutesSpentLimit(userinput);
SolverFactory<MySolution> solverFactory = SolverFactory.create(solverConfig);
Solver<MySolution> solver = solverFactory.buildSolver();

}

SolverFactory: createEmpty() D Hll R

1
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<A4F—, XTYv Y API

SolverFactory.createEmpty() * ¥V v NIZIE#E L 2Y | %7 L L SolverConfig() * ¥V v KA E#E & 74
) £ L7, SolverFactory.createEmpty() XV v RAOHIBRI N E L7,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

SolverFactory<MySolution> solverFactory = SolverFactory.createEmpty();
SolverConfig solverConfig = solverFactory.getSolverConfig()

Solver<MySolution> solver = solverFactory.buildSolver();

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

SolverConfig solverConfig = new SolverConfig();

SolverFactory<MySolution> solverFactory = SolverFactory.create(solverConfig);
Solver<MySolution> solver = solverFactory.buildSolver();

XML <solver/> JL— N EZR A http://www.optaplanner.org/xsd/solver namespace

namespace ICFTIE T 5 &£ D IC

AT v—, RTYv Y API

OptaPlanner (FVIILNN—EEEICXML AF —YEHFZRHTT 2L D IC4QY £ L7, OptaPlanner i&. BE
BEDOXMLEREE DEMMEEZHRL TUVWETA, SBYR—MRRELRDZDODVBEMAREE XML D HIZ7R
DAEREMD H B DT, XSD ~NDBTEBRHRLET,

OptaPlanner 7 @ *SolverConfig.xml 7 7 1 JL & Dl

<?xml version="1.0" encoding="UTF-8"7>
<solver>

</solver>

OptaPlanner 8 @ *SolverConfig.xml 7 7 1 JL.H 5 D

<?xml version="1.0" encoding="UTF-8"7>

<solver xmIns="https://www.optaplanner.org/xsd/solver"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="https://www.optaplanner.org/xsd/solver
https://www.optaplanner.org/xsd/solver/solver.xsd">

</solver>

XSD #{FAT5E&. BEDXMLEZRD—EHAUEREZZ2VHELNHIIGENHYET, IDEOI—KHE
SEFEHRALT, AR XMLICEBITLEY,

#BEtzL 2 ¥ —O subPillarEnabled 7 O/ 41 — DR
<4 F—. XTY v API

PillarSwapMoveSelector & PillarChangeMoveSelector IC#% % subPillarEnabled 7'0/37 1 — A3

WS 72Y . H LW FO/85F 1 — subPillarType 7'### & 72 Y £ L7z, subPillarEnabled 7'0/<
T4 —HDHIBRIhF L,
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OptaPlanner 7 @ *SolverConfig.xml & & U *BenchmarkConfig.xml 7 7 1 JL 5 Dl

<pillar...MoveSelector>

<pillarSelector>
<subPillarEnabled>false</subPillarEnabled>

</pillarSelector>

</pillar...MoveSelector>

OptaPlanner 8 M *SolverConfig.xml & & U *BenchmarkConfig.xml 7 7 1 JL 5 Dl

<pillar...MoveSelector>
<subPillarType>NONE</subPillarType>
<pillarSelector>
</pillarSelector>

</pillar...MoveSelector>

Solver: getScoreDirectorFactory() D Hll R
AT v —, IRTYv Y API

getScoreDirectorFactory() X ¥V v NH'FEHEEE L 7Y | Solver & SolverFactory 7 5 2 DA H 5 HIER
IhF Lk,

U TORIT7DOEZ XA FIC Solver 1 Y A9 VR AER T Z2MEN R BYE L, KDY
IC ScoreManager AP| #f#f L9,

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

SolverFactory<VehicleRoutingSolution> solverFactory = SolverFactory.createFromXmIResource(...);
Solver<VehicleRoutingSolution> solver = solverFactory.buildSolver();
uiScoreDirectorFactory = solver.getScoreDirectorFactory();

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

SolverFactory<VehicleRoutingSolution> solverFactory = SolverFactory.createFromXmIResource(...);
ScoreManager<VehicleRoutingSolution> scoreManager = ScoreManager.create(solverFactory);

ScoreDirectorFactory (&, /X7 ) v 7 API OAEBICEICEBE I . 2HEENZTD/NXTY v I APIDI
FIERIAICAAINZOT, FALAVWEDIICLTLEIW,

Solver.explainBestScore() has been removed
AT v—, Ty API

Solver 1 4% —7 =4 A®M explainBestScore() XV v N 7x TIEHRITAY, HIFRINF L, #
L L\ ScoreManager API 5B UIEHREZ S TE £,

RedHat &, TOXYVy REUVHE LDERZWHEDHETEHEMLAVWI EZHRELIT,

13
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OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

solver = ...;
scoreExplanation = solver.explainBestScore();
OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:

MySolution solution = ...;
ScoreManager<MySolution> scoreManager = ...;
scoreExplanation = scoreManager.explainScore(solution);

Solver 1 % —27 x4 AM XY v K getBestSolution(). getBestScore() & & U
getTimeMillisSpent() D HllFR
XA F—. R"TY) v AP|

Solver 1 V9 —7 A ZDAY vy RHEE. 7x TIFHERIZRY, HIBRINhZFL
7. Solver.addEventListener (...) T EventListener # &% 4 2% &, BELUBREMESTEET,

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

solver = ...;

solution = solver.getBestSolution();

score = solver.getBestScore();
timeMillisSpent = solver.getTimeMillisSpent();

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

solver = ...;
solver.addEventListener(event -> {
solution = event.getNewBestSolution();
score = event.getNewBestScore();
timeMillisSpent = event.getTimeMillisSpent();

h;

7)F—avAFxrvVOHIR
AT v—, N"XTYv 2 API

YV IL/IN—EZE D <scanAnnotatedClasses/> T4 L 75 4 TH 7.x TIEHR E Y, BRI N F L1,

OptaPlanner 7 @ *.xml 7 7 1 JLH 5 DHI:

<solver>
<scanAnnotatedClasses/>

</solver>

OptaPlanner 8 M *.xml 7 7 1 JLH 5 DHI:

<solver>

<solutionClass>...</solutionClass>

14
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<entityClass>...</entityClass>

</solver>

@PlanningFactProperty 3 & U @PlanningFactCollectionProperty D¥FTR /N or—

ATy —, "TYv Y API

@PlanningFactProperty & @PlanningFactCollectionProperty O 7 / 57— 3~

I&. @PlanningSolution 72 &, fMOREKD 7 / T—>a v ERUNRY T—VAHETELDICARYE
Lico WP/ T7—2avid 7x THEEERY, BRI E Lk,

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

import org.optaplanner.core.api.domain.solution.drools.ProblemFactCollectionProperty;
import org.optaplanner.core.api.domain.solution.drools.ProblemFactProperty;

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:

import org.optaplanner.core.api.domain.solution.ProblemFactCollectionProperty;
import org.optaplanner.core.api.domain.solution.ProblemFactProperty;

B — filterClass 7" filterClassList D&k [
<A F—. XTYv Y API

EntitySelector. ValueSelector & & U' MoveSelector DX E L. FRE APl &V IL/N—ERE XML Dl
HICB—DT74IWVI—DSADBEENDLDICRYE L,

EREICIE, BROBIR 7 AV — 0 SADRELRW D, 2OV Y IV AERETZE—DZBIR74IILY —
JSAICBERZIDZIENTEET, 1D0BIRIVSRAEETIESIMEICRZRAS—TL—rd—
RNDiRAY F9,

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

ValueSelectorConfig valueSelectorConfig = new ValueSelectorConfig();
valueSelectorConfig.setFilterClassList(Collections.singletonList(MySelectionFilterClass.class));

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

ValueSelectorConfig valueSelectorConfig = new ValueSelectorConfig();
valueSelectorConfig.setFilterClass(MySelectionFilterClass.class);

BROBRIANI—IFZAD1DDRIRT A LI—IFRKDY F L,
OptaPlanner 7 @ *.xml 7 7 1 JLH 5 DHI:

<swapMoveSelector>
<entitySelector>
<filterClass>com.example.FilterA<filterClass>
<filterClass>com.example.FilterB</filterClass>
</entitySelector>
</swapMoveSelector>

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:
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package com.example;
public class FilterA implements SelectionFilter<MySolution, MyPlanningEntity> {

@Override
public boolean accept(ScoreDirector<MySolution> scoreDirector, MyPlanningEntity selection) {
return selection.getValue() < 500;

}
}

package com.example;
public class FilterB implements SelectionFilter<MySolution, MyPlanningEntity> {

@Override
public boolean accept(ScoreDirector<MySolution> scoreDirector, MyPlanningEntity selection) {
return selection.getOrder() == Order.ASC;

}
}

OptaPlanner 8 M *.xml 7 7 1 JLH 5 DHI:

<swapMoveSelector>
<entitySelector>
<filterClass>com.example.SingleEntityFilter</filterClass>
</entitySelector>
</swapMoveSelector>

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

package com.example;
public class SingleEntityFilter implements SelectionFilter<MySolution, MyPlanningEntity> {
@Override

public boolean accept(ScoreDirector<MySolution> scoreDirector, MyPlanningEntity selection) {
return selection.getValue() < 500 && selection.getOrder() == Order.ASC;

}
}

AcceptorConfig D &' LocalSearchAcceptorConfig |Z 78 > 7=
A F—

CNIFEBRFEAPIICOAEEL X T, Solver BEXML 7 7 A ILICITZHETHY FH A,
D local-search BIEDREY SR EDBEZD—BUENEEINF L,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

LocalSearchPhaseConfig localSearchPhaseConfig = new LocalSearchPhaseConfig()
.withAcceptorConfig(new AcceptorConfig().withEntityTabuSize(5));

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:
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LocalSearchPhaseConfig localSearchPhaseConfig = new LocalSearchPhaseConfig()
.withAcceptorConfig(new LocalSearchAcceptorConfig().withEntity TabuSize(5));

AR ALTONRT 4 —XMLEEFRRDOLEE
<A F—. XTYv Y API

<scoreDirectorFactory/>. <movelteratorFactory/>. <movelListFactory/>. <partitionedSearch/> &
& U <customPhase/> XML 72 ED VILNN—FRE XML IZEITREEBEZ T,

CDEHEICLY, EILREICEEXML OBEAEFMICTEDLIICRYFLE

OptaPlanner 7 @ *.xml 7 7 1 JLH 5 DHI:

<partitionedSearch>
<solutionPartitionerClass>com.example.MySolutionPartitioner</solutionPartitionerClass>
<solutionPartitionerCustomProperties>
<partCount>4</partCount> </-- a custom property -->
<minimumProcessListSize>300</minimumProcessListSize> <!/-- a custom property -->
</solutionPartitionerCustomProperties>
</partitionedSearch>

OptaPlanner 8 M *.xml 7 7 1 JLH 5 DHI:

<partitionedSearch>
<solutionPartitionerClass>com.example.MySolutionPartitioner</solutionPartitionerClass>
<solutionPartitionerCustomProperties>
<property name="partCount" value="4"/> </-- a custom property -->
<property name="minimumProcessListSize" value="300"/> </-- a custom property -->
</solutionPartitionerCustomProperties>
</partitionedSearch>

<variableNamelnclude/> E3& A* <variableNamelncludes/> &%k T> v XN 3 LD IC
YA F—. Ty API

ZOEHIL. T <swapMoveSelector/> & & U <pillarSwapMoveSelector/> D Y JL/N—F&E
XML ICEITHELHY X,

CDEHREICLY, EILREICEEXML OBEAEMICTEDLIICARYZFLE

OptaPlanner 7 @ *.xml 7 7 1 JLH 5 DHI:

<swapMoveSelector>
<variableNamelnclude>variableA</variableNamelnclude>
<variableNamelnclude>variableB</variableNamelnclude>
</swapMoveSelector>

OptaPlanner 8 M *.xml 7 7 1 JLH 5 DHI:

<swapMoveSelector>
<variableNamelncludes>
<variableNamelnclude>variableA</ariableNamelnclude>
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<variableNamelnclude>variableB</variableNamelnclude>
</variableNamelncludes>
</swapMoveSelector>

YyYya—avavy—7z42 OHlE
<A F—, XTYv Y API

Solution 1 4 —7 =4 RIFFEHEE Y, HIFRIN X L7, Business Central TEIFERAINS
AbstractSolution 1 9% —7 =14 AL HIBRINFE L1,

Solution 1 % —7 =1 X %HIkk L. getScore() XV v KIZ @PlanningScore D7 / 7— 3 ¥ % {F
IF. getProblemFacts() X Vv K&, BIE7 77 Ny ¥ — (F7iE714—ILR) ICEE
@ProblemFactCollectionProperty 7 / 7—> 3 V% D75 LD ICBEXMA XY,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

@PlanningSolution
public class CloudBalance implements Solution<HardSoftScore> {

private List<CloudComputer> computerList;

private HardSoftScore score;

@ValueRangeProvider(id = "computerRange")
public List<CloudComputer> getComputerList() {...}

public HardSoftScore getScore() {...}
public void setScore(HardSoftScore score) {...}

public Collection<? extends Object> getProblemFacts() {
List<Object> facts = new ArrayList<Object>();
facts.addAll(computerList);

return facts;

}
}

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:

@PlanningSolution
public class CloudBalance {

private List<CloudComputer> computerList;

private HardSoftScore score;
@ValueRangeProvider(id = "computerRange")
@ProblemFactCollectionProperty

public List<CloudComputer> getComputerList() {...}

@PlanningScore
public HardSoftScore getScore() {...}
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public void setScore(HardSoftScore score) {...}

}

BEZ777 821 2TaALY23y Ty TINTLWAWEER. UTOFIOL S IC
@ProblemFactProperty 7 / 5 —> a v AR LT,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

@PlanningSolution
public class CloudBalance implements Solution<HardSoftScore> {

private CloudParametrization parametrization;
private List<CloudBuilding> buildingList;
@ValueRangeProvider(id = "computerRange")
private List<CloudComputer> computerList;

public Collection<? extends Object> getProblemFacts() {
List<Object> facts = new ArrayList<Object>();
facts.add(parametrization); // not a Collection
facts.addAll(buildingList);
facts.addAll(computerList);

return facts;

}

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

@PlanningSolution
public class CloudBalance {

@ProblemFactProperty

private CloudParametrization parametrization;
@ProblemFactCollectionProperty

private List<CloudBuilding> buildingList;
@ValueRangeProvider(id = "computerRange")
@ProblemFactCollectionProperty

private List<CloudComputer> computerList;

}

@ProblemFactCollectionProperty 7 / 7—> a v DlFbniksrv v — (F&IE7 1 —ILR) IC
@PlanningEntityCollectionProperty 77 / 7—> a VA BMLBRWVWT LK ZX W,

BestSolutionChangedEvent: isNewBestSolutionlInitialized() D Hil R
Y4 F—. Ty API

BestSolutionChangedEvent.isNewBestSolutionlnitialized() X ¥V v KI&IE#%E & 42

). BestSolutionChangedEvent.getNewBestSolution().getScore().isSolutionlnitialized() X ¥/ v K
ICBE XA 51 % L7, BestSolutionChangedEvent.isNewBestSolutionlnitialized() X vV v KA HIk&
IhFELk,
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OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

public void bestSolutionChanged(BestSolutionChangedEvent<CloudBalance> event) {
if (event.isEveryProblemFactChangeProcessed()
&& event.isNewBestSolutionInitialized()) {

-
}

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

public void bestSolutionChanged(BestSolutionChangedEvent<CloudBalance> event) {
if (event.isEveryProblemFactChangeProcessed()
&& event.getNewBestSolution().getScore().isSolutionInitialized()) {

-
}

isFeasible) s F v 7 §21BAICIE. V1= a3 hidrEdI DI ERINE T,

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

public void bestSolutionChanged(BestSolutionChangedEvent<CloudBalance> event) {
if (event.isEveryProblemFactChangeProcessed()
// isFeasible() checks isSolutionlnitialized() too
&& event.getNewBestSolution().getScore().isFeasible()) {

-
}

<valueSelector>: variableName H' /&4 |

XAF—. R"TVY v AP

<changeMoveSelector> 72 &, BED TSV vV VEHEFERT 2BADERAROBEZL V45—
<variableName> XML EX D #%#k & L T variableName="..." XML BENMERAIND LD ICARY FL
oo TOEBRICELY, YILN—BREDFMLANILINERINE Lz, 7x V) — XK TIEHEICA
Y. URIOFEDHIRINZE L=,

OptaPlanner 7 @ *SolverConfig.xml & & U *BenchmarkConfig.xml 7 7 1 JL 5 Dl

<valueSelector>
<variableName>room</variableName>
</valueSelector>

OptaPlanner 8 M *SolverConfig.xml & & U *BenchmarkConfig.xml 7 7 1 JL 5 Dl
I <valueSelector variableName="room"/>

/IN—T 4 < 3 VIRFR: threadFactoryClass D IR
<A F—. /IXTYv Y API

<solver> 7' <threadFactoryClass> x4 R— 5L IR > THLRFEIR>TVWED
T. <partitionedSearch> @ <threadFactoryClass> E&MHIFRI N F L 7%,
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OptaPlanner 7 @ *SolverConfig.xml & & U *BenchmarkConfig.xml 7 7 1 JL 5 Dl

<solver>

<partitionedSearch>

<threadFactoryClass>...MyAppServerThreadFactory</threadFactoryClass>

</partitionedSearch>
</solver>

OptaPlanner 8 M *SolverConfig.xml & & U *BenchmarkConfig.xml 7 7 1 JL 5 Dl

<solver>

<threadFactoryClass>...MyAppServerThreadFactory</threadFactoryClass>

<partitionedSearch>

</partitionedSearch>
</solver>

SimpleDoubleScore & & V' HardSoftDoubleScore M Bl R

<A4F—, XTYv Y API

ZAT7HIRIET AN D DD, —ER—RADRAATIA TEFERALBWVWELIICLTLEIWL, Z

NOIFHEIRINhE L7,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

@PlanningSolution
public class MyPlanningSolution {

private SimpleDoubleScore score;

}

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

@PlanningSolution
public class MyPlanningSolution {

private SimpleLongScore score;

}

Score.tolnitializedScore() M Bl R
YA F—. R"T) v API

Score.tolnitializedScore() X ¥V v NIZFEHEEE & 72 Y) . 7.x T Score.withlnitScore (int) X ¥V v KA1k

ERY, TDAYV Y RIFHIBRIN F L7,
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OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

I score = score.tolnitializedScore();

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

I score = score.withInitScore(0);

T F X ARARIE L Comparators DHEIFR
TAF—. R"TY) v AP|

LAF @ Comparator 325513 7.x THHERE LAY, HIRIhF L,
e org.optaplanner.core.api.score.comparator.NaturalScoreComparator
e org.optaplanner.core.api.score.constraint.ConstraintMatchScoreComparator
e org.optaplanner.core.api.score.constraint.ConstraintMatchTotalScoreComparator
e org.optaplanner.core.api.score.constraint.IndictmentScoreComparator

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

NaturalScoreComparator comparator = new NaturalScoreComparator();
ConstraintMatchScoreComparator comparator2 = new ConstraintMatchScoreComparator();

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:

Comparator<Score> comparator = Comparable::compareTo;
Comparator<ConstraintMatch> comparator2 = Comparator.comparing(ConstraintMatch::getScore);

FeasibilityScore »* M HlI R
TA4F—. T v AP|

FeasibilityScore 1 4% —7 = 4 R|& 7.x THHEL Y, H—OD isFeasible() XV v K Score
supertype ICBBITINE L, ZDRD. DA VI —T7 x4 ADBIRINF L1,

Score Tld 7%k < HardSoftScore 7 & M, ultimate type T Score 2RI 2T 2MEBAHY XY,

@PlanningEntity.movableEntitySelectionFilter D Hll &

YA4F—. T v API

@PlanningEntity 77 / 57— 3 > ® movableEntitySelectionFilter 7 1 —JL KA 7.x TIEH#EE E 10U,
#FLW 7T 1 —JU K pinningFilter " EAIh X L7/, &EIT. @PlanningPin 7/ 77— 3 > & OBA#E
REARLKDNY EFT, TDT 1LY —IEFH L\ PinningFilter 1 9 —7 x4 R %R%EL., TVT 1
T4 —HDEEINTWBIEEIF true 2, BEATREDIZEF false Z:BLEX T, TDEH, TOHFHLW
T4 —0OT Y VIFLRIDOT7 4 LY —E B L TREBEINET,

31— —I& @PlanningEntity 7 / 77— 3 Vv ZE#H L. LRI 74 WY —TIERFLWT 1LY —
HIRETDIVLENHYE T, LEIO T 1 —IL RIFHIRINZE LT,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

I @PlanningEntity(movableEntitySelectionFilter = MyMovableEntitySelectionFilter.class)
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OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:
I @PlanningEntity(pinningFilter = MyPinningFilter.class)

@PlanningVariable.reinitializeVariableEntityFilter (D HllB&
XA4F—. XTY v API

@PlanningVariable 7 / 7—< 3 > O reinitializeVariableEntityFilter 7 1+ —JL N{&, 7.x TIEHEIC
Y, HIffRIhF L,

*scoreHolder 7 2 ADA V¥ —7 14 RIC

XAF+—. R"TY v API

OptaPlanner 7 TlZ ScoreHolder 7 5 X (&, Drools RO 7 EHRICFEAINTEY., DI TR %
FEITZHZEICIE. NTVYIAY Yy REEHARINZDT, 2—H—H2EHMNICEEIEIES 2 &
H, AATICERERB52352E0ETL,

OptaPlanner 8 Tld, TNHD XY vy RHHIRIN, V7 RADBA VI —T A RITNA Y RINTWE
T ZLDI—Y & HIREZFHDFEY, BEELE5X2WREEOHZI2FEE2FALIF A,

2L, TOEORFREFALTVWAWEEICIE. ROT7DFHBEFHIHNEBEDOT) 7T/INTY vy
API TRHYICELZEDIRETETET,

ValueRangeFactory 27 < X " final IC
¥4 F—

ValueRangeFactory 7 5 X3, ##HIXA YV v ROADPEENZ 77V M) =V FRTY, 1—H—HC2
DY ZRA%MERT ZREIFRVODT, final &74Y F Lk,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

class MyValueRangeFactory extends ValueRangeFactory {

}

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:

class MyValueRangeFactory {

}

ConstraintMatchTotal & Indictment ' 1 % — 7 =14 X |IC

XAF+—. R"TY v API

ConstraintMatchTotal 7 5 X & Indictment 7 S ADNA V9 —T 24 RICEBINF Lz, ZTDEH.
REAZTIETEDLDICTEIAY Y REEDET, ZNHDOERENNNTY v I APIDSRITINEL
oo TDEDIRAYV Y RIFNRTY Y2 APIBE LTERINTWVWARWVWDT, BFOXAYV Y RidHY
Ao

ConstraintMatchAwarelncrementalScoreCalculator 239 21581E. 1 YV RAY V ZABERIREIC
RBGBENHYET,

I ConstraintMatchTotal maximumCapacityMatchTotal = new ConstraintMatchTotal(...);
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OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:
I ConstraintMatchTotal maximumCapacityMatchTotal = new DefaultConstraintMatchTotal(...);

scoreManager: JLFIZ! Score DIENN
ATy —, I"TYv Y API

I—RFRATHY I UF v 2 MINABWVEIIC, ScoreManager & ScoreExplanation API IR FEE! Score
NEEND L DICARY F L7 (B Score h 5 HardSoftScore),

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

@Inject // or @Autowired
ScoreManager<TimeTable> scoreManager;

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:

@Inject // or @Autowired
ScoreManager<TimeTable, HardSoftScore> scoreManager;

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

ScoreExplanation<TimeTable> explanation = scoreManager.explainScore(timeTable);
HardSoftScore score = (HardSoftScore) explanation.getScore();

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

ScoreExplanation<TimeTable, HardSoftScore> explanation =
scoreManager.explainScore(timeTable);
HardSoftScore score = explanation.getScore();

ConstraintMatchTotal, ConstraintMatch and Indictment: ;L FA &Y Score MIE N
AT v —

ScoreManager & ScoreExplanation E[E#kIC. I—RRTY I VF v A MINBRVED
IC. ConstraintMatchTotal. ConstraintMatch & & U* Indictment API [ZIZ R FAE! Score "2 E N3 &
D17y £ L7 (f: Score H 5 HardSoftScore),

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

ScoreExplanation<TimeTable> explanation = scoreManager.explainScore(timeTable);

Map<String, ConstraintMatchTotal> constraintMatchTotalMap =
scoreExplanation.getConstraintMatchTotalMap();

ConstraintMatchTotal constraintMatchTotal = constraintMatchTotalMap.get(contraintld);

HardSoftScore totalScore = (HardSoftScore) constraintMatchTotal.getScore();

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

ScoreExplanation<TimeTable, HardSoftScore> explanation =
scoreManager.explainScore(timeTable);

Map<String, ConstraintMatchTotal<HardSoftScore>> constraintMatchTotalMap =
scoreExplanation.getConstraintMatchTotalMap();
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ConstraintMatchTotal<HardSoftScore> constraintMatchTotal =
constraintMatchTotalMap.get(contraintld);
HardSoftScore totalScore = constraintMatchTotal.getScore();

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

ScoreExplanation<TimeTable> explanation = scoreManager.explainScore(timeTable);
Map<Object, Indictment> indictmentMap = scoreExplanation.getindictmentMap();
Indictment indictment = indictmentMap.get(lesson);

HardSoftScore totalScore = (HardSoftScore) indictment.getScore();

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

ScoreExplanation<TimeTable, HardSoftScore> explanation =
scoreManager.explainScore(timeTable);

Map<Object, Indictment<HardSoftScore>> indictmentMap = scoreExplanation.getindictmentMap();

Indictment<HardSoftScore> indictment = indictmentMap.get(lesson);

HardSoftScore totalScore = indictment.getScore();

ConstraintMatchAwarelncrementalScoreCalculator: N FAZY Score DB N
<1 F—

ConstraintMatchTotal and Indictment DO —4% 4 AR LAWL D
IC. ConstraintMatchAwarelncrementalScoreCalculator 1 >4 —7 = 4 X IZ Score D;NAE/RS
A= —FEE5FNDLHICRY F L,

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

public class MachineReassignmentincrementalScoreCalculator
implements ConstraintMatchAwarelncrementalScoreCalculator<MachineReassignment> {

@Override
public Collection<ConstraintMatchTotal> getConstraintMatchTotals() {

}

@Override
public Map<Object, Indictment> getindictmentMap() {

}
}

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:

public class MachineReassignmentincrementalScoreCalculator
implements ConstraintMatchAwarelncrementalScoreCalculator<MachineReassignment,
HardSoftLongScore> {

@Override
public Collection<ConstraintMatchTotal<HardSoftLongScore>> getConstraintMatchTotals() {

}
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@Override
public Map<Obiject, Indictment<HardSoftLongScore>> getindictmentMap() {

}
}

AbstractCustomPhaseCommand O Hllff&
XAF+—. R"TY v API

5 7 S5 X AbstractCustomPhaseCommand HHIBRI N FE L7z, IRT 27 SR IEVWThnt
CustomPhaseCommand 1 V¥ — 7 14 A4 BEEZTINELAHY X T,

OptaPlanner 7 @ *.java 7 7 1 JLH 5 DAI:

public class DinnerPartySolutionInitializer extends AbstractCustomPhaseCommand<DinnerParty> {

@Override
public void changeWorkingSolution(ScoreDirector<DinnerParty> scoreDirector) {

}
}

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:

public class DinnerPartySolutionInitializer implements CustomPhaseCommand<DinnerParty> {

@Override
public void changeWorkingSolution(ScoreDirector<DinnerParty> scoreDirector) {

}
}

RAATEEMNNTY v U APl ICTEED

AT v —

1 > % —7 14 X EasyScoreCalculator. IncrementalScoreCalculator & & U
ConstraintMatchAwarelncrementalScoreCalculator n*/X7' 1) v 2 API DF#R/Ny 5 —JILRKREIS O
F L, FEMRICR A VI —T o4 ADBIRINE Lk, FEHED
org.optaplanner.core.impl.score.director.incremental.AbstractincrementalScoreCalculator 7 5 X
LHIRINE L, TV Y I APIT, BIRINAA VI —T A RELVPI S RIIRIGT D2 EDICE
THZET,

OptaPlanner 7 M EasyScoreCalculator.java 7 7 1 JL.H 5 D4

import org.optaplanner.core.impl.score.director.easy.EasyScoreCalculator;

public class CloudBalancingEasyScoreCalculator implements EasyScoreCalculator<CloudBalance>
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}...

OptaPlanner 8 @ EasyScoreCalculator.java 7 7 1 JL.H 5 D4

import org.optaplanner.core.api.score.calculator.EasyScoreCalculator;

public class CloudBalancingEasyScoreCalculator implements EasyScoreCalculator<CloudBalance,
HardSoftScore> {

}...

OptaPlanner 7 @ IncrementalScoreCalculator.java 7 7 1 JLH 5 DAl:

import org.optaplanner.core.impl.score.director.incremental. AbstractincrementalScoreCalculator;

public class CloudBalancinglncrementalScoreCalculator extends
AbstractincrementalScoreCalculator<CloudBalance> {

}...

OptaPlanner 8 @ IncrementalScoreCalculator.java 7 7 1 JLH 5 DAl:

import org.optaplanner.core.api.score.calculator.IncrementalScoreCalculator;

public class CloudBalancinglncrementalScoreCalculator implements
IncrementalScoreCalculator<CloudBalance, HardSoftScore> {

}...

OptaPlanner 7 @ ConstraintMatchAwarelncrementalScoreCalculator.java 7 7 1 JLH 5 Dl

import org.optaplanner.core.impl.score.director.incremental. AbstractincrementalScoreCalculator;
import
org.optaplanner.core.impl.score.director.incremental. ConstraintMatchAwarelncrementalScoreCalculator

’

public class CheapTimeConstraintMatchAwarelncrementalScoreCalculator
extends AbstractincrementalScoreCalculator<CheapTimeSolution>
implements ConstraintMatchAwarelncrementalScoreCalculator<CheapTimeSolution> {

}...

OptaPlanner 8 M ConstraintMatchAwarelncrementalScoreCalculator.java 7 7 1 JLH 5 Dl
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import org.optaplanner.core.api.score.calculator.ConstraintMatchAwarelncrementalScoreCalculator;

public class CheapTimeConstraintMatchAwarelncrementalScoreCalculator
implements ConstraintMatchAwarelncrementalScoreCalculator<CheapTimeSolution,
HardMediumSoftLongScore> {

}...

PlannerBenchmarkFactory: createFromSolverFactory() D HIFR
ATv—, IRTYv Y API

PlannerBenchmarkFactory.createFromSolverFactory() X V¥V v NIdFEH#EiR & 4
). PlannerBenchmarkFactory.createFromSolverConfigXmiResource (String) X V v Rk & 72
Y £ L7, PlannerBenchmarkFactory.createFromSolverFactory() XV v RAHIBRI N E L7,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

SolverFactory<CloudBalance> solverFactory = SolverFactory.createFromXmlIResource(
".../cloudBalancingSolverConfig.xml");

PlannerBenchmarkFactory benchmarkFactory =

PlannerBenchmarkFactory.createFromSolverFactory(solverFactory);

OptaPlanner 8 @ *.java 7 7 1 JL 5 DAI:

PlannerBenchmarkFactory benchmarkFactory =
PlannerBenchmarkFactory.createFromSolverConfigXmIResource(
".../cloudBalancingSolverConfig.xml");

VYILN—RE% T O S LTHRET %%EIC. PlannerBenchmarkConfig.createFromSolverConfig
(SolverConfig) = fEMA L TH 51 Y IC PlannerBenchmarkFactory.create
(PlannerBenchmarkConfig) # R L £ 9

PlannerBenchmarkFactory: getPlannerBenchmarkConfig() D HllFR
YA F—. R"TYv Y API

PlannerBenchmarkFactory.getPlannerBenchmarkConfig() X ¥V v NIZIEH#E & 4

Y. PlannerBenchmarkFactory.create (PlannerBenchmarkConfig) X ¥V v KA'&fk & U £ L

7=, PlannerBenchmarkConfig 1 > 2 ¥ > 2 #* PlannerBenchmarkFactory 1 > X% ~ 2 & Y %Il
AVRIVAEINB LS ICRYE L, COIRFIELYRENT

9, PlannerBenchmarkFactory.getPlannerBenchmarkConfig() [FEIFRI & L 7=,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

PlannerBenchmarkFactory benchmarkFactory =
PlannerBenchmarkFactory.createFromXmlIResource(

".../cloudBalancingBenchmarkConfig.xml");
PlannerBenchmarkConfig benchmarkConfig = benchmarkFactory.getPlannerBenchmarkConfig();

PlannerBenchmark benchmark = benchmarkFactory.buildPlannerBenchmark();

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:
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PlannerBenchmarkConfig benchmarkConfig = PlannerBenchmarkConfig.createFromXmlIResource(
".../cloudBalancingBenchmarkConfig.xml");
PlannerBenchmarkFactory benchmarkFactory =

PlannerBenchmarkFactory.create(benchmarkConfig);
PlannerBenchmark benchmark = benchmarkFactory.buildPlannerBenchmark();

XML <plannerBenchmark/> root E3&H"

http://www.optaplanner.org/xsd/benchmark namespace ICE T 5 & D IC

YA F—. R"TYv Y API

OptaPlanner (&, RV FIT—VRED XML AF—<TEF (XSD) Z#1RHET LD ICARY F L1,
OptaPlanner (&, BEIFD XML BEE DEBMEZHIEL TVWE T, SEYR—IMRRERZOHDEM
IREEXML DAL D EABEMEL H DD T, XSD ~NDBITEBHEL T,

OptaPlanner 7 @ *BenchmarkConfig.xml 7 7 1 )L A 5 Dl

<?xml version="1.0" encoding="UTF-8"7>
<plannerBenchmark>

</plannerBenchmark>

OptaPlanner 8 M *BenchmarkConfig.xml 7 7 1 )L A 5 Dl

<?xml version="1.0" encoding="UTF-8"7>

<plannerBenchmark xmIns="https://www.optaplanner.org/xsd/benchmark"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="https://www.optaplanner.org/xsd/benchmark
https://www.optaplanner.org/xsd/benchmark/benchmark.xsd">

</plannerBenchmark>

XSD = {FHT5E&. BEDXMLERD—EHAUREZZ2VHEL’HBI5ENHYET, IDEOI—KE
SEFEHALT, AR XMLICEBITLEY,

ProblemBenchmarksConfig: xStreamAnnotatedClass DHEIBR

AT v—, RTYv Y API

<xStreamAnnotatedClass/> (. ProblemBenchmarksConfig 7 5 2R D, XiHd %
getXStreamAnnotatedClassList() & setXStreamAnnotatedClassList() XV v K& &%
IC. <problemBenchmarks/> ;2 EMN HHIFRI N E L7,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

ProblemBenchmarksConfig problemBenchmarksConfig = new ProblemBenchmarksConfig();
problemBenchmarksConfig.setXStreamAnnotatedClassList(MySolution.class);

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:
package com.example;
public class MySolutionFilelO extends XStreamSolutionFilelO<MySolution> {

public MySolutionFilelO() {
super(MySolution.class);
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ProblemBenchmarksConfig problemBenchmarksConfig = new ProblemBenchmarksConfig();
problemBenchmarksConfig.setSolutionFilelOClass(MySolutionFilelO.class);

OptaPlanner 7 @ *BenchmarkConfig.xml 7 7 1 )L A 5 Dl

<plannerBenchmark>
<solverBenchmark>
<problemBenchmarks>
<xStreamAnnotatedClass>com.example.MySolution</xStreamAnnotatedClass>
</problemBenchmarks>

</solverBenchmark>

</plannerBenchmark>

OptaPlanner 8 M *BenchmarkConfig.xml 7 7 1 )L A 5 Dl

<plannerBenchmark>
<solverBenchmark>
<problemBenchmarks>
<!I-- See the "After in *java" section to create the MySolutionFilelO. -->
<solutionFilelOClass>com.example.MySolutionFilelO</solutionFilelOClass>
</problemBenchmarks>

</solverBenchmark>

</plannerBenchmark>

BenchmarkAggregatorFrame.createAndDisplay(PlannerBenchmarkFactory) (D HllFR
NAF—

BenchmarkAggregatorFrame.createAndDisplay (PlannerBenchmarkFactory) X ¥V v RI{$3EH#E3E &
72 Y. BenchmarkAggregatorFrame.createAndDisplayFromXmlResource (String) X ¥V v R A&k
&7 £ L7, BenchmarkAggregatorFrame.createAndDisplay (PlannerBenchmarkFactory) X

YV RHHIBREINF L7,

OptaPlanner 7 @ *.java 7 7 1 JL 5 DAI:

PlannerBenchmarkFactory benchmarkFactory =

PlannerBenchmarkFactory.createFromXmlResource(
".../cloudBalancingBenchmarkConfig.xml");

BenchmarkAggregatorFrame.createAndDisplay(benchmarkFactory);

OptaPlanner 8 @ *.java 7 7 1 JLH 5 DAI:
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BenchmarkAggregatorFrame.createAndDisplayFromXmIResource(
".../cloudBalancingBenchmarkConfig.xml");

RYFI—VEEETOTSLTHRESTZHEIE. RDYIC
BenchmarkAggregatorFrame.createAndDisplay (PlannerBenchmarkConfig) Zf#fTX X7,

R TE T D JavaScript XA Y R— M RRHIC
A F—

VILVIN—FREERYFI—VHREOEAICEFNDIZTIFZTARERTIE. RR I Nz JavaScript
EHYR—MLAKRY ELE, 2—H—3. BFREFLEEBEROEHOVWTNANMIEZMZ Z2LED
HYET,

OptaPlanner 7 @ solverConfig.xml 7 7 A JLH 5 DI

<solver>
<moveThreadCount>availableProcessorCount - 1</moveThreadCount>

</solver>

OptaPlanner 8 @ “solverConfigxml™ 7 7 4 JLDl:

<solver>
<moveThreadCount>1</moveThreadCount> </-- Alternatively, use "AUTO" or omit entirely. -->

</solver>

OptaPlanner 7 @ benchmarkConfig.xml 7 7 1 JL & Dl

<plannerBenchmark>
<parallelBenchmarkCount>availableProcessorCount - 1</parallelBenchmarkCount>

</plannerBenchmark>

OptaPlanner 8 ® benchmarkConfig.xml 7 7 1 JL & Dl

<plannerBenchmark>

<parallelBenchmarkCount>1</parallelBenchmarkCount> </-- Alternatively, use "AUTO" or omit
entirely. -->

<}b.|annerBenchmark>
FEHRDEL ) X F—DHIBR
ATy —, IRTYv Y API

org.optaplanner.core.impl.domain.variable.listener /X or — I 5, FEHER D
StatefulVariableListener 1 >4 — 7 = 4 X & VariableListenerAdapter 7 5 X & &bt T, DIEHELE
@ VariableListener D'HIfR I X L7z, KD YIC. org.optaplanner.core.api.domain.variable /%
r—< M VariableListener 1 9 —7 14 A= FEAL T LI W,
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OptaPlanner 7 @ VariableListener.java 7 7 1 JL.H & D4
import org.optaplanner.core.impl.domain.variable.listener.VariableListenerAdapter;

public class MyVariableListener extends VariableListenerAdapter<Object> {

@Override
void afterEntityRemoved(ScoreDirector scoreDirector, Object entity);

}...

}...

OptaPlanner 8 @ VariableListener.java 7 7 1 JL.H 5 D4

import org.optaplanner.core.api.domain.variable.VariableListener;

public class MyVariableListener extends VariableListener<MySolution, Object> {

@Override
void afterEntityRemoved(ScoreDirector<MySolution> scoreDirector, Object entity);

}...

}...

OptaPlanner 7 @ StatefulVariableListener.java 7 7 1 JL.H 5 D4:

import org.optaplanner.core.impl.domain.variable.listener.StatefulVariableListener;

public class MyStatefulVariableListener implements StatefulVariableListener<Object> {

@Override
public void clearWorkingSolution(ScoreDirector scoreDirector) {

}...

}...

OptaPlanner 8 O StatefulVariableListener.java 7 7 1 JL.H 5 D4
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import org.optaplanner.core.api.domain.variable.VariableListener;

public class MyStatefulVariableListener implements VariableListener<MySolution, Object> {

@Override
public void close() {

}...
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52% OPTAPLANNER 8.2.0 & OPTAPLANNER 8.3.0 & DE®D
ZH
OptaPlanner 8.2.0 »* & OptaPlanner 8.3.0 DE T, At/ a VIIEBHEOZEENSMA LN F L7,

ConstraintMatch.compareTo() A* equals() & —BAF DL D IC
¥4 F—

ConstraintMatch T® equals() D4 —/N\—5 4 RAHIBRINFE L, TDRH, 2DODEARS

ConstraintMatch 1 ' 2% YV ANEAFE HBRINRLCARY F LA, IniE. compareTo() XV v K&
BT, 22004 VRV ANIRTELWGAICBIESHmEFEATETES,
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/N— N IILRED HAT EJU KD OPTAPLANNER DX 4% — M H A K

EYRZI—ILDREFKEEIE, RedHat EJL K® OptaPlanner Z{FA L T, BRo5h7icl) vV — X ERIDHF]
HWOPTEHERMEICNT 2REFEZRDITHIIENTEETS,

AE%HAL T, RedHat EJL KD OptaPlanner T Solver DFFA#BIBL TWEF T,
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5$53% RED HAT EJL KD OPTAPLANNER O &
OptaPlanner IFMAAATRERBRE TS V-V II VI VT, TSV V/OREARBELELET. &
BEODIODE1—Y) AT 4 v IEBLUAY I —YRT v IFEAE, IEBICHENLRITEE S
HAEDLE, —BMAR Java 7O S —2HEREAMENICHRRTEBLIICLET,
fe& ZIE. OptaPlanner i&, IFXIFRI—RT—ADERITHZIBET,
o M¥EHHEXR/BE—E BEMOHFEY 7 MEREBRZICL, MEKEEZEBHLE T,
o HEHEOHRMA:ZRE., 01—, AR, BLUVEEDFTEZBRZICLET,

o TIZDFHE: BEHMEDHAIL TS M V. MBOERETE, BLCFEREDI X VEHEZEHL X
-a—o

o HEDHIE: ECERLEDERDEEZRS L. BREZZ/NMRICHIAZTT,

EDEEE. FHOHBREREINLY Y —R (KEE, EE. FHE., 8L UvER) ZFALTEHRAYPY—
EXAERHETEEVoETERBRBICEmL TWET,

OptaPlanner (%, Apache Software License 2.0 24 24 —FYY—RY 7 I 27 TY, 100%
Pure Java ICEREINTHE Y., IFEAED JavaREET Y Y (UUM) THREIL £ 7,

3.1. ErEIREE

sHERBE TlE. Roni) Y —ZAPENOHHOF TCHRBELITI-ILERDODFHLET, REAIT—I
. ROELHIRIFIFREDTY,

o AN ZBERIT—ILICLY, FELBRYSVIMBNIELNET,
o REIEFORN7Y M)V MRERI-ITR, REGRIRNERY FT,
e XYY IJ/BEDRKNHR: BERI—ITIH, RY Y I/BEO=—IANMBEINET,

INHDIT—IVICEIETEZHE >N, FIATEZ )YV —RORIEKFELET, L&A UTDL
D)V —RICEHIRIHY £,

o 1—H—¥

o [FfE

e TH

o XE, Hl, AVE1—¥9— BELEDOWEELRE

Ihon) Y —RICEET ZEROHMWICOVWTEERT Z2VLENHY FT, LEZIE BENMEZ
EDTIZ2HMEY. BREDEEZMEAITSIENDTEEHREE. FLIBBRALTOEBRMLETT,

Red Hat EJL K® OptaPlanner i&. Java 707 5 < —h IO DRIRE % WRAICERR T 2 DIC
BIbTd, REbEa—YVRTAYIEAIEI—YRT A Y I ENERWALRAATHELHASHE
i’a—o

3.2. STEME-ETO NP =2

BHCZIF A —RT—RTBEENP L FLIENP HEE THY., UTDODZENEZLFT,
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o BMBICNY M eRANLKEARICIRIET 52 EHEHTY.
o BMBICNY 3&mEMERANRFRENICE DT HTHREQRTTIED LR,

ZDHBE. —BHR2 DDFETR A TDTH2D. BBEZHRS DI FELVRAELEEZONFE
-a—o

o NENETLTYZLTE (YBELRELTLTY ZLTH>TE), BESHLAYBES,

o LA EVNAYyFUIRED LOBMRREBRTINTY XLTIE, BEDKEWHTTYATAL%
ANTBE MBERIFEREVEMNRINET,

BEREE{LTIVITY) L% EAWS OptaPlanner THNIE, D& D ARFTEMBEICK T 2@ AHE %,
FULRBERNICRDHHT I ENTEET,

3.3. FrEEREIC X 3 % f#
FTEFEICIE. SOOI EFELET,
PTFICRT LI, RIIEBOAT I —ICDEINET,

AIEERR

AEERE1Z. HNICERT 2D EIHNIEDLT, HOWEBAEELET T, BF. tEREICIEE
REDORBERITFEELE T, 7L, TOLEIRBOELLIE, BIILIEFHA,

RITOREME
EITAREMAE . WTHhO (BD)N\—REMICEERLAWVWEAIEL T, ETATRMORIE. 7
BEMRDEICHBIL X9, ETUREEAFELAVWS—E5HY £T, EITaIEEMIE. AR DOETY
£87T9,

R
RBEfREIZ. BEAIT70MEELET., BE. STEMBEICIIHEORERIAEFEELET. 2179
BEMABEET., REAHIRENTIIAWVESTE, STEREICEDARL EE 1 DORBERIUTE
E L/ i’a—o

RO > -BEMR
BEMEIF. BEINAEBRICERLARETR O 2 AREAATORAE LTS, 5. B
OO > HRERIFIRENT, +oRBEIrPNIERERERDITEIENTEET,

BERICIERLTVWETS, MIELRT -9ty NOBETH>TH, (ELLEHEINLBER) BXRA
BOAREIFELE T,

planner-engine 74 A Y E21—>avF4 LI M) —DH Y FILTE, FEAEDA VYRV RIC
EEBOEARERIEELE T, REREBEICR DU BRI ENTESZHERIBEELARVED, WHAEDS
RITHED, NS TRTOARBEORIEEZTETEIELHATETEEA,

BRI OIREREE EZNENITEET 272D, OptaPlanner IF I F I ERZFELTILIY) ALkt
/_j_:_ I\ L/T (A i’a—o

A—AT—RICE > T, HAERBEETZILT) TLDPMBOTILT) ALLYEDZZ ENHY TTH. *

NEZFICFRTZ I EIEATEETT, OptaPlanner Tld, XML 7 (&3 — KD Solver 3% 7E % 1T
EHEIZHEIT, RBET7INIT)ILENYBEZZIENTEET,

3.4. E(tEREICNT &I
BE., 7S5V IOREICIE, DRCEE2DDHEIEWLNIILLEHY FT,
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IDIATDOI—RIFRKT, RT—FEY 74 —IBNET,

3.5.RED HAT EJL KD OPTAPLANNER T h 54

Red Hat Process Automation Manager IZI£. Red Hat EJL K® OptaPlanner @4 > 7 )L AN EH R X
NTVWET, LEXIEA—RREEZERL T, =—XIIE2LEDICEETEIT,

R

Red Hat &, Red Hat Process Automation Manager 74 A Ry Ea—>avIlEFENh 3
A= RSV TILDHR—MILTWEHA,

OptaPlanner 4> 7FILICIE, HEBREDOI VT A N THEINLBEEZBRTZ2E0EHY ET, UT
MDERD Contest FICIE, CDEHIRAVFARIDPEBHINTWET, £/, AVFAMNDEBEL
T, BEN A, FREM H»OFHA%Z L TWET, BEMNABIOAVFADM &, UTOEELEE LT, H
YLEARIVTRAMNEIELET,

o BAREICERZINLEBOI—RAT—IATHBI &

o EREICHKMIHB &

o EEEDT—HtY MDEBHDZ &

o BEDN—RKRII7TCHREDHBINICERABIRTESZE

o HEMESLV/ FLIILXDERMRII2 T+ —HIERIISIMLTWVWEZE
WEWRIVTRAMNTE, BEDY 7 MY 2 T7PHEMFE OptaPlanner = BEMICLLE T F T,

K1Y TIWOBME
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S

38



8532 RED HAT EJL KD OPTAPLANNER O#IZE

FALI MY

NT1—>

KE -t —
WRT Y

T=ZRY
ZTDRA
roa—
y17

REDR
Fya—
1Y

J—22D
iR

EO24%
BEIYT

IVTAT14—0UFR]1
D

(B#1D)
IVTAT14—0UFR]1
D

(B#1D)
IVTAT14—0UFR]1
D

(EHEE1 D)

IVTAT14—0UFR]1
)

(E#12)
IVTAT4—0UFR1
)

(ZB#2D)
IVTAT14—0UFR]1
)

(Z#22)
IVTAT14—0UFR]1
D

f& < 256

R3RZEMRE < 107616

IVF4714— <2400
& < 800

BR%RZEME < 1016967

IvT1474— <980
& <980

RI:RZEME < 1072504

IVFA4T14—<T72
Be7

R3RZEME < 10760

IV7474—<«10
=320 &V <5

RIRZERE < 101320

IVFT4T714—«434
E=25854L 0 <20
BRERZEFE < 10M171
IVTATA— ¢«
50000

f& <= 5000

BR%RZEME < 1071184948

SRR (T
EATH

WLy 2 (B
HAER)

REMT
2L TSP
Web

WLy 2 (8%
HAER)

WL 2 (8%
HAER)

IREWITC
2007
track 3

FIFHE
B9
ROADEF
2012

nqueens

cloudbalancing

tsp

tennis

meetingscheduling

curriculumCourse

machineReassighm
ent

39


http://www.math.uwaterloo.ca/tsp/
http://www.cs.qub.ac.uk/itc2007/curriculmcourse/course_curriculm_index.htm
http://challenge.roadef.org/2012/en/

Red Hat Process Automation Manager 7.12 Red Hat Process Automation Manager T Red Hat EJU K ® OptaPlanne

FALI MY

40

[RpeS i

BRI DY
HBHT
D BEiE#R
2

oYz
7 ko3
TDRIr
Ja—Jb

529D
BYHT

SBR DB
&

BERD
$HiEX

IVTAT14—0UFR1
)
GESEZEE1 D)

Yy ROITVT4
TA4—DUZ5A1D

(BEIY v ROZEH1D)

BOE#RRE 9T

(v ROZEE1D)

IVTAT14—0UFR]1
D
(ZB#2D)

(v ROZHE1D)

IVTATA—T TR
)

CESHEH1 D)

(v ROZE1D)

Yy ROITVT4
TA4—DUZA1D

(BEIY v ROZEH1D)

IVTATA—DUTR2
eXEINEE))

(ZB#2D)

(B#1D)

IVF4714—«<2740
& < 2795

R3RZEME < 1078380

IVF4714—«<2740
& < 2795

R3RZEME < 1078380

IVT474— <640
E<?2B5L0<?

PRREM < ?

IV5F414714—«<500
{E < 520

BR%ZEMHE < 10M168

IVF14714— <1096
& =80 &LV <49

BR%RZEME < 1013374

IVF4T714—<T752

& =50

BRERZME < 10M277

REMT
Uy VRP
Web

REMT
Uy VRP
Web

FIFHE
B MISTA
2013

WLy 2 (B
HAER)

IHEMITC
2007
track 1

EEES )
INRC 2010

vehiclerouting

vehiclerouting

projectjobschedulin
9

taskassigning

examination

nurserostering


http://gent.cs.kuleuven.be/mista2013challenge/
http://www.cs.qub.ac.uk/itc2007/examtrack/exam_track_index.htm
http://www.kuleuven-kortrijk.be/nrpcompetition
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FALI MY

ok — IVTATA—ITR] Iv7F14714—<1560 IHEMT travelingtournament
FAVS 2 BRWTTP
=78
(Z#12)
BRFERZH < 1072301
JZ2 % IVTATA—YFR] IVT474—«<500 FIFIRE cheaptimeschedulin
Wz 22 o) #9 ICON g
Fa— & <100 & &£ U~ <288 Energy
)% (E#22)
BRZEME <« 10720078
B& IVFAT14—9P3R1T IVvF14T1—<11 WWZ (8  investment
) HHER)
& = 1000
(Z#12)
BRRZEHE < 1074
REBAYT IVTATA—I TR IVT4714— <216 WLz (%  conferencescheduli
Ja—) ) HHIER) ng
E<18 5LV <20
(Z#22)
BRFRZH < 107552
gy oY IVTATA—T TR IVTA4T14— <47 WWx (8  rocktour
7 — e HHER)
& <48
(EHEH 1)
BRFERZH < 10759
(v NOZEH 4 D)
v ROIVT4
TA—UZRX12
(BE> v ROZH1D)
finzet s IVFATA—YU3R1 IVF4T714—<4375 LWLz (#  flightcrewschedulin
HEDZR ) #HAEE) ¢
g (E#8H12)
RFEZEMHE < 1072578
Yy ROIVT 4
TA—UZRX12
(BE>Y v ROZH1D)
36NV 41—V

N1 XDFTAR—RIZ, DY 1 —VIZROENEBWNWIT 4 —2ICn@DI 41—V %BIXFEFT, RE—
BN 14—V )ViE, n=8D8@EDY 1 —V/RXJLTT,
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http://mat.tepper.cmu.edu/TOURN/
https://web.archive.org/web/20170223060433/http://iconchallenge.insight-centre.org/challenge-energy
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Wir

i

Wir

%4
o NHIBLYNITFOFTRAR—RKEFEARHLZTT,
o FIRR—KIInBDYV1—VEEZZEY,

o VA=D1 —VICESONABWEDICBRELE T, 714 —Vid, BUKERLE, EER
. WARLEICHZBDI 1 —VERBZIENTEET,

AETIH, 420914 —VNRIANEERFELTEZHLTVWET,
DT REINSBETY,

B314BDY 1 — 1R XIWVDE - 1-fR

W N H O
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EERORRIZ. A1EBO(BLTVTBOEDO) DY 1 —VUHABEWCEHEARNSZOTHEE>TWEYT, BOD
DA4—VEENMIEEMBD Y 1 —VICEONBRVEDICTEE VWD FIRIEIETFTEETHL, nfBDY 1 —
VB EVWIHEIIGERLET,

LIFIFIEELWETY,

B3.2 7 14— 4D/ ZXIVDIE LR

W N +H O

g

TRTCOEWHIBE-INTVWDDT, TNHIERTT,

NY4—YIRXILTIE, ERI’EREETIHENZA2HYET, FEDnNIIHLTEIONDMEER
DIFTBHDOTIFRL, BEDnICHITDELWEA 1 DEXHTIEICTA—HARALET .

SEEIOF ]

4queens has 4 queens with a search space of 256.
8queens has 8 queens with a search space of 1077.
16queens has 16 queens with a search space of 10719.
32queens has 32 queens with a search space of 10"48.
64queens has 64 queens with a search space of 107115.
256queens has 256 queens with a search space of 10"616.

n74—>F, IDEROY Y TIILE LTEREINhTWSEEZH, BELEIEIIATVWERA, TRICED
MHbd, 74—V 64@ICA > TEBRICWIEBTEEY, AR ZBEEZMADE. 71—V
5000 AL EICA > CTHBEICH R TID I EMNTIAINRTUVWET,

36N —VDRAAVETIV
ZDFEITIE, 42DV 14—V DBBEERTDRAAVETILEFERALEY,
o KAAYVETIDER
BYRRAA VETIAGFERATRE, TSV /OREALYERBICIEBRL, fkdss

LR nZ4—VDBPIDRAAVETILTY,
public class Column {

private int index;

// ... getters and setters

}
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public class Row {
private int index;

// ... getters and setters

}

public class Queen {

private Column column;
private Row row;

public int getAscendingDiagonallndex() {...}
public int getDescendingDiagonallndex() {...}

// ... getters and setters

}

o RERZTEDEHE
Queen 1 24 > Z (Tl Column (f5l: O (&% A, 11E%1 B) & & Row (fl: O 1&4T O, 11&1T1)
NEEFNET,
FlefTad e, RIEONAR. BLCRIEORARETETZIENTEET,

WEFTDAVTYIRE, FRAR—ROELBIMOBATVWET,
public class NQueens {
private int n;
private List<Column> columnList;
private List<Row> rowList;
private List<Queen> queenlList;

private SimpleScore score;

// ... getters and setters

}

o RDKDHA
120 NQueens 1 Y A% > ZAITIE Queen 1 Y RAY V AD—BASEFNTVWET, chd
Solution £ ¢ L TIRH I M. Solver MR L THRALE L F T,

ez, 494—>DY Y TILTIE. NQueens D getN() XV w RAEIZ4 ZRLEF T,
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B3.3 7 14— 4 BDR

@

W N H O

K32 RAAM VETIOROFEA

columnindex rowlndex ascendingDiagonallndex descendingDiagonalindex

(columnindex + rowlndex)  (columnindex - rowlndex)

Al 0 1 1(*%) 1
BO 1 0% 1(*%) 1

c2 2 2 4 0
DO 3 0 (*) 3 3

MPEHDEIIC, T14—r22HELIT. Fl. WAREHET2HEF. 2 20IPEVERS I
ENTEXT,

3.9 RNZVIVT

ZOBICEEY 3L, Red Hat EJL K® OptaPlanner 74 v 7 249 — b4 KZBRL T X

LY,

3.8. XEtE—IL ATV (TSP - ¥XEt—IL AT v EE)

HMHED—EEHEIL, E—ILAY VYD REERT. EHHE 1 ELIFFET I ME2RLET,
COBREIE 71 FRTATILERINTVET, Ihid, HEHPET REAODICHRINZHED 1
DTY, Alid. REBEDD T MEFELE, TOMDOFEE —EICETBOBED—EE LTHERINE
-g_o

RBIRE DR

dj38 has 38 cities with a search space of 10743.
europe40 has 40 cities with a search space of 10"46.
st70 has 70 cities with a search space of 10798.
pcb442 has 442 cities with a search space of 107976.
lu980 has 980 cities with a search space of 1072504.

BIEDH#ZE
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https://access.redhat.com/documentation/ja-jp/red_hat_process_automation_manager/7.12/html-single/developing_solvers_with_red_hat_build_of_optaplanner_in_red_hat_process_automation_manager#assembly-optaplanner-quickstarts_developing-solvers
https://en.wikipedia.org/wiki/Travelling_salesman_problem
http://www.math.uwaterloo.ca/tsp/
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TSP DEHIFEMTTN, BEBEOHRIIEBSIFEH LAY EY, CHIENP RE#EBEEEIETN, %<
DEHEORB LK. BFEOBEDT—49 Yy MINT2RELMEIEZ. TOBREDT -4ty ML
THEFET S &, KBICE(LT DREMEL DY £,

TSP optimal solution volatility

How much does the optimal selution change if we add 1 new location?

No effect Side effect Snowball effect

new

new new

<) {9\ <)
<l

D i
-

3. 7ZRYVZTDRT Y a—)b

TRV ZTTIR BBAF—LBHLYTHEZLE T, 4 DOWEREZAFICF—LICEYHT
i’a—o

N— R

o HAF—LRIBICIALFIRENTE S,

o SIAF BREICL>TBMTIAWVWF—LDH 5,
FRFEE O HI#Y:

o NERBYLTEF—LIARAEGZTHEHNEZ (IFIF)BELICT S,
Y 7 M

o HFEIINE &EF— LN, ENPBEFENEITZEAHZRLICT S,
B DR

munich-7teams has 7 teams, 18 days, 12 unavailabilityPenalties and 72 teamAssignments with a
search space of 10760.
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B13.4 KXA4VETI

Tennis class diagram

[ Day | [ Team ]

1 1 1 1

[ UnavailabilityPenalty | @PlanningVariable
4 @~PlanningEntity
[ TeamAssignment ]
@PlanningEntityCollectionProperty
@PlanningSolution [

[ TennisSolution ]

310. REDARAT Y 1—)b
REIC, HRREACRBEZIVETET, REORIBFERYIT,
N— RH#:
e MEDHK:2 DDRFN. BULHREICALERZZEZERAITZ2IEETEARW,
o VWHDOHFEHE FUKBICHEINDIUNEDREZEZ 2 DEIYETEHIEIETIERL,

o BELINSMEDONAEA REOHEEEEZNATERAVHETRRFEZIT>TEIWITR
LY,

o FEIHARICEHIBL TRT: SEIFERDBICHE>TRY Y a—)ILInBWnWEdICT 3,
hFZE D #HIH:

e FRENHFELE FAURKRBICHAEINZATDOREZ 2 2FYHTEIERETERY, Tk R
DRBEVADRFZZR UERFEICEIYETS I EIFTERL,

Y 7 MY
o BN TRIVa—IL: T RTDRFEETIBRIFRL AT Y21 —-ILT 3,

o RFMERBOBDKERME: REFBELRFBOMICIK., RETHLRHER1D2. KBZANZRBEN
Hb,
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o RFBDER: WTL TITOLNZ2RBOHZF/NRICHZA T, EE5LDNDRBLERLRITNIER
SRR ZERL T,

o HIIKZIWVWEHENSEIYHTS: SMENEHR L TVWAWGETH, TR ITZHDODSNESE
INAT 27012, KEVWHBELAZWTWIBAICIEZFDHENSEY KT TV RELDH S,

o MEDAZEM: REBNERKL TiThh, KBOEEEN 2 D0 LY DLWEEICIE. REIGEL
HMETITOANRL,

SEEIOF ]

50meetings-160timegrains-5rooms has 50 meetings, 160 timeGrains and 5 rooms with a search
space of 10"145.

100meetings-320timegrains-5rooms has 100 meetings, 320 timeGrains and 5 rooms with a search
space of 10"320.

200meetings-640timegrains-5rooms has 200 meetings, 640 timeGrains and 5 rooms with a search
space of 107701.

400meetings-1280timegrains-5rooms has 400 meetings, 1280 timeGrains and 5 rooms with a search
space of 1011522.

800meetings-2560timegrains-5rooms has 800 meetings, 2560 timeGrains and 5 rooms with a search
space of 1013285.

3. O—RDOBFEEI (ITC2007 TRACK3 - AN Fa2a 5 LDAT Y 1 —)b)
ERE%e, BERBIUBRZEICBIVET TR V2L BHET,
IN— R
o ERIDHIN: ZEANIE., EURRBICEEZ 2 DOZFRFOILIETIAL,
e AYFaSLDEK: AV FaSLICIE. 2 0DBEAR UCRKBICEETEI EIEFTEAL,
e MEDODHEA:RAULKEDEUHERZEIC. 2 D0DREZENYHTEIERETEAW,
o MAFRHDERE (T—4ty NTEITERE): BEEICIZEY B TONAWEREIH 2,
Y 7 M

o BEREDNBAK BEZONEARIL, TOREEZZIZIZEDOHRLIVES L ATNITESR
LY,

o FNROMEAE B LI -RDEXDOHEBHRAEIX. HEICHDLIICT 2,

e N)Fa1ZLDREIRAULAYFITLIIEFNIHERIE. KETZEL (EfiLEFFEIQ)
®ET B,

o BEFDOALM:ELI-RDOBERIAUESELEYLTINENH S,
Z DREAEIL. International Timetabling Competition 2007 track 3 TEHZEINTWET,

SEEIOF ]

compO01 has 24 teachers, 14 curricula, 30 courses, 160 lectures, 30 periods, 6 rooms and 53
unavailable period constraints with a search space of 10"360.

comp02 has 71 teachers, 70 curricula, 82 courses, 283 lectures, 25 periods, 16 rooms and 513
unavailable period constraints with a search space of 10"736.
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http://www.cs.qub.ac.uk/itc2007/curriculmcourse/course_curriculm_index.htm
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compO03 has 61 teachers, 68 curricula, 72 courses, 251 lectures, 25 periods, 16 rooms and 382
unavailable period constraints with a search space of 10"653.

compO04 has 70 teachers, 57 curricula, 79 courses, 286 lectures, 25 periods, 18 rooms and 396
unavailable period constraints with a search space of 10"758.

compO05 has 47 teachers, 139 curricula, 54 courses, 152 lectures, 36 periods, 9 rooms and 771
unavailable period constraints with a search space of 10"381.

compO06 has 87 teachers, 70 curricula, 108 courses, 361 lectures, 25 periods, 18 rooms and 632
unavailable period constraints with a search space of 10"957.

compO07 has 99 teachers, 77 curricula, 131 courses, 434 lectures, 25 periods, 20 rooms and 667
unavailable period constraints with a search space of 10"1171.

compO08 has 76 teachers, 61 curricula, 86 courses, 324 lectures, 25 periods, 18 rooms and 478
unavailable period constraints with a search space of 10"859.

comp09 has 68 teachers, 75 curricula, 76 courses, 279 lectures, 25 periods, 18 rooms and 405
unavailable period constraints with a search space of 10"740.

comp10 has 88 teachers, 67 curricula, 115 courses, 370 lectures, 25 periods, 18 rooms and 694
unavailable period constraints with a search space of 10"981.

comp11 has 24 teachers, 13 curricula, 30 courses, 162 lectures, 45 periods, 5 rooms and 94
unavailable period constraints with a search space of 10"381.

comp12 has 74 teachers, 150 curricula, 88 courses, 218 lectures, 36 periods, 11 rooms and 1368
unavailable period constraints with a search space of 10"566.

comp13 has 77 teachers, 66 curricula, 82 courses, 308 lectures, 25 periods, 19 rooms and 468
unavailable period constraints with a search space of 10"824.

comp14 has 68 teachers, 60 curricula, 85 courses, 275 lectures, 25 periods, 17 rooms and 486
unavailable period constraints with a search space of 10"722.

B35 KXMAYVETIL

Curriculum course class diagram

[ Teacher | [ Day ]
1 1
( Curriculum ] | Timeslot |
* 1
[ Course | [ Period ] [ Room ]
1 1 1
@PlanningVariable
@PlanningVariable
. @PlanningEntity . | |
[ Lecture ]

@PlanningEntityCollectionProperty
@PlanningSolution

[ CourseSchedule ]
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3127 VDEEYT (GOOGLE ROADEF 2012)
BE7OEAEZTIVICEIYYETET, 270€ICIE. TTIKTO (HRBIEINRTULAW EY YTHH
YErd, FOERICEERETNR, £YY—ZX(CPU, XEY—RE)VDND—EEMVETY, Thik, 75
DRONZ Y ZADEIDKETY,
N— RH$9:

o FRBRE VI VICEIYVHTEE) Y —REZDEEBATIEWIFAWL,

o HMARLY—EROTOEREDYTY VY TERITTINELH D,

o NEALY—ERODTOCRIIEBDGFICOBIEIVNENH D,

o IKEFRAFR MBOY—ERIKETZIH—ERODT7OERIE. TOY—ERDEL TEFTTINE
"H o,

o —MEMAFER: )Y —RICL>TIF—ENLRETDOIHY., TOYIVE, HFICEYETLNT:
ROVOBEADRRBEICAT Y MINS,

Y 7 MY
o BEBTIIVVDE)Y—ADKREBEAEBATIEWIFAL,

o AFOM FYY Y THAAIRR) Y —RAZ20HIET. SROFYVLETIIHRTESLIICE
Bx21 3,

o JOERDKEIORAN 7OERICIIHEI IR NHIFHEET B,
o H—ERDHEEOARA M H—ERICIIHEI IR NHIFHEET B,

o HMIHDBEOAAN TV VALYV YBICTOERABETZE, ADDS BICEBEDFHEID
A RMDBERET B,

Z DI the Google ROADEF/EURO Challenge 2012 TEZINTWE T,
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http://challenge.roadef.org/2012/en/
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Cloud optimization is like Tetris

£°
S
o« onu
Memaory Memary Memory
Metwork Network “ Network
CPU CPU CPU
Memory Memory Memory
Network Network Network
Traditional algorithm OptaPlanner
{Construction Heuristic) (Construction Heuristic + Local Search)
o 180% '100% '80% 1100%
CPU ! CPU
Q Memory Q Memory
Network Network
CPU CPU
Q Memory Q Memory
MNetwork ] MNetwork

Metwork Netwaork
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B43.6 flifEiR R
Cloud optimization
Assign processes to machines more efficiently.
_— Computers Users
- .
Maximum :
Processes capamty \/- ‘t
\1/ \J/ Cost ] r

= -j

l'll||

Needs to run h Same service Safot ’
on Linux (failover for each other) alely capacily
{load fragmenation)
CloudBalancing benchmark Average Min/Max # datasets Biggest dataset

Cloud hosting cost “18% 2% 5 i00meceses

OptaPlanner versus traditional algorithm with domain knowledge

5 mins Simulated Annealing vs Firat Fit Decreasing

MachineReassignment benchmark Average Min/Max # datasets Biggest dataset
. 0 25% 50k machines

Hardwa re CongeStlon '63 /0 -97% <0 5k processes
OptaPlanner versus arbitrary feasible assignments 5 mins Tabu Search vs First Feasible Fit

Don't believe us? Run our open benchmarks yourself; http:/fwww.optaplanner.org/code/benchmarks.html

SEEIOF ]

52

model_ail_1 has 2 resources, 1 neighborhoods, 4 locations, 4 machines, 79 services, 100
processes and 1 balancePenalties with a search space of  10"60.

model_ail_2 has 4 resources, 2 neighborhoods, 4 locations, 100 machines, 980 services, 1000
processes and 0 balancePenalties with a search space of 1072000.

model_ai_3 has 3 resources, 5 neighborhoods, 25 locations, 100 machines, 216 services, 1000
processes and 0 balancePenalties with a search space of 1072000.

model_ail_4 has 3 resources, 50 neighborhoods, 50 locations, 50 machines, 142 services, 1000
processes and 1 balancePenalties with a search space of 10"1698.

model_ail_5 has 4 resources, 2 neighborhoods, 4 locations, 12 machines, 981 services, 1000
processes and 1 balancePenalties with a search space of 1071079.

model_a2_1 has 3 resources, 1 neighborhoods, 1 locations, 100 machines, 1000 services, 1000
processes and 0 balancePenalties with a search space of 1072000.

model_a2_2 has 12 resources, 5 neighborhoods, 25 locations, 100 machines, 170 services, 1000
processes and 0 balancePenalties with a search space of 1072000.

model_a2_3 has 12 resources, 5 neighborhoods, 25 locations, 100 machines, 129 services, 1000
processes and 0 balancePenalties with a search space of 1072000.

model_a2_4 has 12 resources, 5 neighborhoods, 25 locations, 50 machines, 180 services, 1000
processes and 1 balancePenalties with a search space of 1071698.

model_a2_5 has 12 resources, 5 neighborhoods, 25 locations, 50 machines, 153 services, 1000
processes and 0 balancePenalties with a search space of 1071698.

model_b_1 has 12 resources, 5 neighborhoods, 10 locations, 100 machines, 2512 services, 5000
processes and 0 balancePenalties with a search space of 10710000.

model_b_2 has 12 resources, 5 neighborhoods, 10 locations, 100 machines, 2462 services, 5000
processes and 1 balancePenalties with a search space of 10710000.
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model_b_3 has 6 resources, 5 neighborhoods, 10 locations, 100 machines, 15025 services, 20000
processes and 0 balancePenalties with a search space of 10740000.

model_b_4 has 6 resources, 5 neighborhoods, 50 locations, 500 machines, 1732 services, 20000
processes and 1 balancePenalties with a search space of 10153979.

model_b_5 has 6 resources, 5 neighborhoods, 10 locations, 100 machines, 35082 services, 40000
processes and 0 balancePenalties with a search space of 10780000.

model_b_6 has 6 resources, 5 neighborhoods, 50 locations, 200 machines, 14680 services, 40000
processes and 1 balancePenalties with a search space of 10792041.

model_b_7 has 6 resources, 5 neighborhoods, 50 locations, 4000 machines, 15050 services,
40000 processes and 1 balancePenalties with a search space of 107144082.

model_b_8 has 3 resources, 5 neighborhoods, 10 locations, 100 machines, 45030 services, 50000
processes and 0 balancePenalties with a search space of 107100000.

model_b_9 has 3 resources, 5 neighborhoods, 100 locations, 1000 machines, 4609 services,
50000 processes and 1 balancePenalties with a search space of 107150000.

model_b_10 has 3 resources, 5 neighborhoods, 100 locations, 5000 machines, 4896 services,
50000 processes and 1 balancePenalties with a search space of 107184948.

B13.7 RXAVETI

Machine reassignment class diagram

. dependency
[ Service k- [ Neighborhood |
1 1
(ProcessRequirement| [ MachineCapacity | Location
= * = = 1
. 1 1 1 1 * .
[ Process | [ Resource ] [ Machine ]
1 1 1
originalMachine
@PlanningVariable
1 @~PlanningEntity . .
[ ProcessAssignment ]
@PlanningEntityCollectionProperty
@PlanningSolution
[ MachineReassignment ]

3.13. EiE R R

BHEOEMZHEAL T, SBREORDZLONL. BELZTEVEY, 1 2OEMTHEBDEZL LM
ZERTHIEETEEIN, NETEZRERRERYDIHYFT,
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21

11
; 17

!
67 /100 ”
1'll 7

! P 89 /100
i -
! -
! ff"
! 5 25 15
.ll l" L]
p - 264% 2
.'l 1.—"’ -_i_.a"! =
! s -

\2\1 - 67 /100
11 97 /101 m
I 92 /100
1 2
2
0 :‘_
= Customer: demand 32 customers 742'69 fUE‘I

BB (CVRP) DIFMIC, BEREHDERED MDD > 726 (CVRPTW) $H Y £ 7,
N— R
e HHOAE Hillld,. EHBTEEZBA TR EERI EN TR,
o BFREI# (CVRPTW D).
o MEEEHE: BIDBZAMICKENT 2158 ICIEREN DD B,
o FEEXNIGORE: EMIFERICHIGL TWAKHE, BREICEEZD2MNENH B,

o BABDEMBNED HRE: BEDEBNEDIAICEMIEET 2TRMENH D, ERFHNTE
DETHBLTHOBERICHIDT 2LEDH S,

o EAENRELLMOIYERE: Eillld, BMENRE LMHMOYFRHITICEET 2H4EN
b5,

Y 7 NI

o SEIREE EMABEIT SO (AV ) VOBER) 2 &R/IRICHIZ 5,
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CVRP (Capacitated Vehicle Routing Problem) & CVRPTW (Capacitated Vehicle Routing Problem with
Time Window) (&, VRP Web TEZINTWE T,

B43.8 ffifie i3
Vehicle routing
Assign the delivery order of vehicles more efficiently.
Depot —__ ~— Delivery locations US'BI'S
Driver wage \ s N

Capacity

20% / hour

$ 20 ton Supermarkets
(nash & retail stores
o
................. 10 [On .
/ Freight
Opticnal TS AN ORI 3ton transportation
Can wait till tommormow i
Time window Buses, taxi's
Deliver between -~ s
8AM and 10 AM & airlines
Armoared vehiclg " s
mereg rEee ! Technicians
Expensive delivery - on the road
VehicleRouting benchmark (Belgium datasets) Average Min/Max # datasets Biggest dataset
A = 0 9% - 2750 deliveries
Driving time “15% & 5 FESihices

OptaPlanner versus traditional algorithm with domain knowledae 5 mins Late Acceptance Nearby vs First Fit Decreasing
p g g

Don't believe us? Run our open benchmarks yourself; http:/fwww.optaplanner.org/code/benchmarks.html

B D
CVRP 4 Y 24 v Z (BRI L):

belgium-n50-k10 has 1 depots, 10 vehicles and 49 customers with a search space of
10174.

belgium-n100-k10 has 1 depots, 10 vehicles and 99 customers with a search space of
10770.

belgium-n500-k20 has 1 depots, 20 vehicles and 499 customers with a search space of
1071168.

belgium-n1000-k20 has 1 depots, 20 vehicles and 999 customers with a search space of
1072607.

belgium-n2750-k55 has 1 depots, 55 vehicles and 2749 customers with a search space of
10"8380.

belgium-road-km-n50-k10  has 1 depots, 10 vehicles and 49 customers with a search space of
10174,

belgium-road-km-n100-k10 has 1 depots, 10 vehicles and 99 customers with a search space of
10770.

belgium-road-km-n500-k20 has 1 depots, 20 vehicles and 499 customers with a search space of
1071168.

belgium-road-km-n1000-k20 has 1 depots, 20 vehicles and 999 customers with a search space of
1072607.

belgium-road-km-n2750-k55 has 1 depots, 55 vehicles and 2749 customers with a search space of
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1078380.

belgium-road-time-n50-k10 has 1 depots, 10 vehicles and 49 customers with a search space of

10774.

belgium-road-time-n100-k10 has 1 depots, 10 vehicles and 99 customers with a search space of

107170.

belgium-road-time-n500-k20 has 1 depots, 20 vehicles and 499 customers with a search space of

10"1168.

belgium-road-time-n1000-k20 has 1 depots, 20 vehicles and 999 customers with a search space of

1072607.

belgium-road-time-n2750-k55 has 1 depots, 55 vehicles and 2749 customers with a search space of

1078380.

belgium-d2-n50-k10

10774.

belgium-d3-n100-k10

107170.

belgium-d5-n500-k20

10"1168.

belgium-d8-n1000-k20

1072607.

belgium-d10-n2750-k55

1078380.

A-n32-k5
A-n33-k5
A-n33-k6
A-n34-k5
A-n36-k5
A-n37-k5
A-n37-k6
A-n38-k5
A-n39-k5
A-n39-k6
A-n44-k7
A-n45-k6
A-n45-k7
A-n46-k7
A-n48-k7
A-n53-k7
A-n54-k7
A-n55-k9
A-n60-k9
A-n61-k9
A-n62-k8
A-n63-k9

has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,
has 1 depots,

has 2 depots, 10 vehicles and 48 customers with a search space of
has 3 depots, 10 vehicles and 97 customers with a search space of
has 5 depots, 20 vehicles and 495 customers with a search space of
has 8 depots, 20 vehicles and 992 customers with a search space of

has 10 depots, 55 vehicles and 2740 customers with a search space of

5 vehicles and
5 vehicles and
6 vehicles and
5 vehicles and
5 vehicles and
5 vehicles and
6 vehicles and
5 vehicles and
5 vehicles and
6 vehicles and
7 vehicles and
6 vehicles and
7 vehicles and
7 vehicles and
7 vehicles and
7 vehicles and
7 vehicles and
9 vehicles and
9 vehicles and
9 vehicles and
8 vehicles and
9 vehicles and

31 customers with a search space of
32 customers with a search space of
32 customers with a search space of
33 customers with a search space of
35 customers with a search space of
36 customers with a search space of
36 customers with a search space of
37 customers with a search space of
38 customers with a search space of
38 customers with a search space of
43 customers with a search space of
44 customers with a search space of
44 customers with a search space of
45 customers with a search space of
47 customers with a search space of
52 customers with a search space of
53 customers with a search space of
54 customers with a search space of
59 customers with a search space of
60 customers with a search space of
61 customers with a search space of
62 customers with a search space of

10740.
10741.
10742,
10743.
10746.
10748.
10749.
10749.
10751.
10752.
10761.
10762.
10763.
10"65.
10"68.
10777.
10779.
10782.
10791.
107983.
10794.
10797.

A-n63-k10 has 1 depots, 10 vehicles and 62 customers with a search space of 10798.
A-n64-k9 has 1 depots, 9 vehicles and 63 customers with a search space of 10799.
A-n65-k9 has 1 depots, 9 vehicles and 64 customers with a search space of 10101.
A-n69-k9 has 1 depots, 9 vehicles and 68 customers with a search space of 107108.
A-n80-k10 has 1 depots, 10 vehicles and 79 customers with a search space of 107130.
F-n45-k4 has 1 depots, 4 vehicles and 44 customers with a search space of 10760.
F-n72-k4 has 1 depots, 4 vehicles and 71 customers with a search space of 107108.
F-n135-k7 has 1 depots, 7 vehicles and 134 customers with a search space of 107240.

CVRPTW A Y24 v R (BRE#EH Y ):

I belgium-tw-d2-n50-k10 has 2 depots, 10 vehicles and 48 customers with a search space of
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belgium-tw-d3-n100-k10 has 3 depots, 10 vehicles and 97 customers with a search space of

10770.

belgium-tw-d5-n500-k20 has 5 depots, 20 vehicles and 495 customers with a search space of

10"1168.

belgium-tw-d8-n1000-k20 has 8 depots, 20 vehicles and 992 customers with a search space of

1072607.

belgium-tw-d10-n2750-k55 has 10 depots, 55 vehicles and 2740 customers with a search space of

10"8380.
belgium-tw-n50-k10
10174.
belgium-tw-n100-k10
107170.
belgium-tw-n500-k20
1071168.
belgium-tw-n1000-k20
1072607.
belgium-tw-n2750-k55
10"8380.

Solomon_025 C101
10740.
Solomon_025 C201
10740.
Solomon_025 R101
10740.
Solomon_025 R201
10740.
Solomon_025 RC101
10740.

Solomon_025 RC201
10740.
Solomon_100_C101
10785.
Solomon_100_C201
107185.
Solomon_100_R101
107185.
Solomon_100_R201
10785.
Solomon_100_RC101
10785.
Solomon_100_RC201
107185.

Homberger_0200_C1_2_1 has 1 depots,

107429.

Homberger_0200_C2_2_1 has 1 depots,

107429.

Homberger_0200_R1_2_1 has 1 depots,

107429.

Homberger_0200_R2_2_1 has 1 depots,

107429.

has 1 depots, 10 vehicles and 49 customers with a search space of

has 1 depots, 10 vehicles and 99 customers with a search space of
has 1 depots, 20 vehicles and 499 customers with a search space of
has 1 depots, 20 vehicles and 999 customers with a search space of

has 1 depots, 55 vehicles and 2749 customers with a search space of

has 1 depots, 25 vehicles and 25 customers with a search space of

has 1 depots, 25 vehicles and 25 customers with a search space of
has 1 depots, 25 vehicles and 25 customers with a search space of
has 1 depots, 25 vehicles and 25 customers with a search space of
has 1 depots, 25 vehicles and 25 customers with a search space of
has 1 depots, 25 vehicles and 25 customers with a search space of
has 1 depots, 25 vehicles and 100 customers with a search space of
has 1 depots, 25 vehicles and 100 customers with a search space of
has 1 depots, 25 vehicles and 100 customers with a search space of
has 1 depots, 25 vehicles and 100 customers with a search space of
has 1 depots, 25 vehicles and 100 customers with a search space of
has 1 depots, 25 vehicles and 100 customers with a search space of
50 vehicles and 200 customers with a search space of
50 vehicles and 200 customers with a search space of
50 vehicles and 200 customers with a search space of

50 vehicles and 200 customers with a search space of

Homberger_0200_RC1_2_ 1 has 1 depots, 50 vehicles and 200 customers with a search space of

107429.

Homberger_0200_RC2_2_ 1 has 1 depots, 50 vehicles and 200 customers with a search space of

107429.
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Homberger_0400_C1_4_1 has 1 depots, 100 vehicles and 400 customers with a search space of
107978.

Homberger_0400_C2_4_1 has 1 depots, 100 vehicles and 400 customers with a search space of
107978.

Homberger_0400_R1_4_1 has 1 depots, 100 vehicles and 400 customers with a search space of
107978.

Homberger_0400_R2_4_1 has 1 depots, 100 vehicles and 400 customers with a search space of
107978.

Homberger_0400_RC1_4 1 has 1 depots, 100 vehicles and 400 customers with a search space of
107978.

Homberger_0400_RC2_4 1 has 1 depots, 100 vehicles and 400 customers with a search space of
107978.

Homberger_0600_C1_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
107M571.

Homberger_0600_C2_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
107M571.

Homberger_0600_R1_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
107M571.

Homberger_0600_R2_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
107M571.

Homberger_0600_RC1_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
107M571.

Homberger_0600_RC2_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
107M571.

Homberger_0800_C1_8_1 has 1 depots, 200 vehicles and 800 customers with a search space of
1072195.

Homberger_0800_C2_8_1 has 1 depots, 200 vehicles and 800 customers with a search space of
1072195.

Homberger_0800_R1_8_1 has 1 depots, 200 vehicles and 800 customers with a search space of
1072195.

Homberger_0800_R2_8_1 has 1 depots, 200 vehicles and 800 customers with a search space of
1072195.

Homberger_0800_RC1_8 1 has 1 depots, 200 vehicles and 800 customers with a search space of
1072195.

Homberger_0800_RC2_8 1 has 1 depots, 200 vehicles and 800 customers with a search space of
1072195.

Homberger_1000_C110_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1072840.

Homberger_1000_C210_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1072840.

Homberger_1000_R110_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1072840.

Homberger_1000_R210_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1072840.

Homberger_1000_RC110_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1072840.

Homberger_1000_RC210_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1072840.

3B EEERED KA VETIL
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Vehicle routing class diagram

@~PlanningSolution

VehicleRoutingSolution

@PlanningEntityCollectionProperty

@PlanningEntity
[ Standstill ]<} Customer
AN ; ] -
@PlanningVariable read:,lleme
l. ousStandsiil dueTime
previousstandstilt | serviceDuration |-
nextCustDmer---....______‘__ 017 arrivalTime "
' departureTime |
vehicle -
1
| Vehicle |
readyTime
dueTime | e
1 ] 1
[ Depot J [ Location ]

Shadow variables

arrivalTime =
previousS.departureTime
+ travelTime

- departureTime =

max(arrivalTime, readyTime)
+ serviceDuration

nextCustomer =
inverse of previousStandstill

vehicle =
(this instanceof Vehicle)
? this : previousS.vehicle

BrfEids Y DEERBDO R XA VETILTIE, v NROEROBEEZLSALET., 22952
T. arrivalTime %> departureTime M ED TO/NRT 4 =B RAA VEFITEEIATE 2720, HH
HLYBRICKRRTEET,

E#RERRE Tl < BB DR

Bk, ERERMZEBHTLIOTERL, EBVEREREZERATILNENHYITT, EVRRADERD
5FBHE, INIFFEBICEETY,
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Vehicle routing distance type

Can we optimize for air distances, when we need road distances or driving times?

Optimized for ... ... air distance
™ . =
.. road distance /1 @ :
a 1244125 .
o | » =
- o Tw ™
BT T © . ¢ 2327.32km 118 632 sec
... driving time EaTAYES 3.8% worse 4.0% worse
- - S © ™. 224315km 115516 sec
{ * : # H , \z ) best 1.2% worse
&+ -. 2300.32 km 114 105 sec
el 2.5% worse best

BRBEET7ILITY LTI, 2H0OERERBETETCVS (TENIE. BAICEHEINTWS)BAICIE.
CNIIFICEETIIHY FHEA, EREIERTHIVLEEHY FHA, . BERHE., 75via
RN, FRENEBRHAFERTZIEETEET, GraphHopper ((BORAHRIEERA 754 >~ Java
I VYY), OpenMapQuest (web Hf—E R)., Google Maps Client APl (web #—ER) A& &, BFHIOR
NEFRICETE T 2Rz HY FT,
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Integration with real maps

Google Maps or GraphHopper (OpenStreetMap) calculate distances, OptaPlanner optimizes the trips.

Locations
with latitude and longitude

c

B D

K
=
Y

Render in browser

Google Maps
REST Client

o

GraphHopper
REST or local

Google Maps
JavaScript

Leaflet.js

o]

Fetch distance matrix
for every pair of locations

@ ABCD

Dowm> 4(F

0 50809050
50 0 30 3060
8030 0 3030
90 32 30 0 40
50603040 0 5 Ormin

=2 OptaPlanner

Optimize trips
under hard and soft constraints

@ ABCD

JavaScript

Dowm> 4|7

50
30
30
30
50

F 7. Leaflet ¥ Google Maps for developers 72 &, L V¥ ) Vv 74 2EMEERHY 7,
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Leaflet.js Google Maps

7 LﬂN!EGEM i "-'_.I""'I-.I

5 Map | Satellite I'
"y = LIS sr=r-11

Denain

E:’m‘ihr'#i Le ﬂueanny ‘]
-"Caudrf nutnnye ?ﬁmerﬁes

St o F'aﬂ: mitr.y#—n
Mﬂp Data - Terrns of Usa V' Report & Miap error

GraphHopper %7z Google Map Directions Z{#H L TEEOREEZL V5 ) VvV TH I ELAETT
A, SRERCRENELRDH, FIETIIREFZERT 2O’EEICRY X7,
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I e N =
Eindhoven DE"’“E| an Satellite |
_.E \ f
VEIII!EHgWaard s Venlo

Beriﬁgen
L }
Aarsézhot :

W o

aubou;dlnﬁ]

: b=, Carvin — ! - _ \ hleide
ruay-la- 3uissiéres " saint-Amand &S Eaux M B o ; rr

Malmedy
AP
2 ¥ =} |
__“\}!nain Mm:;casg

a
Eambral Le Quesnoy .
Caudry Aulnoye-Aymeries

-
¥

Gi

Luxembourg

(77 Tergnier
fg City..

i . qu Chauny iC \ ] .' S NI | b
{'SalJnt JI|IST en- ChaUSsFe r _‘:=. ;r: He}tslrl_el " BE‘ 4:3 X3
au!.r'sls =¥ Comdieane. ™. : Bl Map data ©2015 GeoBams—DEfBKG {@200‘3] Googie | Terms of Usé - Report a I‘Ilﬂp efmar

2 mEOBE}E L. OptaPlanner THERAINZDEE Lﬂ—ﬁﬁx#"&ﬁﬁﬁ?'é,m TERLTLEIWN,
fo& ZIE. GraphHopper &7 7 #JL M T, RETIFAL, REORBERLET, ZED GPS RO
km (F7E~ A I)V) OER#%ZFERA L T, OptaPlanner T%fﬁ@%ﬁﬂ%ﬂ%i@k LanEDIcLTLES

UTFD&EDIC, ERBELEIEXHEINDAREELHY T,
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Road distance triangle inequality

Routes and trips must optimize the same property to avoid suboptimal solutions.

Shortest GPS routes Goal: shortest trip Goal: fastest trip
using shortest GPS routes using shortest GPS routes

50min
" A * C r E ] D * A » B ¥ C * D *
60 + 50 + 30 + 30 + 40 = 210km 50 + 30 + 30 + 40 + 50 = 200min
optima suboptimal
Fastest GPS routes Goal: shortest trip Goal: fastest trip
using fastest GPS routes using fastest GPS routes
Violates Irnangle ineguality!
A= £ AB +B -n?:';a * €, 80km
o0 £ 20 + 30 30<n.-..:|
LB D
| 1 40km 30min
,-"rfz;;hl
Lo ™
A~ 60 A
50min 50min
In this example, only the A—C route ‘A B C D ' ASC B D
¢fers between shortes! and fastes. B0+ 30430+ 60 +40 = 220km 50 + 30 + 30 + 30 + 50 = 190mn

In the real world, almost all routes differ. ”
suboptimal optima

—MRBREZHFERERY, ZL DAY -—RFREDRETIIRL, REORBZEALLAVWEEZZE
T, BEDERLYEEEREBDOERAZFHATT., SHERINTVWRVWELY BHEIN TV EERZIF
HET, ERICIT, REDREE, REORBIABLTHEIEIRIFEAEDHY THA,

314. 7Oz N a TR a— )b

7OV NOEEARKRNRICINIZ 27O, TRTOY 3 TEBBRICETTISLIICRFYa—
WERELEY, EVaJik, 7OV MIEEFNET, YVa Tk, BRE2AETERITTEES., A
ECEICHECERT Y Y —ANERYET, i, AR V3T avy TRy TVa-)v T
(JSP) DISETY,
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Project job scheduling

For each job, choose an execution mode and a start time.

November
1 2z 3 4 5 & 7 & & 10 N

( Design q
Cover _1@m
Book 1 < ! - )
Pages (400/book) A 1% oy
L Assembly 1‘9‘_
( Design q
Cover 12 ey
Book 2 < L
Pages (500/book) S
L Assembly 19‘.
i 1Gr_o."dsy
Resources < 14_9’;%,’
g 1%.":133!

N— R
o UIaTDBEIEAM: Y a T, BITOYIaTHNIRTETTZFETHBLAL,
o Y—ADARE NAETRALEEZBADY Y —AEFAHLAL,

o YY—R@EO—AL(ALFOYIY hOYa TRTRE). £EEI7O—/L (293 T8

o Y—RIEHAE (I BICFRARLRE) TLIEFAA (EATHATRERETE) &Y
%)Q

FhIZE DOFI:

o FOVIYNDATEERE: &0V ) NOMERRE (X420 2/V)528EICT 5,
Y 7 M

o XA UZANVEFBEHOTOY LV NRT YV a—ILOAFFERBEEREICT %,
Z DAL, the MISTA 2013 challenge TEZEINTWE T,

SEEIOF ]

Schedule A-1 has 2 projects, 24 jobs, 64 execution modes, 7 resources and 150 resource

requirements.
Schedule A-2 has 2 projects, 44 jobs, 124 execution modes, 7 resources and 420 resource
requirements.
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Schedule A-3 has 2 projects, 64 jobs, 184 execution modes, 7 resources and 630 resource
requirements.

Schedule A-4 has 5 projects, 60 jobs, 160 execution modes, 16 resources and 390 resource
requirements.

Schedule A-5 has 5 projects, 110 jobs, 310 execution modes, 16 resources and 900 resource
requirements.

Schedule A-6 has 5 projects, 160 jobs, 460 execution modes, 16 resources and 1440 resource
requirements.

Schedule A-7 has 10 projects, 120 jobs, 320 execution modes, 22 resources and 900 resource
requirements.

Schedule A-8 has 10 projects, 220 jobs, 620 execution modes, 22 resources and 1860 resource
requirements.

Schedule A-9 has 10 projects, 320 jobs, 920 execution modes, 31 resources and 2880 resource
requirements.

Schedule A-10 has 10 projects, 320 jobs, 920 execution modes, 31 resources and 2970 resource
requirements.

Schedule B-1 has 10 projects, 120 jobs, 320 execution modes, 31 resources and 900 resource
requirements.

Schedule B-2 has 10 projects, 220 jobs, 620 execution modes, 22 resources and 1740 resource
requirements.

Schedule B-3 has 10 projects, 320 jobs, 920 execution modes, 31 resources and 3060 resource
requirements.

Schedule B-4 has 15 projects, 180 jobs, 480 execution modes, 46 resources and 1530 resource
requirements.

Schedule B-5 has 15 projects, 330 jobs, 930 execution modes, 46 resources and 2760 resource
requirements.

Schedule B-6 has 15 projects, 480 jobs, 1380 execution modes, 46 resources and 4500 resource
requirements.

Schedule B-7 has 20 projects, 240 jobs, 640 execution modes, 61 resources and 1710 resource
requirements.

Schedule B-8 has 20 projects, 440 jobs, 1240 execution modes, 42 resources and 3180 resource
requirements.

Schedule B-9 has 20 projects, 640 jobs, 1840 execution modes, 61 resources and 5940 resource
requirements.

Schedule B-10 has 20 projects, 460 jobs, 1300 execution modes, 42 resources and 4260 resource
requirements.

315. 9 A7 DEY KT

REEDF1—DRARY MIEIRVEEYHTET, YRITEIL. REBDT7 74 =ZFT14—LRIL
MoREEZT2HEE. YRVDBEEIEEFNET,

N— R

¢ XX HRYZEIWTIDULDRFIVDAUBETH D, REBICIF. TOLIBRAFILATART
WETY,

Y7 MLV O DOEIHY:

o BMODTEELRIRV TBRIRIPIAT I XIDHEINC, BMOTEERIR IV ZTTT
%)O

V7 MLARILTOEIR:

o X—JZANVDHR/ME: YRV ERT T B5FTOREREZERT %,

PN HThIAEE M E 1 42 LD IIESZ I — M vk =71« X I\ RTT b= > LYt =s.,>. N, A+ = 7
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O FITHEEVWIRVVESKE V' DNRBWIEND Ve, BNHNEVHT NN /2 /7 ZTERX 9 Do
Y7 MLARIL 2 DFIK:
o FERIRY . RAFT—RIRAVDAINC., EBRIRAVZTEBLRITRLRETT 5,
Y7 MLV 3 DFHIK:

¢ IAMFT—RIRV TEBRUWBRIRAT—RIRIERTT 5,

B43.9 g3
Optimize the task queue of every employee by reassigning and reordering tasks.
P Employees Users
800 900 10:00 000 1200 1300 1400 1500 1600 1700 1800
N I I S IS YT T AN T I M T E N Payroll services
o = A = o (eE= ZE
aT (G2 A&t T [(F+ KL T7]
S _ _ Call centers
- Critical priority w- Medium priority

;;.‘\.‘ T [\l'l (o ][{!I T Pl ] Lunch Tax auditers

... Requires French skil .

faimess .
aimess Recruitement

s ((FE ;,?][(.-$ 2 (GEr 2 &L 4 interviewing

F

--Has health care affinit
15 hiealih care aminity Maximize throughput

_ == == P Mortgage
@~ [Fr P2 4 7
= : J approval
Lacks affinity, takes longer = .. Starts between 12:00 and 13:30

RBIRE DR

24tasks-8employees has 24 tasks, 6 skills, 8 employees, 4 task types and 4 customers with a
search space of 10730.

50tasks-5employees has 50 tasks, 5 skills, 5 employees, 10 task types and 10 customers with a
search space of 10769.

100tasks-5employees has 100 tasks, 5 skills, 5 employees, 20 task types and 15 customers with a
search space of 10"164.

500tasks-20employees has 500 tasks, 6 skills, 20 employees, 100 task types and 60 customers with
a search space of 10"1168.
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B13.10 KXA4 Y ETI

Task assigning class diagram

[ Skill ]

* *

| TaskType |

1 [ Affinity |
[ Customer = ~ Employee ]
1 1
[ TaskOrEmployee K—
1
@PlanningVariable
* » @PlanningEntity 1 » (@ShadowVariable
[ Task ]

@PlanningEntityCollectionProperty

@PlanningSolution

[ TaskAssigningSolution ]

3.16. SRERDESRIE] (ITC 2007 TRACK 1- FHER)

IRTOHARIC, KEEHEZEVETEY, AULEHETICELCHMET, EROHREZTIIENTE
2H5DELET,
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Examination Ann [ History | Math |
timetabling Bobby [ History | Math |
Assign each exam Carla [ HiStUry ]
aperiod and Dan [ Math [Chem
Edna Chem| Bio | Geo |
Fred [ Bio | [ Eng |
Greg Geo | Eng
Most students first OptaPlanner
Room X ||RoomY Room X ||RoomY
4 seats 3 seats 4 seats 3 seats
—— [ History | [Chem Chem| Eng | [ History |
D[E|F]
_ Math
Fri 09:00 m
G same
Fri  14:00 4
same time —
N— R

o HROHEIK: RUEENZITZ 2 ODHERIE. RAUKEHICERTILVEDET S,

HEDNBANE BEOEFHIZ. BICEREFHRLIYES L QTNIERSAW,

HARE: #EIE. IRTORRICHISTESZRI TRINIEERS AL,

HREREED/N\— R (T -5y b TEIIEE):
o —HMKFHED2ONHREZF UHEFICRES 2UENDHD GIOBEZFERATEIEEH

BE)o
o FRHMBFED2 DDA ZR UREFICERET IR,

o Lk HENHRZ, BDORKEDHBRDRICITILELH S,

HEFFEOHIF (F—F Y NTEITIEE):
o HHbE): HEDHREZ., MOHREBMUHETITI) JELETERL,
VI MR (NFZA=F—LINRFILT 1 —DENETNREEINTWLDS):
o RALUZEN, ftld THEER%Z 2 DR IFTEWIFRWL,
e ELEEN, RAUHICHRZ 2 DRIFTEWIFAW,

o HETFONM AUEENZITS 2 DDHEERIE. KEZHI2EEH T2,
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o ERZAROEI . HEAHEITZ 2 O00RBROEIE. BALICT 5,
o FHIEIL:FREDOKRKZIVWHERIE, RTT1—ILEBRDITRET %,

o HIEIDORFTILT 4 —(T—Fty NTEIEE) HEICL>TIR. FRAINZERFILT 4 =B
LT 2,

o MEDRFIVT 4 —(T—9ty NTEIEBE)BMEICL>TIE, FRAINDERFILT 4 =B
LT 2,

ERICKENSIME LAAARELHART —S Yy M2ERALEY,

Z O, International Timetabling Competition 2007 track T TEZINTWE T, Geoffrey De
Smet (. FEEICHHEI/N—T 3 > D OptaPlanner T4 AT LFE LA, TOIAVRT 1Y 3 VUK,
ZLDRRRDIMALNTWVWET,

RBIRE DR

exam_comp_set1 has 7883 students, 607 exams, 54 periods, 7 rooms, 12 period constraints and
0 room constraints with a search space of 10"1564.

exam_comp_set2 has 12484 students, 870 exams, 40 periods, 49 rooms, 12 period constraints and
2 room constraints with a search space of 10"2864.

exam_comp_set3 has 16365 students, 934 exams, 36 periods, 48 rooms, 168 period constraints and
15 room constraints with a search space of 10"3023.

exam_comp_set4 has 4421 students, 273 exams, 21 periods, 1 rooms, 40 period constraints and
0 room constraints with a search space of 107360.

exam_comp_set5 has 8719 students, 1018 exams, 42 periods, 3 rooms, 27 period constraints and
0 room constraints with a search space of 10"2138.

exam_comp_set6 has 7909 students, 242 exams, 16 periods, 8 rooms, 22 period constraints and
0 room constraints with a search space of 107509.

exam_comp_set7 has 13795 students, 1096 exams, 80 periods, 15 rooms, 28 period constraints and
0 room constraints with a search space of 10"3374.

exam_comp_set8 has 7718 students, 598 exams, 80 periods, 8 rooms, 20 period constraints and

1 room constraints with a search space of 10"1678.

316.1. TR NDEFEEID AL VETIL
UTOETIE. FARBORAA VIS AEBNLTVWETS,
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An exam changes during
soving:

The exam.period and/or exam.
room reference change.

The exam.id and exam.topic
reference do not change.

Calculated before solving %

T
1

TopicConflict

- studentSize : int

|- leftTopic 0.4
- rightTopic
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<<interface>>
Solution

7AN

<<singleton==>

<<singleton==
InstitutionParametrization

- twaolnARowPenality @ int
- twolnADayPenality : int
- periodSpreadLength : int

Examination |———>1 . periodSpreadPenality : int
1 - mixedDurationPenality : int
- frontLoadLargeTopicSize : int
1 - examlist - frontLoadlLastPeriodSize . int
- frontLoadPenality : int
l”:f:
<<@PlanningEntity>>
Exam
-id :long
- - room
-topic g & 'II— period DN
1 Wy
n = Room
Period 1
- -id : long
-id:long , , - capacity : int
- startDateTimeString : String - penalty : int
- periodindex : int
- daylndex : int
- duration : int
- penalty : int

- frontLoadLast : boolean

RoomHardConstraint
Topic K ———————
P - - topic | -id: long
-id : long PeriodHardConstraint
- duration : int -leftTopic | _i4. long
- frontLoadLarge : boolean 1
1+ - rightTopic
- stludentList 1 1
0.*
<<enum=> <<enum=:>
Student PeriodHardConstraintType RoomHardConstraintType
-id : long - COINCIDENCE : int - ROOM_EXCLUSIVE : int
- EXCLUSION : int
o - AFTER : int
Mot asserted into the working
memory

A0Vt M%E, Exam 7 T R & Topic 7 5 RITH T ==l

e
o=

LTI W, HIEECEHEED

TORT4—%EBL, B(TIVVIIVTAT14—VFR)%ERkDDE, Exam A VR YV AHNE

fELEYT, TDE&E, TopicA VAY VX, Period1 >V RH VR, 8LV Room 1 V2%V RUFEAL

LEEA DI SR ERKKR. CTNOEREETZ 77 bTY),

3.17. EERNDE1FH3R (INRC 2010)

BV MCEBEMZEEYYHTET,
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Employee shift rostering

Populate each work shift with a nurse.

Maternity nurses Emergency nurses
Ann .Beth .Cory D|Dan .Elin .Greg

Basic nurses ‘

H | Hue mllse
Largest staff first OptaPlanner

Sat Sun Mon Sat Sun Mon
6 14 22| & 14 22| & 14 22 6 14 22| 6 14 22| 6 14 22
| | | | | | | | | | | | | | | | | |

Maternity

nurses

Emergency

nurses

Any

nurses

N— R

o REYLHTOIT7 ML (JAHAH): TRTDY T MNAREESICEYHTINELNH D,
o U7 MDHK:REEICIKIBAICTIY I MNEFEIYETEZENTES,
Y 7 NI

o T TLDHEFH, TOERTIE., HEICENLOHRBIERT 5720, N— R TIEAL, vV
ZhEELTERTDIEICRELE LT,

o HYLUTOTRSLTLE: SRHEEEF. (FNThORHICELE O xEYZL, y&U
EORVNY T NEAEBBET ZUENH B,

o HEHEHFBABDTRELVC LR FREXEIFX. (ThThOEWNICEHLET)ERTxHD L
y BE. 8% 3508 H 5.

o HEHEAKBBOTRELULER FREXEIR. (TRThOENICEHLET)ERTxHD L
y BE., ROBEDLH B,

o BERICEGEHH T 5OBDTFTREL LR FHKEIEX. (TNEThOENICEDHLET) Ein
TxEANLyE. BREHFT 2HENDH 2,

o BEROYHFH AR LICT 2 XA IX. BROMAZHHY 5. FLIRTCBELH
%)O

o BRDVI M A T2RLICT S BMEET, ALERDY 7 M9 14T BALIKCT 2%
ENH 2,
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o WFELLABWY T MY -V ERB+BRBEBERE, FF LAWY T N A THERKTH
HAEDLELNNY—,

* WEBEDHFE:
o FBADYIITAMREER. FEDHHFLAZHFBTE S,
o AMARADY VTR MREER. FEDAKRFLAZHFBETE S,
o BFIBVIMDYIIAMRREIIFEDY 7 hADEIYHTEZRFETES,

o BHBLAVWY I MDY IIAMPERERFTEDY 7 MIEIYHTOHNBWVWELDICHFETE
%o

o HDRAFIL: AFXILICEIY YU TONLREEIL., ZOY T N THRELRLIAXIVICEETHEINE
rH 3,

Z DAL International Nurse Rostering Competition 2010 TEZINTWE T,

B3.12 flifE iR 3

Employee rostering

Assign shifts to employees more efficiently.
o Employees

/ Users
Mon Tue Wed Thu Fri Sat Sun
II (5] 14 22 [ 14 22 & 14 22 B 14 22 [+ 14 22| & 14 22| B 14 22 .
N ool b b e b HDSpItE'S
=10 hours
E - N - - — - Free Free )
1 shift per day Forward rotation = 5 consecutive shifts Security

(enough time to sleep)

guard firms

'g_: = - - Free Free n
“..... Requires nurse skill " Day off request Call centers
&) g Free Free - .
- . Reaut o o Police and
... Requires engineering ski . 3
4 9 g = 48 hours rest fire department
G_Q == == = = == Free Free
A
Mo weekend work
— Shifts
NurseRostering benchmark Average Min/Max # datasets Biggest dataset
. D/ +19% 752 assignments
E mp onee WE| |'be|n g +53 0 +85% <0 50 employees
OptaPlanner versus traditional algorithm with domain knowledge 5 mins Tabu Search vs First Fit Decreasing
Don't believe us? Run our open benchmarks yourself: https://www.optaplanner.org/code/benchmarks.html
FIRE DR E

UFD&LSIC. 7—% 2y bOBRIE3ID2HY FT,
o sprint MW CHRIBEBRT ZMENHY T,
e medium: 8O TRIBEZRRT Z2LENDHY XY,
e long BRI TR Z2ENHY X T,
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toy1 has 1 skills, 3 shiftTypes, 2 patterns, 1 contracts, 6 employees, 7 shiftDates, 35
shiftAssignments and 0 requests with a search space of 10"27.
toy2 has 1 skills, 3 shiftTypes, 3 patterns, 2 contracts, 20 employees, 28 shiftDates, 180

shiftAssignments and 140 requests with a search space of 10234.

sprint01 has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint02  has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint03  has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint04  has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint05  has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint06  has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint07  has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint08  has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint09  has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint10 has 1 skills, 4 shiftTypes, 3 patterns, 4 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint_hint01 has 1 skills, 4 shiftTypes, 8 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint_hint02 has 1 skills, 4 shiftTypes, 0 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint_hint03 has 1 skills, 4 shiftTypes, 8 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint_late01 has 1 skills, 4 shiftTypes, 8 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint_late02 has 1 skills, 3 shiftTypes, 4 patterns, 3 contracts, 10 employees, 28 shiftDates, 144
shiftAssignments and 139 requests with a search space of 10"144.

sprint_late03 has 1 skills, 4 shiftTypes, 8 patterns, 3 contracts, 10 employees, 28 shiftDates, 160
shiftAssignments and 150 requests with a search space of 10"160.

sprint_late04 has 1 skills, 4 shiftTypes, 8 patterns, 3 contracts, 10 employees, 28 shiftDates, 160
shiftAssignments and 150 requests with a search space of 10"160.

sprint_late05 has 1 skills, 4 shiftTypes, 8 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint_late06 has 1 skills, 4 shiftTypes, 0 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint_late07 has 1 skills, 4 shiftTypes, 0 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

sprint_late08 has 1 skills, 4 shiftTypes, 0 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 0 requests with a search space of 10"152.

sprint_late09 has 1 skills, 4 shiftTypes, 0 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 0 requests with a search space of 10"152.

sprint_late10 has 1 skills, 4 shiftTypes, 0 patterns, 3 contracts, 10 employees, 28 shiftDates, 152
shiftAssignments and 150 requests with a search space of 10"152.

mediumO01 has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608
shiftAssignments and 403 requests with a search space of 10"906.
medium02  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608
shiftAssignments and 403 requests with a search space of 10"906.
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medium03  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608

shiftAssignments and 403 requests with a search space of 10"906.

medium04  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608

shiftAssignments and 403 requests with a search space of 10"906.

medium05  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608

shiftAssignments and 403 requests with a search space of 10"906.

medium_hint01 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_hint02 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_hint03 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_late01 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 424

shiftAssignments and 390 requests with a search space of 10"626.

medium_late02 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_late03 has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_late04 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 416

shiftAssignments and 390 requests with a search space of 10"614.

medium_late05 has 2 skills, 5 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 452

shiftAssignments and 390 requests with a search space of 10"667.

long01 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740
shiftAssignments and 735 requests with a search space of 10"1250.
long02 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740
shiftAssignments and 735 requests with a search space of 10"1250.
long03 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740
shiftAssignments and 735 requests with a search space of 10*1250.
long04 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740
shiftAssignments and 735 requests with a search space of 10"1250.
long05 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740
shiftAssignments and 735 requests with a search space of 10"1250.

long_hint01 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 740

shiftAssignments and 0 requests with a search space of 10"1257.

long_hint02 has 2 skills, 5 shiftTypes, 7 patterns, 3 contracts, 50 employees, 28 shiftDates, 740

shiftAssignments and 0 requests with a search space of 10"1257.

long_hint03 has 2 skills, 5 shiftTypes, 7 patterns, 3 contracts, 50 employees, 28 shiftDates, 740

shiftAssignments and 0 requests with a search space of 10"1257.

long_late01 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 752

shiftAssignments and 0 requests with a search space of 10"1277.

long_late02 has 2 skills, 5 shiftTypes, 9 patterns, 4 contracts, 50 employees, 28 shiftDates, 752

shiftAssignments and 0 requests with a search space of 10"1277.

long_late03 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 752

shiftAssignments and 0 requests with a search space of 10"1277.

long_late04 has 2 skills, 5 shiftTypes, 9 patterns, 4 contracts, 50 employees, 28 shiftDates, 752

shiftAssignments and 0 requests with a search space of 10"1277.

long_late05 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 740

shiftAssignments and 0 requests with a search space of 10"1257.
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B13.13 KX VETI

Nurse rostering class diagram

| ShiftType H SkillRequirement ]ﬁ[ Skill |

1 1
[ ShiftDate | [ SkillProficiency |
1 . | *
* * 1
| Shift | | Employee ]ﬁ[ Contract ]
1 1
@~PlanningVariable
, @~PlanningEntity :
[ ShiftAssignment ]
; [ NRParametrization |
@PlanningEntityCollectionProperty 1
@PlanningSolution .
[ NurseRoster ]

3.18. X[o] k —F A > NERE (TTP)
N ABOF—LEO—BERT V21— LET,
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Philadephia Phillies . Traveling tournament Montréal Expos
Schedul ch match in a day,
[1 away ‘_0 33? chedule ea malich In a day. / [1 [MON] VS
[ 2 awayto m 380 No consecutive , [2 [MON]VS m
[3 [ PHI JVS ; reverse match [3 [MON]VS s
< 3 consecutive "
[4 [ PHI JVS 0 home matches MON [4 away to 665
5 [ PHI | VS —
|5 [PHI]VS[MON] [ “
(6 away to [
665 337
Total team distance: 2.127 Total team distance: 2.011
Atlanta Braves
929
(1
337 0
80 /e 337
665 ATL < 3 consecutive 380
0 ?: away matches 665
0 745
0 “ Minimize total 0
Total team distance: 2.011 distance: 8.276 Total team distance: 2.127

N— RH#:
o BF—LIE, BOF—LETRTN2E (F—LETYITA)RAEET 5,
o RF—LF, BEFERICIHAGEIFITI,
o 3EEHRT. R—LFLIEFT7V A TOHAEBIETEIARL,
o BYRLAL:FLUREEFE 2EERTHETERL,
Y 7 M
o £F—LNBET HEEEEREZRAIRICHIA 2,
Z DI Michael Trick D Web 4 b (HREHFE I ENET) TERINTWVET,

SEEIOF ]

1-nl04 has 6 days, 4 teams and 12 matches with a search space of 10”5.
1-nl06 has 10 days, 6 teams and 30 matches with a search space of 10719.
1-nl08 has 14 days, 8 teams and 56 matches with a search space of 10743.
1-nl10  has 18 days, 10 teams and 90 matches with a search space of 10779.
1-nl12  has 22 days, 12 teams and 132 matches with a search space of 107126.
1-nl14  has 26 days, 14 teams and 182 matches with a search space of 107186.
1-n116  has 30 days, 16 teams and 240 matches with a search space of 107259.
2-bra24 has 46 days, 24 teams and 552 matches with a search space of 107692.
3-nfl16 has 30 days, 16 teams and 240 matches with a search space of 107259.
3-nfl18 has 34 days, 18 teams and 306 matches with a search space of 107346.
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3-nfl20
3-nfl22
3-nfl24
3-nfl26
3-nfl28

has 38 days, 20 teams and
has 42 days, 22 teams and
has 46 days, 24 teams and
has 50 days, 26 teams and
has 54 days, 28 teams and
3-nfl30 has 58 days, 30 teams and
3-nfl32 has 62 days, 32 teams and
4-super04 has 6 days, 4 teams and
4-super06 has 10 days, 6 teams and
4-super08 has 14 days, 8 teams and
4-super10 has 18 days, 10 teams and
4-superi12 has 22 days, 12 teams and
4-superi14 has 26 days, 14 teams and
5-galaxy04 has 6 days, 4 teams and
5-galaxy06 has 10 days, 6 teams and
5-galaxy08 has 14 days, 8 teams and
5-galaxy10 has 18 days, 10 teams and

380 matches with a search space of 107447.
462 matches with a search space of 107562.
552 matches with a search space of 101692.
650 matches with a search space of 101838.
756 matches with a search space of 101999.
870 matches with a search space of 10*1175.
992 matches with a search space of 10"1367.
12 matches with a search space of 1075.
30 matches with a search space of 10719.
56 matches with a search space of 10743.

90 matches with a search space of 10779.
132 matches with a search space of 10"126.
182 matches with a search space of 10"186.
12 matches with a search space of 1075.
30 matches with a search space of 10719.
56 matches with a search space of 10743.
90 matches with a search space of 10779.

5-galaxy12 has 22 days, 12 teams and
5-galaxy14 has 26 days, 14 teams and
5-galaxy16 has 30 days, 16 teams and
5-galaxy18 has 34 days, 18 teams and
5-galaxy20 has 38 days, 20 teams and
5-galaxy22 has 42 days, 22 teams and
5-galaxy24 has 46 days, 24 teams and
5-galaxy26 has 50 days, 26 teams and
5-galaxy28 has 54 days, 28 teams and

132 matches with a search space of 107126.
182 matches with a search space of 107186.
240 matches with a search space of 101259.
306 matches with a search space of 10"346.
380 matches with a search space of 107447.
462 matches with a search space of 107562.
552 matches with a search space of 101692.
650 matches with a search space of 101838.
756 matches with a search space of 101999.
5-galaxy30 has 58 days, 30 teams and 870 matches with a search space of 10*1175.
5-galaxy32 has 62 days, 32 teams and 992 matches with a search space of 10"1367.
5-galaxy34 has 66 days, 34 teams and 1122 matches with a search space of 10*1576.
5-galaxy36 has 70 days, 36 teams and 1260 matches with a search space of 10*1801.
5-galaxy38 has 74 days, 38 teams and 1406 matches with a search space of 1012042.
5-galaxy40 has 78 days, 40 teams and 1560 matches with a search space of 10"2301.

3. R MNEMAD R a—)b

YRV EFERNICRATYa—I)L L., BBOBESRZR/IMRICINAZT, EXRIFEFHICE>TERY
F9, NiF,. YaTdravFRyTa—Y T DIGETT,

N— R4
o FAMBEERBIODEIR: &9 X7k, REEREDORKIEEOHIERNIC,. RKBT2HENH S,
o RABE XV VICHIYHETER) Y —REZDEZBATIEWIFARWL,

o FHIAB LI URRT . BMMIZ, YR IVHPEYHTESNTUVWBEIEHEEBL TWBIRELRH D, RDHY
2V FTOM., EFSSLVCRTIRNEZEITE2HD, WHBAET7A RILICTRBZEDNTES,

A2 DI
o TER: 2RI V2 LOAHBERERNRIHIA S,

o WROBSK BRBHTLLETA KLHOMHETATN, BRENRL, BIRIRET
3 (SEREAFOTRMI L > TRED),

o FRVDBEIMK. BIRVEEIRZHEL., EXNRNIRET % (RFBIFFEAROESNKIC
FoTENLS),
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Y 7 MK (BIREICTT AR EINT WS E&HICIEM):

o BFBMEINRKEDICIRVERIKTHLDICT B,

Z DEREIL, ICON challenge TEZEINTWETY,

SEEIOF ]

sample01
10753.
sample02
10M14.
sample03
107226.
sample04
107266.
sample05
107584.
sample06
107673.
sample07
1072388.
sample08
1072748.
sample09
10"6668.
instance00 has 1 resources,
107595.

instance01 has 1 resources,
107599.

instance02 has 1 resources,
107599.

instance03 has 1 resources,
107591.

instance04 has 1 resources,
107590.

instance05 has 2 resources,
107667.

instance06 has 2 resources,
107660.

instance07 has 2 resources,
107662.

instance08 has 2 resources,
107651.

instance09 has 2 resources,
107659.

instance10 has 2 resources,
107M657.

instance11 has 2 resources,
107644,

instance12 has 2 resources,
107M637.

instance13 has 2 resources,

has 3 resources,
has 3 resources,
has 3 resources,
has 3 resources,
has 3 resources,
has 3 resources,
has 3 resources,
has 3 resources,

has 4 resources,

2 machines, 288 periods and

2 machines, 288 periods and

25 tasks with a search space of

50 tasks with a search space of

2 machines, 288 periods and 100 tasks with a search space of

5 machines, 288 periods and 100 tasks with a search space of

2 machines, 288 periods and 250 tasks with a search space of

5 machines, 288 periods and 250 tasks with a search space of

2 machines, 288 periods and 1000 tasks with a search space of

5 machines, 288 periods and 1000 tasks with a search space of

20 machines, 288 periods and 2000 tasks with a search space of

10 machines, 288 periods and
10 machines, 288 periods and
10 machines, 288 periods and
10 machines, 288 periods and
10 machines, 288 periods and
25 machines, 288 periods and
25 machines, 288 periods and
25 machines, 288 periods and
25 machines, 288 periods and
25 machines, 288 periods and
20 machines, 288 periods and
20 machines, 288 periods and
20 machines, 288 periods and

20 machines, 288 periods and

200 tasks with a search space of
200 tasks with a search space of
200 tasks with a search space of
200 tasks with a search space of
200 tasks with a search space of
200 tasks with a search space of
200 tasks with a search space of
200 tasks with a search space of
200 tasks with a search space of
200 tasks with a search space of
500 tasks with a search space of
500 tasks with a search space of
500 tasks with a search space of

500 tasks with a search space of
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80

107 659.

instance14 has 2 resources,
1071643.

instance15 has 3 resources,
107M782.

instance16 has 3 resources,
10M778.

instance17 has 3 resources,
1071764.

instance18 has 3 resources,
107769.

instance19 has 3 resources,
10M778.

instance20 has 3 resources,
10"3689.

instance21 has 3 resources,
10"3678.

instance22 has 3 resources,
1073706.

instance23 has 3 resources,
10"3676.

instance24 has 3 resources,
10"3681.

instance25 has 3 resources,
10°3774.

instance26 has 3 resources,
1073737.

instance27 has 3 resources,
1073744.

instance28 has 3 resources,
1073731.

instance29 has 3 resources,
1073746.

instance30 has 4 resources,
10°7718.

instance31 has 4 resources,
10°7740.

instance32 has 4 resources,
10"7686.

instance33 has 4 resources,
10°7672.

instance34 has 4 resources,
1077695.

instance35 has 4 resources,
10°7807.

instance36 has 4 resources,
10°7814.

instance37 has 4 resources,
10°7764.

instance38 has 4 resources,
10°7736.

instance39 has 4 resources,
10°7783.

instance40 has 4 resources,
10715976.

instance41 has 4 resources,

20 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
90 machines, 288 periods and 4000 tasks with a search space of

90 machines, 288 periods and 4000 tasks with a search space of
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1075935.
instance42 has 4 resources, 90 machines, 288 periods and 4000 tasks with a search space of
10715887.
instance43 has 4 resources, 90 machines, 288 periods and 4000 tasks with a search space of
10715896.
instance44 has 4 resources, 90 machines, 288 periods and 4000 tasks with a search space of
107°15885.
instance45 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720173.
instance46 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720132.
instance47 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720126.
instance48 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720110.
instance49 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720078.

320.%EEEV T ADEY BT (R— M7+ ) FDE{L)
REEV ZRAIRET2HENEZRELET,
N— R

o JRUDHEKXNE BREREGEIE. BEREOHZKRKEZBA TIERSRVL,

o EBEREASTDEIEIL. Markowitz Portfolio Theory 2@ L7z, BEY 5 ADMENER%E
ERTD2LENH S,

o HMFDBRAME: Hilf T & ICHEORKENH S,

o LIVH—DRAEELII—IIBEORKENH S,
Y 7

o HARFNZEZRKILT 2,
DR

de_smet_1 has 1 regions, 3 sectors and 11 asset classes with a search space of 104.
irrinki_1 has 2 regions, 3 sectors and 6 asset classes with a search space of 10"3.

YA IDNKEIWT =Yty MIER/BRIEINTWEEAD, BBEAWNEITTE, T—YICETE
PRIERREE LT, 2O71y MERED Web 4 b 25 LT EI W,
32L.EEBAY YV a—Ib

LELFEBTEENBICEHYYTTVWET T, BETIIEEIEZ &N TEFE T, LibreOffice ¥
Excel TIREFBER *XIsx 7 7M1 ILEDFHAEIHHRETT,

/N— R
o BREIFDEEIA T . 2EDYA1 T, BREFTDEEFEIA TE—HTINELDH D,

o HEMNMERAAORET: TORBOKEFIC, RERAORENMFIATEIATIERSRL,
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HEOHEG: 2 2OREN. ELCRKEICRACRBEEZFERAT S I &IFTIRL,
BEEDNZVWTVWAVWKET #BEFEEIYT. REBEORBATICEVTULRITNIERSARW,
HEEOHRG RAULKEATO 2 DORBICAUBEELIIY L TE I ENTEIAL,
NADEETS LUEEY 7!

o BEENBRTIEETY V AREIC. YRAKETI I/HNTITONTVRIGS, BRED
RFBIFEDY TN VNTWREEICEIY B TI2UELDH B,

o HEEDRIKHETY V: NMREIC, BUERETES INEYETOSNTVWSREEIR. T0D%
9“0)19‘\,\7‘:5%%3%L:E%iﬁ%@%a%%’éth%*ﬂ”)J:'i’Cé EMNTERL,

°© RBEREITHILEDHZEEFEY V7 RBICUHAFETY I NMTVWTVWEIEEIE. TDY
TDRHWEERAFICEYETI2VELNH D,

o REDRIEETY VT RFIC. RUERKEFES INEYHETONTVEEEIE. TDITD
HWEREFTICZDORBZEYHTDEIENTERL,

o BEENBRTDZMEDY V AREIC. HRDHEY IHINTITONTUWSRIGS, BRED
RFBIIEZDY TNV TWEERICEIY L TIREDDH B,

o HBEENBILTIMWEDY V' HEEIC. BUEREDY INTIFOLNTVWEIHE. #HEED
KRB TDY TRV TWBEEICEIY HTI EATERL,

o REERETIVLEDHDIEEY V: RBICWEREY INMMTVWTVWBHEIE. ZTDITD
HWLEICEIYETI2VELH D,

o RFMDEILMESY V- 2FIC. BIEMEI INEYVEHTOLNTVRHERK., TDYTDNHW
HEICEDRFBZENYHTHIENTERL,

MBDEFEERUBBEBTICKRELRWY Z: ZOY IV TWEREIE. AUEETEICEELT
27T 2—=)L L TIEWFRun,

REFMEIMWIRE IBRENMVACRFBEIANTET LTI O TRV ENROEFEEZRYT
Ta—I)LLTIEWIFRW,

Y 7 NI

82

T—YDEHHRE: B UCREATET., 708 VBT WBOH = R/NRICINZ %,
/5 -DHEE RLKEEFCTRALEI Y -9 TOMWAKRBOR ZR/NRICHIZA S,

AVFIUYDZERELANILODIIO—ER: IRTOIAVFUVYITICH LT, EREROELEZD
BICAFILRIVDREBEBERT Y 2—ILT %,

REELANLDOSHKRE: $RTORFEFICEWVWT, ER2ZFELNILOSE N ZRKRICHE P
ER

SEOSHE TATORMBILS T, RRZEBROKHRERAREELT,
REOBMES & CHES 7

o BRENFETIHRATY V. BEEIL. FEOKEFS /HINITONTVWRIGE, #BEE
DERBREEDY ITNMTVTWBEREICEIYE TS LDICT S,
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BEEI’FELAVWSYALRAY MY T BEEIEFZLLLAVWIILROY N9 T &R
TW3BEE, TOYITNMMTVNTVWBEY A LRAOY MIFEEAZIY LS TTIIWITEREA,

SEOHZEDEETY V. 2RILHFEORBE®TY VBTV TWBEIFEIE. T0Y DWW
BREEICEYHETELDICT S,

REDREZHFLLLBWVKETS 7 2FBIC. FELLBRVEBTES I7RTVTWSIEEIE.
DY TDRMWERETICEIY B TAVWELDICT 2,

BEENRETIMEDY V HBEEIC. FEOHES I/NMTFOLNTVWEIHE, BEED
RFBIFIEDYTNMTVWTWRERICEIYE TS L DICT 5,

o BRENFELRLVWEHEDY V: BEEIC. FELRVWEREY INMTIT 5N TWSEIESE, #
BEDRBIITDY ITNMMTVWTWVWBREHEICEIVHETS LDICT 5,

FEDWEY 7 RBICFLOHESY I HMTWVWTWBIGEIE. TDY TDNWEHE

ICEIYYETEHELIICT %,

o RETHHEAZF/ELRVEEY 7 2FEIC. FELAWVWRESY IHNTVWTVWEEE. TD
G TDNWICHEBICEIY HTRWELDICT 2,

e ALADAE F—v8 /£ VF VY IERET 2R8Ik, SEROAK GREMNICIE
RLUE) KRSV 21—ILT B0EAH .,

£13.14 &R

Conference scheduling

Optimize attandee experience when assigning each talk to a room and a timeslot.

ooms Used by

10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00

N

Breakout 1

large room

Breakout 2

normal room

Lab 1

power plugs roem

SEEIOF ]

I T N T A T N T A S A R R R Voxxed Zurich

(S ][] e (U i) (S ) Red Hat Summit

Shared theme: ; Large room
" Artificial Intelligence -  for speaker
EDNT DL ARG
Same

- Same technology ~ speaker

. Speaker is only available
untill 14:00

- Talks

I 18talks-6timeslots-5rooms has 18 talks, 6 timeslots and 5 rooms with a search space of 10"26.
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36talks-12timeslots-5rooms has 36 talks, 12 timeslots and 5 rooms with a search space of 10264.
72talks-12timeslots-10rooms has 72 talks, 12 timeslots and 10 rooms with a search space of
107149.

108talks-18timeslots-10rooms has 108 talks, 18 timeslots and 10 rooms with a search space of
107243.

216talks-18timeslots-20rooms has 216 talks, 18 timeslots and 20 rooms with a search space of
107552.

3228y 97—
KDY a—~OHBIOAY VNV IR ZFEAL. ZOWTWHIHDOAY 3 —%2R 7Y 1—IT %,
N— R
¢ BWELEINDYI—EITRTRTYVa1—IVT 5,
o TXBRWIZELDYa—%RT7Va—)IT3,
FRFZEE D HI#Y:
o PNFEDWRERAILT B,
o EEIFEZR/IRICHNA 3,
o TIXZLRIFRCEET S,
Y 7
o REFFEDEERILEE T B,

REIRE DR

I 47shows has 47 shows with a search space of 10159.

3.23. MM EHE DR YV 2 —) VT
NAOY FEREREFEICTSM MY YTET,
N— RHEIHY:

o WHAXIL: 754 PDENYHTIZIEFZENTN, REBEEINDZAFIDGHYET, ExIE 7
Z4 N ABOOOI TII/N/1 Ay h2& s, BERHFEILHIVETT,

o 75 MDA ZMXEIXEUCHEEICEHTEZ 7514 MI1DEIFICT 5,

¢ 2D0M751 MNEITDRE:2 DD 7514 FDEIT, MEBRFEFLDEEE, HETDESIC
BATIXDINELRH D, IzEZ2IE. PUVIE10BICT) 2 v wILIZEIEFEL, BERICTLARTILY
LEHFETBRETT,

o REBDHHTILRVWAREERF 754 FOEHREVWTWRITRIERSHRW, EXE, 7
Vg2 ATBIRKIRZE > TWB R E,

Y 7 NI

o RPDEENBENLHET 2,
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o REDEEHNBEEBILFIEFT 5,
o 7S MNFREIZREERNICFEHMICOET B,
BB DHE

175flights-7days-Europe has 2 skills, 50 airports, 150 employees, 175 flights and 875 flight
assignments with a search space of 1071904.
700flights-28days-Europe has 2 skills, 50 airports, 150 employees, 700 flights and 3500 flight

assignments with a search space of 10"7616.
875flights-7days-Europe has 2 skills, 50 airports, 750 employees, 875 flights and 4375 flight

assignments with a search space of 10712578.
175flights-7days-US  has 2 skills, 48 airports, 150 employees, 175 flights and 875 flight
assignments with a search space of 1071904.
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4% RED HAT EJL KD OPTAPLANNER Ol 4 o> O— K

Red Hat EJL K® OptaPlanner 4 > F)Lik, Red Hat h R ¥ ¥ —7R—4% JL CHI AR BEAR Red Hat
Process Automation Manager 7 KA YV /Xy r—IO—E & LTCH¥ o O0—RKTEET,

FIR

. RedHat 1A% ¥ —7R—% )LD Software Downloads R—JICHBEL (O 4 v HE), K
Ay 790 0AToavhbBlRBELUVN—Ya VvERIRLET,

® Product: Process Automation Manager
® Version:7.12
2. Red Hat Process Automation Manager7.12 7 KA &4 >O0—KL XY,

3. rhpam-7.12.0-add-ons.zip 7 7 1 L ZEBEA L £9, B L/ add-ons 7 # )L ¥ —I(C
i&. rhpam-7.12.0-planner-engine.zip 7 7 1 LS E N F 7,

4. rhpam-7.12.0-planner-engine.zip 7 7 1 L ZBFRAL £ 7,

R

EBd L 7= rhpam-7.12.0-planner-engine 7 14 L' 7 M) —(TIE, LFDOHTF4 LI M) —RIZH > TIL
Y—ROA—ROH Y FIDBEENET,

o examples/sources/src/main/java/org/optaplanner/examples

o examples/sources/src/main/resources/org/optaplanner/examples

4.1. OPTAPLANNER Y~ 7L DETT

Red Hat EJU N D OptaPlanner IZ1&, S EFIFAFHEDLI—RT—ADTEE L TH Y TILHIERESE
nTVWEY, ZoPEFIO—-—RLTHERL, SEIFRIATOTSVv=v Iy a—2 3 Vi
RALET,

AR

® AFERed Hat EJL KD OptaPlanner DFID ST >0 — K TREINTWS LD ICHEST IV
O—FLTERRALTWS,

FIR

1. B> 7 %EEITT BICIE. rhpam-7.12.0-planner-engine/examples 71 L 7 ) —TLLFD
avY Rowghrz AALET,
Linux ¥ 7zi& Mac Di54&:

I $ ./runExamples.sh

Windows:

I $ runExamples.bat

OptaPlanner Example 7 4 ¥ RUHMHEEF T,
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2. BT 95 TILERIRLET,
Pz -

Red Hat EJL K® OptaPlanner & GUI IZIKTEL £ A, TRV by TERAL LI IC,
H—N—FFENMIIVM ETERITTEET,

4.2.IDE (INTELLIJ, ECLIPSE. Z7-|3& NETBEANS) T®D RED HAT EJL
Kd OPTAPLANNER Y~ 7ILDETT

IntelliJ. Eclipse. Netbeans & E#i&BRIRIE (IDE) 2FH T 25681k, BFEVOHERRIEICY VY
O— K L7 OptaPlanner Ol %7 TEZE T,

AR

® 4ZFERed Hat EJL KD OptaPlanner DFID '~ > 0 — N MERBRIZHE > T, OptaPlanner D>
TIEFyvaO—-—RFLTERALTWS,

¥R
1. OptaPlanner DAL 7O I hE LTRHEET,
a. IntelliJ ¥ 7| Netbeans DHZEIE. FRW T O =¥ b & L T examples/sources/pom.xml
HBZXE T, Maven TADIERICHEL. 1 VA M—ILEEHTLLEIV, TOFIETIE.
BYDRATY TIZEKLET,

b. Eclipse ®#%& (&, rhpam-7.12.0-planner-engine 71 L. 7 b U —IZH B
/examples/binaries 74 L 7 N ) —DFR 7OV I MERAZ £,

2. binaries 74 LV N —ICHBZITRTDIAR T 74V %E Y S ANRRIEBMLET
(examples/binaries/optaplanner-examples-7.59.0.Final-redhat-00006.jar 7 7 1 JL %R < ),

3. rhpam-7.12.0-planner-engine/examples/sources/ 714 L 27 b ) —Il#H % Java VY —R
src/main/java 71 L2 b 1) —& Java ) Y —RXF 4 LY M) — src/main/resources %3810 L
7,

4. RITREZFEHRLZX T,

e XA 73 X:org.optaplanner.examples.app.OptaPlannerExamplesApp

e VM /NFA—%4— ({FX): -Xmx512M -server -
Dorg.optaplanner.examples.dataDir=examples/sources/data

o {F¥7 1L 7 K'Y —: examples/sources

5. RITREZRITLEY,
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#5% BUSINESS CENTRAL T®D OPTAPLANNER DX 4 — k7
1 R EREEHROH

Business Central T employee-rostering DY > 7). 7OV V N ABEL T, T7O/4TEET, &
DO7OT Y ME V7 NEFBOETBERBREEERT 5 DICNER Business Central D& 72w b & K
L. RedHat EJL R® OptaPlanner = {#f L TRIRAJELRZBERARDIT2HE42RLET,

Business Central ICEHIFRE X 117= employee-rostering 7OV 7 N AT 7OA4 T5 &N TEE
9, BusinessCentral R LT7AOY Y NERBICERT B ENTEET,

pa )

Business Central ® employee-rostering %> )L 7O ¥ MMIid, T—% v MH'E
FNTVWEHA. RESTAPIHUH LZFERLTXMLERXDT -9y 2RI 24
ENHYET,

5.1. BUSINESS CENTRAL NDEXEEFEXRY /)N 7av /7 b5 70O
A

Business Central ICId, RBEMEEICEBNZDICFERTEZ2 Y7L TOAV Y MZH8HY 7,
REBOHFERY TN TOT Y M. RedHat EJL KD OptaPlanner T 7 MEIFEDI—XA 45 —2R
HRTIZDIFTEINERINE L, UTOFIEICH> T, RREBDEFHEKY > 7% Business
Central ICT7O4 LTEITLET,

AR
® Red Hat Process Automation Manager #4 2>O—RKL T, 1 YAM=)LLTWB, 1 V2R
hN—JLA 7 3 VL. RedHat Process Automation Manager 1 ¥ X b—JLDEHE =SB L T
(R A

o fYVAM—IDRFaxy MIHB&LDIT. RedHat Decision Manager D& L. admin /X—
TyvavaEFDI—H—& L TBusinessCentral ICOJ 1Y LTWET,

FIR

1. Business Central T Menu - Design - Projects DJEICZ ) v o LE T,
2. BRIICERE L7 MySpace R X—R T TrySamples %7 ) v 7 L,

3TN TaOd sy hO—EH S employee-rostering #3#IR L. AEDOK%E2V v oL
T. 7OV bEAVR—MLET,

4. 7y MYRMET2/X1 )L L., Build&Deploy% 7)) v LT, RREBDHHERY Y )L %
F7O04 LET,

AEIF, 7OV MNTFEY NEZTDHRTEICDOWVWTEHRRALE T,

52 MEEDHBRY IO I NOBER
REEOHERY YN TOT Y M. Business Central CHEBETE2EMREN SO KT

T, 2O7OV Y MaTF70O4 3 BHEIE. [Business Central NOREEEHERY Y )L 7OV o
JhOF7OMAY RN ASRBLTLEIN,
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TOLSLREENEREERTEFET, ZOWHITIX. 7—2 70—%{#FEHL T. Business Central T
BOEM 7Oz baERKLZET,

S52LEEOHFEXRITOT LY MDERE
Business Central T Solver DEFEABHBICIE. 7OV IV MNARETI2HELHY FT,

AR
® Red Hat Process Automation Manager #4 2>O— KL T, 1 VA M—=JILLTW53,

® BusinessCentral #7704 L. adminA—J)LAF>1—H—TOs4 > L TW3,

1. Menu - Design — Projects » Add Project =% ') v & L T. Business Central ICF LW 7O
Vb EERLET,

2. AddProject 74 Y RO T, UTFD74—ILRIZAALET,
® Name: employee-rostering

® Description (fE&): OptaPlanner £ L /- REE B OB REEDZE L, A FIICED
WT, REEEZST MIBIYETET,

f£ET. Configure Advanced Options =% ') v~ L T. Group ID. ArtifactID. &LV
Version IC1E#FRZEML X7,

® Group ID: employeerostering
e Artifact ID: employeerostering
® Version: 1.0.0-SNAPSHOT
3. g_dd %2V wo LT, BusinessCentral 7AY xJ N)RI N) =IO/ bEEBIMLZE
522. 70V V9 NI 7O MNBLVT SV TI VT4 T4 —
HEEHBFHROGFTEEBEDE A VIS RIE, UTOWThANICHEINE T,

o FEMDAVNWIZ: EDROATHIWICEFERAINE A, STEICEALTEAIE, CDT—4IF
FRHINFEA.

e BAZF7ZV M VS RATHWICHERAINZIA, (MEHIEHLLARVRY) FHEFFICIEZEL
L £t A (ffl: Shift. Employee)., BE7 77 MV S 2D FO/RF 4 —E T XRCREED 7O
T4—T9,

o FSUZUTIVFATA—IVFTR VSR AATHIMIERI N, FHEEICELELET (B
ShiftAssignment), FTERICEET 270/ 71 —d FSV_VIJEH TY, TOMDOTO
NTF 4 —IFEETONRT1—T9,

LTFORICDOVWTHEEZILTI,
o FHEARFICEDI ZREEBLIZITH?

e Solver CEHRIBZHIIEDISRICHY FITH?
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TDIVZAN, TS5V JITVT14T74—T9,

TSV JITVT 4T 14— RIE @PlanningEntity 7 / 7—>3a Y7 /77— h$ %
EAHYET, FhlE. RAAVFTHAF—TRedHat EJL KD OptaPlanner Ky 7 &AL
T Business Central ICE&ZRT 2ENHY £,

BTSUZVTIVTFATA—ISRUE 12U LED TSy TEH AHY. 1D LEDE
701574 —DPRETT,

ZLDA—RAT =R, TS5V T ITVFATA—ISAMNID2EGFHY., 12DT50=
VIOTIVFATA— ISR LTS VvV IEHEN 1 2EFEEFNET,

523.EEDHHXIOV LY MMADTF—Y EFILDERK

ZDtY 3 Tk, Business Central CIRREBEDEHRY Y T TAV I MERTTIDICHER
F=HF T bMEFERLET,

AR E 4
o [MEEDHZERIOVIVMDERE] I-TTOVIY MERENTTLTWS,
FIE

L¥FR7OVz o bT, OV M= F 4 7D DataObject 27 1) v V3 %H, Add
Asset » DataObject Z#7 ) vV LT, iLWTF—49F Tz MEERL X T,

2. ZRMDT—HFTI Y ND&ARI% Timeslot & L. Ry —I T
employeerostering.employeerostering = ER L £ 7,
oK%=V YUy I LZETY,

3. Data Objects /X\—2Z~R%J 71 7T +addfield=2 ) v -2 LT, Timeslot 7—4% A7/ K
K74 —ILRZEBMLET,

4. id 74 —JL KT endTime EAALZET,

5 Type DHEICHZ ROy TH I A=a—%% 1) v %7 L. LocalDateTime % EIRL £7,
6. Create and continue Z5IMD 7 1 —JL FITEML XY,

7. id startTime & &£ U Type LocalDateTime 2R LT, 71 —JLK&EEBML X7,

8. Create 27 v /7 LFEY,

9. At®Save 27 ) vV LT, Timeslot 7—4% 47 /7 haREFELET,

10. BEEDx %2 1) w4 LT, DataObjects/N\—ARI 74 T%FAL. Assets X —a21—ICRY
ER

N ARDOFIRT, UTDTF—9A4TP I bEZDEBMUEZERLET,

%5.1Skill
id 947
name String
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5.2 Employee

id 947
name String
skills employeerostering.employeerostering.Sk
ill[List]
5.3 Shift
id 947
requiredSkill employeerostering.employeerostering.Sk
ill
timeslot employeerostering.employeerostering.Ti
meslot
5.4 DayOffRequest
id 947
date LocalDate
employee employeerostering.employeerostering.E
mployee
5.5 ShiftAssignment
id 947
employee employeerostering.employeerostering.E
mployee
shift employeerostering.employeerostering.Sh

ift

T—=8FTI) MOERBIE T a v —EADFERAATA K 28R LTIEIW,

5231\ REBDHEBERSZ V=V IITVT 1T 1 —DIERK

MEEHBEROAERELBRT ZITE. TSV T ITVT 45714 —& Solver {ERT 2 ENH
WEY, 5= TTVFT 454 —I& RedHat EJL KD OptaPlanner K 2 THIATRELRB ML % &
FALT. XA VTFTHALAF—ICEELET,

LUTOFIEICHE> T, RREEDEFEKRY > FILIC, ShiftAssignment 7—4 A+ 7Pz haTSv =Y
JIVT4T74—ELTEHRLET,
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AR

o MEBDEBERY Y TILAERTTBICIE., EEEOHHBHR OV I MADT—FYETILOD
EE) DOFIEICH->T, BETZTFT—9F T NETSVZV I VTF 4574 —%FEMT
ZNENHY T,

FIE

1. AT Y KD Assets X Za1—H 5, ShiftAssignment 7 —49F 7PV M E T,

2. DataObjects /X\—2RU 54 7T, Al %42 1) v LT, OptaPlanner ® Kv o %
AEET,

3. Planning Entity #3Z&R L £ 9,
4. ShiftAssignment 7 —4% 4 7Yt D7 4 —JL R X MT employee #:#IRL £,

5. OptaPlanner K % T Planning Variable #®#3iR L £ 7,
Value Range Id A17 1 —JU KIC employeeRange # A1 L £9 ., Chil&k
Y. @ValueRangeProvider 7 / 7—> 3 VYW S Vv I VT4 714 —IBMI N, TH
1F7—DSource ¥ 7% ) v dBERTINET,

TS5V IEHOEDERE L @ValueRangeProvider 7 / 7 —> 3 Y TEHEINE
¥, @ValueRangeProvider 7/ 7—> a v Iilid id 7ANT 4 —HBILH
). @PlanningVariable @ valueRangeProviderRefs 7O/37 1 — L 8BINE T,

6. NKvw 2 %KL, Save%#7 v I L T, =947/ AR ELET,

5232.ME¥EBDHEXRTSv=vIYYa1—3 vOERK
REEHEROBBEIX, EHELELTSv=v Y ) a—vavilikELEFT, S5y =v oY) a—

¥ 3 vi&, RedHat EJU K® OptaPlanner Kv ¥ THIARRERBMAZFER LT, KXY FHSF—IC
&ZLET,

AR
o [REBDHHBXRTITOV IV MMDT—YETILOER] LV REEOHERT V=V

TJITUT 4T 14—DVER] DFIBICHK > T, RREBEDOHHERY Y TILERTTEIDIINER
F—A XTI NBLVTS Vv T ITVTF4 T4 —%ERLTWS,

¥
1. #%5F EmployeeRoster T7—4% 472U M E#FRIERLEXT.

2. LTFD74—IL REFERLET,

5.6 EmployeeRoster
id 947
dayOffRequestList employeerostering.employeerostering.Da
yOffRequest[List]
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id 547

shiftAssignmentList employeerostering.employeerostering.Sh
iftAssighment[List]

shiftList employeerostering.employeerostering.Sh
ift[List]

skillList employeerostering.employeerostering.Sk
ill[List]

timeslotList employeerostering.employeerostering.Ti

meslot[List]

. Data Objects /X\—2RU 54 7T, Al %42 1) v LT, OptaPlanner ® Kv ¥ %
(EREX

. Planning Solution #3&R L £ 7,

. Solution Score Type I&. 77 #JL b ® Hard softscore DFFICLEFT, chilLy, 947
MY 1) a—>3a>»RO7 &% % EmployeeRoster 7 —4% 74 7> - M, score 7 4 —JL KA
HEMICERINE T,

CROBMETH LW —IILREBIMLE T,

id 947
employeelList employeerostering.employeerostering.E
mployee[List]

. employeelList 7 1 —JU K% #IR L /4KRET. Red Hat EJL KD OptaPlanner K 2 Zf WL
T. Planning Value Range Providerihv 7 2 % E IR L £ 9,
id 7 1 —JL RIC employeeRange = AW L3, Ry I %ZEHALCET,

. BETSavex=2Ywvw oL, 7Y NEREFELZY,

5.2.4. R EHFROHN

WEBOBHHBRII TS v=0 YY) a1—23 0 TY, IRTOGEBEICIE. RBEREFDDISHLS
BRITNERLBRVWEINAZENIT,

Business Central DfEEEDEFERT > 7). 7OV T H MIid, LTDO/N— RIS LY 7 MDY
g2FEhnFT,

N— Kl

o MEBICHYLETOHNZYT7MNOEIEZ 1H1DFT,

o FRRREAFIDDBERLINTOY T ME, TOXAFINZHORFEICEIYHTLHHN
%)O
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v 7 MR
o TRTDREENV I MIEYLTOhTWS,
o MEEINKBAE>/BEIE. V7 MDBIDREEICBEIY Y TINDS,

N—RERHRB LY 7 MIKIE. FreeformDRL THA +—, FldHA REZIL—ILEFALT
Business Central CE&Z L 9,

5.2.4.1. DRL (Drools Rule Language) JL—JU

DRL (Drools Rule Language) Jb—JLiE, .diTF A KN T7 74 ILICEEER T H2EV XA —ILTY, &
D& S DRL 7 7 1 JLi, Business Central DD T RTDIL—ILT7 v MHARKBICL VF) VT
nadY—2&EQYFY, BusinessCentral 1 V9 —TJ T4 ATDRL 7 7M1 ILEER L TEEY %D\
Red Hat CodeReady Studio * B D#i&BIRIREE (IDE) 2 A L T Maven F/ld Java 7OV T 7 b D
—EBELTHEBTERT B ENTEET, DRL 7 71 ILICIE. RIETHIL—ILDEMH (when) & LTV
74U av (then) ZEHT DI —IL&E 1 DL EEBMTE XY, Business Central ® DRL FH#'4 +—T
i¥. Java. DRL. B&L U XML OBXHEARTINET,

DRL 774k, LFOOAVR—RY NTEREINZET,

DRLZ 7AJIARDIAVR—F Y b

package
import
function // Optional
query // Optional
declare // Optional
global // Optional
rule "rule name"
/I Attributes
when
/I Conditions
then
/I Actions

end

rule "rule2 name"

UTFODDRLIL—ILDBITIE, O—VEHLAADTYYarv—EXTERGEIREZEELE T,

HAE DFERMEBIRICEAYT 2L —ILDAI

rule "Underage"
salience 15
agenda-group "applicationGroup”
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when
$application : LoanApplication()
Applicant( age < 21)
then
$application.setApproved( false );
$application.setExplanation( "Underage" );
end

DRL 7 7 A J)LICIE, Jb—Ib, TV —, BEEN 1 2FLIFEHRSEFNTBY., ZOT7 74T, IL—Ib
PII)—TEHYYT, FHITZMVER—F FO0-"N), BERED)Y —AEEAERTTET,
DRL/Xy & —JE, DRLZ 74 ILD—BLIZKRRIN, IL—IITEABRERICKRRTINE T, #thd DRL
VA=V MNIEDLORIEBTERBVEHA,

W= &I, =Ry T—YRT—REDZRZEBETI2HENHYET, Ny T—I WD DRL
774 T, ACI—IEEEHROFEARATEE. IL—ILOAVNRAJLICKBLET, FICIL—ILEICR
R—A%FEATBHERE. IL—ILEAICIEST ZESIAFF (rule "rule name™) ZEA L T, I v/31( )L
IS—DEELBVELIICLTLEIY,

DRLIV—IVICEEET 25T —49 4T x9 METRT, DRL 7 74 JLERE U Business Central 7O =
G RRyG=IILBLKREIHYET, AL Tr—IlEFN2 7y NEIF 72 MNTA VR—b
IhEd, 20Oy —VDBEET7EY ME, DRLIV—ILAFBRALTA Y R—MNTEET,
52.42.DRL 7 H M F— %A L RHEBSDHBEROFNEE

Business Central T Free form DRL TH'4 77— %A L T, REEDHEXRY Y TNIHWOEEE/E
MTXE9,

COFIEZFHRALT, Y7 DO THL I0BEBUERAELVWEREEEZY 7 MBIV TOHAR
WANA—FKHIE 27/ L9,
FIE

1. Business Central ©. Menu - Design - Projects ICEILC. AV "%V ) v LE
ER

2. AddAsset-> DRLZ 7AW DIEIZV Yy I LET,

3. DRL file&®17 1 —JL KIZ. ComplexScoreRules & AL £7,
4. employeerostering.employeerostering /X 57— % ZERL F T,
5 +OK%Z27Y)v O LTDRL 774 IV EERKLZET,

6. DRL 7H#4 +—® Model ¥ 7. Employee10HourShiftSpace /L'—JL% DRL 7 7 1 JL.& L
TEHELZXY,

package employeerostering.employeerostering;

rule "Employee10HourShiftSpace"
when

$shiftAssignment : ShiftAssignment( $employee : employee != null, $shiftEndDateTime :
shift.timeslot.endTime)

ShiftAssignment( this != $shiftAssignment, $employee == employee, $shiftEndDateTime
<= shift.timeslot.endTime,

$shiftEndDateTime.until(shift.timeslot.startTime,

java.time.temporal.ChronoUnit. HOURS) <10)
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then
scoreHolder.addHardConstraintMatch(kcontext, -1);
end

7. Save x4V )y LT. DRLZ7M4ILEREFELZET,

DRL 7 7 A ILDEKRAEIZ DRLIL—IVAGEHALET >V a v —EZADER #SB L TL RV,

525. H4 REIZIIL—ILEFERL TREEDEFRICIL—ILDIER

Business Central THA REZIL—ITHA F—%2FHEL T, RREEDHHERIC/N—RFHKWSLVY 2
NI A EHZT DI —ILAERTEZT,

5251 44 RFEI—IL

HA RFZIL—IbiE, IL—ILERRD 7O R %1249 5. Business Central D U R—2RDH A NfF =
W= THAF—TERTEIEIRXRRIL—IVTT, HA REZI—IVTHFAF—%2FRTZE. IL—IL
EERTDT—HFT TV MIEDIDWT, TEBAVTY MIT4—ILRELVA TV a v ERHEL
F9, ERELEAS REESIL—ILIE, ZOMRODIRTDIL—ILT7 v b & & $HIT Drools Rule Language
(DRL) Jb—JLiCaA v RM LI F T,

HAREZIN—=IVICEET Z2IRTDT—IA TV ME, H4 KFEL—LEBLTOY Y
Ny r—IICBLMEI’HYET, ALy IT—JILEFEFNZ2T7EY NETI7A4ILRNTAIVR—bIh
F9, VERT—HFTIV I MNEHA RIS —ILEERLES, HA4 REEIL—ILTHF1F—D
Data Objects ¥ 76, MEBERT—FF TV MHIRTYRMINTVWBRZEERIELAEY.,
M7AT7L ZEBMLTCEOMDEGFET — 94T beA VYV R—KMLEYTEET,

5252. WMEBDY 7 MIDNS Y RAEWMBDHA RFZIL—ILDERK

741 RftE)L—)L BalanceEmployeesShiftNumber (&, AIEAPRY NSV R ZEB & D ICREBICY
TJhEEYHTEY 7 MIWEERLES, Chid, 7 NODEIEETRLABEEZZ2RITR
FIT A —5FRTEHIETITVWET, L—ILICE>TREINAZZRATHICLY., Solver & U NS
VADENDZEIICYT M EGBIEET,

BalanceEmployeesShiftNumber.rdrl - Guided Rules Save  Delete Rename Copy Validate  LatestVersionv | . X

Editor Overview Source Data Objects

EXTENDS - None -
WHEN &
1.  There is an Employee [Semployee] Bl {
There is a Number [$shiftCount]
From Accumulate
All St

[SshiftAssig ] with: 0
2. employee equal to :I $employee :|= =] agdg
Custom Code Function

Function: count($shiftAssignment)
THEN

Soft Score - i i * i i
1 ($shiftCount.intvValue() * $shiftCount.intValue()) H @”’ 54

(show
options...)

Messages Clear & |/ %

FIR

1. Business Central ©. Menu - Design - Projects ICREILC. AV "%V ) v LE
ER

2. Add Asset - Guided Rule DJEICV ) v I LE T,
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3. Guided Rule % IC BalanceEmployeesShiftNumber & AJ1 L. Package T
employeerostering.employeerostering = ER L £ 7,

4 OK&AH2Yw o LT, =Tty NEERLZET,

5. WHEN 74 —JLRT S 54U v & LT, WHEN &% BMLET.

6. Add a condition to the rule” 1 > K2 T Employee #3ZR L Fd., +OK%=2V ) v I LET,
7. Employee &£4T2 ) v U L THINABIE L., £ $employee #EML £ 7

8. WHEN {4 From Accumulate Z3EML £ 9,

a. From Accumulate 5:4® £ T click to add patternZ 2 ) v 2 L, KOy 742>V 1) X b
T77%7 5% 4 7 Number 23R L 7,

b. Z# 4 $shiftCount = Number &4 ICEML E T,

c. From Accumulate 4 M T click to add pattern%2 2 ) v 2 LT, KAy F4¥o V1R
N T ShiftAssignment 7 7 7 b9 1 THZERL T,

d. Z#£& $shiftAssignment % ShiftAssignment 7 7 7 b9 4 FITEBML E 7,

e. ShiftAssignment &£4%BE V) v 7 L. Addarestrictiononafield KOy 745> 1) R
N T employee %#:&IR L £7,

f. employee HIfIDIEICHZ KOy TH¥ U2 XA MTequalto Z:ZRL T,

o KOy THovRSvOlD & PAavESY o LTEREBNL. Fieldvalue ™ 1
v KT Boundvariable #2 1)v 7 L% 9,

h. KOw 745> 1) 2 ~T $employee %EIRL £9,

i. Function 7R 2 I count ($shiftAssignment) E AL F 9,

9. THEN 74 —JL KT &4 ) v 4 LT, THEN &#&8mML £7.

10. Add a new action 7 1 > K7 C Modify SoftScore #3Z R L 9., +OK %=V ) v I LZET,
a. Rw 2 RIT - ($shiftCount.intValue()*$shiftCount.intValue()) S AL £ 9,

. ALMOD Validate 27 ) v 7 L. W= RUDIRTENTHE I E2HRBLITIL—ILOR
HHHERICKR LS, IS5 — XAy E—YICRHEINAHBEICHISL, L—Ilo£aVR—-—%
VhEREL, I DRAINB/KADZETIL—ILOZYMERREETVET,

12 Save 29 ) v LT, IW—ILERELET,

;31 R EIL—IVDIERAEIE HA FRHEL—IZFRALETYYa v —ERDFR 25R L TS
e A

5253.AUCHIKEHDOY 7 b 2RYHTHRVWESICTBHM REEIL—ILDOIER

H41 RftEIL—JL OneEmployeeShiftPerDay (&, FICHDEHD Y 7 MIREXEZEIY HTRWVWED

ICTBN—REINEERLE T, REEOHHERT Y TILTIE. ZOFRMIEHA FMESIL—ILTHA
T—%=EALTERINET,
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aOneEmponeeShiftPerDay.rdrI—Guided Rules v Save Delete Rename Copy Validate LatestVersionv & " %

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN &P
$shiftAssignment : ShiftAssignment(employee != null)
ShiftAssignment( this |= $shiftAssignment, employee == $shiftAssignment.employee, shift.timeslot.startTime.toLocalDate() == @ o 5"" 034
$shiftAssignment.shift.timeslot.startTime.toLocalDate() ) :
THEN of
scoreHolder.addHardConstraintMatch(kcontext, -1); o
1 Bgkdl4

(show
options...)

Messages Clear (& ||| %

FIR

1. Business Central ©. Menu - Design - Projects ICREILC. 7OV "%V ) v LE
ER

2. Add Asset - Guided Rule DJEICZ ) v I LE T,

3. Guided Rule %I OneEmployeeShiftPerDay & A L. Package T
employeerostering.employeerostering = ER L £ 7,

4. OK&AH2YYw o LT, W=7ty NEERLZET,

5  WHEN 74 —ILR T 54 1) v~ LT, WHEN &#4%38ML %7,
6. Add a condition to therule™ 1 > K5 5 Free formDRLZZEIR L F 9,

7. Freeform @ DRLRY 2 RIZ. LLTFOLEAADLET,

$shiftAssignment : ShiftAssignment( employee != null )

ShiftAssignment( this |= $shiftAssignment , employee == $shiftAssignment.employee ,
shift.timeslot.startTime.toLocalDate() ==
$shiftAssignment.shift.timeslot.startTime.toLocalDate() )

COEEIE, BLHICHDY 7 AT TICEIYLBTONTWLWBRERICIIV 7 MNEEYHTS
CENTERWCEERLTWVWET,

8. THEN 74 —JLRTE 541w o LT, THEN £HEEEBMLET,
9. Addanewaction 14 >~ RoH 5 Add Free formDRLAZEIR L 7,

10. Freeform @ DRLARY 2 R, UTFDOEHEEADLET,

I scoreHolder.addHardConstraintMatch(kcontext, -1);

. AERBD Validate 22 ) v I L, W—ILFEEDIITRTENTHB I EZHAELETIL—ILDF
YUMRERICKB LS, T5—AvE—JIKEHINBEICHIEL, IL—ILoELa Vv R—F
VENERBEL, IS5S—HIRRIINGBLABBZFTIL—ILOZYMEREITVET,

2. Save =7 Y w o LT, II—ILERELZET,

HA REEIL—ILDEREERIE HA FEESIL—IEFERALETYYavyd—EZDOER 25 L TL
X,
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5254. 7 FEHICAF N E—BIHZHM FEZIL—ILDER

74 Rt EIL—JU ShiftReqgiredSkillsAreMet (X, $RTDY 7 bA BEYRAFIEY M ZFEORE
BICEYHETONZDEHERT 2N\~ FEIKNEZERLE T, REBSOEBRY Y FILTIE. ZOHIKIIE
HA RFEN—ITHAFT—%FEALTERINZE T,

ShiftRequiredSkillsAreMet.rdrl - Guided Rules ~ Save Delete Rename Copy Validate LatestVersionv . %

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN C%
There is a ShiftAssignment with:
employee is not null :I =]
S [Srequiredskill] :shift.requiredSkill. Choose... :I --- please choose --- :I/ =] el
[not bound]:employee.skills. Choose... :I excludes :I(X)=$requ\red5km =] =]
THEN %
Hard Score 1 e
LY LUR 1
(show
options...)
Messages Clear & |/ %
1. Business Central ©. Menu - Design - Projects ICEILC. 7OV "%V ) v LE
ER

2. Add Asset » Guided Rule DJEICZ ) v 2 LE T,

3. Guided Rule &I ShiftReqiredSkillsAreMet & A1 L. Package T
employeerostering.employeerostering = ER L £ 7,

4 OK&AH2Yw o LT, =Tty NEERLZET,

5 WHEN 74 —JLRTS 5% 1) v 4~ LT, WHEN &445BMLES.

6. Add a condition to the rule” 1 > K2 T ShiftAssignment #&R L £3, +OK% 7 ) v I L
7,

7. ShiftAssignment &% 7 1) v 7 L. Addarestrictiononafield KOy 74 o> 1) A KT
employee % &R L £7,

8. TH#4 F+—T. employee D#ED KOy FH¥ IV YR K&V 1) v - L., isnotnull %8R L £
-a—o

9. ShiftAssignment &% ') v L. Expressioneditorz? ) v o7 LZEd,

a. #4147+ —T. [notbound] =% ') v ¥ L. Expressioneditor 25X, XL
$requiredSkill Z/X41 V> RLZEXT, Setzo)v I LZET,

b. TH4 +— $requiredSkill DHEICHZ ROy FH¥ o> X NT shift 28R L. ZDHED
KOw 745> 1) 2 NT requiredSkill %3ER L 7,

10. ShiftAssignment &% 2 ') v - L. Expressioneditorz7 ') v 2 LXY,

a. Y4 +—7. [notbound] D#ICH B KOy 745> X T employee 5BRL. Z
DO ROy FH o 1) 2 NTskills #:8IRL X,

b. ZOBO ROy 4> 1) A NTld Choose ZEIRL7-FFICLET,
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c. TOBD ROy T4 9 ViRy U T, please choose % excludes ICEE L X7,

d. excludes OHEICH % 5? 7A43Av%21) v L, Fieldvalue 7 1 > K7 T New formula
RYVED YO LET,

e. AR Y 7 ZIC $requiredSKill ZEML £,

0. THEN 74 —JLRTE 59 1) w4 LT, THEN £#£8MLET,

12. Add a new action ™’ 1 > K2 Modify Hard Score %#:&R L X9, +OK %22 Yy I LE T,

13. RA779avihRy P RT-1EAALET,

4. HERB®D Validate #27) v I L. W—ILEKENITRTENTHZIEEZHWELEFTIL—ILOZ
YUMRERICKB LS, T5—AvE—JIREHINBEICHIEL, IL—ILoEa Vv R—3F
VENERBEL, T —DPRRINBLLABLBZEFTIL—ILOFYMEERETVET,

15. Save 22 w7 LT, I—I%EREFELZET,

HA REEIL—IVDERAERIE HA FEESIL—IEFERALETYYaryd—EZADER 25 L TL
7230,

5255 KIBHRBEEEE I 52H1 REZIL—ILDERK

4 RftEIL—)L DayOffRequest i&. V7 MHEIFZERLEXT, ZOFTIE., £DY 7 MITAE
YETONTWEREEN TOHICHETE AL A 2LIFGEIC. HOREBICO 7 NE2BEIYHTTE
2£IICTEEY, RREEDOHBERT Y T T, ZOHKIEHA NMEEIL—ILTHAF—%FRALT
FERINZ T,

DayOffRequest‘rdrI—Guided Rules v Save Delete Rename Copy Validate | LatestVersion~ " %

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN G
$dayOffRequest : DayOffRequest() o
ShiftAssignment( employee == $dayOffRequest.employee, shift.timeslot.startTime.toLocalDate() == $dayOffRequest.date ) L Ul
THEN &
scoreHolder.addSoftConstraintMatch(kcontext, -100);
L age 4
(show
options...)
Messages Clear S | %
1
1. Business Central ©. Menu - Design - Projects ICEILC. AV "%V ) v LE
ER

2. Add Asset » Guided Rule DJEICYZ ) v 2 LE T,

3. Guided Rule % |C DayOffRequest & A5 L. Package T
employeerostering.employeerostering = ER L £ 7,

4. OK&EZYw o LT, W=7ty NEERLZET,

5 WHEN 74 —JLRTS 52 1) v~ LT, WHEN &445BMLES.
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6. Add a condition to therule™ 1 > K55 Free formDRLAZEIR L F 9,

7. Freeform @ DRLRY 2 RIZ. LLTFOLEAADLET,

$dayOffRequest : DayOffRequest( )
ShiftAssignment( employee == $dayOffRequest.employee ,
shift.timeslot.startTime.toLocalDate() == $dayOffRequest.date )

CORME, KRIBPFZT2/HEREICV T M 2EIYETTVWEHAIC. TOREKEZTDAH
D7 MEIYHTHLHEIRTEZZEZRLTWVWET,

8. THEN 74 —JLRT 541w o LT, THEN £HEBML T,
9. Addanewaction 14 >~ RoH 5 Add Free formDRLAZIRL 7,

10. Freeform @ DRL AR Y ¥ R, UTFDOEHEEAADLET,

I scoreHolder.addSoftConstraintMatch(kcontext, -100);

. ALRED Validate 7 ) w7 L. L—IFHUEDPITRTENTHEIEEBRLETIL—ILDR
LUMHBRRICKK LIS, IS — XAy tE—YICEHINALBEICHEL, L—ILOo2dVR—X
VEKEREBEL, T —DPRIFIINBLLABBZETIL—ILOZUEERAITVET,

12 Save #2 )v U LT, I—I%EREFELET,
HAREFENN—IVDERFEE HA RS- EaFRA LTV a vy —EXDER 258 L T
7230,

5.2.6. % B D EFEFR D Solver 5% E DIERK
Business Central IC Solver SR E&ER L TIRETXE T, SolverRETHA F—IF. 7OV hHF
7O INBICEITTI S Solver BEEFER L F 9,
AIRE 4
® Red Hat Process Automation Manager #4 7 > O— KL T, 1 VA =)L LTW53,

o MEBOEHBRYVTIVICEHETZT7EY MEIT_XTERLTERELTWS,

FIR

1. Business Central © Menu - Projects 7 Y w2 L, EA$T2 70/ b0 ) v LTH
XEY,

2. Assets /N\—2Z~RY 7 1 7T, AddAsset— Solver configuration %2 1) v -7 L%,

3. Create new Solver configuration 7 1 > K7 T, Solver D&Hl
EmployeeRosteringSolverConfig * AL, Ok%22 U vV LET,
ZNIZ& Y, Solver configuration 7H 4 F—ABHE £ Y,

4. Score Director Factory 5% Etz /> 3>, RAT7 YV IIL—IEBEZESUKER—AE2EH
LET. REEDHHBHRY I 7OV Y I defaultKieBase #EH L £ 7,

a. KER—RICEZLIZKEEYyYavOEIAS1DBIRLET., REEDEHERY Y TILY
O x4 biE defaultKieSession #fEHA L 7,
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5 ALD Validate #%2') v 2 L. Score Director Factory 38 ENIEL W & %2R LET, FY
MHRRICKB LIS, I5— Ay E—JIKRHEINLBMEICHIEL, T5—ARTINRA
2E CHEMEREITVWET,

6. Save =2 ') w2 LT, Solver BEXREFLZET,

5.2.7. REEDHERTOT T MIKNT 5 Solver DR TEE

—EHEABE /2D Solver BT TEBLIICRETE XS, 774N TR FSv=viToY
vIcl, BFEFRCCEBEZMRTEDLIICEEINTVLIET,

REBOHBRY TN TOTV LI ME, 3I0MREARTTEZLIICEKEINTVIET,

IE=S 0
o MEXBOHHBRTOVII M, EHETZINRTOT7 Y MafEl L. [EXEDEHRD

Solver ZREDVER ] DFNEICHE > T. Business Central IZ Solver 5% E
EmployeeRosteringSolverConfig % {Ef L T\ %,

FIR

1. Assets /\—2 %Y 7 14 7T EmployeeRosteringSolverConfig #BE £9, Il
Y. Solveri&E 7H4M +—DRHIFT,

2. Termination 22> 3 Y TAdd &7 ) v LT, BIRLEBEIIL—TICHLWRTERAE
’ﬁbi-a—o

3. ROy FII)ZAMDS, TH4 T Timespent 2:2R L ET, Thid, BRTFREDAS
74—IILRELTEMNINET,

4. FEZROBEORMNZHERAL T, RERFEEZ 30 MICKRELZET,

5 H_LE® validate #% ') v 7 L. Score Director Factory SR ENIEL W &R L 9, ¥
MHERICKBLEL, T7— Ay E—JICEHINZBEICHBL, T —RRIh@aR
2F TCHAMRREZTVET,

6. Save =2 ')w 2 LT, Solver BEXREFLZET,

5.3.RESTAPI #{FH L/~ SOLVER~D 7 7 X

B FID Solver &7 704 B30 BERLIS, RESTAPI 2HLT7 IV ERATEXET,

RESTAPI #{fH L T Solver 1 YRAY VA& FEEFTHINELHYET, TDRERIC, T—F vy NEIETE

LT, RBAERIESTEEY,

AR

o KEDLHRIOEY Y avICKW, REEOHHFR OV IV MEREL, 7704 LTLES

W, MEEEDHHERT IO NOBER] ICEBEOESY, ALFOVz I M %
F704 9 3h. [Business Central NOREEHFRY IOV hoF7Oq4 AV
N ICEBEOESY, 7OV NEBEKRTIZET,

5.3.1.REST API = {# [ L 7= Solver D& &%

Solver #{#H T %(1Z1E, RESTAPI #{FEAH L T Solver 41 VAV VA5 E85T DINELNHY FT,
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&ZSolver41 VRH VAT, —EILKEBELTE35TEBBEOHIL 1 DEITFTY,

=S ]
L UTFOANYy Y —%FRLTHTTP EXRZEKL T,

authorization: admin:admin
X-KIE-ContentType: xstream
content-type: application/xml

2. LTOEKRAFEAL T Solver &8 L F 9,

PUT

http://localhost:8080/kie-
server/services/rest/server/containers/employeerostering_1.0.0-
SNAPSHOT/solvers/EmployeeRosteringSolver

BRKRT1—

<solver-instance>

<solver-config-
filesemployeerostering/employeerostering/EmployeeRosteringSolverConfig.solver.xml</s
olver-config-file>
</solver-instance>

5.3.2. REST API Z{&f L 7= Solver DMV H L

Solver 1 Y RH VA &FEK L -%IC. RESTAPI #FEARAL T, T—4%t v b% Solver ICEEL T, &@E
RERIESTEET,

FIE
L UTFOANYy Y —%FRLTHTTP EXRZEKL T,

authorization: admin:admin
X-KIE-ContentType: xstream
content-type: application/xml

2. UTOBIDESIC, 7=ty h%EET Solver ICEKRZEFLET,

POST

http://localhost:8080/kie-
server/services/rest/server/containers/employeerostering_1.0.0-
SNAPSHOT/solvers/EmployeeRosteringSolver/state/solving

ERRT1—

<employeerostering.employeerostering.EmployeeRoster>
<employeelList>
<employeerostering.employeerostering.Employee>
<name>John</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>reading</name>
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</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Mary</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>writing</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Petr</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>speaking</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
</employeelist>
<shiftList>
<employeerostering.employeerostering.Shift>
<timeslot>
<startTime>2017-01-01T00:00:00</startTime>
<endTime>2017-01-01T01:00:00</endTime>
</timeslot>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee/skills/emplo
yeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
<employeerostering.employeerostering.Shift>
<timeslot reference="../../employeerostering.employeerostering.Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee[3]/skills/emg
loyeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
<employeerostering.employeerostering.Shift>
<timeslot reference="../../employeerostering.employeerostering.Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee[2]/skills/emg
loyeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
</shiftList>
<skillList>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee/skills/employe
erostering.employeerostering.Skill"/>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee[3]/skills/emplc
yeerostering.employeerostering.Skill"/>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee[2]/skills/emplc
yeerostering.employeerostering.Skill"/>
</skillList>
<timeslotList>
<employeerostering.employeerostering. Timeslot
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reference="../../shiftList/employeerostering.employeerostering.Shift/timeslot"/>
</timeslotList>
<dayOffRequestList/>
<shiftAssignmentList>
<employeerostering.employeerostering.ShiftAssignment>
<shift reference="../../../shiftList/employeerostering.employeerostering.Shift"/>
</employeerostering.employeerostering.ShiftAssignment>
<employeerostering.employeerostering.ShiftAssignment>
<shift reference="../../../shiftList/employeerostering.employeerostering.Shift[3]"/>
</employeerostering.employeerostering.ShiftAssignment>
<employeerostering.employeerostering.ShiftAssignment>
<shift reference="../../../shiftList/employeerostering.employeerostering.Shift[2]"/>
</employeerostering.employeerostering.ShiftAssignment>
</shiftAssignmentList>
</employeerostering.employeerostering.EmployeeRoster>

. AtEEEICKERZ Y JTAMNLET,

GET

http://localhost:8080/kie-
server/services/rest/server/containers/employeerostering_1.0.0-
SNAPSHOT/solvers/EmployeeRosteringSolver/bestsolution

ree=s il

<solver-instance>
<container-id>employee-rostering</container-id>
<solver-id>solveri</solver-id>
<solver-config-
filesemployeerostering/employeerostering/EmployeeRosteringSolverConfig.solver.xml</s
olver-config-file>
<status>NOT_SOLVING</status>
<score
scoreClass="org.optaplanner.core.api.score.buildin.hardsoft. HardSoftScore">0hard/0soft<
/score>
<best-solution class="employeerostering.employeerostering.EmployeeRoster">
<employeelList>
<employeerostering.employeerostering.Employee>
<name>John</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>reading</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Mary</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>writing</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Petr</name>
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<skills>
<employeerostering.employeerostering.Skill>
<name>speaking</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
</employeelist>
<shiftList>
<employeerostering.employeerostering.Shift>
<timeslot>
<startTime>2017-01-01T00:00:00</startTime>
<endTime>2017-01-01T01:00:00</endTime>
</timeslot>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee/skills/emplo
yeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
<employeerostering.employeerostering.Shift>
<timeslot reference="../../employeerostering.employeerostering.Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee[3]/skills/emg
loyeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
<employeerostering.employeerostering.Shift>
<timeslot reference="../../employeerostering.employeerostering.Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee[2]/skills/emg
loyeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
</shiftList>
<skillList>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee/skills/employe
erostering.employeerostering.Skill"/>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee[3]/skills/emplc
yeerostering.employeerostering.Skill"/>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee[2]/skills/emplc
yeerostering.employeerostering.Skill"/>
</skillList>
<timeslotList>
<employeerostering.employeerostering. Timeslot
reference="../../shiftList/employeerostering.employeerostering.Shift/timeslot"/>
</timeslotList>
<dayOffRequestList/>
<shiftAssignmentList/>
<score>0hard/Osoft</score>
</best-solution>
</solver-instance>
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https://code.quarkus.redhat.com @ Web # 1 b % {#f L T Red Hat EJL K ® OptaPlanner Quarkus
D Maven 7OV TV bEER L., 7TV r—> 3 Y THEAT ZILRERE BEIMIEBNS L VRET
XX9, TDH. QuarkusMaven YR M) —DF o vO—K», AV bhTOAY SV
Maven VR M) —DERAMNABEICAY FT,

6.1. APACHE MAVEN & & ' RED HAT EJL KD QUARKUS

Apache Maven I BIBBEBEHILY —IL T, V7 ko 77OV Y POER., EILR, BLUVOERE
HITDROICJava 7 TV r—va VAR TERINE T, Maven & Project Object Model (POM) 7 7
AIVEMENZIZEDRE7 7ML EFERALT, 707 POEEPEBRETOCLADEEATVE
T, POMZ774)LiE, EYVa—IBLPaVR—2Y bOKERKR. EILROIEE. BREAZ 70O
VI MRy = DY =4y hESERL, XML7 74 EFERALTHEALET, ThiCkY., 7O
T NPEYIDDHM—INIRETEL RSB LD ICRY T,

Maven YIRI f 1) —

Maven Y RY M) —ICid. Java 54 TS — T340, BLTZOMHOEL KT —F14 770 K
PRIMINE T, T74I8D/RT ) v o YRY M) —I& Maven 2 Central Repository TE h%, E#®D
HEF—LDOBETHBEDT—T1 777 NaHETZ2EHNT. HRDTZA RXR—MELUTREY RY b
)—&9BZENABETY, Fhe Y—K =T —DVRI N —EFETEET,

Quarkus 7O T N TH Y54 ¥ Maven VIR N —&FHT BH. Red Hat EJL KD Quarkus ®
Maven Y R N =% 40— RTEET,

Maven 7S 14 >

Maven 75714 ik, POM 7 7M1 ILDEBFHDEDTID2ULEDT—I)LAZFEK L 9. Quarkus 7
T — 3 VIELLTFD Maven 7594 v AFERLE T,

® Quarkus Maven 75 &1 > (quarkus-maven-plugin): Maven IZ & % Quarkus 7O 7 b D
ERERIBL T, uber-JAR 7 7 A ILDEMEHR— ML, BEHEE—NERELFT,

® Maven Surefire 75 7’4 > (maven-surefire-plugin): EJL K54 294 2 )ILDFA M7 —X
TEAIN, 7Y =23V TaZy bTFRAMNEEFTLES, 753714V TARMLER—
MEENDZTFARNT7AILEXML 7 7ML EERLE T,

611.F>>4 > )RY M) —D Maven D settings.xml 7 7 1 JLDEXE
d—4H—0 settings.xml 7 7 1 JLEREL T, Maven 7OV TV N TH VT4~ Maven YIRI M) —

EEATEEY, Thid, HEDFETT, VRN —IRX—Iv—FLBEHBY—N"—LDYRY
M) —&ERAY 2 Mavenf&EIF. 7OV hOKIHS L VCEBEZRALEIEET,

pa )

Maven O settings.xml 7 7 {1 LEZZBLTYRI M) —%{ET 2HE. BRIEFTART
D Maven 7OV Y MIERAINE T,

FIR

L TF¥FAMNIT 19 —FLIFHERERE (IDE) T Maven @ ~/.m2/settings.xml 7 7 1 )L %3
XET,
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R

~l.m2/ 7 4 L 7 b —IC settings.xml 7 7 1 LA R WIBE T
l&. SMAVEN_HOME/.m2/conf/ 74 L7 U —D5 ~/m2/ 71 L7 M) —IC
settings.xml 7 7 A/ JLZJE—LZF T,

2. LL'FD17% Maven @ settings.xml 7 7 1 )LD <profiles> EFRITEML X7,

<!I-- Configure the Maven repository -->
<profile>
<id>red-hat-enterprise-maven-repository</id>
<repositories>
<repository>
<id>red-hat-enterprise-maven-repository</id>
<url>https://maven.repository.redhat.com/ga/</url>
<releases>
<enabled>true</enabled>
</releases>
<snapshots>
<enabled>false</enabled>
</snapshots>
</repository>
</repositories>
<pluginRepositories>
<pluginRepository>
<id>red-hat-enterprise-maven-repository</id>
<url>https://maven.repository.redhat.com/ga/</url>
<releases>
<enabled>true</enabled>
</releases>
<snapshots>
<enabled>false</enabled>
</snapshots>
</pluginRepository>
</pluginRepositories>
</profile>

3. LLFD1T% settings.xml 7 7 1 )LD <activeProfiles> & IEIML. 771 ERELZX T,

I <activeProfile>red-hat-enterprise-maven-repository</activeProfile>

6.1.2. Quarkus Maven ) RY M) —D¥F oo O— KRB LUVERE
ZFVZ54 Y Maven ) RY M) —%FEHLAWEEIX. QuarkusMaven YR M) =45 vO—KL
THRETEZET, QuarkusMaven JARY M —ICIE, JavaREEN 7 TV r—> 3 VOEBEICERT
ZEHODZLLNEFNTVET, ZOFIETIL. Maven D settings.xml 7 7 1 )L =& L. Quarkus
Maven UARY N —%E%ET D HE=HRBLET,
Pz -
Maven O settings.xml 7 7 { LEZZBLTYRI M) —%{ET 2HE. BRIFTART
M Maven 7OV TV MERAINET,

FIR
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. RedHat h X% ¥ —7R—# )LD Software Downloads R— I H 5 Red Hat EJL KM Quarkus
Maven YR N —DZIP 774 )L %=4¥ o >O0—KLET,

Ao vO—RLET7—A4T72ZRBALET,

M2/ T4 LI MY —ICBEL, TFRANIT 1Y —FLIEHEARKKRE (IDE) T Maven @
settings.xml 7 7 1 L ZHAE X,

. LR D17 % settings.xml 7 7 1 )LD <profiles>s EXRIGEMLF T, <&

T. QUARKUS_MAVEN_REPOSITORY (47> O— R L7 Maven Y R M) —D/RXRT
9. QUARKUS_MAVEN_REPOSITORY ORI file:/SPATH TRIFTNIERY £HA, &
Z & file:///home/userX/rh-quarkus-2.2.3.GA-maven-repository/maven-repository M & 2 IC
wYFET,

<!I-- Configure the Quarkus Maven repository -->
<profile>
<id>red-hat-enterprise-maven-repository</id>
<repositories>
<repository>
<id>red-hat-enterprise-maven-repository</id>
<url>QUARKUS_MAVEN_REPOSITORY </url>
<releases>
<enabled>true</enabled>
</releases>
<snapshots>
<enabled>false</enabled>
</snapshots>
</repository>
</repositories>
<pluginRepositories>
<pluginRepository>
<id>red-hat-enterprise-maven-repository</id>
<url>QUARKUS_MAVEN_REPOSITORY </url>
<releases>
<enabled>true</enabled>
</releases>
<snapshots>
<enabled>false</enabled>
</snapshots>
</pluginRepository>
</pluginRepositories>
</profile>

5 LAUF®D1T% settings.xml 7 7 1 )LD <activeProfiles> 3% IEIML. 7 7ML ERELZE T,

I <activeProfile>red-hat-enterprise-maven-repository</activeProfile>
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BF

Maven JRY M) —IZHWTZ—FT 14 777 MAEFNZ5EE. 7OV NE2ELLR
FLFT7O4 LEEZICUTOVWTAID Maven TS — XAy E—IUHRRIIND &
NHYFEFY, TIT. ARTIFACT_ NAME (IFRBART7T—T 4 777 MNDOEH]
T. PROJECT NAME (I#EEsHATWE 7OV Y bOEZEIICAY 7,

e Missing artifact PROJECT_NAME

e [ERROR] Failed to execute goal on project ARTIFACT_NAME; Could not
resolve dependencies for PROJECT_NAME

COREBEERT DITIE. ~/.m2/repository T4 LV M) —IZHZO—HILYRI b
J—DFvvan—23VEHIRL. &3O Maven 7—7 14 7 7 7 N E5&HIICS D
»aO—KRLZET,

6.2. MAVEN 7S5 414 > % {#EH L7 OPTAPLANNER RED HAT EJL KD
QUARKUS MAVEN 7O x4 M DYERK

Apache Maven & & Uf Quarkus Maven 75 71 ~ % {EF L C. Red Hat EJL R® OptaPlanner & & T
Quarkus 7 7 r—v a vDERERBTEET,

AR E A
® OpendDKNMLEA A Y X h—)ILINTWB, RedHat EJL K®D Open JDK | Red Hat 1 R
=K== (ATAVIRBRBEYD VI NIz 7Y I O0—RKR=INMSAFTEET,

® Apache Maven 3.6 LIBEA 1 Y A h—JLEINTW 3B, Maven I& Apache Maven Project M Web
YA MRDOLAFTEET,

FIR

. AV RY—IFITUTOOAOY Y REAAL, Maven BN DKM ZFRHLTWRZE, ZL T
Maven D/X—2 3 U 36 L ETHB I EAHRLET,

I mvn --version

2. EEBOOT Y RTIDKNARINAWEEIZ, JIDKITAD/IRIR % PATH BREBEZH#ICEML, £
EOaAY Y RE=BEAALET,

3. Quarkus OptaPlanner 74 v 2 24 —h7OY Y M EERT ZITIE. UTFOITY REAA
L/i_a—o

mvn com.redhat.quarkus.platform:quarkus-maven-plugin:2.2.3.Final-redhat-00013:create \
-DprojectGroupld=com.example \
-DprojectArtifactld=optaplanner-quickstart \
-Dextensions="resteasy,resteasy-jackson,optaplanner-quarkus,optaplanner-quarkus-
jackson" \
-DplatformGroupld=com.redhat.quarkus.platform
-DplatformVersion=2.2.3.Final-redhat-00013 \
-DnoExamples

ZD3I<X v Ki&, .Joptaplanner-quickstart 74 L 7 M) —TLUUTOERZEM L F T,

e Maven OEE
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o src/main/docker @ Dockerfile 7 7 1 JL Dl

o 7= a3 VDBETTAI

6.1 mvnio.quarkus:quarkus-maven-plugin:2.2.3.Final-redhat-00013:create 1<% > K C
FEALETO/NRT1—

projectGroupld 70z DT —TID,
projectArtifactld TaYz 9 MNDT—T4 779 KID,
extensions ZD7AY Y MTHEAT S Quarkus IEERO IV Y XY 1) R

M. Quarkus JEBERDE—BICDWTIE, BHEDIATY RS VT
mvn quarkus:list-extensions # AL £ 7,

noExamples TANFLFE VS RAEFERETIC. OV MEETTOV T
9 hEERLET,

projectGrouplD & & U* projectArtifactlD 70O/X5 4 —DEAFH LT, 7AY Y b
N=a3vaEERLET, 7740 h0TOY Y b/X—=Y 3 V1 1.0.0-SNAPSHOT T

ER

4. OptaPlanner 7OY =¥ M & FRRT %ITIE. OptaPlanner Quickstarts 714 L2 b U —IZREL
x9,

I cd optaplanner-quickstart
5 pomxml 7 7 AV EHRLET, AT UYDOHEUTICRLET,

<dependencyManagement>
<dependencies>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>quarkus-bom</artifactld>
<version>2.2.3.Final-redhat-00013</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>quarkus-optaplanner-bom</artifactld>
<version>2.2.3.Final-redhat-00013</version>
<type>pom</type>
<scope>import</scope>
</dependency>
</dependencies>
</dependencyManagement>
<dependencies>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy</artifactld>
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</dependency>

<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy-jackson</artifactld>

</dependency>

<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus</artifactld>

</dependency>

<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus-jackson</artifactld>

</dependency>

<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-junit5</artifactld>
<scope>test</scope>

</dependency>

</dependencies>

6.3. CODE.QUARKUS.REDHAT.COM % {#F L 7= RED HAT EJL KD
QUARKUS MAVEN 7O 9 MDOYERK

https://code.quarkus.redhat.com @ Web # 1 k% {#f L T Red Hat EJL K ® OptaPlanner Quarkus
D Maven 7OP TV MNEERL, 77U r—>ay THERAT DILEEREAZBFMNICEBNS L UVERET
XF9, I5IC, code.quarkus.redhat.com (. 7OV TV MaRA T4 TRITARET 74 I)LICTaY
NANTBEDICHERERENTA—Y—ZZEHHNICEELET,

AtV avTlE. WTFDOMEY 7 %EE OptaPlannerMaven 7OV Y M 4WT 2 7OERICD
WTEBAL F 9,

o 7= avDEXREREIEET D
o JOVIY MIEBIT BILRARIRT S
o JOVIHORNTIFAINTAY Y YO—RARRT—HA TA2ERT S

o 7= a3 @aAVNRALBLUVEFHOHRY LYY REFHT S

=S5
e Web 75U —1%H3%,

¥
1. Web 75 7% —T https://code.quarkus.redhat.com 25X £ 9,
2. 702z MOFMAEBELE Y,

3.7V MNDIIN—TEZEADLET., GRIOERIE. Java Ry F—IHEARAICRHVNET
(f5]: com.example).

4. TV MDLERINIZMaven T—F 1 779 MIERT 2EF1% AN L T (B code-
with-quarkus),
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5. Build Tool>Maven ##R L T, T2 70 hH Maven 7OV TV NTHB T E%IR
ELFT, EIRTBEILRY—=ILIZLY, UTFOIEENMREINE T,

o ARINATOVIINDTALYI N —HEIE
o ERINATOVIY MTHEAINDHRET 71 LDOFHR,
o PN —=2avDAVNRALBITEEBRAOARY LEI KRRV Y FhELrav U R
(7O U M DERZIC code.quarkus.redhat.com H'3RR),
y 13!

Red Hat I&. code.quarkus.redhat.com % {£ i L 7= OptaPlanner Maven 7
OY Y MOEKREIFTEYR—KLZET, RedHat Tld, Gradle 7OY T ¥
MDERMIEHR—FLTVWEEA,

6. 7OV MDLERINAET—T 477 NTCERTEZN—=YavEAALET, D
74— RDF 7 %)L MEIX 1.0.0-SNAPSHOT T3, semantic versioning DERAD#E X
FIH. BEILHGLCT, BDYA TON—=Ya v EFRATEET,

7. 7Oz MaERy T —IT B, EIWRY—ILBERTDT—T14 779 NDINyr—
JEREANNLET,
Ny r—I%1F, Java /Ry r—J OHELIRANCHEN., 7OV MIFERTZ IV —T8&—
HI2ETTIN, JDEARIEIBET DI EETEET,
Pz -

code.quarkus.redhat.com Web # 4 k&, OptaPlanner D&% ) — X %= B&)
BICERLEY. 702 ) MOERKRKIC, pomxml 7 7 4 JLT BOM /X—
VavEFHPTEETIET,

8. UTDHisk%ZZEIRL T, KEEMRE L THAAAITT,
® RESTEasy JAX-RS (quarkus-resteasy)
® RESTEasy Jackson (quarkus-resteasy-jackson)
e OptaPlanner Al &ll#J Y JL/X— (optaplanner-quarkus)

® OptaPlanner Jackson (optaplanner-quarkus-jackson)
Red Hat &, —EBICH B ERDILRICT L TIFIFRLARILOYR—MERELET,
LANVIE, BIBRBDREICH D TNV TRINTUVET,

o SUPPORTED #i3k: Red Hat I&. EBEBRIEDOTI VY —TSA X7 TV 45— 30 TD
FREREDICHR—NLET,

o TECH-PREVIEW #i3k: RedHat i, 747/ 0V —7 L E1—#gEDHR— MEEE ICE
DX, REMIC. EREBRETOYR—MNERHELET,

o DEV-SUPPORT #i3k: Red Hat 3. EHERETCOFEAZYR—KMLTWERA, £
L. IR77) 45— avoRBRRETOFERICHLTIE. RedHat BEE,A A SO T
HREAHR—NLTWET,

o DEPRECATED #:ik: B CHMeE# IR T 2FHLWT 7 /A —FLIEREIEZIHRZ D
%ET\‘TO
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Red Hat Tl&, SR FIFINTVWAWLEROERBRIETCOFERIEHR—MLTWE
A,

9. Generate your application %3ZiR L TGEIRWEB AR L. £ERINAE7OP ) bVE2ETL T —
AL TR O—RY Y IDF—N—LABEEERRLES, 7——LAE@EICIE. 77
V—2av@AVNRALELTEBICERTE2ARY LAY Y FEXRRINE T,

10. Downloadthe ZIPAEZEIR L T, EXRIN/E=TAV I I NI 7AWV EEL T —H4A TAH<TI VIC
RELET,

N 7—h47DORBERALE T,

2 BRELATOYZI NI 7ALUDEEFNZTAL IV MN)—ICBEILET,
I cd <directory_name>
3. FARE—RTF7TVr—avaav M LLTREELET,

I ./mvnw compile quarkus:dev

6.4. QUARKUS CLI #{#H L 7= RED HAT EJL K® QUARKUS MAVEN 7
Oy bDYER

Quarkus A¥ Y RS54 VA48 —T x4 R (CLI) %ZfEA L T, Quarkus OptaPlanner 7O =7 &
RTEZET,

=55

e QuarkusCLI =4 YA b—JLLTW3, &F#ll&. Building Quarkus Apps with Quarkus
Command Line Interface ZZR L T LI W,

FIE
1. Quarkus 77U r—avaEFERLET,

I quarkus create app -P io.quarkus:quarkus-bom:2.2.3.Final-redhat-00013

2. FIFARTREARILARIEBE A RS B ICIE. LTFOOY Y REAALET,
I quarkus ext -i

DAy NiE, UWTDHLREEZ=RL £,

optaplanner-quarkus
optaplanner-quarkus-benchmark
optaplanner-quarkus-jackson
optaplanner-quarkus-jsonb

33.UTFTOAYYREAALT, TIRFvyyaveaE7OV Y o pomxml 7 74 JLIGEML £
-3—0
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quarkus ext add resteasy-jackson
quarkus ext add optaplanner-quarkus
quarkus ext add optaplanner-quarkus-jackson

4. TFZARMIT14H—Tpomxml 77 A IILERAEET, 771 ILOABIEUATOFDE S IT4Y
i-a—o

<?xml version="1.0"?>
<project xsi:schemalocation="http://maven.apache.org/POM/4.0.0
https://maven.apache.org/xsd/maven-4.0.0.xsd" xmIns="http://maven.apache.org/POM/4.0.0"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance">
<modelVersion>4.0.0</modelVersion>
<groupld>org.acme</groupld>
<artifactld>code-with-quarkus-optaplanner</artifactid>
<version>1.0.0-SNAPSHOT</version>
<properties>
<compiler-plugin.version>3.8.1</compiler-plugin.version>
<maven.compiler.parameters>true</maven.compiler.parameters>
<maven.compiler.source>11</maven.compiler.source>
<maven.compiler.target>11</maven.compiler.target>
<project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>
<project.reporting.outputEncoding>UTF-8</project.reporting.outputEncoding>
<quarkus.platform.artifact-id>quarkus-bom</quarkus.platform.artifact-id>
<quarkus.platform.group-id>io.quarkus</quarkus.platform.group-id>
<quarkus.platform.version>2.2.3.Final-redhat-00013</quarkus.platform.version>
<surefire-plugin.version>3.0.0-M5</surefire-plugin.version>
</properties>
<dependencyManagement>
<dependencies>
<dependency>
<groupld>${quarkus.platform.group-id}</groupld>
<artifactld>${quarkus.platform.artifact-id}</artifactld>
<version>${quarkus.platform.version}</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>optaplanner-quarkus</artifactld>
<version>2.2.2.Final</version>
<type>pom</type>
<scope>import</scope>
</dependency>
</dependencies>
</dependencyManagement>
<dependencies>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-arc</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy</artifactld>
</dependency>
<dependency>
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<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus</artifactld>
</dependency>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus-jackson</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy-jackson</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-junit5</artifactld>
<scope>test</scope>
</dependency>
<dependency>
<groupld>io.rest-assured</groupld>
<artifactld>rest-assured</artifactld>
<scope>test</scope>
</dependency>
</dependencies>
<build>
<plugins>
<plugin>
<groupld>${quarkus.platform.group-id}</groupld>
<artifactld>quarkus-maven-plugin</artifactld>
<version>${quarkus.platform.version}</version>
<extensions>true</extensions>
<executions>
<execution>
<goals>
<goal>build</goal>
<goal>generate-code</goal>
<goal>generate-code-tests</goal>
</goals>
</execution>
</executions>
</plugin>
<plugin>
<artifactld>maven-compiler-plugin</artifactld>
<version>${compiler-plugin.version}</version>
<configuration>
<parameters>${maven.compiler.parameters}</parameters>
</configuration>
</plugin>
<plugin>
<artifactld>maven-surefire-plugin</artifactid>
<version>${surefire-plugin.version}</version>
<configuration>
<systemPropertyVariables>

<java.util.logging.manager>org.jboss.logmanager.LogManager</java.util.logging.manager>
<maven.home>${maven.home}</maven.home>
</systemPropertyVariables>
</configuration>
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</plugin>
</plugins>
</build>
<profiles>
<profile>
<id>native</id>
<activation>
<property>
<name>native</name>
</property>
</activation>
<build>
<plugins>
<plugin>

%563 OPTAPLANNER & & U QUARKUS O H A K

<artifactld>maven-failsafe-plugin</artifactld>
<version>${surefire-plugin.version}</version>

<executions>
<execution>
<goals>

<goal>integration-test</goal>

<goal>verify</goal>
</goals>
<configuration>
<systemPropertyVariables>

<native.image.path>${project.build.directory}/${project.build.finalName}-

runner</native.image.path>

<java.util.logging.manager>org.jboss.logmanager.LogManager</java.util.logging.manager>
<maven.home>${maven.home}</maven.home>

</systemPropertyVariables>
</configuration>
</execution>
</executions>
</plugin>
</plugins>
</build>
<properties>

<quarkus.package.type>native</quarkus.package.type>

</properties>
</profile>

</profiles>
</project>
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/NX— K~ 1lIl. RED HAT EJL KD OPTAPLANNER @V JL/\N—
OptaPlanner Z A L CEHEIDEBZFERT 51013, ROFIEZETLET,

. @PlanningSolution 7 / 5—> 3 Y7/ 7—Yavhftirbhikcy & LT o=y
JOBEEZETIEL 7 (fl: NQueens 7 Z ),

2. Solver #5%%E L £ 3 (NQueens 1 > 24 >~ A D First Fit ¥ Tabu Search Solver 7 &),

379 LAV—DOMBT Ity beGmBRABET (fl: Queens 1 Y 2F V), I TS
—VIEETY,

4. Roh > HEM%EIRT Solver.solve(problem) T 3R L £ 7.

Input/Output overview

Use 1 SolverFactory per application and 1 Solver per dataset.

Domain (java, .. Score function (an, ..)

Hard constraints:
- CPU power capacity
- RAM memory capacity

- Metwork bandwidth capacity

Soft constraints:
- Minimize maintenance cost

— -

Computers

( 7 )x buildSalver() . ( Solution

[ G ] Y Each process assigned

0 a compuler

Processes l l 7 : ®
o mr

solve(problem)
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27 OPTAPLANNER YV JL/X—® REDHAT EJL RD&E
LFOAE=FEHAL T, OptaPlanner DY ILNN—%RETEET,

o XML77A4)LAaERALET,

SolverConfig API #FH L £,

RAXAYVEFIVICYISAT /) FT—3 & JavaBean 7ONF 4 —T7 /) F—YavaBMLE
ERS

OptaPlanner N R XA VICT7 VR T B-DICERTZAV Y RaFIEL XTI,

AR LTONRTF—%EHZLFT,

71 XML 7 74 )L %={EHA L7 OPTAPLANNER OV JL/N—DERE

XML 7 74 )L %FEBAL T Solver 58 ETXZ 9, Maven T 1 LI MU —iE&EICHED — WA 7TOY T
2 K Tl&. SolverFactory =& L T Solver 1 > X% >~ 2% EJL K L7, solverConfigXML 7 7
1 JLi& $ PROJECT_DIR / src / main / resources / org / optaplanner / examples / <PROJECT> /
solver74 LY N)—IZHYET, TIT. <PROJECT> I& OptaPlanner 7O =¥ KDEZRITY,
F7-1%. SolverFactory.createFromXmiFile() T 7 7 1 )L 5 SolverFactory Z{EfX 952 & TE
F9, L. BEMEOEANS, JFANRAD) Y —ZANHEEINET,

Solver & SolverFactory i AIC. Solution_ EMEEN BT = x) v 7BAHY ¥, Zhik, 5B
DEBERRERERT VI FIATT,

OptaPlanner 292 &, REAZLFIT S & T, mBb7IIT) AL ZEBHNBERICYYEZ S
ENTEET,
FIg
1. SolverFactory T Solver 1 VA9 VXA %=EIRLZT,
2. Solver SFED XML 7 7 1L EREL T,
a. ETIEEELET,
b. RAT7HEZERLE T,
c. REIHLT, RBEETILT)VILERELEFT,
UTDFIE. NQueens BREICNT 2V IL/XA—=XML 774 TT,

<?xml version="1.0" encoding="UTF-8"7>
<solver xmIns="https://www.optaplanner.org/xsd/solver"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="https://www.optaplanner.org/xsd/solver
https://www.optaplanner.org/xsd/solver/solver.xsd">
<!I-- Define the model -->
<solutionClass>org.optaplanner.examples.nqueens.domain.NQueens</solutionClass>
<entityClass>org.optaplanner.examples.nqueens.domain.Queen</entityClass>

<!I-- Define the score function -->
<scoreDirectorFactory>

<scoreDrl>org/optaplanner/examples/nqueens/solver/nQueensConstraints.drl</scoreDrl>
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</scoreDirectorFactory>

<!I-- Configure the optimization algorithms (optional) -->
<termination>

</termination>
<constructionHeuristic>

</constructionHeuristic>
<localSearch>

</localSearch>
</solver>

R

—ERDIRIETIE. OSGi ¥ JBoss EY 2 — /L@ ED—EDIRIETIE. JAR
T7AINDYIVN—FEFE., AAF DRL, RAA VIS RBEDY ZRAIRRY)
Y — A 71" optaplanner-core JAR 7 7 4 )LD 7 7 #+ )L k@ ClassLoader T
FATEAWGEEHY ET, TDLIAIHFEIF. U5 XD ClassLoader
HINTGA—HF—ELTRHLET,

SolverFactory<NQueens> solverFactory =
SolverFactory.createFromXmlIResource(
".../nqueensSolverConfig.xml", getClass().getClassLoader());

3. ClassLoader.getResource() TEZEINTWE IV T A/NRAN Y —RELTREINZ YV IL/N—
BRE XML 7 74 )L %EFH L T SolverFactory %% E L £ 9,

SolverFasctory<NQueens> solverFactory = SolverFactory.createFromXmlIResource(
"org/optaplanner/examples/nqueens/solver/nqueensSolverConfig.xml");
Solver<NQueens> solver = solverFactory.buildSolver();

7.2. JAVA API % {8 L 7= OPTAPLANNER DV JL/N\— D& 7E

SolverConfig APl Z{#F L T Solver 258 ECX X J, TNIFFFIC. TV 91 LARFICEEZEFNICERET
BBEIENTT, LLTFDFITIE. NQueens 7OP T4 hTSolver ##5E3 2510Y A5 L 7O/R
T4 —ICEDWTETHEEZZEEL XY,

SolverConfig solverConfig = SolverConfig.createFromXmlResource(
"org/optaplanner/examples/nqueens/solver/nqueensSolverConfig.xml");
solverConfig.withTerminationConfig(new TerminationConfig()
.withMinutesSpentLimit(userlnput));

SolverFactory<NQueens> solverFactory = SolverFactory.create(solverConfig);
Solver<NQueens> solver = solverFactory.buildSolver();

VILIN—FREXML 7 74 ILDFTRTDESRKIE. /¥ r— namespace org.optaplanner.core.config
@ Config 7 52 F 7l FONRFT4— ELTHERATEEYT, 5D Config 7 RE XML XD
JavaRIFTY, IhHDaAVR—FY MIE, /8y & — namespace org.optaplanner.core.impl O
SUAALAVIR—Y M EEIRL, ThHEMENR Solver ICHAAL I ENTEET,

120



273 OPTAPLANNER Y JL/X—® REDHAT EJL KD&

pa 3

&1 —H—FKIC SolverFactory A B)ICERET 2 ICiE. #WdEHICT Y TL— K
SolverConfig zEJL KL, 21— —BROIE—IVZANFV ¥ —TIE—-LZFT,
LLFDFE. NQueens DEIBETCINAEERITT S AEERLTWET,

private SolverConfig template;

public void init() {
template = SolverConfig.createFromXmlIResource(
"org/optaplanner/examples/nqueens/solver/nqueensSolverConfig.xml");
template.setTerminationConfig(new TerminationConfig());

}

// Called concurrently from different threads

public void userRequest(..., long userinput) {
SolverConfig solverConfig = new SolverConfig(template); // Copy it
solverConfig.getTerminationConfig().setMinutesSpentLimit(userinput);
SolverFactory<NQueens> solverFactory = SolverFactory.create(solverConfig);
Solver<NQueens> solver = solverFactory.buildSolver();

7.3.OPTAPLANNER 7 / 7—> 3~

RXAVETIDYISRIE, TSV ITERBRED TSV ZVIIVTAT14—%EETINELDH
YET, UTFTOHFEOWT IO AMEREL T, OptaPlanner 7AY TV M7/ F—Y 3 v EEBIMLE
_a_o

o RAAYVETFIVILYZARAT /) T—3av& JavaBean 7ANT 4 =T/ F—>avaBIMLE
T, 7ONRT 4 =T/ F—>avidsetter AV Y RTIEARL getter XV vy RICEEET 2 HED
HUET, 7/57—YavhHirdhicgetter XV Y RORBRIIBLEHY FHA., IHITHLE
INBAHETT,

o RAAVETFIVYZART ) T—3aveET4—IRT7/F—YavaamLEryd., 7/757—
avhHRIONET A —ILRIZNRTYy I THEREIIHY FH A,

7.4. OPTAPLANNER RX A V7 XADIBE
77 #J)V KTl OptaPlanner () 7L 2> avaEALTRAAMVICTIERLET, YTL I3
VIFEFEMELSHYETH, BETIERICHRZEELRYET, ik, Gzmo ZFALTRXA1 Y
K7V ERAF25& DI OptaPlanner Z8ETE XY, INICLY, YIL I aVRLICRALIYD
TA4—=ILREXVY RICEET7IVERTE/ 4 NI—RPERINET, 2L, TOFEICIELUTD
FIRAHY £7,

o JSUZU T I)T—=ravik, R"TYv I T714—=ILRELVIRTY v getter TDOHEET
XFE9,

e jo.quarkus.gizmo:gizmo (&7 S R/NR EICHZBELHY FT,
ya 13!
Gizmo BT 7AW MNDRAXA YT U254 FThB75&H. Quarkus T OptaPlanner %

FRYT2%E. INOOFIRIIBRAINIEA,
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Fa
Quarkus DHNERIZEH B Gizmo AFEAT B Ik, VYV IL/N—E%E T domainAccessType 233 E L £,
<solver>

<domainAccessType>GlZMO</domainAccessType>
</solver>

75 . AR LATONRT 4 —DEE

OptaPlanner 7OV TV b Tld, V75 RA%AVRY V2L, ARY LTONRT 4 —ICHRMICERT
ZREAAVINERFDOVILN—BEERICHARI LTONT 4 —%BMTEET,

(=S
o VYIN=DHBIE&,

FIR

L ARSLTONRT 1 —%EBMLET,
7= & Zz £, Easy ScoreCalculator ([CF v v > 2 INDZKREIREFEIHY., 1DDRVYFIT—7
THrvyatrM X%EBPTHEIL. myCacheSize 7O/37 1 —%EBIMLZE T,

<scoreDirectorFactory>
<easyScoreCalculatorClass>...MyEasyScoreCalculator</easyScoreCalculatorClass>
<easyScoreCalculatorCustomProperties>
<property name="myCacheSize" value="1000"/><!/-- Override value -->
</easyScoreCalculatorCustomProperties>
</scoreDirectorFactory>

2. AR LTANRTA—=Z&IINT ) v oy s —%2BMLES, IhiE. YVILIR—0 EJL REF
IKIFPHINE T,

public class MyEasyScoreCalculator extends EasyScoreCalculator<MySolution,
SimpleScore> {

private int myCacheSize = 500; // Default value
@SuppressWarnings("unused")

public void setMyCacheSize(int myCacheSize) {
this.myCacheSize = myCacheSize;

}
-

boolean. int. double. BigDecimal. String. enums7i&, (F&EAEDERAHR—
PEhTWET,

122



%83 OPTAPLANNER Y JL/X—

F8%= OPTAPLANNER YV JL/N—
YILNR—E, STEOMEICH TS HRE CREMRY ) 1—>avaRD0FEd, VILNN—THERTESE

EEEA Y RYVRAEEIC1DTDTY, VIL/N—IL, SolverFactory XV v R&FEH L TREINZE
ER

public interface Solver<Solution_> {

Solution_ solve(Solution_ problem);

1
ALy RE—7ThH3Z & javadoc ICEFMICEEH INTWE A Y v RZRWT, VILAR—(TIFE—
DALY ROhST7IERTIZHRENHY ET, solve() * VY ik, REDPAL Yy KEEELEY, R
Ly REEETSE. RESTH—ERDOHTTP 4 A7 D MDRET ZHEEMLHY. BREOT—4
Ty bEWITLUTHRRT BHDIGEMDOI—RAREICRYET, ZOL)LHEEZLORT (1. K
H Y IC SolverManager = L T 23 LY,
8.1. BB DfER

VILVN—%EA LT, FTEOREZBRLEY,

Gl s
o YVI)L/IN—FRETHEEINL Solver
o ETEMEA ~ R4V A%KY @PlanningSolution 7/ 57— 3 >

FIE
FTEfEE%Z solve() XV v FOBIEE LTRHLET., VILNR—F, ROD2AERDEZRLFTT,

ROFE. NQueens DREBEARRLET,

NQueens problem = ...;
NQueens bestSolution = solver.solve(problem);

ZDFEITIX, solve() XV v KiE, §XT®D Queen »* Row IZEIY BTSN/ NQueens 1 Y A4 VR
ZRLET,

R

solve (Solution) X Vv RICIEEINAY ) a—2avA VRV VR, BOMEIER
LICHMEETEE T, Thid. BYRLTEETZIEHESICLISHY FT,
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B818ms D7 4— VA4 —VZANRZIIVDRA MY Ya1—2ay (mERYY1—>avTEhbyEd)
A B C D

g

i

i

W N +H O

g

solve(Solution) XV v KiE, BBDOY A X & VILN—DREILL > TIXEBIINZIGELHY F
9, Solver |F. FAIBERARKRDVMBAR—REAVT) Py MIMEBL, RAFICEELEZRRED
RRELZRBLET, MBEOKEX, Solver i*'E>TWEEDL SLDBFE. VILA—DRE. F4
DHEHBERICEL Y, HRED FBREKIZ. ol FBRRTIEIBRVWITREELHY 7.

R

XY v K solve (Solution) IC 52 6Ny a—>a vV AH 2 XIS Solver I1Z& >
TEEINFETH, TNZ2REDOV ) 21— a3 VEMBARVWTCEIL,

solve (Solution) % 7z (3 getBestSolution() XV v RICL > TREINAZY )21 —>a>d
4 VA% VAL, solve (Solution) IEINEHEA VY AY Y ADIO—>THDEEEM
PEWVWTYT, ZOHBE. D2FYVIEDOA VRAIVRATHBIEEZBHRLTWET,

82. VILNN—IRIEE—N

VILN—RIBE—N2EAT2 L, REO—MIRNTZRETEIT., OFVITLANLICRREELE
TA.

VIVIN=ZIZB—DS VI LA VRV ADHY ET, —EBOYVILAN—REIE HOBRELIVEST VS
LAVRIVRESLFERALEY, E21E YIaL—Fy R7=2—Y V57T TLFEEICK
ELIEKBFELZ I A, TabuSearch (XA T7DEIRZFERT ZDICEBICOAMEEFELE T, REE—NR
. TS VI LA VRIVADY—RICEELESZFT,

YIWN—BEXML 7 7 M )V TRIEE— K2R ETET XY, ROHITIE, FAST_ASSERT £— K% %
ELEY,

<solver xmlIns="https://www.optaplanner.org/xsd/solver"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="https://www.optaplanner.org/xsd/solver
https://www.optaplanner.org/xsd/solver/solver.xsd">
<environmentMode>FAST_ ASSERT</environmentMode>

</solver>

RDVABME, YIVR—FBET7AITHERATESREE—FICDOVWTEHBALTWITY,
e FULL_ASSERT E— R, I RXTO7H—2avaFVICLET, £E&AE BAYRIT D5

BABHIEICHEEBLTVWAVWEWDY PH—2 32, Move EEDONY, &I, TV YvEK
BRETTTANT7ARNLET, TOE—RIZBIRTRETT, T/, E7H—FE—RLYE
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$884(C calculateScore() X Vv ROV 7/H, BHLWEDTY, FULL_ASSERT £—
Nig, BAXAT7EEICKEFELRWZD, FEBITEETT,

e NON_INTRUSIVE_FULL_ASSERT £— Ki&. Move EZED/N\J, §Hl#., TV VBAERET
TIANT7ARNTBEDICVWODDTH =23V aEFVICLET, TOE— RITBERTE
T, IET7H—ME—R&Y EHE5IC calculateScore() XV v REMUH I W8, IBEIC
Y FH A, NON_INTRUSIVE_FULL_ASSERT £— NI, ORI T7EREICKELARWE
O, FEEIEETT,

e FAST ASSERT £— K&, undoMove X7 H Move DRIER L THD EWI TH—a Yy
BE, BEAEDTH—2avaEFVICLT, Move REDNY, #ll#, TV VEFREE
TJTANNT7AMNLET, TOE—RIIBRABETYT, Fhk, 77— FE—RIYHHFEHEIC
calculateScore() XV v RZMUHT/ZH, BHLLWEDTY, FAST ASSERT £— NILEWL
T9, FAST ASSERT E— RZA4 VICL T, STEDOBEZEREETIZTA M —X %K
L9,

e REPRODUCIBLE £— Nif., BAFPICHEINZ LD, 774NV IMDE—RTYT, TOE—NR
Tl&. B OptaPlanner /N\—Y 3> T2AIETT2&, ALCI—FAEUIEFTEITINZE
T ROEBFENYTREZHEERVT, TS 2DODRTREIRTORATY FTREALKE
RICRYET, Thil&Y, NJE—BLTEBERETEEY, £/ RI7HHONNTr—T
ZADTRBEBE, HED) 77089 ) VvV aETE2ATRFIIRVYFI—UTBHIEETEE

pa )

REPRODCIBLE E— RAZFEA L TW3ICEDD LT, ROEBHICLY, 77
V=2 aVhRRICBRTERVGEENHY X7,

o IV a—2avDREIIEWT, SHTEIVT 474 —FLIFETEEDD
Lo aviig LT, JWMEFTETIEFRA—E L TUWRWLD, BEDBE
DERETIEAL HashSet £/ E3D ALYV >ay #FHET
%, LinkedHashSet ICEX# %2 7,

o BEAERICIKETZT7ILITYXAL HIVIalL—FTy RT7=—=)VIT7IL
J)XL%, RTICEPLABEEE»EDLEET, FYHTLNL CPU
BFEAXIQREVWVTHZ &, BEVRBEICKESXEZET, YIal—FTvY R
TZ—=YVTT7INITYVALELANTIETIVATILI) ALICEZRZ
DH. BRTICEBYPLIEERBAZRTYy THO Y METICEBE#]RZF T,

e REPRODUCIBLE £— K(Z. NON_REPRODUCIBLE E— K& Y £ b T MIHEL B A REMD
HYUFET, EHRERETCHBRUEDEEAZIIZIENTEZIEAIE. EHEEHTIDE—RNEE
FALTLEIL, EEICIE. REPRODUCIBLE E— RTlE. Y— R EINTULARWEE.
TI7AINMNDEES VY LY —RKIMERIN, 7T—I9 X714 =Y VIR EDEEDRBEITD
mELEJ|MICRY FT,

e NON_REPRODUCIBLE £— Ki&. REPRODUCIBLE E— K& Y EHIMNMIEETT, T/\y
ToNTIEEIRE#EICLZ 0, ARPOFERIGRITTLLEIV, ERFERETCBREIEE
TRRWEEIE. EHRET NON_REPRODUCIBLE £— REMAHLTLLEIW, EEICIE. ¥—
ROEEINTULWAWGE, COTE—RNEFIEEZ VY LY—REFRALEFEA,

8.3. OPTAPLANNER V)L A—DOJ LR DER

OptaPlanner VI A—DOJ LRIV EZEB LT, YIWNN=TIVFT1ET 1 —%BRTEET, RDOY R
M, SEIFLOTLARIVICDODVWTEHBALTVWET,
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e error:RuntimeException & L THEUH LtD I — RIZ throw SBT3 —%2RWV\WT, IT5—%
A7 LET,
IS5—HAFELKIFS. OptaPlanner ILBHIFEFETRRLET, MUK LtDI— RNIZEE
iz X v £—2 % & RuntimeException D % 7 VS R&EHALET, O XA v E—JDER
T HHIC. I7—&LlTAJIKEZRINETA, BFTHLITOOI—KFHFZED
RuntimeException % BARBIICF v v F L THRLAWRY, ALY KOT 72O
‘ExceptionHandler (3 & ICN K FhEaT o —& LTOJICREEHELET, ZDOE. I—NEI S
WKEEZRIFLEY, I5—%2#5H LY TEZIETHEIINET,

o EL- XEbLbLWRRAOVICEEKLET
o info TRTDIT7T—XEVILIN—BEFEEOVICEHELET
o FNYT IRTDIT—ADIRTDRATy SO Il LET

FL—R:FTRTDITIT—ZXDITARTDRATY TOITARTOFETAOVICEBELET

R

FML—RAOVAEETEE, RI7A—TVAAKBICETLET, 2L, PL—Z O
FUUlEk, RMLRY I ERRITZ-ODHEFERICERICEETT,

TNy T OTTIzZ, LANFIOETIVARDPYIaAL—FTy RT7=Z—) 5B EDT
ERATYEYTTILTY) ALATENRN T —I VY ADNKIBICET T 2R8EMELHY T
N, I T—H—FREDEERERTFYEY I 7ILTY) ALATIFETFTLEH A

trace’ & TNy T OXF VY ITOMAD., FEAEDTRIFT—TDYILFAL Y RERRT
EEAS|XREILET,

Eclipse Tlk, AV Y —ILAD TRy OJIC&Y, ROATHEREN 1HY
10000 A B2 DEEHNKLE T ZERHIH Y FT, IntelidJ & Maven AYY RS4 U E T
DOEBICKEINTVWEHE A,

FI7

OFX VI LRLE TRy OFVTICERELT, 722 —XP0WDRTL, EDOKHLVWDEITRATY
THEFINDIIEERLET,

ROBIE, TNy 7OTHLDEAZRLTVWET,
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INFO Solving started: time spent (3), best score (-4init/0), random (JDK with seed 0).

DEBUG CH step (0), time spent (5), score (-3init/0), selected move count (1), picked move
(Queen-2 {null -> Row-0}).

DEBUG CH step (1), time spent (7), score (-2init/0), selected move count (3), picked move
(Queen-1 {null -> Row-2}).

DEBUG CH step (2), time spent (10), score (-1init/0), selected move count (4), picked move
(Queen-3 {null -> Row-3}).

DEBUG CH step (3), time spent (12), score (-1), selected move count (4), picked move (Queen-0
{null -> Row-1}).

INFO Construction Heuristic phase (0) ended: time spent (12), best score (-1), score calculation
speed (9000/sec), step total (4).

DEBUG LS step (0), time spent (19), score (-1), best score (-1), accepted/selected move count
(12/12), picked move (Queen-1 {Row-2 -> Row-3}).

DEBUG LS step (1), time spent (24), score (0), new best score (0), accepted/selected move count
(9/12), picked move (Queen-3 {Row-3 -> Row-2}).

INFO Local Search phase (1) ended: time spent (24), best score (0), score calculation speed
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(4000/sec), step total (2).
INFO Solving ended: time spent (24), best score (0), score calculation speed (7000/sec), phase total
(2), environment mode (REPRODUCIBLE).

BEPINAFEOEBEIEITRTIYRDEBEMATY,
TARTCHSLFAJ ICEHFRINFEF T, Chik, §RTDOAT A v E—I % Logback., Apache Commons

Logging. Log4j. F7<idjava.utillogging ICEFET 280/ 7 74— RKTY, BRLAZOX VI
L—LD—o0axy 787y —ICikEBRZEBMLEFT,

8.4. LOGBACK #{#F L T OPTAPLANNER VIV N—F7 O F 4 EFT 1 —%
mEANERE S & )

Logback I&. OptaPlanner CERAT 27-HICHEINZO0FX V7L —LT—9TY, Logback Zf&
FA L T. OptaPlanner VILIX—TF V574 ET 4 —%0OJICEHLE T,

AR
e OptaPlanner 7OV V7 M HY F T,

FIR

1. JR®D Maven #&1ZE4% % OptaPlanner 7OY TV h® pom.xml 7 7 1 JLIZEBI L F,

. e
<\ Ty S OREEREEMTZREEHY A,

<dependency>
<groupld>ch.gos.logback</groupld>
<artifactld>logback-classic</artifactld>
<version>1.x</version>
</dependency>

2. ROABNCTTRT L DIC. logback.xml 7 7 1 )LD org.optaplanner /Xy 7 —> DO L N)L % 5%
ELXY, ZIT. <LEVEL> (& [Logback Z{#F L T OptaPlanner VIL/X—=7 7 57 4 E
TA—AHO7ICESHRT 2] ICVRAMINTWRAOJLARILTY,

<configuration>

<logger name="org.optaplanner" level="<LEVEL>"/>

</configuration>

3. 77 aviEHO YIWIR— A VRV ADEBICETINTWSAEENHBILFT TV
N7 TN —avhHh a8 BAVAIVYAOOQ7E5MNA2DT7 74 ILICHEILET,

a. solve() MU H LE~ Yy I NI T+ X b (MDC) THA#ZX T,
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MDC.put("tenant.name" ,tenantName);
MySolution bestSolution = solver.solve(problem);
MDC.remove("tenant.name");

b. ${tenant.name} TEICERB TV 7 A I AFRAT B LIICOLT—%ZERELET, & X,
logback.xml 7 7 1 JLC SiftingAppender %R L £ 9.

<appender name="fileAppender" class="ch.qos.logback.classic.sift.SiftingAppender">
<discriminator>
<key>tenant.name</key>
<defaultValue>unknown</defaultValue>
</discriminator>
<sift>
<appender name="fileAppender.${tenant.name}" class="...FileAppender">
<file>local/log/optaplanner-${tenant.name}.log</ile>

</appender>
</sift>
</appender>

pz o-1o)
BEOVILN—FIF1DDOTILFAL Y RYILN—AFETTIHEE, aV
V= EEDIFEAEDTRYY—E, TRy T L FL—RX O TER
BAFIERBILEYT. COBEZEET 5ICIE. FFRBET7RVS—IUE
B, TNy T O EAIICLET,

4. OptaPlanner B8 L WL RILEFBH L AWGEIX, —BRICYAFL47ONRF 4 —-
Dlogback.LEVEL=true Z EML TS TN a—FT1 VI LET,

8.5.LOG4J #{EAH L T OPTAPLANNER Y ILN\—F7 U F 4 EFT4—%0O%
ICECExT %

TTIC Logd ZFEALTWVWT, LYUBRBREMTH 2 Logback ICEIYEZ =< RWEEIE. Logdd A
IC OptaPlanner 7OY TV NARETE XY,

(1} =355
e OptaPlanner 7OV V7 MAHY F T

o logdd AFX VI I L —LD—0%FRALTVWET

FI7
1L 7Yy PokEERf{fE IOV MO pomxml 7 7 1 JLITEML X T,

<dependency>
<groupld>org.slf4j</groupld>
<artifactld>slf4j-log4j12</artifactld>
<version>1.x</version>
</dependency>
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2. ROBUTTRT L DI, logdj.xml 7 7 14 )LD/\y sr—< org.optaplanner THJ L N)L % 5% 7E
LF¥zFY, IIT. <LEVEL> I& [Logback Z{#M L T OptaPlanner Y ILX\—=7 0 F 4 ET 14 —
EOJICEREHT S I ZAMINTWEZOJLARILTY,

<log4j:configuration xmlins:log4j="http://jakarta.apache.org/log4j/">

<category name="org.optaplanner">
<priority value="<LEVEL>" />
</category>

</log4j:configuration>

3. 77 avi RO VYIVIR— A VRV ADEBICETINTWSEAEENHBILFT TV
N7 TN —2avhHh a8 BAVAYIYZA0OQ7 52D 7 74 ILICHEILET,

a. solve() MU L&E~ Yy I NI YT+ X b (MDC) THA X,

MDC.put("tenant.name" ,tenantName);
MySolution bestSolution = solver.solve(problem);
MDC.remove("tenant.name");

b. ${tenant.name} TEICERBZ TV 7 A IV AFERT A LDICOA—%EERELT T, L& A,
logback.xml 7 7 1 JLC SiftingAppender %R L £ 9.

<appender name="fileAppender" class="ch.qos.logback.classic.sift.SiftingAppender">
<discriminator>
<key>tenant.name</key>
<defaultValue>unknown</defaultValue>
</discriminator>
<sift>
<appender name="fileAppender.${tenant.name}" class="...FileAppender">
<file>local/log/optaplanner-${tenant.name}.log</ile>

</appender>
</sift>
</appender>

R

BHOYVILN—FET1D2OTILFAL Y RYILN—2ETT3HE. IV
VI EEBUIFEAEDTRYT—IE, TRy T LV PL—R O TEE
BT ILEY, COMEALOET 2ICIE. FRBPT7RVSY—ICUYE
2B TNy T O EAFTICLET,

8.6. YV IL/IN—DESHE

OptaPlanner (&, Java 77V o —2avBADOXA N v V&S 4 75 —T#H 3 Micrometer 29 L T
ANy OHRNRALET, —RILEIRS AT LT Micrometer %A L T, OptaPlanner ¥V JL/N\—%
BEIHTEET,

,
I

?,

8.6.1. Micrometer /M Quarkus OptaPlanner 7 7’!) ¥ —> 3 V DR E

an
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OptaPlanner Quarkus 7 71) 77— 3 » % Micrometer BLUVHEEINLERV AT LAFERAT E LD
ICERTEY 2 ICIE. Micrometer k7ZBEf% % pom.xml 7 7 1 JLICEML 9,
AR

® Quarkus OptaPlanner 7 ) r—v a3 v YU £d,

FIR

L ROKEREGRET ) r—a > pomxml 7 74 JLICEBMLES, I T
<MONITORING_SYSTEM> & Micrometer & Quarkus THR— KN INTWBERI AT AT
ERS

% Prometheus I¥3R7E. Quarkus THR— M INTWVWEH—DERI AT ATT,

<dependency>

<groupld>io.quarkus</groupld>
<artifactld>quarkus-micrometer-registry-<MONITORING_SYSTEM></artifactld>
</dependency>

TVr—oavEREE-—RTEITTZICE. ROIATY REAALEFT,
I mvn compile quarkus:dev
TIVr—oavDA M) v I ERRTBICE. T2 —IROURL ZEAALFT,

I http://localhost:8080/g/metrics

8.6.2. Micrometer Fi® Spring Boot OptaPlanner 7 7 \) 7 —< 3 V DR E

Micrometer &I 8EINAER Y XA 7 L% FEHT % &£ 5 IC Spring Boot OptaPlanner 7 7Y s —> 3 v %
BRET BITIE. Pom.xml 7 7 1 JLIT Micrometer IR7ZBE %R 28N L £ 9

AR

® Spring Boot OptaPlanner 7 s —>avhH Y £9,

FIR

L ROKERGRET ) r—a > pomxml 7 74 JLICEBMLES, I T
<MONITORING_SYSTEM> (& Micrometer & Spring Boot THR— M INTWBERY AT A
T9,

<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-actuator</artifactld>
</dependency>

<dependency>
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<groupld>io.micrometer</groupld>
<artifactld>micrometer-registry-<MONITORING_SYSTEM></artifactld>
</dependency>

. 77— a2 o application.properties 7 7 1 JLICEREBHREEBML £, 4

&, MicrometerWeb %4 h=SBRL T LI,

T r—2avEaEERFTTHICNE. LTI Y REAALET,
I mvn spring-boot:run

TFVT—23vDAN) Yy I ERRTZITE. 7539 —ITROURLEZAHDLET,
http://localhost:8080/actuator/metrics
)z 6

JR®D URL % Prometheus 27 L4 /X—/RR2 & LTHFERALET:
http://localhost:8080/actuator/prometheus

8.6.3. Micrometer M 7L — > 7 Java OptaPlanner 7 7!) r—> 3 V D% E

Micrometer Z#{FH 9 5 & 5 ICT L —> 7% Java OptaPlanner 7 7 o —> 3 VA RET 5 11,
Micrometer D&kEFREHRE. BIRLAERI AT LDEREREHREZ 70V Y MO POMXML 7 7 1 JLIC
EMY2HENHY FT,

AR

FIR

o JL—YV7# JavaOptaPlanner 7 7Y —>avhHhy 9,

L ROKEREGRET T r—a > pomxml 7 74 JLIEBINLET, 2

T. <MONITORING_SYSTEMS> (& Micrometer TEREINERI AT LTH
). <VERSION> [&ffFH L TL % Micrometer O/X—2 3 Y TY,

<dependency>

<groupld>io.micrometer</groupld>
<artifactld>micrometer-registry-<MONITORING_SYSTEM></artifactld>
<version><VERSION></version>

</dependency>

<dependency>

<groupld>io.micrometer</groupld>
<artifactld>micrometer-core</artifactld>
<version>"<VERSION>"</version>

</dependency>

. 7YY M@ pomxml 7 7 A JLDFEIEIC, BEIRT R T LD Micrometer 32 EBEHRZBM L F

9, M. MicrometerWeb ¥4 RESBLTLLEIWL,

. REBFROTITRDITZEMLET, I T. <MONITORING_SYSTEM> [FiE/ L 7EBEH T R

T LT,

I Metrics.addRegistry(<MONITORING_SYSTEM>);
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RDOBFIE, Prometheus B8V AT LA BIMT B3 AEARLTWVWET,

PrometheusMeterRegistry prometheusRegistry = new
PrometheusMeterRegistry(PrometheusConfig. DEFAULT);
try {
HttpServer server = HitpServer.create(new InetSocketAddress(8080), 0);
server.createContext("/prometheus”, httpExchange -> {
String response = prometheusRegistry.scrape();
httpExchange.sendResponseHeaders(200, response.getBytes().length);
try (OutputStream os = httpExchange.getResponseBody()) {
os.write(response.getBytes());
}

};

new Thread(server::start).start();
} catch (IOException e) {

throw new RuntimeException(e);

}
Metrics.addRegistry(prometheusRegistry);

4, ERY AT L%FWT, OptaPlanner AV I hDAKNY v I AERRLET, RDOANY v
IOBREINET,

P2
ANYyIDERERRIE. LIZAMNY—ICE>TRRYET,

e optaplanner.solver.errors.total: S8 FEFIIRLARE (CARPICHKE LT 5 — DR,
e optaplanner.solver.solve-length.active-count: IREFE LT W5 YV IL/N— D,

e optaplanner.solver.solve-length.seconds-max: IR7E7 7 7 1 772V )L/ N—DRTEREH
=HRWVWETRME,

e optaplanner.solver.solve-length.seconds-duration-sum: 7 7 7 1 772 &V JL/N\—DfER

BB DEET, EZE. TOTATRYILN=HD2DHY, —ADIDBEEITIN. £
— AN PERTINTWBIGE, AEtstEREIE49TY,

87.8 M T RL—49—DHETE
ZLDea—YRT4vIELVAI I —) AT 14w IE, BEIDOFZEIR, RAT7DEV DX DR,
HER—2OBHOZIIANAEERLEEY TR L — 9 —IRELTWET, RHAIC, ALSVY

LAV VANBIEIN, BIRME, R74—T VR, BLUS VY ALEOH—LBLHEIALL F
-a—o

SUFLY—RIE, REUABY XL -9 2L T 2OICERAINEESTY,
FIa

L. A7 av:SUFLAVRIVADS VI LAY — RAEZET SICIE. randomSeed #5E L
F9,

<solver xmIns="https://www.optaplanner.org/xsd/solver"
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="https://www.optaplanner.org/xsd/solver
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https://www.optaplanner.org/xsd/solver/solver.xsd">
<randomSeed>0</randomSeed>

</solver>

2. ATV a v RUEABY IR L — Y —DREEEET ZITIE. UTOYVILN—=FRET 74 ILITY)
A MENTW2S randomType 7O/X5 1 —DEAIEELFT, I
<. <RANDOM_NUMBER_GENERATOR> [Z5#UELHY 1 %L —4 — T,

<solver xmIns="https://www.optaplanner.org/xsd/solver"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="https://www.optaplanner.org/xsd/solver
https://www.optaplanner.org/xsd/solver/solver.xsd">
<randomType><RANDOM_NUMBER_GENERATOR></randomType>

<};olver>
ROBUEBY 2 XL —9 DY R— IR TWET,
o JDK (T 7 #JL M) IZEDIEY = L —4 —DRE (java.util.Random)
e MERSENNE _TWISTER: O£V A F ICL > TEAH = XL — 5 DERK

e WELL512A, WELL1024A, WELL19937A, WELL19937C, WELL44497A & WELL44497B:
Commons Mathil & 2EE I = x L —4 DERE

FEAEDI—RT—ATIE, randomType 7O/8F 4 —DIEIE. BEHDT—9 Yy NTORRDY
Ja—>avOFHYREBILKREIRFELESIFTHEA,
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9% OPTAPLANNER SOLVERMANAGER

SolverManager |&. REST LUV ZDMD IV 9 —F 54 A —ERDFTEMEDRR=BRILT 2%
HDIDLUED VIVIN— AV RHYVADT 7H—KTT,

Solver.solve (...) XV v R&IZE7 Y, SolverManager &, ROFELHY £T,

e SolverManager.solve (...) [E T CICEY &9, MUK LITDRAL Y RETOv 7€, 3ERA
HEADEEZR 7Y 1—ILLET, ThICLY, HTTPBLVZDMDT Y /B —D8 A
LT NOREENERINET,

e SolverManager.solve (...) IZ. BIU KX A Y OEHOEREELEITL TRRLET,

AERAYIC 1L, SolverManager (&, Solver.solve (...) #l VTV IL/NA—ZAL Yy KDLy KF—)L
& RBERY ) 21—V avERARY N ENETEIY 12— —ALY RORAL Y RT—ILEEEL
7,

Quarkus & SpringBoot Tl&. SolverManager 1 > 2% ¥ AN — RICBFNICHEAINE T,
Quarkus F 7z 1d SpringBoot MAD TS v N7 4+ —LEFERALTWSIHEIE. create (...) XV v K%&(#
FA L T SolverManager 1 Y A% VA% EI KLZET,

SolverConfig solverConfig =
SolverConfig.createFromXmIResource(".../cloudBalancingSolverConfig.xml");
SolverManager<CloudBalance, UUID> solverManager = SolverManager.create(solverConfig, new
SolverManagerConfig());

SolverManager.solve (...) XV v NIZEEI N ZBEICIE. —EORBBID ABRETY, T
getSolverStatus (problemld) % 7= | terminateEarly (problemld) # U3 &, TDRREID #FR L
TEtEOMEZXA L £, BEIDIE. Long. String. java.utiLUUID 2EDA I 2 —4 TV s
TZATHZIZBEDGHY X,

SolverManagerConfig 7 5 X ICid, T L TEITINZ VILNN—DEEFIET 2
parallelSolverCount 7O /X7 1 —H'H Y £9, /=& z2IL. parallelSolverCount 7O/X7 1 — "' 4
IKREINTWT, 5ODBBEEZEETZE. 4 DOBBENT CICRRARBR L. RHMOBEED 12
RT7T92L5FBOBEN ABLET, ThHoDBEBIN TN TN S DRBMARLBE. SHEEOBER
0DTRTLET., 774/ KTIL parallelSolverCount (& AUTO ICEREINTHEY., YVILAA—D
moveThreadCount I[CEAfR7%: <. CPU A7 DFRICRINE T,

RERYV ) 1—aVvERET 5. BT ZHRLE,. BEIE Solverdob.getFinalBestSolution()
EHEALET,

CloudBalance problem1 = ...;

UUID problemld = UUID.randomUUID();

// Returns immediately

Solverdob<CloudBalance, UUID> solverJob = solverManager.solve(problemld, problem1);

CloudBalance solutiont;

try {
// Returns only after solving terminates
solution1 = solverJob.getFinalBestSolution();

} catch (InterruptedException | ExecutionException e) {
throw ...;

}
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L, A=Y=V ) a1—a v aERBETIREICNY FOREERERT D2 AEE., 21— =Y
)21—> 3 VEBBHICE > TWBRBICSA JTCHRRATZAEDEAICDOVWT, JYRWZTO—FH
HYFET,

IRTED SolverManager E&X(FE—DIAVE1—49—/ —RTEITINFITH. FROEEIFE. 257
RREICVILN—DETEDEHTEIEEBMNELTVET,
9.1. BIRED /Ny F R

Ny FREREG, BROT -9y b2UITLTHRRSTSIETY, Ny FRRIIRENIE TRICIRI
5% 9,

o BE. FRICIIBEDELRRIFEAETLEE 2 HY FHA, —EROFMIZHIR Z 58 L
FY, L&A RREFIXTICKADY VTR M X ETDEV2LEDTY,

o VIN—=IE BEREFOADHEVAWLH, CPUNY —ANLMTHZ I ENEWcdHd, &
SDICRL. ZLOBERBRAEARITTEIT,

o BVEXRHIKRENMBICHBELALEESIIV 21— aVAFATEEYS,

FI7

parallelSolverCount (C & > THIR L 7= ETHF/Ny FTOMBRERT 5I1C1E. &T—9Ey hDL®D
IZIE. LTRSS RICE>THER LI TDET—4IZDWT solve (...) U LT,

+

public class TimeTableService {
private SolverManager<TimeTable, Long> solverManager;

// Returns immediately, call it for every data set
public void solveBatch(Long timeTableld) {
solverManager.solve(timeTableld,
// Called once, when solving starts
this::findByld,
// Called once, when solving ends
this::save);

}

public TimeTable findByld(Long timeTableld) {...}

public void save(TimeTable timeTable) {...}

0.2. R L THEMWIK R A= 1EEET B

A—H =AY ) 21— 3V FoTWVWBBEICVILNN—DEITINTWSEIGEE., 1—F—3EREZITE
DETICHD T IIHEBREOMVEINHZZEIHY FE T, TRTHIERICEATVWSE A1 —H—
ICIREET B72DIC, CNETIERINAAEREDHEARARERRORAIAT7 2R AL TEBRIERLE
_a—o

FIR
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136

. FEDRRDYV Y 12— 3 v &IET %I, solveAndListen(...) = FARALF T,

public class TimeTableService {

private SolverManager<TimeTable, Long> solverManager;

// Returns immediately
public void solvelLive(Long timeTableld) {
solverManager.solveAndListen(timeTableld,
// Called once, when solving starts
this::findByld,
// Called multiple times, for every best solution change
this::save);

}

public TimeTable findByld(Long timeTableld) {...}
public void save(TimeTable timeTable) {...}

public void stopSolving(Long timeTableld) {
solverManager.terminateEarly(timeTableld);

}

CDEREIF, T—IR—REFHALT, 7T—IR—RER—YVTFTBHU ERBELET., £V
SELREEEF, BEAVY)1—Yava U FEAyE—Y 9 Fa—IlBEE Y2 LE

AP HEOREDERRIHERE L. LYBRWEREELZ INULEFELRVGEEII,
SolverManager.terminateEarly (problemid) =M U'H L £ 9,



/X— M IV.RED HAT EJV KD OPTAPLANNER 74 v VA9 —bMHA K

/N— N IV.RED HAT EJL KD OPTAPLANNER 71 v V A& — b
AA K

UTOFIEICHE> T, RREBDEFERY > TILIC, ShiftAssignment T—9 A TV I Na TS0y
TJIVT474—ELTERLET,

e RedHat EJL K® Quarkus £® Red Hat EJL K® OptaPlanner: BEEID I 1 v 2 A9 — M A
1K

® RedHat EJL KD Quarkus T® Red Hat EJL KD OptaPlanner: 77 F U EEFHRA Y 1 —
S—DIA Y IRIY—NHA R

® Spring Boot £® Red Hat EJU K ® OptaPlanner: FEEID V4 v 7 A& — M HA K

® RedHat EJL K® OptaPlanner & JavaSolver: 7 57 RISV TDIA4 Yy P RY—bMHA
N
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55102 RED HAT E'JL KD QUARKUS M REDHAT EJL KD
OPTAPLANNER: BfEZEID V1 v VR —NHA R
AETIE, RedHat EJL KD OptaPlanner O#I#IEER AN THEE (Al) Z2fEH L T Red Hat EJL KD

Quarkus 7 7)o —> a3 Vv AERT 7O A%HBALET, FES L ORI OREE %= &E(LT
BREST7Z7 7V —avaEBRELTVWEZT,

Refresh Score: Ohard1Bsoft m By teacher By student group
Timeslot Room A W RoomB W RoomC W
Physics L] Spanish L]
Monday 08:30 - 09:30 W by M. Curie by P. Cruz
10th grade T Sth grade 22
Physics L] Spanish L]
Monday 09:30 - 10:30 W by M. Curie by P. Cruz
Sth grade 16 10th grade 33

YH—ERE, AIEZFRALT, UTON—KELTY I MO RTTa— LR ICER L, Lesson 1~
248 X% Timeslot 1 VA%V RX& Room A VAY VAICEHBMICEIY L TET,

Monday 13:30 - 14:30 &

Monday 14:30 - 15:30 W

o THEICARKICEIYETEIENTEZEXRIF, FX1AYTT,

o HEIHNREFIC—EICT) LN TEBHEXIFERNIETT,

o AEIRIABICHETESIRERIRKRTIIAVYTY,

o HENE, 1 DDMETOREZFLELEY,

o HEMIL, Eii L/cRELZFH. REBICKEIEL DEHRVWET,
BEWNICEZ D & ZROKEEIENPERE ORETHY Y, 2FY, RT—YVIHPREHTT., #
HEYHBTEZONSHAGDODEZEMICINTRES S, A—/—vFa1—49—%FEALKLE
LTH. FERNRT -9ty NEBRET2DICHEENM Y T, FL\, RedHat EJL KD

OptaPlanner R ED Al FIFIYV LN —TIE, FYURRBBRNICIFEFRERY Y 21— a v 2RHT25E
BRPZIVITV LD HY FY, ZHLHEE LTERINZIATE. BEOBMICL>TERYET,

AR
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o OpenJDKNLEAAM Y X h—)ILINTWB, RedHat EJL K®D Open JDK |& Red Hat 1R
R—R=4)1L@ATAVHIREYD VI Iz T7H I O—RR=INLAFTEET,

® Apache Maven 3.6 IBEA 1 A M—)LENTW 3, Maven I Apache Maven Project M Web
Y4 MDOLAFTEET,

e |IntelliJ IDEA. VSCode. Eclipse. NetBeans 7 & ® IDE AFIETX %,

10.1. MAVEN 7S5 714 > A {#H L 7= OPTAPLANNER RED HAT EJL KD
QUARKUS MAVEN 7O 2 M DYERK

Apache Maven & & U Quarkus Maven 75 74 ~ % {#H L T. Red Hat EJL KD OptaPlanner & U
Quarkus 7 7)o — a v DFEREARKRTEET,

=S5

® OpenJDKNMLEA S Y X M—)ILINTWB, RedHat EJL K®D Open JDK | Red Hat 1 R
I—R=4)1L@ATAVHIREYD VI I zT7HF I O—RR=INLAFTEET,

® Apache Maven 3.6 LIBED 1 VY X h—IJLEINTWS, Maven IE Apache Maven Project M Web
YA RDOLAFTEIT,

FIR

. A Y RY—IFITUTOOY Y REAAL, Maven BN DKM ZFRHLTWRZE, 2L T
Maven D/X—2 3 U 36 L ETHB I EA#HRALET,

I mvn --version

2. FEEOOY Y RTIDKN BRI NAWEE K. JDKNTAD/IAR % PATH BEZHIEML., £
OOV RE=BEAALET,

3. Quarkus OptaPlanner 74 v 2 24 —h7OY Y MEERT ZIIE. UTFOITY REAA
L/i-a—o

mvn com.redhat.quarkus.platform:quarkus-maven-plugin:2.2.3.Final-redhat-00013:create \
-DprojectGroupld=com.example \
-DprojectArtifactld=optaplanner-quickstart \
-Dextensions="resteasy,resteasy-jackson,optaplanner-quarkus,optaplanner-quarkus-
jackson" \
-DplatformGroupld=com.redhat.quarkus.platform
-DplatformVersion=2.2.3.Final-redhat-00013 \
-DnoExamples

ZD3IX v KNiE, .Joptaplanner-quickstart 74 L 7 N —TLUUTOERZEM L F T,
® Maven D&

e src/main/docker M Dockerfile 7 7 1 JL D

o 7)) y—avDRETIFAIN

#10.1 mvnio.quarkus:quarkus-maven-plugin:2.2.3.Final-redhat-00013:create A< >~ K
THEALLETIONRT 1 —
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projectGroupld 702z DT —TID,
projectArtifactld Oz MNDT—T4 779 KD,
extensions Zn7aY Y MTHEAT S Quarkus IEERO IV Y XY 1) R

Mo Quarkus EERDEL—EBICDW T, HEDIATY RS VT
mvn quarkus:list-extensions # AL £ 7,

noExamples TANFLF VS RAEFERETIC. oYz MEETTOV T
9 hNEERLET,

projectGrouplD & & U* projectArtifactlD 70O /X5 4 —DEAFH LT, 7AY Y b
N=avaEERLET, 7740 h0TOY Y b=V 3 V(4 1.0.0-SNAPSHOT T
ER

4. OptaPlanner 7OY =¥ M %&FRRT %ITIE. OptaPlanner Quickstarts 714 L2 b U —IZRBEL
x7,

I cd optaplanner-quickstart
5 pomxml 7 7 AV EHRLET, AT UYDOHEUTICRLET,

<dependencyManagement>
<dependencies>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>quarkus-bom</artifactld>
<version>2.2.3.Final-redhat-00013</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>quarkus-optaplanner-bom</artifactld>
<version>2.2.3.Final-redhat-00013</version>
<type>pom</type>
<scope>import</scope>
</dependency>
</dependencies>
</dependencyManagement>
<dependencies>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy-jackson</artifactld>
</dependency>
<dependency>
<groupld>org.optaplanner</groupld>
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<artifactld>optaplanner-quarkus</artifactld>

</dependency>

<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus-jackson</artifactld>

</dependency>

<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-junit5</artifactld>
<scope>test</scope>

</dependency>

</dependencies>

102. RKAA VAT MDETIVE
Red Hat EJL K® OptaPlanner DBFEEI 7O 7 bOBEIR. Ly RV TEICHBREHEICEY Y

T3Z¢ETY, TNITIE. ROEICTT LD IC. Timeslot. Lesson. 8L T Room D3 DDY SR %
EMLEY,

Time table class diagram

Timeslot Lesson
dayOfweek : DayOfWeek subject : String
startTime : LocalTime , teacher : String
endTime : LocalTime — timesiot _ studentGroup : String

‘ Room
name : String room
0.1 *

Timeslot

Timeslot 7 5 X%, Monday 10:30 - 11:30. Tuesday 13:30-14:30 12 &, TFHXORIAZXRLFT, &
DOFITIE. FEREITATR RS (Hif) T, BARAFLIEMOKRERFEICIEIOROY MIHY FH
/‘JO

BRORT Y 1—LiIdER (A CARMN) BRYRINZLIFRDT, FEARICIEFEMYGHY FHA, £
foo METS V=0T BBEDHY THA, FRRFFIC Timeslot 1 Y X8 YV ADEE LRV,
Timeslot IZ BBZ7 727 b EENEFT, DL DY S RICIE OptaPlanner BED 7 / 77— 3 vk
WEHY FH A

Room

Room 7 5 Xl&. Room A. RoomB 7% &, BEDIBMERLE T, UTOHITIX. EOBEL EEH
RO, TRTOBEICHBTETET,
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Room 1 VA% ¥ RIIEREFICEIL LA W0, RoomIZBEEZ7 72V b THEHY T,

Lesson

¥ (Lesson 7 5 A TRI). HEHIZEE D ELEIC Math by A.Turing for 9th grade. Chemistry by
M.Curie for 10th grade %2 EDE R ZIEE L £9, H2HEBICDOWT, BEEHKE. R CHEAHIRE CE
HIN—THIEET ZHEIE. Lesson 1 YR VAN EHFERAINI TN Thoid id THITEET
T, L& ZIE OFEDFEIE. 1 BRI 6 MBEDRENHY £,

i@ (C, OptaPlanner I&, Lesson 7 5 A ® timeslot 7 1 —JL K& room 7 1 —)LREZZEL T, &
BEA, BFEZRE1D, BEIDICEIYHETET, OptaPlanner idZh D714 —ILKEEET 57
&, Lessonld 7SV IIVF14 74— ERYET,

Time table class diagram

The timeslot and room fields are

normally null before solving ) . .
and non-null after solving @P‘fd”m”gEﬂmj‘;

Timeslot Lesson
dayOfweek : DayOfWeek
startTime : LocalTime
endTime : LocalTime

subject : String
teacher : String
studentGroup : String

@PlanningVariable
timeslot
0.1 *

‘ Room @PlanningVariable

name : String

room
0.1 *

AT, ALY IDT714—ILRUADIFIEFITARTOT 4 —ILKIZ, ARBT—IHEEFAhTVET, &
%0 timeslot 7 1 —JL K& room 7 4 —JLRiE, AAT—FICEYHETLNTEST (null), HAT—
FICEIY B THNT (null TIEARW) WE T, Red Hat EJL KD OptaPlanner I&, fREFICIN 5D
T14—IVREZEBLET, TOLIRTA—IVRETS VU IERHEMENE T, D71 —ILR%E
OptaPlanner ICERE# I & % ICI1&. timeslot 7 1 —JL K & room @ 7 1 —)L K IZ @PlanningVariable 77
JT—=2aVvhRMETY, IDT71—I)LRIZEFENS Lesson 7 T RIZIE. @PlanningEntity 7 / 7 —
avVhIRETY,

Fa
1. src/main/java/com/example/domain/Timeslot.java 7 5 X = {E L £,
package com.example.domain;

import java.time.DayOfWeek;
import java.time.LocalTime;

public class Timeslot {
private DayOfWeek dayOfWeek;

private LocalTime startTime;
private LocalTime endTime;
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private Timeslot() {

}

public Timeslot(DayOfWeek dayOfWeek, LocalTime startTime, LocalTime endTime) {
this.dayOfWeek = dayOfWeek;
this.startTime = startTime;
this.endTime = endTime;

}

@Override
public String toString() {
return dayOfWeek + " " + startTime.toString();

}

/ FAEAAAA A A A AR ARk A A A A A A A A ddhokohok

// Getters and setters

// FAFAA A A A A AR Rk A A A A A A A A A ddohokohok

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}
}

BABLTWB LT, toString() XV v NTHO%E5E L 3578, OptaPlanner ® DEBUG O
J%7-1& TRACE OV DAY A EHEICA>TWVWET,

2. src/main/java/com/example/domain/Room.java 7 5 A = {E L £ 9,
package com.example.domain;
public class Room {
private String name;

private Room() {

}

public Room(String name) {
this.name = name;

}

@Override
public String toString() {
return name;

}
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144

/ FARAA A A A A A ARk A A A A A A A A ddokokohok

// Getters and setters

/ FAFAA A A A A AR Rk A A A A A A A A dd ok ok

public String getName() {
return name;

}

3. src/main/java/com/example/domain/Lesson.java 7 5 X = {ER L £ 7,

package com.example.domain;

import org.optaplanner.core.api.domain.entity.PlanningEntity;
import org.optaplanner.core.api.domain.variable.PlanningVariable;

@PlanningEntity
public class Lesson {

private Long id;

private String subject;
private String teacher;
private String studentGroup;

@PlanningVariable(valueRangeProviderRefs = "timeslotRange")
private Timeslot timeslot;

@PlanningVariable(valueRangeProviderRefs = "roomRange")
private Room room;

private Lesson() {

}

public Lesson(Long id, String subject, String teacher, String studentGroup) {
this.id = id;
this.subject = subject;
this.teacher = teacher;
this.studentGroup = studentGroup;

}

@0Override
public String toString() {
return subject + "(" +id + ")";

}

/ FAEAAAA A A A AR ARk A A A A A A A A A A dhokohok

// Getters and setters

/ FAFAA A A A A AR Rk A A A A A A A A ddhokohok

public Long getld() {
return id;

}

public String getSubject() {
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return subject;

}

public String getTeacher() {
return teacher;

}

public String getStudentGroup() {
return studentGroup;

}

public Timeslot getTimeslot() {
return timeslot;

}

public void setTimeslot(Timeslot timeslot) {
this.timeslot = timeslot;

}

public Room getRoom() {
return room;

}

public void setRoom(Room room) {
this.room = room;

}
}

Lesson 7 5 ZIZI& @PlanningEntity 7 / 7—> a VA& EFNTH Y., TOHRITTSV =T
ZHEN1DODULEEEFNTWS S, OptaPlanner [dZ DY 5 AWFREFICEILT 5 2 & A 535
LEYd,

timeslot 7 1 —JL RICI3 @PlanningVariable 7 / 7— 3 > #'% % 7=, OptaPlanner (.
D74 —ILRDENETZIEERHBLTVET, TOT741—ILRNICEIYHTZIEDT
X% Timeslot 1 V24 VX% RBDIFHTHIC. OptaPlanner (3 valueRangeProviderRefs
TanRT 4 —%FEALTEOHEE 7O/\1 §— & L, List<Timeslot> %12t L TERTE
5£5ICLEY, EQHETONA Y —ICETZEME. [T50=vJV)a—23vTO
RAAUF T hDPRE] 28RLTLEIW,

room 7 41 —J)L RIZH, FLCEHET @PlanningVariable 7 / 77— a v A&Fh 9,

103. FIHMDEES L VCRIATDEFE

BREDMREFIC A7 TEMNIBOBEEZRLEFT, RAAT7HFEVWELEENE LAY XTI, RedHat
EJL KD OptaPlanner (&, FIARRERIEEN TR O 2 IBOHRNOZERAATOELDZRLELE
T, IO RBEETHIAREMEDHY £,

BREZIDFDI—RAT—ATlE, N—K&VY 7 MMAEFERLTW578&. HardSoftScore 7 2 A TR
a7%%kLEY,

o N—REHIE, BHHERLABVWTLEIW, LEAE BEICERKICRIYHTEIENTE
EEIEF. XK1Y TY,

o VIMHKIE, BERLAVWEIICLTLKEIN, L&A HEE. 1 DOBMETOREXERE
LEY,
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N— RERIE, BDON— RERELERT, BEAMIFZTVET, V7 MR, DY 7 M EER
T, BAMIFZTVET, N—FHE. ThThOEAICERAGC, BICV I MIWELYEERY
i-g_o

EasyScoreCalculator 7 S X %#XR&E LT, ROAT7%Z5ETEZXT,

public class TimeTableEasyScoreCalculator implements EasyScoreCalculator<TimeTable> {

@Override
public HardSoftScore calculateScore(TimeTable timeTable) {
List<Lesson> lessonList = timeTable.getLessonList();
int hardScore = 0;
for (Lesson a : lessonList) {
for (Lesson b : lessonList) {
if (a.getTimeslot() != null && a.getTimeslot().equals(b.getTimeslot())
&& a.getld() < b.getld()) {
// A room can accommodate at most one lesson at the same time.
if (a.getRoom() != null && a.getRoom().equals(b.getRoom())) {
hardScore--;
}
// A teacher can teach at most one lesson at the same time.
if (a.getTeacher().equals(b.getTeacher())) {
hardScore--;
}
// A student can attend at most one lesson at the same time.
if (a.getStudentGroup().equals(b.getStudentGroup())) {
hardScore--;
}
}
}
}

int softScore = 0;
// Soft constraints are only implemented in the "complete” implementation
return HardSoftScore.of(hardScore, softScore);

}

A D, ZORBITHHIENTIEARWVD T, BUICRT—) Vv IINEH A, BEINBOBREZLECHE
ICEY B TOHNEATIC, ERENBIMIN, HTLLWRAATHEHEINET,

src/main/java/com/example/solver/TimeTableConstraintProvider.java 7 5 X %= {Ef L T. #EHR
O7E5BEA2ERTIT2E. BALYBNAEDIZRYET, TDV 5 RIE, Java 8 Streams & SQL & &
IC L 7= OptaPlanner M ConstraintStream API %#{#fH L £9 ., ConstraintProvider

I&. EasyScoreCalculator &b R, 25—V YV T DREABMIAKEZ L R>TUVET (O (n2) TlrAi<
O (n))s

FIE

LUF @ sre/main/java/com/example/solver/TimeTableConstraintProvider.java 7 5 X % {Ef L £ 9,
package com.example.solver;
import com.example.domain.Lesson;

import org.optaplanner.core.api.score.buildin.hardsoft.HardSoftScore;
import org.optaplanner.core.api.score.stream.Constraint;

146



8510Z RED HAT EJU KD QUARKUS t® RED HAT EJL KD OPTAPLANNER: REEIZIO V14 v YV R4 — b HA K

import org.optaplanner.core.api.score.stream.ConstraintFactory;
import org.optaplanner.core.api.score.stream.ConstraintProvider;
import org.optaplanner.core.api.score.stream.Joiners;

public class TimeTableConstraintProvider implements ConstraintProvider {

@Override
public Constraint[] defineConstraints(ConstraintFactory constraintFactory) {
return new Constraint[] {
// Hard constraints
roomConflict(constraintFactory),
teacherConflict(constraintFactory),
studentGroupConflict(constraintFactory),
// Soft constraints are only implemented in the "complete” implementation
I
}

private Constraint roomConflict(ConstraintFactory constraintFactory) {
// A room can accommodate at most one lesson at the same time.

// Select a lesson ...
return constraintFactory.from(Lesson.class)
// ... and pair it with another lesson ...
Jjoin(Lesson.class,
// ... in the same timeslot ...
Joiners.equal(Lesson::getTimeslot),
// ... in the same room ...
Joiners.equal(Lesson::getRoom),
// ... and the pair is unique (different id, no reverse pairs)
Joiners.lessThan(Lesson::getld))
// then penalize each pair with a hard weight.
.penalize("Room conflict", HardSoftScore. ONE_HARD);

}

private Constraint teacherConflict(ConstraintFactory constraintFactory) {
// A teacher can teach at most one lesson at the same time.
return constraintFactory.from(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getTeacher),
Joiners.lessThan(Lesson::getld))
.penalize("Teacher conflict", HardSoftScore. ONE_HARD);

}

private Constraint studentGroupConflict(ConstraintFactory constraintFactory) {
// A student can attend at most one lesson at the same time.
return constraintFactory.from(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getStudentGroup),
Joiners.lessThan(Lesson::getld))
.penalize("Student group conflict", HardSoftScore.ONE_HARD);
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104. 750 )a—2avyTORAA YA T POINE
TimeTable 1 VA%V RlE, B—F—4%tv D Timeslot 1 XYV A, RoomA VAY VR, &
Wlesson 1 VAYVRESY TLET, IHIL, TODAVRYIVRF. BED TSV =V TEHDIR
A DIBENITRTEFTFNTVWEED, TOAVRIVRIE TS FYYa—ay &RY,
2A7HEIYHETENET,

o WENFFLEYLTOSHNTWAWESIZ, X7 H -4init/Ohard/Osoft DYV 1) 2 —> 3 Vg
E. b hTwiwy Y-y arveERhYET,

o N—REMIGERT 3HE. A7 1 -2hard/-3soft DY) 21— 3 VY, AT Y
Ja—aveERYET,

o D//N— REIMICEI L TWBIHEEIE. RO75 Ohard/-7soft 72 &, EfFalge Y )1 —> 3V
ERYET,

TimeTable 7 5 X (ZI& @PlanningSolution 7 / 7—> a VAEFE N TWS 7, RedHat EJL KD
OptaPlanner (ZZ DV Z RICEAHAT—IDNEFNTVWER L Z2RHL T,

BHBICIE. 2075 RIEEBDOANTY,

o 2BFEMMNEF N S timeslotList 7 1 —JL K
o ZhiE, FEREFICEBRINARVED, BEZ7 7V MY —ZA KT,

o 2IENEXN S roomList 7 1 —JL K
o ZhIE, FEREFICEBEINARVED, BEZ7 77 MY =X KT,

o IFEMNEFND lessonList 7 1 —IL K
o Ihid, MREFICEEINDLO, T3V JIIVTAT4—TT,
o #& Lesson:

m timeslot 71 =L KB LUV room 7 1 —)L ROEIZEE. null TREIYHTTY, &
noDfEIR. TS5V IEHTT,

m subject. teacher. studentGroup B EDMHD T 4+ —J)L KIFAAINET, ThHdD
74—V REEMESONT 4 —TT,

=L, TDUVSRIEY)a—YavobrhATEhY ET,

e Lesson 1 VAH VAT ED lessonList 7 1+ —JU RITIE, #R%ZIE null TlEA Ly timeslot
74—=)ILREroom7 4 —ILRKAEEFNFET,

e HAV)a—varvomBE%ZRKT score 7 1 —JL K (ff: Ohard/-5soft)
FIR
src/main/java/com/example/domain/TimeTable.java 7 5 R #{Ef L £ 7,
package com.example.domain;
import java.util.List;

import org.optaplanner.core.api.domain.solution.PlanningEntityCollectionProperty;
import org.optaplanner.core.api.domain.solution.PlanningScore;
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import org.optaplanner.core.api.domain.solution.PlanningSolution;

import org.optaplanner.core.api.domain.solution.ProblemFactCollectionProperty;
import org.optaplanner.core.api.domain.valuerange.ValueRangeProvider;
import org.optaplanner.core.api.score.buildin.hardsoft.HardSoftScore;

@PlanningSolution
public class TimeTable {

@ValueRangeProvider(id = "timeslotRange")
@ProblemFactCollectionProperty
private List<Timeslot> timeslotList;

@ValueRangeProvider(id = "roomRange")
@ProblemFactCollectionProperty
private List<Room> roomlList;

@PlanningEntityCollectionProperty
private List<Lesson> lessonList;

@PlanningScore
private HardSoftScore score;

private TimeTable() {
}

public TimeTable(List<Timeslot> timeslotList, List<Room> roomList,
List<Lesson> lessonList) {
this.timeslotList = timeslotList;
this.roomList = roomList;
this.lessonList = lessonList;

}

/ FAEAAA A AR A A A A AR AR AR A A A A A A A A A h ok

// Getters and setters

/ FAEAAA A AR A A A A A AR Ak A A A A A A Ak A A h ok

public List<Timeslot> getTimeslotList() {
return timeslotList;

}

public List<Room> getRoomList() {
return roomList;

}

public List<Lesson> getLessonList() {
return lessonList;

}

public HardSoftScore getScore() {
return score;

}

EOHEEDOTO/NA F—
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timeslotList 7 1 —JL Nid, [EQEHE T O/ ¥ —TF, Zhid Timeslot1 V2%V X &FRFL.
OptaPlanner AZ DA VY 24 >~ A %#IR L T, Lesson {1 R 4% > ZAD timeslot 7 41 —JL KIZEIY 1T
52 ENTEZXY, timeslotList 7 1 —JL KiZIX @ValueRangeProvider 7 / 57— a v hH Y., id
%. Lesson ® @PlanningVariable @ valueRangeProviderRefs [C—E X Z 7,

ELOYy ZICHLW, roomList 7 1 —JL KIZH @ValueRangeProvider 7 / 7—> a vAgFhTW
F9,

MEI7IMNETSVZVTIVTFAT4—DTOANRT 4 —

X 5T OptaPlanner I&, ZHEA#E%4 Lesson 1 > 24 ~ X, X 5(C TimeTableConstraintProvider |
LBRAOTEIEICERAY S Timeslot 1 V249>V 2& Room A VY 2AY VR ERR/THHEEIBELTS
CRERHYFT,

timeslotList 7 1+ —JL K & roomList 7 1 —JL K IZIE @ProblemFactCollectionProperty 7/ 75— 3
vHEENTWS <, TimeTableConstraintProvider (EZ NS0 1 VA YV AN HBIRTEE T,

lessonList (Z (& @PlanningEntityCollectionProperty 77 / 7—> a VA& F N TW3 7,
OptaPlanner (Zf#3REFICEE T X, TimeTableConstraintProvider & Z DM 5RBIRTE 7,

10.5. SOLVER H— E X D{ERK

REST AL v RCEIBEIREERT 2&. HTTP YA LTV NOBBEIFKELE T, TDoH.
Quarkus 24 —#% —TId SolverManager 33 A4 5 Z & T, ERDALY RTF—ILTYIN—%FTL
TEBOT—9ty NEITLTRRATEE T,

FI7

src/main/java/org/acme/optaplanner/rest/TimeTableResource.java 7 5 R Z{E L £,

package org.acme.optaplanner.rest;

import java.util.UUID;

import java.util.concurrent.ExecutionException;
import javax.inject.Inject;

import javax.ws.rs.POST;

import javax.ws.rs.Path;

import org.acme.optaplanner.domain.TimeTable;
import org.optaplanner.core.api.solver.Solverdob;
import org.optaplanner.core.api.solver.SolverManager;

@Path("/timeTable")
public class TimeTableResource {

@Inject
SolverManager<TimeTable, UUID> solverManager;

@POST
@Path("/solve")
public TimeTable solve(TimeTable problem) {
UUID problemld = UUID.randomUUID();
// Submit the problem to start solving
Solverdob<TimeTable, UUID> solverJob = solverManager.solve(problemld, problem);
TimeTable solution;

try {
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// Wait until the solving ends
solution = solverJob.getFinalBestSolution();

} catch (InterruptedException | ExecutionException €) {
throw new lllegalStateException("Solving failed.", e);

}

return solution;

}
}

ZDFHITIX, MEAREEVILVN—DTTIT2D%FEDD, HTTPIA LTI RDBELEELET,
complete EEZFATHI & T, LYBPICHTTP YA LTI MBI TETET,

10.6. V IL/N—#& T BFE DEXE

TSV T TV =2 a VIR TRELLIFRTARY MPRWIEES. BRINICITKGEMNICETS
N2 &ICRY, EBEICEHTTP YA LT I RIZ—DHEELEFT, INDPRELBRVEDICTSIC

I%. optaplanner.solver.termination.spent-limit /XS X —4 —%FHEL T, 7V 5r—>a v TL
THLDEBERELET, Z<OT7 TV S—2arTlE, CORBEZRETESD GmM) ICKRELE

¥, 2L, KERIOFITIE. AREEZ S DICHRYT 5 &, BENTDICEWLOHTTP Y14 AT
NeEEETEXT,

FIE
L FDOWNAE% ST src/main/resources/application.properties 7 7 1 L &ERK L £ 7,

I quarkus.optaplanner.solver.termination.spent-limit=5s

10.7.BEE 7S )5 —2 3 v DETT
BEZI7OY 7 bEERLEZS, AETE—RTETLET, BRE—RTR. 77U 5r—>avox
THRICTINT—2a vy —RBLVRELAFHTIET, TENERTHOT SN r—r a VICRES
nij—o
ClEis Sas

o EREITOVIV MEERLTWS,

FIR

L EAEE—RT7IVy—2avaa0RALT3IC1E, Az M F4 LI M) —DBLUTF
DAY KEAHALEY,

I ./mvnw compile quarkus:dev

2. RESTH—ER&Z#FRAMNLET, FEDRESTVSA4 7Y MAaFERHTXET, ZOHITIE Linux
curl ¥V RAEFEAHLTPOSTERAZXELET,

$ curl -i -X POST http://localhost:8080/timeTable/solve -H "Content-Type:application/json" -d
'{"timeslotList":[{"dayOfWeek":"MONDAY","startTime":"08:30:00","endTime":"09:30:00"},
{"dayOfWeek":"MONDAY","startTime":"09:30:00","endTime":"10:30:00"}],"roomList":
[{"name":"Room A"},{"name":"Room B"}],"lessonList":[{"id":1,"subject":"Math","teacher":"A.
Turing","studentGroup":"9th grade"},{"id":2,"subject":"Chemistry","teacher":"M.
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Curie","studentGroup":"9th grade"},{"id":3,"subject":"French","teacher":"M.
Curie","studentGroup":"10th grade"},{"id":4,"subject":"History","teacher":"I.
Jones","studentGroup™:"10th grade"}]}'

application.properties 7 7 1 L TEZ L 7= R THEHE TEE LBBERZIC. Y—EXICLY.
UTDOFDEL D GHANBRINET,

HTTP/1.1 200
Content-Type: application/json

{"timeslotList":...,"roomList"....,"lessonList":[{"id":1,"subject":"Math","teacher":"A.
Turing","studentGroup":"9th grade","timeslot":
{"dayOfWeek":"MONDAY","startTime":"08:30:00","endTime":"09:30:00"},"room":
{"name":"Room A"}},{"id":2,"subject":"Chemistry","teacher":"M. Curie","studentGroup":"9th
grade","timeslot":
{"dayOfWeek":"MONDAY","startTime":"09:30:00","endTime":"10:30:00"},"room":
{"name":"Room A"}},{"id":3,"subject":"French","teacher":"M. Curie","studentGroup":"10th
grade","timeslot":
{"dayOfWeek":"MONDAY","startTime":"08:30:00","endTime":"09:30:00"},"room":
{"name":"Room B"}},{"id":4,"subject":"History","teacher":"l. Jones","studentGroup":"10th
grade","timeslot":
{"dayOfWeek":"MONDAY","startTime":"09:30:00","endTime":"10:30:00"},"room":
{"name":"Room B"}}],"score":"Ohard/0soft"}

TT)Vr—oavicdy, 4 D0BENTRT2DOOBEEB., ZLT220HHEDIBD 1
DICEYYHTONTWBERICEELTLEIN, T, IRTON—RHEIRICERT B &I
FELTLCEIWN, L&21E M.Curie @2 DDBEIFERLERZOY MIHYET,

3. FRREFREID OptaPlanner DETAB 2RI 2ICIE, b—N—AITERAO T ZHEALE T, UL
T BRATHEADHITY,

... Solving started: time spent (33), best score (-8init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).

... Construction Heuristic phase (0) ended: time spent (73), best score (0Ohard/0soft), score
calculation speed (459/sec), step total (4).

... Local Search phase (1) ended: time spent (5000), best score (Ohard/0soft), score
calculation speed (28949/sec), step total (28398).

... Solving ended: time spent (5000), best score (0Ohard/0soft), score calculation speed
(28524/sec), phase total (2), environment mode (REPRODUCIBLE).

108. 77— a3 vdDTFA B

WA T ) r—2avIiliETFRAMDEEFNE T, timetable 7OV 7 MTHIWE VILANA—EF X K
L/i-a—o

10.8.1. ZFRDREEIDHN AT A NI 3

timetable 7AY =7 MDEHEIMA@ERICT A M T 31213, BiKFT X T ConstraintVerifier % &M L

F9, ChICLY, BEHWOO—F—4—IAMEDT A MDD SDEEINTTANINSG 2D, @UIRT
AMANL Y ITHLWHEHHNEZEBINT 2BOXA VT F VAN INE T,
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ZDTF R ME. &% TimeTableConstraintProvider::roomConflict #*. FECEETIDDL v AV %
Ezboh, ZDO55D2200LyRAVHARELYMLRAY haFHEDFAE, —BOEA 1 TRFILT1 %
BICEAERIELET., LEN ST, FIHWODEHARH 10hard DIFE. XA 7L -10hard iFA L £ T,

FI7

src/test/java/org/acme/optaplanner/solver/TimeTableConstraintProviderTest.java 7 5 X = {Epk L
7,

package org.acme.optaplanner.solver;

import java.time.DayOfWeek;
import java.time.LocalTime;

import javax.inject.Inject;

import io.quarkus.test.junit.QuarkusTest;

import org.acme.optaplanner.domain.Lesson;

import org.acme.optaplanner.domain.Room;

import org.acme.optaplanner.domain.TimeTable;

import org.acme.optaplanner.domain.Timeslot;

import org.junit.jupiter.api.Test;

import org.optaplanner.test.api.score.stream.ConstraintVerifier;

@QuarkusTest
class TimeTableConstraintProviderTest {

private static final Room ROOM = new Room("Room1");

private static final Timeslot TIMESLOT1 = new Timeslot(DayOfWeek.MONDAY, LocalTime.of(9,0),
LocalTime.NOON);

private static final Timeslot TIMESLOTZ2 = new Timeslot(DayOfWeek. TUESDAY,
LocalTime.of(9,0), LocalTime.NOON);

@Inject
ConstraintVerifier<TimeTableConstraintProvider, TimeTable> constraintVerifier;

@Test

void roomConflict() {
Lesson firstLesson = new Lesson(1, "Subject1", "Teacher1", "Group1");
Lesson conflictingLesson = new Lesson(2, "Subject2", "Teacher2", "Group2");
Lesson nonConflictingLesson = new Lesson(3, "Subject3", "Teacher3", "Group3");

firstLesson.setRoom(ROOM);
firstLesson.setTimeslot(TIMESLOT1);

conflictingLesson.setRoom(ROOM);
conflictingLesson.setTimeslot(TIMESLOT1);

nonConflictingLesson.setRoom(ROOM);
nonConflictingLesson.setTimeslot(TIMESLOT2);

constraintVerifier.verifyThat(TimeTableConstraintProvider::roomConflict)

.given(firstLesson, conflictingLesson, nonConflictingLesson)
.penalizesBy(1);
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}

HFDEMH D ConstraintProvider T/N\— Rd—F 4 V7 INTWBIHFATH. ConstraintVerifier 1
FRAMNRICHHWDEAEERTEIEITERELTLEIV, INiE. EREICABZRICHWOEADE
HAMICEBEINELHTY, TDLDHIC, FINOEADHEREICL > TEEKT A N HTINZ &
HYFEHA,

10.8.2. ZFRDEFEENVIN—%ZT A KT S

LLFDFITIE, RedHat EJL KD Quarkus T Red Hat EJL K® OptaPlanner DBEEEI 7OV =V b %
FTAMLET, COT7TV =y avid, JUnt TRAMNEFERALTTAMNDT =9y MEERK
L. TimeTableController (Zi%{5 L TR L 9,

FIR

1. LFORAAR%ET src/test/java/com/example/rest/TimeTableResourceTest.java 7 5 X % {F
L ET,

package com.exmaple.optaplanner.rest;

import java.time.DayOfWeek;
import java.time.LocalTime;
import java.util. ArrayList;
import java.util.List;

import javax.inject.Inject;

import io.quarkus.test.junit.QuarkusTest;

import com.exmaple.optaplanner.domain.Room;

import com.exmaple.optaplanner.domain.Timeslot;

import com.exmaple.optaplanner.domain.Lesson;

import com.exmaple.optaplanner.domain.TimeTable;
import com.exmaple.optaplanner.rest.TimeTableResource;
import org.junit.jupiter.api.Test;

import org.junit.jupiter.api.Timeout;

import static org.junit.jupiter.api.Assertions.assertFalse;
import static org.junit.jupiter.api.Assertions.assertNotNull;
import static org.junit.jupiter.api.Assertions.assertTrue;

@QuarkusTest
public class TimeTableResourceTest {

@Inject
TimeTableResource timeTableResource;

@Test
@Timeout(600_000)
public void solve() {
TimeTable problem = generateProblem();
TimeTable solution = timeTableResource.solve(problem);
assertFalse(solution.getLessonList().isEmpty());
for (Lesson lesson : solution.getLessonList()) {
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assertNotNull(lesson.getTimeslot());
assertNotNull(lesson.getRoom());

}

assertTrue(solution.getScore().isFeasible());

}

private TimeTable generateProblem() {

List<Timeslot> timeslotList = new ArrayList<>();

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(8, 30),
LocalTime.of(9, 30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(9, 30),
LocalTime.of(10, 30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(10, 30),
LocalTime.of(11, 30)))
(
)
(
)

’

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(13, 30),
LocalTime.of(14, 30)));
timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(14, 30),

LocalTime.of(15, 30)));

List<Room> roomList = new ArrayList<>();
roomList.add(new Room("Room A"));
roomList.add(new Room("Room B"));
roomList.add(new Room("Room C"));

List<Lesson> lessonList = new ArrayList<>();

lessonList.add(new Lesson(101L, "Math", "B. May", "9th grade"));
lessonList.add(new Lesson(102L, "Physics", "M. Curie", "9th grade"));
lessonList.add(new Lesson(103L, "Geography", "M. Polo", "9th grade"));
lessonList.add(new Lesson(104L, "English", "I. Jones", "9th grade"));
lessonList.add(new Lesson(105L, "Spanish”, "P. Cruz", "9th grade"));

Py
P —

new Lesson
new Lesson

lessonList.add
lessonList.add

201L, "Math", "B. May", "10th grade"));

202L, "Chemistry", "M. Curie", "10th grade"));
lessonList.add(new Lesson(203L, "History", "I. Jones", "10th grade"));
lessonList.add(new Lesson(204L, "English", "P. Cruz", "10th grade"));
lessonList.add(new Lesson(205L, "French", "M. Curie", "10th grade"));
return new TimeTable(timeslotList, roomList, lessonList);

Py
P ——

}

DT RAME FRBICTNTOERDNY A LZAOY FEREICENYHTONTVWSE I &%
mlLET, T, RITHEMRE (N—FHEHNOERZL) tHEBLIT,

2. 7 A M 70/%F7 1 —% src / main / resources /application.properties 7 7 1 JLITBHI L £
E

# The solver runs only for 5 seconds to avoid a HTTP timeout in this simple implementation.
# It's recommended to run for at least 5 minutes ("5m") otherwise.
quarkus.optaplanner.solver.termination.spent-limit=5s

# Effectively disable this termination in favor of the best-score-limit

Y%test.quarkus.optaplanner.solver.termination.spent-limit=1h
Y%test.quarkus.optaplanner.solver.termination.best-score-limit=0hard/*soft

WBE. VILNR—E200 IS YMKECTETAREMREZMRFEL FJ, application.properties 7, E{TAIHEXR
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V1) a—< 3> (Ohard/*soft)y "RONB ERAKFFICKTIZLDIC. TAMRDOYVILRA—DRT 2 EE

ELFEY, TI9BZ&ET, A=Y T RAMDEEDN—R I 7 TEIINZTEMENH D20, V
WNR—DBFE%EN—RI— Nt 20%0&ELET, COT7FO—F42FEAT I LT, BINEVY
ATLTH>TH, RITHARERY ) 21— 3 VERRT DDICTRREBELITTAMDEITINET,

L. BEVRATATEH, BEICVLEEINZ2HAIVEIVMEBEATRCETINE I EREHY X
A,

109.0%x> %

Red Hat EJU K® OptaPlanner DIFEEI 7OV 4/ MAaRTRICOF Y JIEREFRT
&. ConstraintProvider THIFIHNHEAE LT <RV ET, infoOJV 7 7ML TCROATEEDRE %
LT, BWICMALEREOXEATAMLET, TNV ITE—RTT7 IV 5= 3V EEGFTLT 7
TNVr—2a vt T FIEEIARTRERT S, EBOJ52FR L TCE2FESLOHETEOF VI LE
-a—o
FIa
L BEET7T Y= a3y E—EDORRB (f:59) ETLET.

2. UTOFIDESIC, log 7 7 A IIVDRIATEEOEEAHIRLE T,
I ... Solving ended: ..., score calculation speed (29455/sec), ...

3 HWAEZELC, ALKE., 75V J77)r—>av%ETL., log 7 7 1 JVICEEEHS
NTLWRRIOTHERELZRALZET,

4, PNV 5—2avaETNyTE—RTEILT, IV 5r—2avnLETAFTy 7507 IC
iR LEI.
o OXVRSAVUDLTNYITE—RERITTDICE, -DYRFL7ONRT—%FHALE
£

o TNy JE—REKGHICAEMICT 2ICIE. LT D1T% application.properties 7 7 1 JU
ICEBML ET,

I quarkus.log.category."org.optaplanner".level=debug
UFOFITIE. TNV TE—RTDlog 7 71 ILDHEAERRLET,

... Solving started: time spent (67), best score (-20init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).

CH step (0), time spent (128), score (-18init/Ohard/0soft), selected move count (15),
picked move ([Math(101) {null -> Room A}, Math(101) {null -> MONDAY 08:30}]).

CH step (1), time spent (145), score (-16init/Ohard/0soft), selected move count (15),
picked move ([Physics(102) {null -> Room A}, Physics(102) {null -> MONDAY 09:30}]).

5. trace A¥ Y/ ZzEALT. £2FIF. BLUVFIRIEDLEETEZRRLET,

10.10. ¥ — 49 N— 2 % QUARKUS OPTAPLANNER R OEEEEI7 7)) o —
vaveEHRAT s

Quarkus OptaPlanner R DEEEI 7 7Y r—> a v EFER LS, ThaT—9R—AEHME L.
DITR=ADA—HF—A 9 —T x4 A% KL TEHEEI*RRITEET,
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AR

® Quarkus OptaPlanner 2R OBEEEI 7 TV r—>avhbH Yy 9,

FIR

1. Hibernate & Panache %#{#MA L T. Timeslot. Room. & U'Lesson 1 VA9 VR %&FT—4
NR—2HEMLF T, FMICDWTIE, Panache (@ L 7= Efifi{b X 1v 7= Hibernate ORM %
BEBLTLLEIL,

2. RESTZNLTAVRYVREREALZEY, FMICDOWVWTIE, JSONREST H—EZDEEiHt %=
BEBLTLLEIL,

3. TimeTableResource 7 S A%=EHL T, E—D IS YU > 32T TimeTable 1 VX4 VR
DAY EEXAAETVET,

package org.acme.optaplanner.rest;

import javax.inject.Inject;

import javax.transaction.Transactional;
import javax.ws.rs.GET;

import javax.ws.rs.POST;

import javax.ws.rs.Path;

import io.quarkus.panache.common.Sort;

import org.acme.optaplanner.domain.Lesson;

import org.acme.optaplanner.domain.Room;

import org.acme.optaplanner.domain.TimeTable;

import org.acme.optaplanner.domain.Timeslot;

import org.optaplanner.core.api.score.ScoreManager;

import org.optaplanner.core.api.score.buildin.hardsoft.HardSoftScore;
import org.optaplanner.core.api.solver.SolverManager;

import org.optaplanner.core.api.solver.SolverStatus;

@Path("/timeTable")
public class TimeTableResource {

public static final Long SINGLETON_TIME_TABLE_ID = 1L;

@Inject

SolverManager<TimeTable, Long> solverManager;

@Inject

ScoreManager<TimeTable, HardSoftScore> scoreManager;

/I To try, open http://localhost:8080/timeTable

@GET

public TimeTable getTimeTable() {
/I Get the solver status before loading the solution
// to avoid the race condition that the solver terminates between them
SolverStatus solverStatus = getSolverStatus();
TimeTable solution = findByld(SINGLETON_TIME_TABLE_ID);
scoreManager.updateScore(solution); // Sets the score
solution.setSolverStatus(solverStatus);
return solution;
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@POST
@Path("/solve")
public void solve() {
solverManager.solveAndListen(SINGLETON_TIME_TABLE_ID,
this::findByld,
this::save);

}

public SolverStatus getSolverStatus() {
return solverManager.getSolverStatus(SINGLETON_TIME_TABLE_ID);

}

@POST

@Path("/stopSolving")

public void stopSolving() {
solverManager.terminateEarly(SINGLETON_TIME_TABLE_ID);

}

@Transactional
protected TimeTable findByld(Long id) {
if (ISINGLETON_TIME_TABLE_ID.equals(id)) {
throw new lllegalStateException("There is no timeTable with id (" +id + ").");
}
// Occurs in a single transaction, so each initialized lesson references the same
timeslot/room instance
// that is contained by the timeTable's timeslotList/roomList.
return new TimeTable(
Timeslot.listAll(Sort.by("dayOfWeek").and("startTime").and("endTime").and("id")),
Room.listAll(Sort.by("name").and("id")),
Lesson.listAll(Sort.by("subject").and("teacher").and("studentGroup™).and("id")));

}

@Transactional
protected void save(TimeTable timeTable) {
for (Lesson lesson : timeTable.getLessonList()) {
// TODO this is awfully naive: optimistic locking causes issues if called by the
SolverManager

Lesson attachedLesson = Lesson.findByld(lesson.getld());
attachedLesson.setTimeslot(lesson.getTimeslot());
attachedLesson.setRoom(lesson.getRoom());

}
}

}

ZDOFICIE TimeTable 1 Y RY VA EFNRTWET, L. JILFTFFUo—aFMICL
T. EHOERD TimeTable 1 Y A9 VA5 W{TLTCUEBTXET,

getTimeTable() X Vv R, 7—IXR—ADORIFOBFHEEIZRLET, BEIMICHEAINS
ScoreManager XV v REFRA LT, TDYALT—TIIDRAAT7%5EL, U TERTE?
£IICLET,

solve() XV v Ni&, a7 %L T, RECEBE Z#MAL., BEREHMEOEIY LHTE
T—IR—IREFELET, DAY v RiE. SolverManager.solveAndListen() XV v K%
FRALT, PRADREMRAE) YAV L, THILAEDETCT—IR—R&EHLEFT, Ny T
VRDAFLEBRLTVWARE, UllXIhAaFERL GETREERRTLET,
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4. TimeTableResourceTest 7 5 XA %#&E# L T, solve() XV v R TCICED & A RBRL, V
IWIN—DRRERTTHETCRFOBER—-YVITEBLIICLET,

package org.acme.optaplanner.rest;
import javax.inject.Inject;

import io.quarkus.test.junit.QuarkusTest;

import org.acme.optaplanner.domain.Lesson;
import org.acme.optaplanner.domain.TimeTable;
import org.junit.jupiter.api.Test;

import org.junit.jupiter.api. Timeout;

import org.optaplanner.core.api.solver.SolverStatus;

import static org.junit.jupiter.api.Assertions.assertFalse;
import static org.junit.jupiter.api.Assertions.assertNotNull;
import static org.junit.jupiter.api.Assertions.assertTrue;

@QuarkusTest
public class TimeTableResourceTest {

@Inject
TimeTableResource timeTableResource;

@Test
@Timeout(600_000)
public void solveDemoDataUntilFeasible() throws InterruptedException {
timeTableResource.solve();
TimeTable timeTable = timeTableResource.getTimeTable();
while (timeTable.getSolverStatus() != SolverStatus.NOT_SOLVING) {
/I Quick polling (not a Test Thread Sleep anti-pattern)
/I Test is still fast on fast machines and doesn't randomly fail on slow machines.
Thread.sleep(20L);
timeTable = timeTableResource.getTimeTable();
}
assertFalse(timeTable.getLessonList().isEmpty());
for (Lesson lesson : timeTable.getLessonList()) {
assertNotNull(lesson.getTimeslot());
assertNotNull(lesson.getRoom());

}

assertTrue(timeTable.getScore().isFeasible());

}

5, INHLDREST AY Y ROLEICWebUI #BEL T, 91 LT —TILERENICKRELET,

6. DAV IAY— Y —2D—KNAWHERLET,
10.11. MICROMETER & PROMETHEUS #{#H L TERDOEEEEI AR
%5 OPTAPLANNER QUARKUS 7 U —> 3 v
OptaPlanner &, Java 7 7V —>avEADX MY v VEHAIZ A4 75 —T#H % Micrometer M L T

ANY YO EARLZET, Prometheus T Micrometer 2 L T, EROBBE 7 ) 5r—>3 VT
OptaPlanner VIILN—%BSIRTEXE T,
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AR
® Quarkus OptaPlanner 2R OBEEI 7 7)) r—> a3 v &FRL £ L7,

® Prometheus B’ Y X h—JILENTW3, Prometheus D1 VA M—JLIZDWT
&, Prometheus @ Web 41 R &SI L T XL,

¥
1. 2R OEEEZE pom.xml 7 7 4 JLIC Micrometer Prometheus RZRE/REEBML £ 7,

<dependency>

<groupld>io.quarkus</groupld>
<artifactld>quarkus-micrometer-registry-prometheus</artifactld>
</dependency>

2. EROBEE T T r—>avERIBLET,
I mvn compile quarkus:dev

3. Web 75 7 #—T http:/localhost:8080/q/metric ZBEZ X7,
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K®d QUARKUS C® RED HAT EJU KD OPTAPLANNER: 7 7 F VERBFHAT S 1 —5—DIA1 Y I RY—MNHL K

511Z= RED HAT EJL KD QUARKUS T® REDHAT EJL KD
OPTAPLANNER: 7V F VEE SN AT 2 —5—D U4 v I R
H—KNHA KR

OptaPlanner 7 7 F VEBEFHNAT Va1 —5—DI A4 v VA9 — b2 FRAL T, WRESLITCLREHED
BT OFUEBAS V1L EBRTEET, VOFVEBINATI V1 —5—d. ATHE (A) &
FHELCTEREOBEIBEMEZREL. EHOFKNCELIBLAICEDWTREREZEIY L TET,

=55

® OpenDKNLEA A Y X M—)ILINTWB, RedHat EJL K®D Open JDK |& Red Hat 1 R
R—R=4)1L@ATAVHIREYD VI Iz T7HF I O—RR=INLAFTEET,

® Apache Maven 3.6 LIBEA 1 Y A h—JLEINTW 3B, Maven I& Apache Maven Project M Web
YA MDOLAFTEET,

e |IntelliJ IDEA. VSCode. Eclipse. NetBeans 7 & ® IDE AFIIE T X %,
® G6ZEOptaPlanner & & T Quarkus DEF 21 K DERBBICHE > T. Quakus OptaPlanner 7’OY =
I M LTWS,

11.1. OPTAPLANNER 7 7 F UV EBFHND AT Y 1 —5 — DA
AT 2= FHICIE, EIL2D0HFENDHY ET, YRAT LR, 21— —2FHE (21— —DER)
HERIRTEDLDICTED. YRATLLNFHREZYLTTEZDI—Y—IIV I F U FIHNOBM &G
(PRTLDEEEIY) BT EHIENTEEXT, OptaPlanner DTV FUEHERBFNAT a1 —F—
&, YRTLEEFBYVHETOTIO—FA2FEALET, OptaPlanner 7 7 F U EBFHNR Ty a1 —5—
Tl YRATAICERERMIZ2 7 SV r—avaER LT, YATADNFHNEEYLTET,
ZO77O—FOEHBITRDESY TT,

o FHMIIBEIBLICEDVWTEYHTONET,

o VAT AL, BFRIRELATSZVZUIUHIMNICEDWT, REARKBEEIGHRAEEIYHTET,

o VRTLIE, ZHOA-—F-—NDVPLVFHBICKIEILTE, BBINBZZEEHY TEA,
ZO77TO—FIC&Y, T3V 7HNEFERLTCEI—Y—DRAT7%EER L. TERREIFIELD
ATV FUEBEZITIONDLDICT HEEEZRRLET, A7 T, FHNEZREBTZ291IV 7N
REVET, 237 aWNEE. BVWERETZETEA@EI N &< AY FT,

11.1.1. OptaPlanner 7 7 F VB FHD AT Y 1 — 5 — D

OptaPlanner 7 7 F U EBFHDR 7Y 2 —5—#fE. N—R, FRE,. FLE VI rOVWTHHT
-a—c

o N—REKIX, EFICERTETEFEA. N—REMNIGER L TWBIHEICIE. 7T VIEERTH
ARODTEITTEEHA,

o FEHA. KEICEDLLT. 7I/FVELYELE I FHERMSA,

o DYUFUVERBERMLIR DI FUICEHRO LRI HBIFEICIE. 1EEDT Y F U ERBEIC
DOFVDEBDERULEDHFICIEEELLBWEDICT D, EWICH 2T I0F V94T
EETBEELEIICLET, L&A 7T5mODAICIE. FEHOLEBENS5BDODTIFVDF
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WERYHTRVnLEIICLET,

o MWERIVIFUIAT BERIVIFUVIAT2ERATZ, &z 2EBBOV I F >
. TEBERALY A T ERTILEIHY T,

o MFAES O IEEOAMUBICTIFUERET S, e 2OBOBR55S 31
BT, BEDTIF VA T BETEBNTAEAKEORL Y LIRS LANT R
I (Bl EEOEED S 26 BB E),

o MIH:HEEINABNURICY IV F U 2HES S, LA 2EBEDOKRSZXT 554
IS BEDIIVF VA T BREa R a#RERELYBRICKREL TS EIW @1 EE
DEEND 3 7 1R E),

o BFORAEHOEIR: REFYDITIFVvEVIY—TIL—TI, REBEAEYYTS, B
B, INE3ID2DEVYA—DVWTINMIARY EFT, COFHIRIE. IEEETIX A BEIRFREIC
EOTEHEINZDT, MHAICBEDHICLER, BHIMICEET D HISERKREHENIEL 2
L) i-a—o

o HFREREDHKIZ, £2REICFHNZEYHTRZEINLWVGEIC. EOEBFEENFHNTEAL
HNERELET, Thid. BREN TSy 7eEnzd,

o 2EIBDV IV FUEREFHN BEOBMIEFERNICA->TLEDHZEAKRE, 2HBDY
JFVERFHNAIYYUTTICRELAWVWELEDICT S,

o BAEFMICEDK AT Y1—ILERE SEEEICEBLEETMIHZ, Ihid. EEFEHT
ITH., EEEGRELREDGZRICIIBEENIE<AVET, BEAEIREEWVGEICDH,
FHEEYLUTTICRBETEET, ROV IFUVEBDY(IVITEREINE S, 2EE
DHFRGIIEBLEETMELY EBEINDIDOT, ZOFRKWELFIOHKWELYEY 7 MTY,

e VT MHKIE, ERLEVWEIICLTIEIL,

o FEDVIVF ULV — ERENEFETEZIVIFUEVI—DHBFEIE. TOEVH—
TF¥FHEANS,

o FhEE EBEMNIVAETONLDIFU VY —FTRET ZHERMER/IRICHINZ 2,

o BBMAM TEBLFEBEDHMIGEVWBICTVIF U 2KE5T 3, L&xiE 2EEOH
5%#%72%AIC. FEDT V7 F U THEBOAMIKELET (Bl 1CDBEOEEHLNS 28 H
B L), JORKIE, BERANIVEY T NT, BEOBMNICEDIT2HIC, EHEXT
HENMZBENEVELIICLET,

o BIEM: BAERMMOZIVANL, FHRTEMIEWIEICEIY KT, ZOHEIHIE.
EBHNLYEY 7 MNT, BEAETHRANM BIZDELNRWVWLIICLET, 2EBDHRSIEE
EEFMLYEEBEINZDOT, ZOHWEUAMOHENELYEY T T,

N— RERIE, BDON— REELERT, BEAMIFZTVEY, V7 MR, DY 7 M E R
T, EAMfIF=TVET, L. A= REWE, BICHPRESLIVCY 7 MIKEYEBEINTT,
N—RERIER L TWSIHEICIE. T3 VEEFTTIERA, 2L, N—RERIGERLTWARWL
BRICIE, BEEZHETZHICY T MINS LUHFREDOHNIZERINE S, ZENH S5 FHR
JYERFEENSZVDT, BENGINBETT, 2EEHOBESFHNELTEICEIVET, RIFEVRT
LICEFHIDDEBRVE DIy IO TDEMRIGEERL XY, TOER, BEENMZS SICEYHTT
WEZEY, BEEFMFHNSTMERARKLET, COFAETE, EVALYBEFTYHIELEINE
T, TDR. FEDBEED VI —TFITIE, 200-300 RA ¥ M E, KRPICKRA ~ MHBEIMI N ZF
T, CIZTIL—TOBEIRMICL >TERY Y, & A, FEMIEMTI000 RS v b %EZlF
BM2AgEEIrHYET, I2T5I&T. FMOEVWEEMT. HEVWEEMLYEBEINh, EVWEH#
EMXEZMTIIBRVWALYEBEINIT T, LUTORIE. ZOHBZERLTVET,
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KNI BEIRAFEMDR
i & SENE AL D4
60 EERT 1060
33 EERT 1033
71 TEFIRE 71
52 F74RT—H— 52

11.1.2. OptaPlanner @V )L /X —

OptaPlanner ® 37 ICId Solver %Y., TY I Vid, BET—4% vy bEaRY., 52—V JDHIK

BLUEREEA—N—LALFT, BET—YEY MIIE. AL PI9F 2, 99F o2V —RBEDIF
BIRTHEEFNET, VILN—F, IFIFERT I E2HEFADETHEL. RKMICEEDEY

H—TOIVFUEBTHNEZEIVAEATIRIC, ELAFNAT Y2 —-IVERELEY, BT VILA—
THERINIZRT Y 2a—ILERLTWET,

Vaccination scheduling

Assign people to vaccination appointments.

Plizer . Brw .
Modema : '
Priority rating ; 4 e o
- ~ara firet aldarhy firs
Healthcare first, elderly first Yoe's home
Iva is 58 and nurse Distance
Moe is 31 and nurse Families together Availability
Qu is 62 years vy and Joe are married Mia's work | | Una free on

1 Feb 8Feb  15Feb 22 Fehy SWrts 11:00) |Friday 5 g
M W M T W T F S S 1M T W TIIF § S| M
09:00 [ Qu| Ann [ amy [ uma| Ed Qu | Mia ['una [ qira [uma voe'
0a:10 Rye Beth | Flo Rye | nina | Roe | val | viv | Jo
09:20 Sue Carl | Gus Sue Wu | Kia
09:30 | Lee | Pog | Titus Dan |Hugo Titus Xen | Lee
1st dose 1st dose 2nd dose 2nd dose
< > same vaccing
| 2nd dose ready period: 19 days
< 2nd dose ideal period: 21 days >
< 2nd dose ready period: 26 days >
e
N 2nd dose ideal period: 28 days >

M. x5 =v
M Sy =Tl 1DUEDSHBOTSV YV JHRBAFEHTCEELT, 0O &2F &

fiI. SBEA. BEA. 1EEEAM. FERZTALIYEEVWEMATRYRTFETY, T5v=v i@
i, BELEERTEILTEDONEY, UTR. BAEHINZ 2BADTS =V IR%ERLT
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Vaccination scheduling: continuous planning

In this example, the schedule is published every day, 7 days in advance.

Opean
e History Published Finaldraft ~ Dratft Unplanned
3 Feb 8 Feb 15 Feb 22 Feb
w T F S| S M T W T F S M T W T F S S|TM T W
09:00 | wa  Moe Qu |Uma| Yoe | Ann | Ed | va | Moe | Qu | Uma | Yun | Amy | Edna] vy | Mia | Qira | Una
10:00 | Jo MNona Rye | Viw|| Zac | Beth | Flo | Jo |Nona| Rye | Wiv | Zoe | Bo | Finn | Jack | Nina | Roe | Val
11:00 | Kia @ Oz | Sue | Wul| Ali | Carl | Gus | Kia | Oz | Sue | Wu | Al JCoco|Gwen| Kai | O | Sara | Woe
f 12:00 | Lee | Poe | Tius Xaq Ben | Dan |Hugo| Lee | Poe | Tiws | Xan | Bo | Dee |Hope| Lara| Pi | Thea| Xun
NOW publish notice draft length
) publish vhlish (send invites)
deadline -
Published Dratft
3 Feb & Feb 15 Feb 22 Feb
W T F S S|)IM T W T F S5 S|M T W T F S S|IM T W
09:00 | a | Moe Qu  Uma \'04 Ann | Ed | iva | Moe | Qu | Uma| Yun | Amy | Ednal vy | Mia | Qira | Una
10:00 | Jo  Mona Rye M Zac | Beth | Flo | Jo |Nonal Rye | Wiv | Zoe | Bo | Finn | Jack | Nina | Roe | Val
11:00 | Kia Oz  Sue  Wu | alij]| Carl Kia | Oz | Sue | Wu | Al |Coco|Gwen| Kai | O | Sara | Woe
12:00 | Lee | Poe Tius Xan | Ben | Dan Lee Poe-}w.n Bo | Dee |Hope| Lara| Pi | Theo| xun
I
now
@ W T F S S)IM T W T F S SIM T W T F S S|IM T W
09:00 | wa | Moe Qu  Uma Y04 Ann | Ed | wa | Moe | Qu | Uma| vun f[Gus]fHugo| vy | qira | una | Jim | van
10:00 | Jo [ Mona Rye Mw Zac | Beth | Flo | Jo |Monal Rye | Viv | Zoe | Bo | Finn | Jack | Nina | Roe | Val | Zara
11:00 | Kia | Oz | Sue | Wu | Ali}| Carl | amy | Kia | Oz | Sug | Wu | Al | CocolGwen| Kai | Ol | Sara | Woe | Apu
12:00 [teeiPosiTilus|uxan | Beny | Dan | Edna gilee |FPosy Mia | Xan | Bo | Dee JHope] Lara| Pi | Theo| Xun | Boris
I
now

2 EREFTEREFEFICAELET. EREBEARRET. 2:BEEN NS 7 MREICHY ET, TSV
—VITROARESBAE RS T MNESDOEA T, FHEEYLHTES, L£EL. T3V =V IROARE
DOALFIT. FHOBMMITEET., hOFHNIE ROERTTELBRIEETEET, 2595
ET, VILNN—%REIETT S E. HEILG LT OptaPlanner "FICK T 7 NOEADFHELEET
XF9, &z 2O0BDRESDOEFBHNABICTE TS Y., BEOBMIKIEDIHZEICIK., ALBD
RS MNFHEBETERIENMATEEZDTHNIL, OptaPlanner (FBREICFHNZEY HTEHIHE
EHY £ A,

FSUZUIROYA RRIEETE X T, BEEHAOY A ZERBL TSV T LIV, RIEES
d, 2TV A LOEBICERI NG I TIIABRINTTY, SEHHFRN S, FEEEIAS
<RYET,

M4 BEINETSY VU ITTIVTF45T4—

THEMTHENICTS =V 7 LTWBHEICIE. 2BEAOFTT TICEY HTOATWS TR
HYFET, YTV TyvxrIINABWEIIC, OptaPlanner IEFHBRNENY Y TEAEBET DI &N
TEXFJ, 1 2ULOBEOELEDT VA V%, OptaPlanner M i@HIMICEEDEI Y %A L TR
21— T5DIl, BEMEAFERALEYT, FHARE, BEINATSIVZVII VT 174 —I3,
FRRBFICIIEREINTZE A,

IVTAT4—HDEEINTVSEHNE D N, FHOREICLYHNY FT, FHOKREEICEK
Open. Invited. Accepted. Rejected % 7-|& Rescheduled n*'% V) £ 9,
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R

OptaPlanner T Y ViE, FHABEINTVWEINE IHDDAICERTEIDT, 714 v
V29— bhDTFTEI—-RICFHOREBRIEERTINIE A,

AT T 1= LEHFDFHGEVENT, TSV I TEZLDIICTIHELNHY T, REH
Invited % 7= (3 Accepted D FHABEINF T, KA Open. Reschedule & & U Rejected DF#
BEEIYS., Rva—) U JICHATEEY,

ZOBITIE, VILN=HDEFTINZ &, QHEEE NS 7 MNEFOmAL2SD7% 2 BEOFERSE %
BRBELET, YILNN—E, RTTa—Y VY ITRIOAAT—FICMA,. BEINTE ST, KREH
Open. Reschedule %73 Rejected DF#J. TV 74714 —ZKRFFL T, REEZRDIFHELET,
VYILWN—ZHRTEFTTZHBEICIE. VILNN—%RTTHREICHLVEMASEBIMI NS Z ENHRTE
7,
FLOBMICFHAZYLETON, BEVA VY RIUDRKZ T MBDT, TNETIKATY2—ILINT
W7z Amy & Edna DA DR TFHUIBRNTWE I EADHY ET, Ihid, Gus & U Hugo
NBRATY 21— EEKBELOTHEERY F Lk, Amy & Edna iIZiE RS 7 PO B BRI N TWL
BRWOT, RBEAEZBLIEEHYEFEA, INT, FTEROLAFBI TFHUIERNIZDT, Amy &
Edna ICIZBAMMNEE I, ZOFNEEETI2NMMESTHMNERIN, D2 AOFHPEEI N
7,

11.2. OPTAPLANNER 7V F UV ERBEFHNRA Y1 —5—DF¥ o vAa— R L
VE1T
OptaPlanner 7 F U EBFHRA a1 —5—04 vV A49— 24 >0O— K L. Quarkus DBIH

E—RTREILT, 7598 —T7F)r—2avaRRLET, Quarkus ARE— N&2ERAT 5 &,
ETHRICT ) r—>avEEEL, BHTEET,

FIR

. RedHat 1A% ¥ —7R—% )LD Software Downloads R—JICBEL (O 414 Y HRE), K
Ay 79 0AToavhbBlRBELUVN—Ya VvaRIRLET,

® Product: Process Automation Manager
® \Version:7.12

2. Red Hat Process Automation Manager 7.12.0 Kogito & & T OptaPlanner 8 Decision Services
94 v 9 A4 — b (rhpam-7.12.0-kogito-and-optaplanner-quickstarts.zip) =4 > > O0— K L
x7,

3. rhpam-7.12.0-kogito-and-optaplanner-quickstarts.zip 7 7 1 L 5 fER L £ 7,

4. optaplanner-quickstarts-8.11.1.Final-redhat-00006 =1 L. 7 k1) —ICRBEIL £ 7,

5. optaplanner-quickstarts-8.11.1.Final-redhat-00006/use-cases/vaccination-scheduling 7 1
LY MY —ICREILET,

6. LTFDOATY REANL T, BRE— NT OptaPlanner R Ya—>—%HL XTI,

I $ mvn quarkus:dev

7. OptaPlanner 7 7 F U EBFHNRA TP 1 —5—%2KART 2ICIE. Web 757 H—IZELTFD URL
ZAALET,
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I http://localhost:8080/

8. OptaPlanner 7/ F U EBFHRA 21 —5—%FKT95ICIE, Solve 50 ) w I LET,
9. V—ROA—KNICEFEAMATH S, F5SF—%2LTCITSOY—42EBHLET, MALEENE
IR/ EHMERLTLIEI L,
1N.3. OPTAPLANNER 7V F UV ERETHWR T 12— —D/N\yv 5 —=Ib £
VE1T

quarkus:dev € — KD OptaPlanner 77 F VEREFHRA 7Y 1 — 5 —CHEEEIRT LS, 77
Jr—o a3V EREDjar 7714 ILELTEITLET,

AR E A
e OptaPlanner 7V FVEBFHRA T a1 —5—DI4vIRI9—baF7>O0—-RKLTW3,

L, TOptaPlanner 7 F U EBFHRA a1 —5—0DF U rO0— RBLVET] 258
LTI,

FIR

1. /use-cases/vaccination-scheduling 71 L7 b —ICBEL £ 7,

2. OptaPlanner A4 <21 —5—%aV /(LT 32T, UWTFOaOT Y READLEY,

I $ mvn package

3. AV/RAJL L7 OptaPlanner 77 F U EBEFNAT Y1 —5—%FT9 51l ULToavY
FEeABDLEFT,

I $ java -jar ./target/*-runner.jar

T

R

R—hK 8081 T7 T r—>3vaETY 3ITId. -Dquarkus.http.port=8081
AR RIZBMLFT,

4. OptaPlanner 77 F VBB FHNR TV 1 —5—%BET 2ICIE. Web 757 H—ICLLTF®D URL
ZAHALET,

I http://localhost:8080/

11.4. OPTAPLANNER DV F UV EBREFTHWA TV 12 —5—D %1 T4 TZETH
BE774ILELTDET

Quarkus BRETZ2H 1 ZDNIWAE) =Ty MYV NP, 7O ERAEEAFRA L. OptaPlanner
DOFUERBFINRATY 2 —5—% Quarkus *1 74 7E—RKTaAV/AILLET,

FIR
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1. GraalVM & native-image Y —J)L &4 Y A h—J)L L £, FF#MIE. Quarkus Web 4 D
Configuring GraalVMI ZSBR L T XL,

2. /use-cases/vaccination-scheduling 71 L 7 b —ICBEIL XY,

3. OptaPlanner fIRAT P2 —5—%FA T4 7ICAV /IR IV BIT1F. LTFOITY REAR
LET,

I $ mvn package -Dnative -DskipTests
4. RATATEITART 7 MV EETT2ICE. UTFOATY REABDLET,
I $ ./target/*-runner

5. OptaPlanner 7 7 FVE#RBEFHR T 12— —%E8HT 5IC1E. Web 75T H—IZLLFD URL
ZAALET,

I http://localhost:8080/

1.5. BEHE B

o A Ta—)LRT Y a1—)LEIE (EFER)
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512Z SPRING BOOT £® RED HAT EJL KD OPTAPLANNER:
BFREZEIDIA YV AI—NAA R
AE TIE. OptaPlanner OHIFIARR AN THIBE (Al) 2B L T SpringBoot 7 7Y 7 —> a VA EKT %

TOEREZHBLET. ZESL KA T ORBEZRKEILTDHREST 7 T U Ir—2a v EBELT
WEE9J,

Refresh LN Score: Ohardi18soft m By teacher By student group

Timeslot Room A W RoomE W RoomC W
Physics L] Spanish L]

Monday 08:30 - 09:30 W by M. Curie by P. Cruz
10th grade T Sth grade 22
Physics L] Spanish L]

Monday 09:30 - 10:30 & by M. Curie by P. Cruz
Sth grade 16 10th grade 33

H—ERE, AIEFRLT, UTON—RKRBELVCY T RNDO R 2a—ILHEIR ICEHM L, Lesson 1 v
25 ZA% Timeslot 1 VA9 A& Room A VARY YV RAICBEMICEIY U TET,

Monday 13:30 - 14:30 &

Monday 14:30 - 15:30 W

o THBICEBICEIYLUTEZIENTEZHREG. KX1ATTY,

o HEMAEFIC—EICIT) I ENTERHREFRZAILOTY,

o HFIIARICHFETCEZEEEIRK1IOAYTY,

o HENX. 1 DDOHETORELFELZET,

o WEMmI, Eft L cBELTFH BEBICKHENIZS DEZHRVET,
HENICEZ D L. FROFEEIZ NP B OBETHY £9, 2FY., ATV UV IHPR#ETT, #
LEYHBTEZONIMHEAEDOEEEMICIRTRESTZE, R—N—avEa—¥9—%FRALLE
LTH. FERNGT -9ty NERET2DICHEENM MY £9, FL\, OptaPlanner 4 ED Al §l

VIR —ICIE, ZHQERRNICEERERY ) 2—YaVvE2RET2E8ELAT7ILITY XLD’HY F
¥, ZERHEE LTERINIARIE. FMEOBMICL>TERYEY,

=S
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o OpenJDKNLEAAM Y X h—)ILINTWB, RedHat EJL K®D Open JDK |& Red Hat 1R
R—R=4)1L@ATAVHIREYD VI Iz T7H I O—RR=INLAFTEET,

® Apache Maven 3.6 LIBEA 1 Y A h—JLEINTW 3B, Maven I& Apache Maven Project M Web
YA MDOLAFTEET,

e |IntelliJ IDEA. VSCode. Eclipse. NetBeans 7 & ® IDE AFIETX %,

12.1. SPRING BOOT BREID VA4 v VR — b DF¥ 7 O— RELVEI
N

Spring Boot & & % f# A 7= Red Hat EJL KD OptaPlanner M7 DREDREEEI 7O =7 b DEL%4
HRIT DICIE. RedHat AR X —R—I ISR —4—TT)r—>avadorO0—RKLE
-3—0

FIR

. RedHat 1A% ¥ —7R—% )LD Software Downloads R—JICBEL (O 4A4 Y HBE), K
Ay 79 0AToavhbBlRBELUVN—Ya VvERIRLET,

® Product: Process Automation Manager
® Version:7.12
2. Red Hat Process Automation Manager 7.12.0 Kogito & & T OptaPlanner 8 Decision Services

94 v 9 A4 — b (rhpam-7.12.0-kogito-and-optaplanner-quickstarts.zip) # 4%~ > O0— K L
x7,

3. rhpam-7.12.0-kogito-and-optaplanner-quickstarts.zip 7 7 1 L 5 fBER L £ 7,

4. Red Hat Process Automation Manager 7.12.0 Kogito and OptaPlanner 8 Decision Services
Maven Repositroy (rthpam-7.12.0-kogito-maven-repository.zip) ¥ 7> O0— KL ¥ 7,

5. rhpam-7.12.0-decision-services-quickstarts.zip 7 7 1 L ZRBFEAL £ 7,

6. rhpam-7.12.0-kogito-maven-repository/maven-repository Y 77«4« L 2 Ny —Da v F Y
% ~/.m2/repository 71 LU M) —(CaE—LE T,

7. optaplanner-quickstarts-8.11.1.Final-redhat-00006/technology/java-spring-boot 7 1 L 7 k
U - ‘:%E’J L/ i -a—o

8. UTFma~x Y K&EAAL T, SpringBoot DIRXEDEMEEN 7O I MEEIRLET,
I mvn clean install -DskipTests

9. Spring Boot DIBEDIEEE| 7OV I M2 EIRTZITIE, UTFOITY REAALET,
I mvn spring-boot:run -DskipTests

10. 7OV Y bERERTBICIE. Web TS5 IHF—TUTOURLZAALET,

I http://localhost:8080/

122. RXA VAT hDETIVE
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Red Hat EJL K@ OptaPlanner BFEEI 7O =7 MOBEIR., Ly RV T ICHEREHEICEY Y
T3Z&ETY, TNITIE. ROEICTT LD I, Timeslot. Lesson. 8L T Room D3I DDY SR %
EMLEY,

Time table class diagram

Timeslot Lesson
dayOfweek : DayOfWeek subject : String
startTime : LocalTime , teacher : String
endTime : LocalTime — timesiot _ studentGroup : String

‘ Room
name : String room
0.1 *

Timeslot

Timeslot 7 5 X |&. Monday 10:30 - 11:30. Tuesday 13:30-14:30 72 &, REDODRIZRLFT.,
DFITIE, BFERIETANTHEALCRS (HFE) ©. BARAFLIFMOKERFEICIEIOZROY MIHY FE
/‘JO

BRORT Y 1—LiIdER (A CARMN) BRYIRINZLIFRDT, FEARICITAEM DY FHA, £
foo MGETS =0T BBEDHY TH A, FRRFFIC Timeslot 1 Y X5V ADEE LRV,
Timeslot IZ BBZ7 77 b EMENEFT, TDEL DY S RICIE OptaPlanner BED 7 / 77— 3 vk
WEHY FH A

Room

Room 7 5 Al&. Room A. RoomB &, B¥DiIGmMERLE T, UTDHITIX. EDEEL EEF
RO, TRTOBEICHBTEET,

Room 1 VA% ¥ RIIEREFICEIL LA WA, RoomIZBEEZ772I b TEHY T,

Lesson

¥ (Lesson 7 5 A TRIE). HEHIFEE D ELEIC Math by A.Turing for 9th grade. Chemistry by
M.Curie for 10th grade % EDHERZEE L F£9, HH2HEBHICDOWT, BEEHKE. R CHEHN’RE CE
HIN—THIEET ZHEIE. Lesson 1 Y RY VY ANEHFERINETA, Thoid id THBTET
T, & zIE 9OFEDHZEIE. 1 BREIC 6 MBEDRENHY £,

@R (Z, OptaPlanner I&, Lesson 7 5 A ® timeslot 7 1 —JL K& room 7 1 —)LREZZBEL T, &

BEA, BFEZRE1D, BEIDICEIYHETET, OptaPlanner idZhbD 714 —ILKEEET 57
O, Lessonld TSV IITVF4T14— ERYET,
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Time table class diagram

The timeslot and room fields are

normally null before solving ) . .
and non-null after solving @P"d”m”gEﬂmj‘;

Timeslot Lesson
dayOfweek : DayOfWeek
startTime : LocalTime
endTime : LocalTime

subject : String
teacher : String
studentGroup : String

@PlanningVariable
timeslot
0.1 *

@PlanningVariable
room
0.1 *

‘ Room
name : String

AT, ALY IDT7 14 —ILRUADIFIEITARTOT 4 —ILRIZ, ABT—IHEEFAhTVET, &
%0 timeslot 7 1 —JL K& room 7 4 —JLRiE, AAT—FICEYHETLNTEST (null), HAT—
FICEIY B THNT (null TIEEARW) WE T, Red Hat EJL KD OptaPlanner I&, fREFICIN 5D
T14—IVREZEBLET, TOLIRT1—IVRETS VU IERHEMENE T, TDT71—ILR%E
OptaPlanner ICERE# X & % ICI1&. timeslot 7 1 —JL K & room @ 7 1 —)L K IZ @PlanningVariable 77
JT—=2avhRMETY, IDT71—I)LRIZEFENS Lesson 7 T RIZIE. @PlanningEntity 7 / 7 —
YavhHRETY,

FIR

1. src/main/java/com/example/domain/Timeslot.java 7 5 X = {Ex L £ 7,
package com.example.domain;

import java.time.DayOfWeek;
import java.time.LocalTime;

public class Timeslot {

private DayOfWeek dayOfWeek;
private LocalTime startTime;
private LocalTime endTime;

private Timeslot() {

}

public Timeslot(DayOfWeek dayOfWeek, LocalTime startTime, LocalTime endTime) {
this.dayOfWeek = dayOfWeek;
this.startTime = startTime;
this.endTime = endTime;

}

@Override
public String toString() {
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return dayOfWeek + " " + startTime.toString();
}

/7 FAEAA A A A A AR ARk A A A A A A A A A A dhokohok

// Getters and setters

/7 FARAA A A A A AR ARk A A A A A A A A A dhokokok

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}
}

BABLTWBEDIT, toString() XV v NTHO%E5E L 3578, OptaPlanner ® DEBUG O
J%7-1& TRACE OV DAY A BEICA>TWVWET,

2. src/main/java/com/example/domain/Room.java 7 5 A = {E L £ 9,

package com.example.domain;
public class Room {
private String name;

private Room() {

}

public Room(String name) {
this.name = name;

}

@Override
public String toString() {
return name;

}

/ FAFAA A A A A AR ARk A A A A bk A A A ddhokohok

// Getters and setters

/ FAFAA A A A A A ARk A A A A Ak A A dddhokohok

public String getName() {
return name;

}

3. src/main/java/com/example/domain/Lesson.java 7 5 X = {ER L £ ¢,
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package com.example.domain;

import org.optaplanner.core.api.domain.entity.PlanningEntity;
import org.optaplanner.core.api.domain.variable.PlanningVariable;

@PlanningEntity
public class Lesson {

private Long id;

private String subject;
private String teacher;
private String studentGroup;

@PlanningVariable(valueRangeProviderRefs = "timeslotRange")
private Timeslot timeslot;

@PlanningVariable(valueRangeProviderRefs = "roomRange")
private Room room;

private Lesson() {

}

public Lesson(Long id, String subject, String teacher, String studentGroup) {
this.id = id;
this.subject = subject;
this.teacher = teacher;
this.studentGroup = studentGroup;

}

@Override
public String toString() {
return subject + "(" +id + ")";

}

/ FAKAA A A A A AR Rk kA A A A d A d A ddkokohok

// Getters and setters

// FAFAAAA A A A AR ARk A A A A A A A A A ddhokohok

public Long getld() {
return id;

}

public String getSubject() {
return subject;

}

public String getTeacher() {
return teacher;

}

public String getStudentGroup() {
return studentGroup;

}

public Timeslot getTimeslot() {
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return timeslot;

}

public void setTimeslot(Timeslot timeslot) {
this.timeslot = timeslot;

}

public Room getRoom() {
return room;

}

public void setRoom(Room room) {
this.room = room;

}
}

Lesson 7 5 ZIZI& @PlanningEntity 7 / 7—> 3 YA EFNTH Y., TOHRITTSv =T
ZHEN1DODULEEEFNTWS D, OptaPlanner [dZ DY 5 AW FREFICEILT 5 T & & 535
LEYd,

timeslot 7 1 —JL RICI3 @PlanningVariable 7 / 7— 3 > #'% % 7=%. OptaPlanner (.
D74 —ILRDENETZIEERHBLTVET, TOT71—ILRNICEIYHTZZEDT
X% Timeslot 1 V249 V2= RBDIFHTAHIC. OptaPlanner (3 valueRangeProviderRefs
TaNRT 4 —%FEALTEOHEE 7O/\1 §— & L. List<Timeslot> %12t L TERTE
5£5ICLEY, EDQHETONA Y —ICETZEME. [T50=vJV)a—23vTO
RAAYF T hDPRE] 28RLTLEIV,

room 7 4 —J)L RIZH, FLCEHT @PlanningVariable 7 / 77— a v A&Fh 9,

123 FHDOEEE L CRITDEFE

BREDMREFIC A7 CTEMNIBOBEEZRLEFT, RAAT7HFEVWELEENE LAY XTI, RedHat
EJL KD OptaPlanner (&, FIAFRRERIEEN TR O 2 IBOHRNOZERAATOELDZRLELE
T, IO RBEETHIAREMEDHY £,

BEZIDFDI—RAT—ATlE, N—RK&VY 7 MIMAEFERLTW57286. HardSoftScore 7 5 A TR
a7%%kLEY,

o N—REHIE, BIHHERLABWTLEIW, LEAE BEICERKICRIYHTEIENTE
EEIF. XK1Y TY,

o VIMHKIE, BERLAVWEIICLTLKEIWN, L&A AT, 1 DOBVETOREXERE
LEd,

N— RERIE, BDON— RERELERT, BEAMIFZTVEY, V7 MM, oY 7 MR E R
T, BAMIFZTVET, N—FHEE, ThZThOEAICERAGC, BICV I MIKELYEERY
i_a_o

EasyScoreCalculator 7 S X %#XRE LT, ROT7%Z5ETEZXT,

public class TimeTableEasyScoreCalculator implements EasyScoreCalculator<TimeTable> {
@Override

public HardSoftScore calculateScore(TimeTable timeTable) {
List<Lesson> lessonList = timeTable.getLessonList();
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int hardScore = 0;
for (Lesson a : lessonList) {
for (Lesson b : lessonList) {
if (a.getTimeslot() != null && a.getTimeslot().equals(b.getTimeslot())
&& a.getld() < b.getld()) {
// A room can accommodate at most one lesson at the same time.
if (a.getRoom() != null && a.getRoom().equals(b.getRoom())) {
hardScore--;
}
// A teacher can teach at most one lesson at the same time.
if (a.getTeacher().equals(b.getTeacher())) {
hardScore--;
}
// A student can attend at most one lesson at the same time.
if (a.getStudentGroup().equals(b.getStudentGroup())) {
hardScore--;

}
}
}
}

int softScore = 0;
// Soft constraints are only implemented in the "complete” implementation
return HardSoftScore.of(hardScore, softScore);

}

DA D, ZORBITHHIENTIEARWVD T, BUICRT—) Vv IINEHA, BENBOBREZLECHE
ICEY B TOHNZALTIC, EREN’BIMIN, HTLLWRAATHEHEINET,

src/main/java/com/example/solver/TimeTableConstraintProvider.java 7 5 X %= {Ef L T. #iERR
75 BEA2ETI2E. BALYBNAEDIZRYET, TDV 5 RIE, Java 8 Streams & SQL & &
IC L 7= OptaPlanner M ConstraintStream API %#{#fH L £9 ., ConstraintProvider

I&. EasyScoreCalculator &b R, 25—V YV T DBEHABMIKEZCR>TWVWET (O (n2) TlrAi<
O (n))o

FIR
LU @ src/main/java/com/example/solver/TimeTableConstraintProvider.java 7 5 X = Ef L £,

package com.example.solver;

import com.example.domain.Lesson;

import org.optaplanner.core.api.score.buildin.hardsoft.HardSoftScore;
import org.optaplanner.core.api.score.stream.Constraint;

import org.optaplanner.core.api.score.stream.ConstraintFactory;
import org.optaplanner.core.api.score.stream.ConstraintProvider;
import org.optaplanner.core.api.score.stream.Joiners;

public class TimeTableConstraintProvider implements ConstraintProvider {

@Override
public Constraint[] defineConstraints(ConstraintFactory constraintFactory) {
return new Constraint[] {
// Hard constraints
roomConflict(constraintFactory),
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teacherConflict(constraintFactory),
studentGroupConflict(constraintFactory),
// Soft constraints are only implemented in the "complete” implementation
I
}

private Constraint roomConflict(ConstraintFactory constraintFactory) {
// A room can accommodate at most one lesson at the same time.

// Select a lesson ...
return constraintFactory.from(Lesson.class)
// ... and pair it with another lesson ...
Join(Lesson.class,
// ... in the same timeslot ...
Joiners.equal(Lesson::getTimeslot),
// ... in the same room ...
Joiners.equal(Lesson::getRoom),
// ... and the pair is unique (different id, no reverse pairs)
Joiners.lessThan(Lesson::getld))
// then penalize each pair with a hard weight.
.penalize("Room conflict", HardSoftScore. ONE_HARD);

}

private Constraint teacherConflict(ConstraintFactory constraintFactory) {
// A teacher can teach at most one lesson at the same time.
return constraintFactory.from(Lesson.class)
Join(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getTeacher),
Joiners.lessThan(Lesson::getld))
.penalize("Teacher conflict", HardSoftScore. ONE_HARD);

}

private Constraint studentGroupConflict(ConstraintFactory constraintFactory) {
// A student can attend at most one lesson at the same time.
return constraintFactory.from(Lesson.class)
Join(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getStudentGroup),
Joiners.lessThan(Lesson::getld))
.penalize("Student group conflict", HardSoftScore. ONE_HARD);

124. 7502009 )a—2a3 v TODRAA VAT NDIRE

TimeTable 1 Y X% >V RlF, BE—F—4%+v D Timeslot1 VX% >V X, RoomA VAY VR, &
ULlessonf YAV AEZYTLET, ILIC, TDA VAR VAR, BEDT SV JEHDIR
BRAFDODBRENITRTEFNTWVWSEELED, TOAVRIVRIF TSy TYYa—ay ERY,
Z2AT7HEYHETENET,

o WENFFLEYLTOLNTWAWESIZ., R T7H -4init/Ohard/0Osoft DYV ') 2 —> 3 Vg
E. b hTwiwyYa—varveERhYET,
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o N—REMIGERT BHEE. A7 1 -2hard/-3soft DY) 12— 3 VY, AT Y
Ja—saveERYET,

o D//N\— REIMICHEI L TWBIHEEIE. RO7 5 Ohard/-7soft 72 &, EfFalge Y )1 —> 3V
ERYET,

TimeTable 7 5 X (ZI& @PlanningSolution 7 / 7—> a VAEFE N TWS 7, RedHat EJL KD
OptaPlanner (ZZ DV Z RICEAHAT—IDNEFNTVWER & Z2RHL T,

BHBICIE. 2075 RIEEBEBDAANTY,

o 2EFEMMNEF N S timeslotList 7 1 —JL K
o ZhIE., FEREFICEBEINARVAED, BEZ7 77 MY —ZA KT,

o 2IENEFN S roomList 7 1 —JL K
o Inik, FREFICEEINGWED, BEZ77I M) —XMTY,

o IFEMNEZN D lessonList 7 1 —IL K
o Thid, MBREFICEEINDLO, T3V IJIVTAT4—T9,
o #& Lesson:

m timeslot 71 =L KB LUV room 7 4 —)L ROEIZEE. null TREIYHTTY, &
nNoDEIR. TSV IEHTT,

m subject. teacher. studentGroup B EDMHD T 4+ —J)L KIFAAINET, ThHdD
74—V REEMESONT 1 —TT,

=L, TDUVSRIEY)a—YavobrhATcEhY ET,

e LessonM1 YRHY VAT EMD lessonList 7 « —JL RIZI&, f@R%EIE null TlEA L timeslot
74—=JLREroom 714 —ILRDAEEFNFT,

e HAV)a1—avD@E%ZKRY score 7 1 —JU K (fl: Ohard/-5soft)
FIa
src/main/java/com/example/domain/TimeTable.java 7 5 R #{Ef L £ 7,
package com.example.domain;
import java.util.List;
import org.optaplanner.core.api.domain.solution.PlanningEntityCollectionProperty;
import org.optaplanner.core.api.domain.solution.PlanningScore;
import org.optaplanner.core.api.domain.solution.PlanningSolution;
import org.optaplanner.core.api.domain.solution.ProblemFactCollectionProperty;
import org.optaplanner.core.api.domain.valuerange.ValueRangeProvider;

import org.optaplanner.core.api.score.buildin.hardsoft.HardSoftScore;

@PlanningSolution
public class TimeTable {

@ValueRangeProvider(id = "timeslotRange")
@ProblemFactCollectionProperty
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private List<Timeslot> timeslotList;

@ValueRangeProvider(id = "roomRange")
@ProblemFactCollectionProperty
private List<Room> roomlList;

@PlanningEntityCollectionProperty
private List<Lesson> lessonList;

@PlanningScore
private HardSoftScore score;

private TimeTable() {
}

public TimeTable(List<Timeslot> timeslotList, List<Room> roomList,
List<Lesson> lessonList) {
this.timeslotList = timeslotList;
this.roomList = roomList;
this.lessonList = lessonList;

}

/ FAEAAA A AR A A A A A AR AR A A A A A A A A A A d ok

// Getters and setters

/ FAEAAA A AR A A A A AR R AR A A A A A A Ak d A d ok

public List<Timeslot> getTimeslotList() {
return timeslotList;

}

public List<Room> getRoomList() {
return roomList;

}

public List<Lesson> getLessonList() {
return lessonList;

}

public HardSoftScore getScore() {
return score;

}

EOHEEDTO/NA F—

timeslotList 7 1 —JL Nid, [EQEHE T O/ ¥ —TF, Zhid Timeslot1 V2% Y A &RFL.
OptaPlanner AZ DA VY 24 >~ A %#IR L T, Lesson {1 R 4% > ZAD timeslot 7 4 —JL KIZEIY 1T
5 ENTEZET, timeslotList 7 «+ —JU KIZI& @ValueRangeProvider 7 / 7—> 3 V% Y. id
% . Lesson ® @PlanningVariable ® valueRangeProviderRefs [C—E X H# £ 7,

BELOYy 76V, roomList 7 1 —JL KIZH @ValueRangeProvider 7 / 7—> 3 A& FhTW
7,

MEI7IMNETSVZVTIVTFAT4—DOTOANRT 4 —
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X 5| OptaPlanner (&, ZEA[gE4: Lesson 1 ¥ 24 ~ A, X 5(C TimeTableConstraintProvider (C
£ZRATEEICFERT S Timeslot 1 VX9 2& Room A YV AY VAT 2 HE%IBELTS
KHEAHYET,

timeslotList 7 1+ —JL K & roomList 7 1 —JL K IZ(E @ProblemFactCollectionProperty 7/ 75— 3
vHEENTWS <, TimeTableConstraintProvider (N SD 1 VAV AN SBIRTEE T,

lessonList (Z (& @PlanningEntityCollectionProperty 7 / 7—> a VA& F N TW3 7,
OptaPlanner (2 fi## 85 (CZ 8 T X, TimeTableConstraintProvider (& Z DM 5BIRTE T,

12.5. TIMETABLE H#—E X D{ERK

INTIXRTHAEDE, RESTH—EREZERT 2EENTEE L, LHL, RESTRL v RT&
EfEERRTZE, HTTPYA LT NOBEIRELE T, TD7/®H. SpringBoot A9 —4—T
I% SolverManager #3¥ A9 252 & T, BRDAL Y RT—=ILTYIN—RTLTERODT—9EY
NaliTL CTRRTEE T,

FI7

src/main/java/com/example/solver/TimeTableController.java 7 5 A = {E L £ 9,

package com.example.solver;

import java.util.UUID;
import java.util.concurrent.ExecutionException;

import com.example.domain.TimeTable;

import org.optaplanner.core.api.solver.Solverdob;

import org.optaplanner.core.api.solver.SolverManager;

import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.web.bind.annotation.PostMapping;
import org.springframework.web.bind.annotation.RequestBody;
import org.springframework.web.bind.annotation.RequestMapping;
import org.springframework.web.bind.annotation.RestController;

@RestController
@RequestMapping("/timeTable")
public class TimeTableController {

@Autowired
private SolverManager<TimeTable, UUID> solverManager;

@PostMapping("/solve")
public TimeTable solve(@RequestBody TimeTable problem) {
UUID problemld = UUID.randomUUID();
// Submit the problem to start solving
SolverJob<TimeTable, UUID> solverdob = solverManager.solve(problemld, problem);
TimeTable solution;
try {
// Wait until the solving ends
solution = solverJob.getFinalBestSolution();
} catch (InterruptedException | ExecutionException €) {
throw new lllegalStateException("Solving failed.", e);

}

return solution;
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}
ZOBITIE, FHEZREVIN—DETTEDERDODT, HTTP YA LTI MDELFREELF
¥, complete ER%ZFATSHIE T, LYBYNCHTTP YA LTV M0 TEET,
12.6. VILN—{& T BB DERE
TSV T TV r—2a VIR TREELIFRTARY MRRWIEES. BRIICITKGEMNICETS
N2 &Y, ERICEHTTP YA LT I RIZ—DHEELEFT, INDPRELBRVEDICTSIC
i&. optaplanner.solver.termination.spent-limit /XS X —4%—%FEAL T, 77V 5—>a v ETL
THLDEREERELET, Z<OT7FUS—2arTlE, CORBEZRETESD GmM) ICKRELFE

¥, 2L, KERIOFITIE. AREEZ S DICHRYT 5 &, BENTICEWLOHTTP Y14 AT
MNeEETEEXT,

FI7

L FDOWNAE% ST src/main/resources/application.properties 7 7 1 L& ERR L £ 7,

I quarkus.optaplanner.solver.termination.spent-limit=5s

7.7V 5r—> a3 v AaETAHREICT 5FIE

Red Hat EJL K@ OptaPlanner Spring Boot DEEEI 7OV a5 T 95 &, 124 Java main() X
Yy RTERENTZ 1 DDRITHREIAR 7 7 AT RTHENRv =TI LFT,

EIE= Sia
e N T OptaPlanner Spring Boot DEEEEI 7OV =V MAER L L7,

FIg
1. LTFORAR%ET TimeTableSpringBootApp.java 7 5 A % {ERR L £ 7,
package com.example;

import org.springframework.boot.SpringApplication;
import org.springframework.boot.autoconfigure.SpringBootApplication;

@SpringBootApplication
public class TimeTableSpringBootApp {

public static void main(String[] args) {
SpringApplication.run(TimeTableSpringBootApp.class, args);

}
}

2. Spring Initializr TYERX X 117z src/main/java/com/example/DemoApplication.java 7 2 X (&
TimeTableSpringBootApp.java 7 S A ICE XX X7,

3 BEDJava7 TN r—>avd A4 >4- 52X E LT TimeTableSpringBootApp.java 7 5 2
ZEITLEY,

180



#5128 SPRING BOOT _£® RED HAT EJL KD OPTAPLANNER: BfEIBIO V1 v Y A9 —MHA K

RZLEBEI7Z ) r—> a3 v Oa1T

Red Hat EJL K@ OptaPlanner Spring Boot B§fEE| 7 7 r—> 3 ~V Oi2EIRIC. EERDREST 754
7Y RNCTRESTH—EREZTARNTEZXYT, ZORFITI Linuxeurl A< RA&FER L TPOST X %1%
ELET,

AR

e OptaPlanner Spring Boot 7 7Y s —> 3 Y ARITHTH %,

FIE
LUFoa~vv RKREAALET,

$ curl -i -X POST http://localhost:8080/timeTable/solve -H "Content-Type:application/json" -d
'{"timeslotList":[{"dayOfWeek":"MONDAY","startTime":"08:30:00","endTime":"09:30:00"},
{"dayOfWeek":"MONDAY","startTime":"09:30:00","endTime":"10:30:00"}],"roomList":[{"name":"Room
A"} {"name":"Room B"}],"lessonList":[{"id":1,"subject":"Math","teacher":"A. Turing","studentGroup":"9th
grade"},{"id":2,"subject":"Chemistry","teacher":"M. Curie","studentGroup":"9th grade"},
{"id":3,"subject":"French","teacher":"M. Curie","studentGroup":"10th grade"},
{"id":4,"subject":"History","teacher":"l. Jones","studentGroup":"10th grade"}]}'

# 5 #1% (application.properties TEZ I NI TEE) IC. T—EXICLY., UTOHIDL SR
PRINET,

HTTP/1.1 200
Content-Type: application/json

{"timeslotList":...,"roomList"....,"lessonList":[{"id":1,"subject":"Math","teacher":"A.
Turing","studentGroup":"9th grade","timeslot":
{"dayOfWeek":"MONDAY","startTime":"08:30:00","endTime":"09:30:00"},"room":{"name":"Room A"}},
"id":2,"subject":"Chemistry","teacher":"M. Curie","studentGroup":"9th grade","timeslot":
"dayOfWeek":"MONDAY","startTime":"09:30:00","endTime":"10:30:00"},"room™":{"name":"Room A"},
"id":3,"subject":"French","teacher":"M. Curie","studentGroup":"10th grade","timeslot":
"dayOfWeek":"MONDAY","startTime":"08:30:00","endTime":"09:30:00"},"room™":{"name":"Room B"}},
"id":4,"subject":"History","teacher":"l. Jones","studentGroup":"10th grade","timeslot":
"dayOfWeek":"MONDAY","startTime":"09:30:00","endTime":"10:30:00"},"room":{"name":"Room

B'}}],"score":"Ohard/0soft"}

Pt Wt N ates Mt Mt Maten)

TTr—oavicdky, 4 DDFBENAITRTC2DOOEEBR., FLT22O0HZ3BEDIED1DICEY
UTOHONTWLWEIRIGEBLTLEIWY, Fo, IRTON—REIWICENTZZEICERELTLES
W, 72EZIE. M.Curie @2 DDIREIZEALRZBEBROY MIHY T,

H—N—flTinfo A, ZD 5B T OptaPlanner BT o AR EHINZE T,

... Solving started: time spent (33), best score (-8init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).

... Construction Heuristic phase (0) ended: time spent (73), best score (Ohard/0soft), score calculation
speed (459/sec), step total (4).

... Local Search phase (1) ended: time spent (5000), best score (Ohard/0soft), score calculation
speed (28949/sec), step total (28398).

... Solving ended: time spent (5000), best score (Ohard/0soft), score calculation speed (28524/sec),
phase total (2), environment mode (REPRODUCIBLE).
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1272.77)V5—>3a>vOF RN

WEIRT PV r—2a Vi@ T A MEEFNET. UTOFITIE, RedHat EJL KD OptaPlanner
Spring Boot &I 7 FU r—>av a7 AMNLET, TOF7FYTr—2avid, Junit 7R M &fER
LTTRAMNDT—4Ey hEER L. TimeTableController [T L TR L X9,

FI7

LI FOWA % &L src/test/java/com/example/solver/TimeTableControllerTest.java 7 5 X %= {ER% L
9,

package com.example.solver;

import java.time.DayOfWeek;
import java.time.LocalTime;
import java.util.ArrayList;
import java.util.List;

import com.example.domain.Lesson;

import com.example.domain.Room;

import com.example.domain.TimeTable;

import com.example.domain.Timeslot;

import org.junit.jupiter.api.Test;

import org.junit.jupiter.api.Timeout;

import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.boot.test.context.SpringBootTest;

import static org.junit.jupiter.api.Assertions.assertFalse;
import static org.junit.jupiter.api.Assertions.assertNotNull;
import static org.junit.jupiter.api.Assertions.assertTrue;

@SpringBootTest(properties = {

"optaplanner.solver.termination.spent-limit=1h", // Effectively disable this termination in favor of
the best-score-limit

"optaplanner.solver.termination.best-score-limit=0hard/*soft"})
public class TimeTableControllerTest {

@Autowired
private TimeTableController timeTableController;

@Test
@Timeout(600_000)
public void solve() {
TimeTable problem = generateProblem();
TimeTable solution = timeTableController.solve(problem);
assertFalse(solution.getLessonList().isEmpty());
for (Lesson lesson : solution.getLessonList()) {
assertNotNull(lesson.getTimeslot());
assertNotNull(lesson.getRoom());

}

assertTrue(solution.getScore().isFeasible());

}

private TimeTable generateProblem() {
List<Timeslot> timeslotList = new ArrayList<>();
timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(8, 30), LocalTime.of(9,
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30)));t imeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(9, 30), LocalTime.of(10,
30))),t imeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(10, 30), LocalTime.of(11,
30))),t imeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(13, 30), LocalTime.of(14,
30))),t imeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(14, 30), LocalTime.of(15,
30)));

List<Room> roomList = new ArrayList<>();
roomList.add(new Room("Room A"));
roomList.add(new Room("Room B"));
roomList.add(new Room("Room C"));

List<Lesson> lessonList = new ArrayList<>();

lessonList.add(new Lesson(101L, "Math", "B. May", "9th grade"));
lessonList.add(new Lesson(102L, "Physics", "M. Curie", "9th grade"));
lessonList.add(new Lesson(103L, "Geography", "M. Polo", "9th grade"));
lessonList.add(new Lesson(104L, "English", "I. Jones", "9th grade"));
lessonList.add(new Lesson(105L, "Spanish”, "P. Cruz", "9th grade"));

Py
P ———

new Lesson
new Lesson

lessonList.add
lessonList.add

201L, "Math", "B. May", "10th grade"));

202L, "Chemistry", "M. Curie", "10th grade"));
lessonList.add(new Lesson(203L, "History", "I. Jones", "10th grade"));
lessonList.add(new Lesson(204L, "English", "P. Cruz", "10th grade"));
lessonList.add(new Lesson(205L, "French", "M. Curie", "10th grade"));
return new TimeTable(timeslotList, roomList, lessonList);

Py
P ———

}

DT RAME FRBICTNTOERDN YA LZAOY FEREICEAYHTOLNTVWS I EZHALE
T Tl RTTRMR (N FHNOERZL) BEELI T,

WBE. VILNN—(F3200 S YMRBTETARRAZRFEL X T, @SpringBootTest 7/ 77— 3D
properties 7%, E{TAEEARY Y 12— 3 ¥ (Ohard/*soft) AR DM 2 EAFIC, YVILN—DRT A LE
ELET, THFTBZET. A=Y MTFRAMNPERDON—RI 7 TCETINDAEELIH D7D, vV
WNR—DEEEN—RI—NMEe20%E# L ET, COT7TO—FEFERATEIET, BXNEVND
ATLTH>TH, RTARARY ) 21— a3V ERETZ2DICHLILRERELITTRAMNETINRET,
L, BEYYVTH BBICHEBEEINIBALIVEIVRBATRCETINGIEEHY FHE
Ao

12.73.0x V4

Red Hat EJL K® OptaPlanner Spring Boot DBFEEI 7 7)) r—>a v 7Y r—vavamE7#ICO
¥ JEREEREY % &, ConstraintProvider THIFNHERAE LT <AV ET, infoOd T 771 JL
TRAOATHEOEE AL T, #IMICNMAEREDORELATMLEST, TN ITE—RTT7 Y Ir—

YavEERGLT PAVS—2arvtIdFIREIRTRRT S B0V %2FER L T2FIES £
UEEEO0X I LEY,

FIE
| BRIET Ty — 3 Y E—EORR (B:59) 2T LET,

2. UTOFIDESIC, log 7 7 A IIVDRIATEEOEEAHIRLE T,
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I ... Solving ended: ..., score calculation speed (29455/sec), ...

3 HMWAEZELC, ALKE., 750V J77)r—>av%ETL, log 7 7 1 JLICEEEHS
NTWBRITHEREZHEALE T,

4. PNV 5—2avaETNyTJE—RTEITLT, £FEE2OJ/ICEHKLE T,

o OXVRSAVUDLTNYITE—RERITTZICE, -DYRFL7ONRT+—%FHALE
£

e application.properties 7 7 1 JLOOF >V J%EZEET 2IIE. LTDITEIDT7 74 ILICE
mLEY,

I logging.level.org.optaplanner=debug
UTOBITIE, TNy TE—RTDlog 7 7M1 ILDHEAEKRRZLET,

... Solving started: time spent (67), best score (-20init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).

CH step (0), time spent (128), score (-18init/Ohard/0soft), selected move count (15),
picked move ([Math(101) {null -> Room A}, Math(101) {null -> MONDAY 08:30}]).

CH step (1), time spent (145), score (-16init/Ohard/0soft), selected move count (15),
picked move ([Physics(102) {null -> Room A}, Physics(102) {null -> MONDAY 09:30}]).

5. trace A¥ /AL T, £2FIE. BLUVFIRIEDLEETEZRRLET,

12.8. T— 44 R—2 & Ul & DEN

Spring Boot % f#f L T Red Hat EJL KD OptaPlanner 7 7Y 7 —> a3 v Ol &R LIS, T—%
R=—EUIREZEBMLET,

b= ST IR S

e OptaPlanner Spring Boot MEFEIE|H > FTILAMERR I LT W 3,

FIR

1. Timeslot. Room. & & U Lesson O Java Persistence API (JPA) YRY M) —%4ERR L £
T, JPAYRY M) —DERICEAY 2153k (IZ. Spring @ Web #4 ~® Accessing Data with
JPAZSZRRL TLETE L,

2. RESTTJUPA)RIY MN)—%R2EALET, YR N —DRREICET 21EHRIE. Spring D
Web t4 h® Accessing JPA Data with RESTASRR L T XL,

3. TimeTableRepository Facade ZEJL KL T, 1E®D b5 #7723 » T TimeTable % &t 4 HX
Y, EFRAHZET,

4. LFDOHID & S IC TimeTableController Z 5% L £ 9,
package com.example.solver;

import com.example.domain.TimeTable;
import com.example.persistence.TimeTableRepository;
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import org.optaplanner.core.api.score.ScoreManager;

import org.optaplanner.core.api.solver.SolverManager;

import org.optaplanner.core.api.solver.SolverStatus;

import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.web.bind.annotation.GetMapping;
import org.springframework.web.bind.annotation.PostMapping;
import org.springframework.web.bind.annotation.RequestMapping;
import org.springframework.web.bind.annotation.RestController;

@RestController
@RequestMapping("/timeTable")
public class TimeTableController {

@Autowired

private TimeTableRepository timeTableRepository;
@Autowired

private SolverManager<TimeTable, Long> solverManager;
@Autowired

private ScoreManager<TimeTable> scoreManager;

// To try, GET http.//localhost:8080/time Table

@GetMapping()

public TimeTable getTimeTable() {
// Get the solver status before loading the solution
// to avoid the race condition that the solver terminates between them
SolverStatus solverStatus = getSolverStatus();
TimeTable solution =

timeTableRepository.findByld(TimeTableRepository.SINGLETON_TIME_TABLE_ID);

scoreManager.updateScore(solution); // Sets the score
solution.setSolverStatus(solverStatus);
return solution;

}

@PostMapping("/solve")
public void solve() {
solverManager.solveAndListen(TimeTableRepository.SINGLETON_TIME_TABLE_ID,
timeTableRepository::findByld,
timeTableRepository::save);

}

public SolverStatus getSolverStatus() {
return
solverManager.getSolverStatus(TimeTableRepository. SINGLETON_TIME_TABLE_ID);

}

@PostMapping("/stopSolving")
public void stopSolving() {
solverManager.terminateEarly(TimeTableRepository. SINGLETON_TIME_TABLE_ID);

}

BRI DD, 2OO—KIE TimeTable 1 YR VA& 1DEIFREBLETH, VILFT
FTUMNEAEMILT, ELRZ2ERKD TimeTable 1 VA9 VR %=EH, ETLTCUEBTZIEE
BEICTEET,
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getTimeTable() XV v RKiE, T—IR—ADSRFOEBENEZRLET, DAYV YR
I&. ScoreManager (HENEA) 2#FEAL T, UTRATARRTES LI, WROBFEE D
AA7%5AHELET,

solve() XV v Ni&, Y a7%BAL T, REOEEE ZMAL., BEREHMEDOEIY LHTE
T—AR—RIRELZET, TDXYV v RiE SolverManager.solveAndListen() XV v K%
FRALT, PREAOKERE) YAV L, TRUICADETT—9IR—AEEHRLET, 2573
ZET, NYIITYRTERLAAS, U TEBARTITZET,

5. solve() XV v RDBIEISRIND LD ICR272DT, UTDHIDEL S IC
TimeTableControllerTest A2 L £ 7,

package com.example.solver;

import com.example.domain.Lesson;

import com.example.domain.TimeTable;

import org.junit.jupiter.api.Test;

import org.junit.jupiter.api.Timeout;

import org.optaplanner.core.api.solver.SolverStatus;

import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.boot.test.context.SpringBootTest;

import static org.junit.jupiter.api.Assertions.assertFalse;
import static org.junit.jupiter.api.Assertions.assertNotNull;
import static org.junit.jupiter.api.Assertions.assertTrue;

@SpringBootTest(properties = {

"optaplanner.solver.termination.spent-limit=1h", // Effectively disable this termination in
favor of the best-score-limit

"optaplanner.solver.termination.best-score-limit=0hard/*soft"})
public class TimeTableControllerTest {

@Autowired
private TimeTableController timeTableController;

@Test
@Timeout(600_000)
public void solveDemoDataUntilFeasible() throws InterruptedException {
timeTableController.solve();
TimeTable timeTable = timeTableController.getTimeTable();
while (timeTable.getSolverStatus() != SolverStatus.NOT_SOLVING) {
// Quick polling (not a Test Thread Sleep anti-pattern)
// Test is still fast on fast systems and doesn't randomly fail on slow systems.
Thread.sleep(20L);
timeTable = timeTableController.getTimeTable();
}
assertFalse(timeTable.getLessonList().isEmpty());
for (Lesson lesson : timeTable.getLessonList()) {
assertNotNull(lesson.getTimeslot());
assertNotNull(lesson.getRoom());

}

assertTrue(timeTable.getScore().isFeasible());
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6. YVILIN—DBRENTETITHET. RFDOY)a—2avaER-—)VILET,

7. BREEARELTZICIE. TNODREST AV Y RO LICETIZA Web Ul Z8EL X T,

12.9. MICROMETER & PROMETHEUS A L TEROBREEI#BEH T 3
OPTAPLANNERSPRINGBOOT 77— 3V
OptaPlanner (&, Java 77V o —>avADOXA N v V&S A 75 —T#H 3 Micrometer 29 L T

ANY Y EARLZET., Prometheus T Micrometer 2 L T, EROBBE 7 ) 5r—>3 VT
OptaPlanner VL N—%BSIRTEXE T,

AR
® Spring Boot OptaPlanner 2R OBFEEI 7 7 r—> a v &KL F L7,

® Prometheus B’ Y X h—IJILEINTW3, Prometheus D1 VA M—JLIZDWT
&, Prometheus ® Web 4 R &SI L T I,

¥
1. technology/java-spring-boot 71 LV b U —ICBEL X7,

2. EROBFEZE pom.xml 7 7 41 JLIZ Micrometer Prometheus {kEZBE k& BN L £ 9,
<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-actuator</artifactld>
</dependency>
<dependency>
<groupld>io.micrometer</groupld>

<artifactld>micrometer-registry-prometheus</artifactld>
</dependency>

3. RO F'O/XF 4 —7% application.properties 7 7 1 JLIEM L 9

I management.endpoints.web.exposure.include=metrics,prometheus
4. EROBEET S ) r—ravaRBLES,

I mvn spring-boot:run

5. Web 75 7 #—T http://localhost:8080/actuator/prometheus =B X £ 7,
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51332 OPTAPLANNER & JAVA @ RED HAT EJL R: Z® DB
BDIA Yy IRY—KNHAR
AE TIE, OptaPlanner OFHIFIFRATHEE (A) ZFEA LTI Y T Java 7 TV r—2a V& ERY

2702 EHMBLET, EECHMDOLDICEROEBEZZELT ATV RSA VT T ) r—
vaveEFRLETY,

INFO Solving ended: time spent (5000), best score (0Ohard/9soft), ...

INFO

INFO | | RoomA |RoomB |RoomC |
INFO |---- | |- -~ |
INFO | MON 08:30 | English | Math | |
INFO | | I. Jones | A. Turing | |
INFO | | 9th grade | 10th grade | |
INFO |[---- | |- -~ |
INFO | MON 09:30 | History | Physics | |
INFO | | I. Jones | M. Curie | |
INFO | | 9th grade | 10th grade | |
INFO |---- | |- -~ |
INFO | MON 10:30 | History | Physics | |
INFO | | I. Jones | M. Curie | |
INFO | | 10th grade | 9th grade | |
INFO |[---- | |- -~ |
INFO |---- | |- -~ |

Tr)r—vavig, AIZFERLTN—RRATTVa2—I)LEY I RRTTV2a—ILDFHIN %2EsFT 5 &
IC& Y, Lesson 1 YV RY VR % A4 LZAAY MMV ARSIV AE Room A VRV AICEHERIZEY
LTET, RIHAERLET,

o 1HMBICARFICEIYBTRZIENTEBHRERK. RK1IYTY,

o HEIHNEFIC—EITO I ENTEIREIIFRKIETY,

o HFEIIEBICHEFE CISIREIIFAR1IATTY,

o ML, IRTDLYRVERUEETHAD I EATFHET,

o HENIE, ERMLEBRELZITFH, REBICKHEIEZLDAEHRVWET,

o 4AfflI. AULRBEDEHRLAL Y AV EHERWET,
HEMICEZ D &, FROBEFBEEIE NP HHE ORETHY ET, chiE, RT—)VIrR#ETHD
EHEEBEKRLEYT., TRTOAREAEAEHOEZ8EMICKRYYTRETSE, A==V Ea1—%—
ETXZ2, BETEARAWT =49ty MNIFLTEAERBEM DY £9, FEL, OptaPlanner 7 & D Al il

YV ILN—ITIE, ZERFERNICIEERERY ) 1 —2a Vv ERBETI2RERT7IVIY XL HY F
ER

AR

® OpendDK (JDK) T A% R h—JLINT W3, RedHat EJL KD Open JDK Id Red Hat 1 X
—R=IN(BATAVEBEBEYD VI NIz T7H I VO—RKR=IPSLAFTEET,
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® Apache Maven 3.6 IBEA 1 A M—J)LEINTW 3, Maven I Apache Maven Project M Web
YA MDOLAFTEIXY,

e |IntelliJ IDEA, VSCode, Eclipse 72 & ® IDE

13.1. MAVEN 721 GRADLE EJIL R T7 74 L% {ERX L. KEEKR%EEBINT
%

OptaPlanner 2 DEMEE| 7 7)) r— 3 VIZIE, Maven 714 Gradle 2#HTEXZd, EILRT 7
AIWEER LIS, ROKEFEFEREEBMLET,

o ZPROIFEEIME% R Y %7 5HD optaplanner-core (1> /X1 JLZAO—7)
e optaplanner-test (7 2 f 23 —7) 15 JUnit ~NOZROBEEZOFIFD T X b

® OptaPlanner ’ETT 2R T v TA2RRT %7280 D logback-classic (T 4% 1 LZX2—) &
EDEE

FIE
1. Maven 7 l& Gradle EJL R 7 74 ILEERR L E T,

2. optaplanner-core. optaplanner-test. & & U logback-classic D&k ZFEHRE=EIL KT 7 1)L
IEML XD,

® Maven DIFE. ROKFEFKR%EZ pom.xml 7 7 1 JLISEML £,

<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-core</artifactld>
</dependency>

<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-test</artifactld>
<scope>test</scope>

</dependency>

<dependency>
<groupld>ch.qos.logback</groupld>
<artifactld>logback-classic</artifactld>
<version>1.2.3</version>
</dependency>

ROBIE. TR pomxml 7 7 A ILAERLTWET,

<?xml version="1.0" encoding="UTF-8"7>
<project xmins="http://maven.apache.org/POM/4.0.0"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://maven.apache.org/POM/4.0.0
https://maven.apache.org/xsd/maven-4.0.0.xsd">
<modelVersion>4.0.0</modelVersion>

<groupld>org.acme</groupld>
<artifactld>optaplanner-hello-world-school-timetabling-quickstart</artifactld>
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<version>1.0-SNAPSHOT</ersion>

<properties>
<maven.compiler.release>11</maven.compiler.release>
<project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>

<version.org.optaplanner>8.11.1.Final-redhat-00006</version.org.optaplanner>
<version.org.logback>1.2.3</version.org.logback>

<version.compiler.plugin>3.8.1</version.compiler.plugin>

<version.surefire.plugin>3.0.0-M5</version.surefire.plugin>

<version.exec.plugin>3.0.0</version.exec.plugin>
</properties>

<dependencyManagement>
<dependencies>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-bom</artifactld>
<version>${version.org.optaplanner}</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>ch.qos.logback</groupld>
<artifactld>logback-classic</artifactld>
<version>${version.org.logback}</version>
</dependency>
</dependencies>
</dependencyManagement>

<dependencies>

<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-core</artifactld>

</dependency>

<dependency>
<groupld>ch.gos.logback</groupld>
<artifactld>logback-classic</artifactld>
<scope>runtime</scope>

</dependency>

<!I-- Testing -->
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-test</artifactld>
<scope>test</scope>
</dependency>
</dependencies>

<build>
<plugins>
<plugin>
<artifactld>maven-compiler-plugin</artifactid>
<version>${version.compiler.plugin}</version>
</plugin>
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<plugin>
<artifactld>maven-surefire-plugin</artifactld>
<version>${version.surefire.plugin}</version>

</plugin>

<plugin>
<groupld>org.codehaus.mojo</groupld>
<artifactld>exec-maven-plugin</artifactld>
<version>${version.exec.plugin}</version>
<configuration>

<mainClass>org.acme.schooltimetabling. TimeTableApp</mainClass>

</configuration>

</plugin>

</plugins>
</build>

<repositories>
<repository>
<id>jboss-public-repository-group</id>
<url>https://repository.jboss.org/nexus/content/groups/public/</url>
<releases>
<I-- Get releases only from Maven Central which is faster. -->
<enabled>false</enabled>
</releases>
<snapshots>
<enabled>true</enabled>
</snapshots>
</repository>
</repositories>
</project>

Gradle DIHE. RDOUKEREG% gradle.build 7 7 1 JLICEIML £ 9

dependencies {
implementation "org.optaplanner:optaplanner-core:${optaplannerVersion}"
runtimeOnly "ch.qos.logback:logback-classic:${logbackVersion}"

testimplementation "org.optaplanner:optaplanner-test:${optaplannerVersion}"

}

ROBIE, 5ER L7 gradle.build 7 7 1 LERLTWE T,

plugins {
id "java"
id "application”

}

def optaplannerVersion = "{project-version}"
def logbackVersion = "1.2.3"

group = "org.acme"
version = "0.1.0-SNAPSHOT"

repositories {

mavenCentral()

}
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dependencies {
implementation "org.optaplanner:optaplanner-core:${optaplannerVersion}"
runtimeOnly "ch.qos.logback:logback-classic:${logbackVersion}"

testimplementation "org.optaplanner:optaplanner-test:${optaplannerVersion}"

}

java {
sourceCompatibility = JavaVersion.VERSION_11
targetCompatibility = JavaVersion.VERSION_11

}

compiledava {
options.encoding = "UTF-8"
options.compilerArgs << "-parameters”

}

compileTestJava {
options.encoding = "UTF-8"

}

application {
mainClass = "org.acme.schooltimetabling. TimeTableApp"

}

test {
// Log the test execution results.
testLogging {
events "passed", "skipped", "failed"
}
}

B2 RXA VAT MOETIVE
Red Hat EJL K® OptaPlanner DBFEEI 7O =7 FOBEIR., Ly RV T ICHBEREHEICEY Y

T3Z¢ETY, TNITIE. ROEICTT LD IC. Timeslot. Lesson. 8L T Room D3 DDY SR %
EMLEY,
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Time table class diagram

Timeslot Lesson
dayOfweek : DayOfWeek subject : String
startTime : LocalTime , teacher : String
endTime : LocalTime — timesiot _ studentGroup : String

‘ Room
name : String room
0.1 *

Timeslot

Timeslot 7 5 X |&. Monday 10:30 - 11:30. Tuesday 13:30-14:30 72 &, REDRIZRLFT.,
DFITIE, BFERIETANTRLCRS (HE) T BRAFLIFMOKRERFEICIEIOZROY MIHY FE
A/Q

BRORT Y 1—)VidEBE (A CHEN) EYRINZEZIFROT, BEFICIFEMDIHY FHA. &
feo MEHT S =0T BBEHY FH A, BBIREFIC Timeslot 1 V25 Y ADEE LRV,
Timeslot (X BEZ7 72 b EMENFE T, DL DAY FRICIE OptaPlanner BEDT / F— a vid
WBEHY FE A

Room

Room 7 5 Xl&. Room A. RoomB &, B¥DiZmMERLE T, UTDHITIX. EDEEL EEF
RO, TRTOBEICHBTEET,

Room 1 VA% ¥ RIIEREFICEIL LA W0, RoomIZBEEZ772 b TEHY T,

Lesson

¥ (Lesson 7 5 A TRI). HERIFEE D ELEIC Math by A.Turing for 9th grade. Chemistry by
M.Curie for 10th grade % EDHERZEE L 9, HH2HEBICDOWT, BEEHKED. R CHEHN’RE CE
HIN—THIEET ZHEIE. Lesson 1 Y RY VY ANEHFERINETA. Thoid id THBTET
T, & zIE 9OFEDHZAEIE. 1 BREIC 6 MBEDERENHY £,

fi#RHIC, OptaPlanner I&. Lesson 7 5 XM timeslot 7 1 —JL K& room 7 1 —ILREZZEL T, &

BEA, BFEZE1D, BEIDICEIYHETET, OptaPlanner idZhbsD7 14 —ILKEEET B
&, Lessonld 75V IITVvF4 74— ERYET,

193


https://docs.optaplanner.org/latestFinal/optaplanner-docs/html_single/index.html#continuousPlanning

Red Hat Process Automation Manager 7.12 Red Hat Process Automation Manager T Red Hat EJU K ® OptaPlanne

Time table class diagram

The timeslot and room fields are

normally null before solving ) . .
and non-null after solving @P"d”m”gEﬂmj‘;

Timeslot Lesson
dayOfweek : DayOfWeek
startTime : LocalTime
endTime : LocalTime

subject : String
teacher : String
studentGroup : String

@PlanningVariable
timeslot
0.1 *

@PlanningVariable
room
0.1 *

‘ Room
name : String

BIETIE, LYYV DT7 1= RUADIFIFTRTDT 41 —=ILRIZ. AATF—I9HEFhTWET, &%
%0 timeslot 7 1 —JL K& room 7 4 —JLRiE, AAT—FICEYHETLNTEST (null), HAT—
FICEIY B THNT (null TIEEARW) WE T, Red Hat EJL KD OptaPlanner I&, fREFICIN 5D
T4—ILREZBELET, TDLIRT1—ILRRE TSV IEHEMENRET, TDT71—ILRK%E
OptaPlanner ICERE# I & % ICI1&. timeslot 7 1 —JL K & room D 7 1 —)L K IZ @PlanningVariable 77
JT—=2aVvhRETY, IDT71—I)LRIZEFENS Lesson 7 T RIZIE. @PlanningEntity 7 / 7 —
YavhHRETY,

FIR

1. src/main/java/com/example/domain/Timeslot.java 7 5 X Z{Ex L £ 7,
package com.example.domain;

import java.time.DayOfWeek;
import java.time.LocalTime;

public class Timeslot {

private DayOfWeek dayOfWeek;
private LocalTime startTime;
private LocalTime endTime;

private Timeslot() {

}

public Timeslot(DayOfWeek dayOfWeek, LocalTime startTime, LocalTime endTime) {
this.dayOfWeek = dayOfWeek;
this.startTime = startTime;
this.endTime = endTime;

}

@Override
public String toString() {
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return dayOfWeek + " " + startTime.toString();
}

/7 FAKAAA AR AR A A A AR AR AR A A AR A A A A A d ok

// Getters and setters

/7 FAFAAAA A A A AR Rk A A A A A A A d A ddhokohok

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}
}

BABLTWBEDIT, toString() XV v NTHO%E5E L 3578, OptaPlanner ® DEBUG O
J%7-1& TRACE OV DAY A BEICA>TWVWET,

2. src/main/java/com/example/domain/Room.java 7 5 A = {E L £ 9,

package com.example.domain;
public class Room {
private String name;

private Room() {

}

public Room(String name) {
this.name = name;

}

@Override
public String toString() {
return name;

}

/ FAFAA A A A A AR ARk A A A A bk A A A ddhokohok

// Getters and setters

/ FAFAAAA A A A AR AR A A A A A A A A ddhokohok

public String getName() {
return name;

}

3. src/main/java/com/example/domain/Lesson.java 7 5 X = {ER L £ ¢,
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196

package com.example.domain;

import org.optaplanner.core.api.domain.entity.PlanningEntity;
import org.optaplanner.core.api.domain.variable.PlanningVariable;

@PlanningEntity
public class Lesson {

private Long id;

private String subject;
private String teacher;
private String studentGroup;

@PlanningVariable(valueRangeProviderRefs = "timeslotRange")
private Timeslot timeslot;

@PlanningVariable(valueRangeProviderRefs = "roomRange")
private Room room;

private Lesson() {

}

public Lesson(Long id, String subject, String teacher, String studentGroup) {
this.id = id;
this.subject = subject;
this.teacher = teacher;
this.studentGroup = studentGroup;

}

@~Override
public String toString() {
return subject + "(" +id + ")";

}

/ FAKA A A A KA ARk kA A A A Ak A kA ddohokohok

// Getters and setters

// FAFAAAA A A A AR ARk A A A A A A A A A ddhokohok

public Long getld() {
return id;

}

public String getSubject() {
return subject;

}

public String getTeacher() {
return teacher;

}

public String getStudentGroup() {
return studentGroup;

}

public Timeslot getTimeslot() {
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return timeslot;

}

public void setTimeslot(Timeslot timeslot) {
this.timeslot = timeslot;

}

public Room getRoom() {
return room;

}

public void setRoom(Room room) {
this.room = room;

}
}

Lesson 7 5 ZIZI& @PlanningEntity 7 / 7—> 3 VA& FEFNTH Y., TOHRITTSZv =T
ZHEN1DODULEEEFNTWS D, OptaPlanner [dZ DY 5 AW FREFICEILT 5 T & & 535
LEYd,

timeslot 7 1 —JL RICI3 @PlanningVariable 7 / 7— 3 > #'% % 7=%. OptaPlanner (.
D74 —ILRDENETZIEERHBLTVET, TOT71—ILRNICEIYHTZZEDT
X% Timeslot 1 V249 V2= RBDIFHTAHIC. OptaPlanner (3 valueRangeProviderRefs
TaNnRT 4 —%FEALTEOEHE 7O/N\1 §— & L. List<Timeslot> %12t L T:ERTE
5E0ICLEY, EOHBETONA Y —ICETZEMIE. (750 =2IvV)a1—-23VTO
RAAYF Ty hDPRE] 28RLTIEIW,

room 7 4 —J)L RIZH, ELCEHT @PlanningVariable 7 / 77— a v A&Fh Z 9,

133.HMNDOERS L TRITDEE

BREDMREFIC A7 TEMNIBOBEEZRLEFT, RAAT7HPEVWELENE LAY XT, RedHat
EJL KD OptaPlanner (&, FIAFRRERIEEN TR O 2 IBOHRNOZERAATOELDZRLELE
T, IO RBEETHIAREMEDHY £,

BEZIDFDI—RAT—ATlE, N—RK&VY 7 MIMAEFERLTW57286. HardSoftScore 7 5 A TR
a7%%kLEY,

o N—REHIE, BIHHERLABWTLEIW, LEAE BEICERKICRIYHTEIENTE
EEIF. XK1Y TY,

o VIMHKIE, BERLAVWEIICLTLKEIWN, L&A AT, 1 DOBVETOREXERE
LI,

N— RERIE, BDON— RERELERT, BEAMIFZTVEY, V7 MM, oY 7 MR E R
T, BAMIFZTVET, N—FHEE, ThZThOEAICERAGC, BICV I MIKELYEERY
i’a—o

EasyScoreCalculator 7 S X %#XRE LT, ROT7%Z5ETEZXT,

public class TimeTableEasyScoreCalculator implements EasyScoreCalculator<TimeTable> {
@Override

public HardSoftScore calculateScore(TimeTable timeTable) {
List<Lesson> lessonList = timeTable.getLessonList();
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int hardScore = 0;
for (Lesson a : lessonList) {
for (Lesson b : lessonList) {
if (a.getTimeslot() != null && a.getTimeslot().equals(b.getTimeslot())
&& a.getld() < b.getld()) {
// A room can accommodate at most one lesson at the same time.
if (a.getRoom() != null && a.getRoom().equals(b.getRoom())) {
hardScore--;
}
// A teacher can teach at most one lesson at the same time.
if (a.getTeacher().equals(b.getTeacher())) {
hardScore--;
}
// A student can attend at most one lesson at the same time.
if (a.getStudentGroup().equals(b.getStudentGroup())) {
hardScore--;

}
}
}
}

int softScore = 0;
// Soft constraints are only implemented in the "complete” implementation
return HardSoftScore.of(hardScore, softScore);

}

DA D, ZORBITHHIENTIEARWVD T, BUICRT—) Vv IINEHA, BENBOBREZLECHE
ICEY B TOHNZALTIC, EREN’BIMIN, HTLLWRAATHEHEINET,

src/main/java/com/example/solver/TimeTableConstraintProvider.java 7 5 X %= {Ef L T. #iERR
75 8EA2ETIT2E. BALYBNAEDIZRYET, TDV 5 RIE, Java 8 Streams & SQL & &
IC L 7= OptaPlanner @ ConstraintStream API % {#f L £ 9, ConstraintProvider

I&. EasyScoreCalculator &b R, 25— VT DREHABMIKEZCR>TWVWET (O (n2) TlrAi<
O (n))o

FIR
LR @ src/main/java/com/example/solver/TimeTableConstraintProvider.java 7 5 2 = ER L £,

package com.example.solver;

import com.example.domain.Lesson;

import org.optaplanner.core.api.score.buildin.hardsoft.HardSoftScore;
import org.optaplanner.core.api.score.stream.Constraint;

import org.optaplanner.core.api.score.stream.ConstraintFactory;
import org.optaplanner.core.api.score.stream.ConstraintProvider;
import org.optaplanner.core.api.score.stream.Joiners;

public class TimeTableConstraintProvider implements ConstraintProvider {

@Override
public Constraint[] defineConstraints(ConstraintFactory constraintFactory) {
return new Constraint[] {
// Hard constraints
roomConflict(constraintFactory),
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teacherConflict(constraintFactory),
studentGroupConflict(constraintFactory),
// Soft constraints are only implemented in the "complete” implementation
I
}

private Constraint roomConflict(ConstraintFactory constraintFactory) {
// A room can accommodate at most one lesson at the same time.

// Select a lesson ...
return constraintFactory.from(Lesson.class)
// ... and pair it with another lesson ...
Jjoin(Lesson.class,
// ... in the same timeslot ...
Joiners.equal(Lesson::getTimeslot),
// ... in the same room ...
Joiners.equal(Lesson::getRoom),
// ... and the pair is unique (different id, no reverse pairs)
Joiners.lessThan(Lesson::getld))
// then penalize each pair with a hard weight.
.penalize("Room conflict", HardSoftScore. ONE_HARD);

}

private Constraint teacherConflict(ConstraintFactory constraintFactory) {
// A teacher can teach at most one lesson at the same time.
return constraintFactory.from(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getTeacher),
Joiners.lessThan(Lesson::getld))
.penalize("Teacher conflict", HardSoftScore. ONE_HARD);

}

private Constraint studentGroupConflict(ConstraintFactory constraintFactory) {
// A student can attend at most one lesson at the same time.
return constraintFactory.from(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getStudentGroup),
Joiners.lessThan(Lesson::getld))
.penalize("Student group conflict", HardSoftScore. ONE_HARD);

13.4. 75009 a—a3 vy TORAAMA VAT NOINE

TimeTable 1 Y X% >V RlF, BE—F—4%+v D Timeslot1 VX% VX, RoomA VAY VR, &
ULlessonf YA VAEZSYTLET, ILIC, TDAVARIVRAIR, BEDT SV JEHDRK
RAEFDEBENITRTEFNTWVWEED, TOAVRIVRAE TSy =oTdYYa—ay 1Y,
ZAT7HEIYHTENET,

o WENFFLEYYTOHNTWAWESIZ, R F7H -4init/Ohard/0Osoft DYV 1) 2 —> 3 Vg
e hTwhwyYya—vavehyYEd,
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o N—REMIGERT BHEE. A7 1 -2hard/-3soft DY) 12— 3 VY, AT Y
Ja—saveERYET,

o D//N\— REIMICHEI L TWBIHEEIE. RO7 5 Ohard/-7soft 72 &, EfFalge Y )1 —> 3V
ERYET,

TimeTable 7 5 X (ZI& @PlanningSolution 7 / 7—> a VAEFE N TWS 7, RedHat EJL KD
OptaPlanner (ZZ DV Z RICEAHAT—IDNEFNTVWER & Z2RHL T,

BHBICIE. 2075 RIEEBEBDAANTY,

o 2EFEMMNEF N S timeslotList 7 1 —JL K
o ZhIE., FEREFICEBEINARVAED, BEZ7 77 MY —ZA KT,

o 2IENEXN S roomList 7 1 —JL K
o ZhIE, FEREFICEBEINARVED, BEZ7 77 MY —ZX KT,

o 2IRENEFN D lessonList 7 1 —JL K
o IhiE, MBREFICEEINDO, T3V IJIVTAT4—T9,
o #& Lesson:

m timeslot 71 =L KB LUV room 7 4 —)L ROEIZEE. null TREIYHTTY, &
noDEE. TSV IEHTY,

®m subject. teacher. studentGroup B&EDMHD T 4 —J)L KIFAAINET, ThHdD
74—V REEMESONT 4 —TT,

2L, SOV ZREY)a—2avDHEHANTEHY FT,

e LessonM1 YRHY VAT EMD lessonList 7 « —JL RIZI&, f@R%EIE null TlEA L timeslot
74— KEroom7 14 —ILRKAEEFNFET,

e HAV)a1—avD@E%ZKRY score 7 1 —JU K (fl: Ohard/-5soft)
FIa
src/main/java/com/example/domain/TimeTable.java 7 5 R #{Ef L £ 7,
package com.example.domain;
import java.util.List;
import org.optaplanner.core.api.domain.solution.PlanningEntityCollectionProperty;
import org.optaplanner.core.api.domain.solution.PlanningScore;
import org.optaplanner.core.api.domain.solution.PlanningSolution;
import org.optaplanner.core.api.domain.solution.ProblemFactCollectionProperty;
import org.optaplanner.core.api.domain.valuerange.ValueRangeProvider;

import org.optaplanner.core.api.score.buildin.hardsoft.HardSoftScore;

@PlanningSolution
public class TimeTable {

@ValueRangeProvider(id = "timeslotRange")
@ProblemFactCollectionProperty

200



#5132 OPTAPLANNER & JAVA @ RED HAT EJL K: ZROEBRD I A v VA9 — MHA R

private List<Timeslot> timeslotList;

@ValueRangeProvider(id = "roomRange")
@ProblemFactCollectionProperty
private List<Room> roomlList;

@PlanningEntityCollectionProperty
private List<Lesson> lessonList;

@PlanningScore
private HardSoftScore score;

private TimeTable() {
}

public TimeTable(List<Timeslot> timeslotList, List<Room> roomList,
List<Lesson> lessonList) {
this.timeslotList = timeslotList;
this.roomList = roomList;
this.lessonList = lessonList;

}

/ FAEAAA A AR A A A A A AR AR A A A A A A A d A h ok

// Getters and setters

/ FAEAAA A AR A A A A AR R AR A A A A A A Ak d A d ok

public List<Timeslot> getTimeslotList() {
return timeslotList;

}

public List<Room> getRoomList() {
return roomList;

}

public List<Lesson> getLessonList() {
return lessonList;

}

public HardSoftScore getScore() {
return score;

}

EOHEEDTO/NA F—

timeslotList 7 1 —JL Nid, [EQEHE T O/ ¥ —TF, Zhid Timeslot1 V2% Y A &RFL.
OptaPlanner AZ DA VY 24 >~ A %#IR L T, Lesson {1 R 4% > ZAD timeslot 7 4 —JL KIZEIY 1T
5 ENTEZET, timeslotList 7 «+ —JU KIZI& @ValueRangeProvider 7 / 7—> 3 V% Y. id
% . Lesson ® @PlanningVariable ® valueRangeProviderRefs [C—E Xt £ 7,

BELOYy 76V, roomList 7 1 —JL KIZH @ValueRangeProvider 7 / 7—> 3 A& FhTW
7,

MEI7IMNETSVZVTIVTFAT4—DOTOANRT 4 —
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X 5| OptaPlanner (&, ZEA[gE4: Lesson 1 ¥ 24 ~ A, X 5(C TimeTableConstraintProvider (C
£BRATEEICFERT S Timeslot 1 VX9 > 2& Room A Y AY VAT 2 HE%IBELTS
KHELAHYET,

timeslotList 7 1+ —JL K & roomList 7 1 —JL K IZ(E @ProblemFactCollectionProperty 7/ 75— 3
vHEENTWS <, TimeTableConstraintProvider (EZNSD 1 VA YV AN SBIRTEE T,

lessonList IZ (3 @PlanningEntityCollectionProperty 7 / 77— a v E@FhTW 37,
OptaPlanner (X f#3REFICZEE T X, TimeTableConstraintProvider & Z DM 5BIRTX X,

13.5. TIMETABLEAPP.JAVA 7 5 R

PROBEEIT7 TV r—>avOdRTOAVR—%3Y MEFER LD, ThHETART
TimeTableApp.java 7 Z R ICX EHFET,

main() XV v KIELLTDS RV &#ETLET,
1. SolverFactory Z{Em L CT. &7 —#%tv b®D Solver Z#EEL 7,
2. 789ty beO—RLEFT,
3. Solver.solve() THRL 9,
4. ZTDT—89ty NOBEETELLET,

BE. 7V r—oavilid, BRIZBEET Ity NTEITH LV Solver 1 Y R 9 v R &HEET
% 7= ® SolverFactory i’ 1 2% 'Y £9¢ ., SolverFactory IFRX L v Kz—7 T3 A% Solver [£%Z D Tl
HYFthA, EROBGEBT TV r—>avoighd. 7—9ty ME1D LM RWEDH, Solver 1 >~
HUAF1DEFTY,

58F% L 7= TimeTableApp.java 7 5 R IZXRDEH Y T,

package org.acme.schooltimetabling;

import java.time.DayOfWeek;
import java.time.Duration;

import java.time.LocalTime;
import java.util. ArrayList;

import java.util.Collections;
import java.util.List;

import java.util.Map;

import java.util.stream.Collectors;

import org.acme.schooltimetabling.domain.Lesson;

import org.acme.schooltimetabling.domain.Room;

import org.acme.schooltimetabling.domain.TimeTable;

import org.acme.schooltimetabling.domain.Timeslot;

import org.acme.schooltimetabling.solver. TimeTableConstraintProvider;
import org.optaplanner.core.api.solver.Solver;

import org.optaplanner.core.api.solver.SolverFactory;

import org.optaplanner.core.config.solver.SolverConfig;

import org.slf4j.Logger;

import org.slf4j.LoggerFactory;

public class TimeTableApp {
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private static final Logger LOGGER = LoggerFactory.getLogger(TimeTableApp.class);

public static void main(String[] args) {
SolverFactory<TimeTable> solverFactory = SolverFactory.create(new SolverConfig()

.withSolutionClass(TimeTable.class)
.withEntityClasses(Lesson.class)
.withConstraintProviderClass(TimeTableConstraintProvider.class)
// The solver runs only for 5 seconds on this small data set.
// It's recommended to run for at least 5 minutes ("5m") otherwise.
.withTerminationSpentLimit(Duration.ofSeconds(10)));

// Load the problem
TimeTable problem = generateDemoData();

// Solve the problem
Solver<TimeTable> solver = solverFactory.buildSolver();
TimeTable solution = solver.solve(problem);

// Visualize the solution
printTimetable(solution);

}

public static TimeTable generateDemoData() {

List<Timeslot> timeslotList = new ArrayList<>(10);

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(8, 30), LocalTime.of(9,
30)));
timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(9, 30), LocalTime.of(10,
30)));
timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(10, 30), LocalTime.of(11,
30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(13, 30), LocalTime.of(14,
30)));
timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(14, 30), LocalTime.of(15,
30)));

timeslotList.add(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(8, 30), LocalTime.of(9,
30))),t imeslotList.add(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(9, 30), LocalTime.of(10,
30))),t imeslotList.add(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(10, 30), LocalTime.of(11,
30))),t imeslotList.add(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(13, 30), LocalTime.of(14,
30))),timeslotList.add(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(14, 30), LocalTime.of(15,
30)));

List<Room> roomList = new ArrayList<>(3);
roomList.add(new Room("Room A"));
roomList.add(new Room("Room B"));
roomList.add(new Room("Room C"));

List<Lesson> lessonList = new ArrayList<>();

long id = 0;

lessonList.add(new Lesson(id++, "Math", "A. Turing", "9th grade"));
lessonList.add(new Lesson(id++, "Math", "A. Turing", "9th grade"));
lessonList.add(new Lesson(id++, "Physics", "M. Curie", "9th grade"));
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lessonList.add(new Lesson(id++, "Chemistry", "M. Curie", "9th grade"));
lessonList.add(new Lesson(id++, "Biology", "C. Darwin", "9th grade"));
lessonList.add(new Lesson(id++, "History", "I. Jones", "9th grade"));
lessonList.add(new Lesson(id++, "English", "I. Jones", "9th grade")
( ( )
( (
( (

lessonList.add(new Lesson(id++, "English", "I. Jones", "9th grade"));

lessonList.add(new Lesson(id++, "Spanish”, "P. Cruz", "9th grade")
lessonList.add(new Lesson(id++, "Spanish”, "P. Cruz", "9th grade")

3

)
);
)
);
new Lesson );
new Lesson )
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson

lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add

id++, "Math", "A. Turing", "10th grade"
id++, "Math", "A. Turing", "10th grade"));

id++, "Math", "A. Turing", "10th grade"));

id++, "Physics", "M. Curie", "10th grade"));
id++, "Chemistry", "M. Curie", "10th grade"));
id++, "French", "M. Curie", "10th grade"));
id++, "Geography", "C. Darwin", "10th grade"));
id++, "History", "I. Jones", "10th grade"));

id++, "English", "P. Cruz", "10th grade"));

id++, "Spanish", "P. Cruz", "10th grade"));

Py
—_~—— A A AAAAA

return new TimeTable(timeslotList, roomList, lessonList);

}

private static void printTimetable(TimeTable timeTable) {

LOGGER.info(");

List<Room> roomList = timeTable.getRoomList();

List<Lesson> lessonList = timeTable.getLessonList();

Map<Timeslot, Map<Room, List<Lesson>>> lessonMap = lessonList.stream()
filter(lesson -> lesson.getTimeslot() = null && lesson.getRoom() != null)
.collect(Collectors.groupingBy(Lesson::getTimeslot,

Collectors.groupingBy(Lesson::getRoom)));
LOGGER.info("| | " + roomList.stream()
.map(room -> String.format("%-10s", room.getName())).collect(Collectors.joining(" | ")) + "
");
LOGGER.info("|" + "------------ |".repeat(roomList.size() + 1));
for (Timeslot timeslot : timeTable.getTimeslotList()) {
List<List<Lesson>> cellList = roomList.stream()
.map(room -> {
Map<Room, List<Lesson>> byRoomMap = lessonMap.get(timeslot);
if (oyRoomMap == null) {
return Collections.<Lesson>emptyList();
}
List<Lesson> cellLessonList = byRoomMap.get(room);
if (cellLessonList == null) {
return Collections.<Lesson>emptyList();

}

return cellLessonList;

Y

.collect(Collectors.toList());

LOGGER.info("| " + String.format("%-10s",
timeslot.getDayOfWeek().toString().substring(0, 3) + " " + timeslot.getStartTime()) + " | "
+ cellList.stream().map(cellLessonList -> String.format("%-10s",
cellLessonList.stream().map(Lesson::getSubject).collect(Collectors.joining(", "))))
.collect(Collectors.joining(" | "))
+"[);
LOGGER.info("| | "
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+ cellList.stream().map(cellLessonList -> String.format("%-10s",
cellLessonlList.stream().map(Lesson::getTeacher).collect(Collectors.joining(", "))))
.collect(Collectors.joining(" | "))

= );

LOGGER.info("| | "

+ cellList.stream().map(cellLessonList -> String.format("%-10s",

cellLessonList.stream().map(Lesson::getStudentGroup).collect(Collectors.joining(",

.collect(Collectors.joining(" | "))
= );
LOGGER.info("|" + "------------ |".repeat(roomList.size() + 1));
}
List<Lesson> unassignedLessons = lessonList.stream()
filter(lesson -> lesson.getTimeslot() == null || lesson.getRoom() == null)
.collect(Collectors.toList());
if (lunassignedLessons.isEmpty()) {
LOGGER.info("™);
LOGGER.info("Unassigned lessons");
for (Lesson lesson : unassignedLessons) {
LOGGER.info(" " + lesson.getSubject() + " - " + lesson.getTeacher() + "- " +
lesson.getStudentGroup());
}
}
}

}

main () XV v RIZ&#IC SolverFactory = ER L £ 9,

SolverFactory<TimeTable> solverFactory = SolverFactory.create(new SolverConfig()
.withSolutionClass(TimeTable.class)
withEntityClasses(Lesson.class)
.withConstraintProviderClass(TimeTableConstraintProvider.class)
// The solver runs only for 5 seconds on this small data set.
// It's recommended to run for at least 5 minutes ("5m") otherwise.
.withTerminationSpentLimit(Duration.ofSeconds(5)));

SolverFactory DYERKIC & Y. LLRTICVERK L 7= @PlanningSolution 7 5 X, @PlanningEntity 7 5
A, & & U ConstraintProvider 7 5 AN EHINZE T,

& T E F 721 terminationEarly() 1 X M A RWEE. VILN—FKAICEITINE T, Inigis
BT VILN—I3fRRIFEE SIICHIRL X9,

5#%&. main() XV vy FISEEZO—FLTERL, RRZHDLIEYS,

// Load the problem
TimeTable problem = generateDemoData();

// Solve the problem
Solver<TimeTable> solver = solverFactory.buildSolver();
TimeTable solution = solver.solve(problem);

// Visualize the solution
printTimetable(solution);
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solve() XV v KIZT CICIFRY ¥t A, RERAZRIAINICSMERTINET,

OptaPlanner (&, FAARELKRTEERICER O >m@ERAY Y 1—>avaEiRLET, NP HE#ELRE
BOME L, HICKFAERT -9y hOBE, BEENMKETERVIREELGHY FT, RTREZ
BYLT, JYRBWREKZRDIFTLEIL,

generateDemoData() X V v RiE. fERT 2 FROBFFEEIOMEZEM L X7,

printTimetable() XV v RIZRZREZI VY —ILICENWIHATZDT, RV a1 —ILAETHNE D
NEBHERNICEBICHITTE XY,

13.6. ZRROBEE 7 )V r—> a3 v EER L TETTS

FROBEE Java 7TV =23 vOIRTOIAVR—R Y MR LEDT, ThHETART
TimeTableApp.java 7 5 R ICE E D TERITT 2 EF/IBWNE L1,

Gl s
o HOBEEET7T ) r—YavIlBEBERIARTOAVR—Y MEERLE L,

FIR

1. src/main/java/org/acme/schooltimetabling/TimeTableApp.java 7 5 R Z{E L £,

package org.acme.schooltimetabling;

import java.time.DayOfWeek;
import java.time.Duration;

import java.time.LocalTime;
import java.util. ArrayList;

import java.util.Collections;
import java.util.List;

import java.util.Map;

import java.util.stream.Collectors;

import org.acme.schooltimetabling.domain.Lesson;

import org.acme.schooltimetabling.domain.Room;

import org.acme.schooltimetabling.domain.TimeTable;

import org.acme.schooltimetabling.domain.Timeslot;

import org.acme.schooltimetabling.solver.TimeTableConstraintProvider;
import org.optaplanner.core.api.solver.Solver;

import org.optaplanner.core.api.solver.SolverFactory;

import org.optaplanner.core.config.solver.SolverConfig;

import org.slf4j.Logger;

import org.slf4j.LoggerFactory;

public class TimeTableApp {
private static final Logger LOGGER = LoggerFactory.getLogger(TimeTableApp.class);
public static void main(String[] args) {
SolverFactory<TimeTable> solverFactory = SolverFactory.create(new SolverConfig()
.withSolutionClass(TimeTable.class)

.withEntityClasses(Lesson.class)
.withConstraintProviderClass(TimeTableConstraintProvider.class)
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// The solver runs only for 5 seconds on this small data set.
// It's recommended to run for at least 5 minutes ("5m") otherwise.
.withTerminationSpentLimit(Duration.ofSeconds(10)));

// Load the problem
TimeTable problem = generateDemoData();

// Solve the problem
Solver<TimeTable> solver = solverFactory.buildSolver();
TimeTable solution = solver.solve(problem);

// Visualize the solution
printTimetable(solution);

}

public static TimeTable generateDemoData() {

List<Timeslot> timeslotList = new ArrayList<>(10);

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(8, 30),
LocalTime.of(9, 30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(9, 30),
LocalTime.of(10, 30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(10, 30),
LocalTime.of(11, 30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(13, 30),
LocalTime.of(14, 30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(14, 30),
LocalTime.of(15, 30)));

timeslotList.add(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(8, 30),
LocalTime.of(9, 30)));
timeslotList.add(
LocalTime.of(10, 30))
timeslotList.add(
LocalTime.of(11, 30))
timeslotList.add(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(13, 30),
)
(
)

new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(9, 30),
)

new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(10, 30),

LocalTime.of(14, 30)
timeslotList.add
LocalTime.of(15, 30)

’

new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(14, 30),

’

List<Room> roomList = new ArrayList<>(3);
roomList.add(new Room("Room A"));
roomList.add(new Room("Room B"));
roomList.add(new Room("Room C"));

List<Lesson> lessonList = new ArrayList<>();
long id = 0;

lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add

new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson

id++, "Math", "A. Turing", "9th grade"));
id++, "Math", "A. Turing", "9th grade"));
id++, "Physics", "M. Curie", "9th grade"));
id++, "Chemistry", "M. Curie", "9th grade"));
id++, "Biology", "C. Darwin", "9th grade"));
id++, "History", "l. Jones", "9th grade"));
id++, "English", "I. Jones", "9th grade")
id++, "English", "I. Jones", "9th grade")
id++, "Spanish", "P. Cruz", "9th grade")
id++, "Spanish", "P. Cruz", "9th grade")

);
);
)
)

3

Py
—_—— A A AAAAA

3
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new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson
new Lesson

lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add
lessonList.add

id++, "Math", "A. Turing", "10th grade"
id++, "Math", "A. Turing", "10th grade"));

id++, "Math", "A. Turing", "10th grade"));

id++, "Physics", "M. Curie", "10th grade"));
id++, "Chemistry", "M. Curie", "10th grade"));
id++, "French", "M. Curie", "10th grade"));
id++, "Geography", "C. Darwin", "10th grade"));
id++, "History", "l. Jones", "10th grade"));

id++, "English", "P. Cruz", "10th grade"));

id++, "Spanish", "P. Cruz", "10th grade"));

));
)

Py
—_——~— N A AAAA A

return new TimeTable(timeslotList, roomList, lessonList);

}

private static void printTimetable(TimeTable timeTable) {

LOGGER.info(");

List<Room> roomList = timeTable.getRoomList();

List<Lesson> lessonList = timeTable.getLessonList();

Map<Timeslot, Map<Room, List<Lesson>>> lessonMap = lessonList.stream()
filter(lesson -> lesson.getTimeslot() = null && lesson.getRoom() != null)
.collect(Collectors.groupingBy(Lesson::getTimeslot,

Collectors.groupingBy(Lesson::getRoom)));
LOGGER.info("| | " + roomList.stream()
.map(room -> String.format("%-10s", room.getName())).collect(Collectors.joining(" |
)+
LOGGER.info("|" + "------------ |".repeat(roomList.size() + 1));
for (Timeslot timeslot : timeTable.getTimeslotList()) {
List<List<Lesson>> cellList = roomList.stream()
.map(room -> {
Map<Room, List<Lesson>> byRoomMap = lessonMap.get(timeslot);
if (byRoomMap == null) {
return Collections.<Lesson>emptyList();
}
List<Lesson> cellLessonList = byRoomMap.get(room);
if (cellLessonList == null) {
return Collections.<Lesson>emptyList();

}

return cellLessonList;

)

.collect(Collectors.toList());

LOGGER.info("| " + String.format("%-10s",
timeslot.getDayOfWeek().toString().substring(0, 3) + " " +
timeslot.getStartTime()) + " | "
+ cellList.stream().map(cellLessonList -> String.format("%-10s",

cellLessonList.stream().map(Lesson::getSubject).collect(Collectors.joining(", "))))
.collect(Collectors.joining(" | "))
= );
LOGGER.info("| | "
+ cellList.stream().map(cellLessonList -> String.format("%-10s",

cellLessonList.stream().map(Lesson::getTeacher).collect(Collectors.joining(", "))))
.collect(Collectors.joining(" | "))

£,
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LOGGER.info("| | "
+ cellList.stream().map(cellLessonList -> String.format("%-10s",
cellLessonList.stream().map(Lesson::getStudentGroup).collect(Collectors.joining(", "))))
.collect(Collectors.joining(" | "))
+"[);
LOGGER.info("|" + "------------ |".repeat(roomList.size() + 1));
}
List<Lesson> unassignedLessons = lessonList.stream()
filter(lesson -> lesson.getTimeslot() == null || lesson.getRoom() == null)
.collect(Collectors.toList());
if (lunassignedLessons.isEmpty()) {
LOGGER.info("™);
LOGGER.info("Unassigned lessons");
for (Lesson lesson : unassignedLessons) {
LOGGER.info(" " + lesson.getSubject() + " - " + lesson.getTeacher() + "- " +
lesson.getStudentGroup());

}
}

}
}
2. TimeTableApp 7V S A& BED Java 7 TV T —2 3 VDAA VIS RELTETLET, K
DHEANELNDIETTY,
INFO | | RoomA |RoomB |RoomC |
INFO | | | | |
INFO | MON 08:30 | English | Math | |
INFO | | I. Jones | A. Turing | |
INFO | | 9th grade | 10th grade | |
INFO | | | | |
INFO | MON 09:30 | History | Physics | |
INFO | | I. Jones | M. Curie | |

INFO | | 9th grade | 10th grade | |

3. AVY—ILHNEHERELET, TRTOEELWHEFICERL TWET
H?TimeTableConstraintProvider @ roomConflict fllf A XV N7 ORNT B EEIRY FT
H?

info O 7'1d. OptaPlanner B D 5 MWEIAAE L7 ERLTVWET,

... Solving started: time spent (33), best score (-8init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).

... Construction Heuristic phase (0) ended: time spent (73), best score (Ohard/0soft), score calculation
speed (459/sec), step total (4).

... Local Search phase (1) ended: time spent (5000), best score (Ohard/0soft), score calculation
speed (28949/sec), step total (28398).

... Solving ended: time spent (5000), best score (Ohard/0soft), score calculation speed (28524/sec),
phase total (2), environment mode (REPRODUCIBLE).

1B7.7T7Y5r—>3avDF R
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WA T ) r—2avIilidTF AN EEFNE T, timetable 7OV 7 MTHIWE VILANA—EF I K
Lji-a_c

1B71L EZROBEEZDHKWETAMNT S

timetable 7AY =7 MDKHEIMA@ERICT A M T BIC1E, BiKFT X kT ConstraintVerifier % &M L
F9, chICLY, BFEHWOO—F—4—IAMEDT A MDD SREEINTTANINS /2D, @RS
ARMNANRL Yy OTHLWHKWEZBINT 2BOXA VT F Y ADNERINET,

ZDF A ME, #I# TimeTableConstraintProvider::roomConflict #*. A LCEET3ID2DL v AV %
Ezboh, ZDO5BD2200LyRAVHARELYM LRAY haFHEDFAE, —BOEA 1 TRFILT1 %
BICEAERIELET, LN ST, FIWODEHARD 10hard DIFE. XA 7IE -10hard iFEA L £ T,

FI7

src/test/java/org/acme/optaplanner/solver/TimeTableConstraintProviderTest.java 7 5 X = {Epk L
7,

package org.acme.optaplanner.solver;

import java.time.DayOfWeek;
import java.time.LocalTime;

import javax.inject.Inject;

import io.quarkus.test.junit.QuarkusTest;

import org.acme.optaplanner.domain.Lesson;

import org.acme.optaplanner.domain.Room;

import org.acme.optaplanner.domain.TimeTable;

import org.acme.optaplanner.domain.Timeslot;

import org.junit.jupiter.api.Test;

import org.optaplanner.test.api.score.stream.ConstraintVerifier;

@QuarkusTest
class TimeTableConstraintProviderTest {

private static final Room ROOM = new Room("Room1");

private static final Timeslot TIMESLOT1 = new Timeslot(DayOfWeek.MONDAY, LocalTime.of(9,0),
LocalTime.NOON);

private static final Timeslot TIMESLOTZ2 = new Timeslot(DayOfWeek. TUESDAY,
LocalTime.of(9,0), LocalTime.NOON);

@Inject
ConstraintVerifier<TimeTableConstraintProvider, TimeTable> constraintVerifier;

@Test

void roomConflict() {
Lesson firstLesson = new Lesson(1, "Subject1", "Teacher1", "Group1");
Lesson conflictingLesson = new Lesson(2, "Subject2", "Teacher2", "Group2");
Lesson nonConflictingLesson = new Lesson(3, "Subject3", "Teacher3", "Group3");

firstLesson.setRoom(ROOM);
firstLesson.setTimeslot(TIMESLOT1);

conflictingLesson.setRoom(ROOM);
conflictingLesson.setTimeslot(TIMESLOT1);
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nonConflictingLesson.setRoom(ROOM);
nonConflictingLesson.setTimeslot(TIMESLOT2);

constraintVerifier.verifyThat(TimeTableConstraintProvider::roomConflict)
.given(firstLesson, conflictingLesson, nonConflictingLesson)
.penalizesBy(1);

}

HHDEM» D ConstraintProvider T/N\— Rd—F 4 V7 INTWBIHFATH. ConstraintVerifier 1
FRAMNRICHHWDEAEBERTEIEITERLTLEIV, INE. EREICABZRICHWOEADE
HAMICEBEINELHTY, TDLIHIC, FINOEADWREREICL > TEEKT A N HINZ Z &E
HYFEHA,

13.7.2. ZROBEEEIV I NN—EFZANT S

LT DOFITIE. Red Hat EJL K® Quarkus T Red Hat EJL KM OptaPlanner OBFEZE 7OV TV M &
TAMNLET, COF7FUT—2avid, JUnt TRAMNEFERALTTRANDT =91y NEERK
L. TimeTableController IZiXf§ L TR L EJ,

FIR

1. LFORAAR%ET src/test/java/com/example/rest/TimeTableResourceTest.java 7 5 X % {F
L ET,

package com.exmaple.optaplanner.rest;

import java.time.DayOfWeek;
import java.time.LocalTime;
import java.util. ArrayList;
import java.util.List;

import javax.inject.Inject;

import io.quarkus.test.junit.QuarkusTest;

import com.exmaple.optaplanner.domain.Room;

import com.exmaple.optaplanner.domain.Timeslot;

import com.exmaple.optaplanner.domain.Lesson;

import com.exmaple.optaplanner.domain.TimeTable;
import com.exmaple.optaplanner.rest.TimeTableResource;
import org.junit.jupiter.api.Test;

import org.junit.jupiter.api.Timeout;

import static org.junit.jupiter.api.Assertions.assertFalse;
import static org.junit.jupiter.api.Assertions.assertNotNull;
import static org.junit.jupiter.api.Assertions.assertTrue;

@AQuarkusTest
public class TimeTableResourceTest {

@Inject
TimeTableResource timeTableResource;
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@Test
@Timeout(600_000)
public void solve() {
TimeTable problem = generateProblem();
TimeTable solution = timeTableResource.solve(problem);
assertFalse(solution.getLessonList().isEmpty());
for (Lesson lesson : solution.getLessonList()) {
assertNotNull(lesson.getTimeslot());
assertNotNull(lesson.getRoom());

}

assertTrue(solution.getScore().isFeasible());

}

private TimeTable generateProblem() {

List<Timeslot> timeslotList = new ArrayList<>();

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(8, 30),
LocalTime.of(9, 30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(9, 30),
LocalTime.of(10, 30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(10, 30),
LocalTime.of(11, 30)))
(
)
(
)

’

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(13, 30),
LocalTime.of(14, 30)));
timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(14, 30),

LocalTime.of(15, 30)));

List<Room> roomList = new ArrayList<>();
roomList.add(new Room("Room A"));
roomList.add(new Room("Room B"));
roomList.add(new Room("Room C"));

List<Lesson> lessonList = new ArrayList<>();

lessonList.add(new Lesson(101L, "Math", "B. May", "9th grade"));
lessonList.add(new Lesson(102L, "Physics", "M. Curie", "9th grade"));
lessonList.add(new Lesson(103L, "Geography", "M. Polo", "9th grade"));
lessonList.add(new Lesson(104L, "English", "I. Jones", "9th grade"));
lessonList.add(new Lesson(105L, "Spanish”, "P. Cruz", "9th grade"));

Py

new Lesson
new Lesson

lessonList.add
lessonList.add

201L, "Math", "B. May", "10th grade"));

202L, "Chemistry", "M. Curie", "10th grade"));
lessonList.add(new Lesson(203L, "History", "I. Jones", "10th grade"));
lessonList.add(new Lesson(204L, "English", "P. Cruz", "10th grade"));
lessonList.add(new Lesson(205L, "French", "M. Curie", "10th grade"));
return new TimeTable(timeslotList, roomList, lessonList);

Py
P —

}

CDTAMT, FRBICTRTOBENIALZAOY NEPEICEIYLETOLNTWD I LA
RBLEY, £, ERTAER (WN\— FHNDERAGL) EEELET,

2. 7 A M70O/%7 1« —% src / main / resources /application.properties 7 7 1 JLITBHI L £
E

# The solver runs only for 5 seconds to avoid a HTTP timeout in this simple implementation.
# It's recommended to run for at least 5 minutes ("5m") otherwise.
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quarkus.optaplanner.solver.termination.spent-limit=5s

# Effectively disable this termination in favor of the best-score-limit
Y%test.quarkus.optaplanner.solver.termination.spent-limit=1h
Y%test.quarkus.optaplanner.solver.termination.best-score-limit=0hard/*soft

BE., VILAR—E200 IS YMKECETAREMREZMREL FJ, application.properties 7, E{TAIHEXR
V1) a1—> 3 (Ohard/*soft) "RON B ERAFICKT T DL DI, TRAMNRDYVILNN—DRTEZ EE
ELET, TIF2IET, AZY M T RAMNEEDN—RI T TEITINZAEELGH DD, VY
WNR—DBFEAEN—RI— Nt 20%0&ELET, CO7FO—F42FEHATHIET, BIINELY
ATALATH>TH, EFTHERY ) 12—V aVERRTZ2DICTRREELITTAINDETINE T,
L. BEVRATATEH, BEICRLEEINZ2HAIVEIVMEBEMATRCETINE I EREHY X
A

13.8.AFxX >4

Red Hat EJU K® OptaPlanner OBEEEIZ7OY =/ M2 THICOF Y JIEHRAFRT 3

& . ConstraintProvider THIFIAHEAZE L P I <AV ET, inffoOJ 7 7ML TROATEHEDEE %=
LT, FMICIMALERTORERZTAMLES, TNV IV E—RTT7 Y Sr—>a v aERIFLT 7

T)r—>arvh T FIEETRTERRTZH, B0 2FEALTCE2FIESLUvEEZO0FX VI LE

ER

FIg
. REET7 ) r—avE—EORRB Bl5 D) RITLET,
2. UTOFIDESIC, log 7 7 A IIVDRIATEEOEEAHIRALE T,
I ... Solving ended: ..., score calculation speed (29455/sec), ...
3 HMWAEZELC, ALKE., 75V J77)r—>av%ETL, log 7 7 1 JLICEEEHS
NTVWRRIOATHEREZHEB LI T,

4, PNV 5—2avaETNyTE—RTEILT, ZFV5r—2avnLETXAFy 7507 IC
FoERLEI,

o OXVRSAVUDLTNYITE—RERITTDICE, -DYRFL7ONRT+—%FHALE
£

o TNy JE—REKGHICEMICT 2ICIE. LLFD1T% application.properties 7 7 1 JU
ICEBML ET,

I quarkus.log.category."org.optaplanner".level=debug
UTOFITIE. TNV TE—RTDIlog 7 71 ILDHEAERRLET,

... Solving started: time spent (67), best score (-20init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).

CH step (0), time spent (128), score (-18init/Ohard/0soft), selected move count (15),
picked move ([Math(101) {null -> Room A}, Math(101) {null -> MONDAY 08:30}]).

CH step (1), time spent (145), score (-16init/Ohard/0soft), selected move count (15),
picked move ([Physics(102) {null -> Room A}, Physics(102) {null -> MONDAY 09:30}]).

213



Red Hat Process Automation Manager 7.12 Red Hat Process Automation Manager T Red Hat EJU K ® OptaPlanne
5. trace AF¥ Y /AL T, £FIE. BLUVFIREIEDLEETEZRTLET,

13.9. MICROMETER & PROMETHEUS A {#H L TEROEEEI A EEHT 5
OPTAPLANNERJAVA 7 7Y —< 3>

OptaPlanner (&, Java 77V o —>avADOXA N v V&S 4 75 —T#H 3 Micrometer 29 L T
ANYw o ERNBALEY, Prometheus T Micrometer 2 L T, EROBEEEI 7 ) r—> 30T
OptaPlanner YV IJLIN—%BERTX £ 9,

AR &M
® OptaPlanner 2ROBEEE| 7 ) 5y —> a3 > % Java THER L ZE L7,

® Prometheus B’ Y X h—JILENTW3, Prometheus D1 VA M—JLICDWT
&, Prometheus @ Web H#41 hESIR L T XL,

FIR

1. Micrometer Prometheus #&k77B{% % 2R D EFFEEI pom.xml 7 7 1 JLITEMN L &
9., <MICROMETER_VERSION> (&, 1 > X k—JL L 7= Micrometer ®/X\—2 3 VT,

<dependency>

<groupld>io.micrometer</groupld>
<artifactld>micrometer-registry-prometheus</artifactld>
<version><MICROMETER_VERSION></version>
</dependency>

R

micrometer-core IKFRAREMETT, /=72 L. ZDEKFEMRIL optaplanner-
core KEFEBRICEFTNTWS D, pomxml 7 71 JLIEBINT 20EIEHY £
A

2. RDimport A7 — M X k% TimeTableApp.java 7 5 R ITEML £ 9,

import io.micrometer.core.instrument.Metrics;
import io.micrometer.prometheus.PrometheusConfig;
import io.micrometer.prometheus.PrometheusMeterRegistry;

3. TimeTableApp.java 7 S XD XA >~ XY v ROLEBIRDITEEMLT, YYai—arvhrH
¥R I Prometheus A° com.sun.net.httpserver.HttpServer H 55— 4% ZETEX 5L D
IKLEY,

PrometheusMeterRegistry prometheusRegistry = new
PrometheusMeterRegistry(PrometheusConfig. DEFAULT);

try {
HttpServer server = HitpServer.create(new InetSocketAddress(8080), 0);

server.createContext("/prometheus”, httpExchange -> {
String response = prometheusRegistry.scrape();
httpExchange.sendResponseHeaders(200, response.getBytes().length);
try (OutputStream os = httpExchange.getResponseBody()) {
os.write(response.getBytes());
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}
D;

new Thread(server::start).start();

} catch (IOException e) {
throw new RuntimeException(e);

}

Metrics.addRegistry(prometheusRegistry);

solve();

}

L RDITEEML T, BAREZEHELE Y. BRGEZFAZTZIET, BRICELPINE
BICEDVWTHEEN EDL D ICELT BN IR TEET,

I withTerminationSpentLimit(Duration.ofMinutes(5)));

. FROBEET ) r—vavERIRLET,

. Web 7' 7 #'—T http://localhost:8080/prometheus % B X, Prometheus T timetable 7 7
Viy—avaERRLET,

BB RF LEBRWT, OptaPlanner 7AYV TV DA KN v 2 ERRLET,
MDA NY Y IR REINET,

e optaplanner_solver_errors_total: J8IZE R LABE (AR ICHKE LT 5 — DL

e optaplanner_solver_solve_duration_seconds_active_count: IREfER L TW5 YV IL/N—
D,

e optaplanner_solver_solve_duration_seconds max:IR7E7 7 71 7712V IL/N—DRTHF
B &® R WETHRE,

e optaplanner_solver_solve_duration_seconds_duration_sum: 7 7 7 14 772 & Y JL/N—

DFEREFEDEEt. EXE, TIOT 4 TRYILN=D2DHY., —ANIZEETE
n. BI—ANMTPEETINTVWSRHEE. GtstEREIZ 42 TY,

215


http://localhost:8080/prometheus

Red Hat Process Automation Manager 7.12 Red Hat Process Automation Manager T Red Hat EJU K ® OptaPlanne

/X— N V.REDHAT EJL KD OPTAPLANNER DR Y —4—TFT 7
) or—3 >

Red Hat EJL K® OptaPlanner I£. Red Hat OpenShift Container Platform TZD & X5 7041 TZX 3%
UTDORY—49—T T ) r—oavaR#ELET,

o MEBHHBHRRYI—HY—TT)r—>av
o ERRBFERY—S—T TV s—ay
OptaPlanner R4 =4 =7 P r—vavid, YV TNBLVPI1 v IR — A4 RLYEHEATY

9, INSEBEDI—RT—RICERPEN N, BELARMEFALT. 7S5v=vIyl)a1—
vavEBELET,
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£514% IDE T® RED HAT EJL KD OPTAPLANNER D& f: fE%
BDEHFRT VT
EYRXRZIN—ILDOERZE L. IDE %{FHH L T Red Hat EJL K® OptaPlanner #8E % £ 9 % optaweb-
employee-rostering A9 —49—7 7 ) 5r—>a > DEII R, 7. BLUOEEITRETT,
AR
® Red Hat CodeReady Studio. IntelliJ IDEA 72 & DEEHRREEAFRT S &,
e JavaERmEEMLTWDE I &,

® React BLU TypeScript ZEBE L TWB I &, ZDEHIE. OptaWeb Ul ZFIF T 2701w
ETY,

141 REEHHBERRY—Y—T TV r—> 3 V0BE
REEHBERRY—HY—T ) r—a3viE, ABROIFIFTLBAICKEEATYYLTET, L&
WX, PV r—2avaERLT, FRCTOEEEOY 7 b, IFIFLIBFATOERBHES 7 M,
EEEZEDHAIITSTA VDY T MNABYHTET,

REEMEREZHZHILT DICIE. ZLOEHEEBTIVEIHY FT, L&A, EHENELNIL,
RKOSNBRAFILAERYZTT, T/, REEEDOPICIE, FEOHRBEICEHE TCELVWESY. BED

AT COBFERETIHE’HY TT, IHIC. KRAEICEL>TE, 1EICEET E SR ICHIR
DH2ENERXHLLTWBAEEN DY T,

TDRY—H—FTT1)r— 3D Red Hat EJL KD OptaPlanner )L—JLi&, N— REIHRE LY 7
MEKZFERALE T, BRI, REEI’HETIAWV (FLIIFBRD)BEY. HB1O00V 7 MH
D2DODARY NTEIK ZENTERWGERE, TSV Vv IT I VEN—RENICERT S &
BTEFEHA, 723V TTVIoViE, VIMIBWWEDY 7 NTHHELARVWEVWI REEDFE
BREVIKIEFLEIELETH, BEAYV) 12—V aVILEERNVEL EHELBEIE. ERT S
ZENTEET,

142 REBEHERRAY—Y—T ) 5r—2 3 VOEBEEERT

Y—RA—RDOOREBEBRRAY—I—T TV r—>avaBELT, JARZ774ILELTEITLE
-3—0

F7zl&. Eclipse (Red Hat JBoss CodeReady Studio #&1) 2 ED IDE #FERAL T, 7 U r—v a3y
AREEL, EITLET,

14217704 XY N7 74 )L D#¥E(E
FTFOAAAXA YN T 74V ESY 2 O—RL, #EHELTHL, 7V r—a3 v 08EE, 5704 %175
BEIrHY FT,

FIR

. RedHat 1A% ¥ —7R—% )LD Software Downloads R—JICHBEL (A4 Y HRE), K
Ay 79 0AToavhbBRBELUVN—Ya VvERIRLET,

® Product: Process Automation Manager

® \ersion:7.12
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2. Red Hat Process Automation Manager 7.12.0 Kogito & & T OptaPlanner 8 Decision Services
94 v 9 A4 — b (rhpam-7.12.0-kogito-and-optaplanner-quickstarts.zip) =4 > > O0— K L
x7,

3. rhpam-7.12.0-kogito-and-optaplanner-quickstarts.zip 7 7 1 L 2 fER L £ 7,

4. Red Hat Process Automation Manager 7.12 Maven Repository Kogito & & U OptaPlanner 8
Maven Repository (rhpam-7.12.0-kogito-maven-repository.zip) #4 7> O— KL £ ¥,

5. rhpam-7.12.0-decision-services-quickstarts.zip 7 7 1 L ZRBFEAL £ 7,

6. rhpam-7.12.0-kogito-maven-repository/maven-repository 4t 757« L 2 N —Da > F Y
% ~/.m2/repository 71 LU M) —(CaE—LE T,

7. optaweb-8.11.1.Final-redhat-00006/optaweb-employee-rostering 71 L. 7 b ) —ICRBEIL £
T ZDT4LIMN)—E BRTBZHTR—RERZTALIKN)—TT,

R

T77ANLBLCTALI N —DEARBTHERAINDZNN—2 3 VESIE. AETHE
> BdaX—=YaviUsHLWGELIHY T,

1422 REBEBHFRRAYI—9—T T ) 75r—2 3V DIAR T 71 IVELT
Red Hat Process Automation Manager 7.12.0 Kogito & & U OptaPlanner 8 Decision Services

Quickstarts ¥ v O— RICEFND IAR T 7AILH S, REEEHBERRAY—Y—TT)Vr—ravs
EITLEY,

AR

o [F7O4XAY KNI 74ILD% E] DFREBICHE > T. rhpam-7.12.0-kogito-and-optaplanner-
quickstarts.zip 7 71 L& ¥ O—RNLTEREALF L.

o JavaAFEFY MDA VAKRM=ILEINTWS,
e Maven B’1 VA M—ILEINTW3B,

o KRAMMNSA VI —RY NITIEARATES, EINRTOERRIF, 19—y NEFAL
T, HEDY RN —H5 Maven Ny hr—V & FooO0—RLET,

FIR

. A¥ Y K4 —X7FJ)L T, rhpam-7.12.0-kogito-and-optaplanner-quickstarts/optaweb-
8.11.1.Final-redhat-00006/optaweb-employee-rostering 71 L 7 b ) —ICREIL £ T,

2. PO Y RZAALET,
I mvn clean install -DskipTests

3. ENRTOEAD’RTTEBETHELET,

4. rhpam-7.12.0-kogito-and-optaplanner-quickstarts/optaweb-8.11.1.Final-redhat-
00006/optaweb-employee-rostering/optaweb-employee-rostering-standalone/target 7 1 L
I R)—ICREILET,
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5. MTFDATY RZERITLT, XEHHIAR 7 7ML ERTLET,

I java -jar quarkus-app/quarkus-run.jar

pa 23]

quarkus.datasource.db-kind /X5 X —4% —DfEIE. EI REFICT 74 KT
H2 ICEREINZE T, BIOT—9R—R&FEATSICIE. R K70V E
Va—)IEBEEL, ARV RFAVTT—IR—RILTEBELET, kL&
Z &, PostgreSQL T —9N—ZFRT S ICE, LFOITY FZAALE
ER

mvn clean install -DskipTests -Dquarkus.profile=postgres

6. TTUr—2avIiIlT772RF3ICIE&. Web 754 —T http://localhost:8080/ & A L £
ER

14.2.3. Maven 2 L= REEEHBERRAY—IY—T TV r—a VOBEEZET

ARV RSAVEFRALT, REBBBRRI—9—TTVr—oavEiBEL, RTTHIENTE
i—g_o

COFIEZEATZHER. T—IRAEY—IREINZ LD, —N—MELT2ET—9D%D
NEY, 7—IR—RAY—N—%FHLTT7 ) r—ravaEEL, £TLTCKRNICRET 25E
. ARV RIAUDHDKIET—Y AN —V%ERLEREESHRRI—9—T TV r— 3
VOBRERT) EBRLTILEIY,

=35
o [F7OAAY NI 7A4ILD%EE] DFHRBBICH>TTTOM XYM 7714V EEE LTS <,
o JavaAEF Y MDA VA M—ILINTWS,
e Maven B’ VA M—JLINTW3B,

o RAMDHAVHI—RY MITIERATES, ELRNTOERIF, 19—y NafFERAL
T, AEBDIVKRI M) —D5 Maven Ry r—I %85 vO0—RKLET,

FIR

1. optaweb-employee-rostering-backend 71 L 7 b ) —ICBEL £ 7,

2. WP Y RZAALET,

I mvn quarkus:dev

3. optaweb-employee-rostering-frontend =1 L 7 ) —ICRBEIL £ 7,

4. LTFOIAYY RZ2AALET,

I npm start
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R

npm 2 AL TY—N"—%2E8HT 5. npmICLY I— ROEBEHIERINE
-3—0

5 7V —2avIil7 IR 3ITIE. Web 75U H—T http:/localhost:3000/ & A AL F

ER

142.4. A9V RSAVUDSDKET—YANL—VAFRHLARKEETHERRAY —F —
FTT)Vr—o 3 vDOEEREET

ARV RSA VTREEBHBRRY—F9—TTVr—2aVaBEL. RETT2HEICE. 79—
AY—N—Z%EBEL T, KEHNICT -9 EREFTEHIEHNTEIEY,

=S5

FIR
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[FTOA4A Y N7 74 ILD%EE] DOFBBICE>TT7AAM XY N7 714 IILE#FLTH <,
JavaBE*T Y MM YA M—=ILINhTW3,
Maven B’ Y A h—IL I TW3,

RAMNDISA VY=Y MITIVERATES, ELRTOVRIE, 19 —%y N&FERL
T, AEDY RN —H5 Maven Ny hr—Vw#FooO0—RLET,

MySQL F 7l PostrgeSQL T—4 RXR—ZAHY—N—=PF 704 IhTW3,

. IHAT. optaweb-employee-rostering-standalone/target 7« L 7 b ) —IZREIL £ §,

UFRDaAYY FERITLT, REREHFIAR7 7MLV ERITLET,

java\

-Dquarkus.datasource.username=<DATABASE_USER> \
-Dquarkus.datasource.password=<DATABASE_PASSWORD> \
-Dquarkus.datasource.jdbc.url=<DATABASE_URL> \

-jar quarkus-app/quarkus-run.jar

FEROBIT, UTFOTL—RFRILT—EBE|MZ TLEIL,
e <DATABASE_URL>: 7—#% N—X|l##E 9 5 URL
e <DATABASE_USER>: T — 49 RX—X I T 21 —H—

e <DATABASE_PASSWORD>: <DATABASE_USER> M/YZX 7 — K

pa )

quarkus.datasource.db-kind /X5 X —4& —D{EIZ. EJ REEIZT 7 4L N T H2ILERE
INFT, BIOTF—IR—REFRTSICIE. RV RKT7OVEY1—ILEBFEEL.
ARV RSAVYTT—IR—2R9A4 THBELE T, =& XL, PostgreSQL 7—%4
N—R%EATBICEE, UTFOavY RZAALET,

mvn clean install -DskipTests -Dquarkus.profile=postgres
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14.2.5. IntelliJ IDEA %= {FA L - REEHERRAY—Y—T TV 55— a VORBEB LV
17

IntelliJ IDEA #{FA L T, REEHHRRAI—Y—TTIVr—aVnaEEL, ETTHIENTEE
-a—o

AR

® Employee Rostering GitHub R—I D HREBHHFERDY —XAI—RKRE2F¥ 70— RKLTW
%,

o IntelliJ IDEA. Maven., & U Nodejs 1 VA M—JILINTW3B,

¢ RAMDHAVI—RY NMITIERATES, ELRNTOERIF, 19—y NaFERAL
T, AEBDIVKRI M) —D5 Maven Ry r—I %85 vO0—RKLET,

FIE
1. IntelliJ IDEA Z&E L F 9,

2. IntelliJ IDEA X4 ¥ A Za2—h5 File » Open Z:#IRL £,
3.7V r—>3 vy —ZDroot T4 LI MY —%FERL, OKEV Vv I LET,
4. X4 ¥ A =Za—hH5 Run - Edit Configurations %#:&R L £ 7,

5 "R™RINDTUA Y RUT Templates ZRE L. Maven ZFEIRL £9, Maven H4 K/N—H'%k
T~INET,

6. Maven ¥4 R/\—® Working Directory X — 1 —H'5 optaweb-employee-rostering-backend
ZERLET,

7. AX Y K54 > T mvn quarkus:dev E AL 9,
8. Ny IV RAERBEITZICIE. OKEV Y LET,
9. IHAT. optaweb-employee-rostering-frontend 71 L 7 b —ICBEL X T,

10. L FOAY Y REAALT, AV ATV REEHLET,
I npm start

W 77U —>avIiIl77ERF3ICIE. Web 75 74 —T http://localhost:3000/ & AL %
ER

143. REEHHERRY—FI—TT)r—>a3 00V —A3—RICEAT 3
=

REEHERRY—HY—TTI)Vr—avid, UTOFEIAVR—ZRY MNTCEREINTVWIET,

® RedHat EJL R® OptaPlanner 2B L THHFEFRDOOY v 7V 2K L. RESTAPI Zigi#td %
backend

® React#HHALTCA—YHY—A V9 —T 114 A %&FEEL., RESTAPI Tbackend T~ 2 —JL&Xt
:£9 % frontend 21—/
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rERoa Vv R— YV MEEBICEIL R LTHERTZZEATEET, HIC, ERZ1—H—a 05—
TIAR%EEL T, RESTAPI TH—N—5MU)HET I ENTIET,

FRAVE—RVN2DIIMA. REEHFRT VTL—KMIIE, SUIYLBRY—RF—IDI TR
L—4—(TEPTRANEBWTEN) PRV FI—9 7TV r—>avhEaEhxd,

EJ1-IWVELCEFERI SR

MREEHBERTVTL— MDD Java VY —RAO— RICIZEHD Maven EV 21— I8 FNFT, ThdD
EVa—-)Z&IC, ARID Maven 7OV 0 K7 74 )L (pomxml) NEFNTVWETH, ZhidHd
DF7OV Y NCTHEETBLEDIHRSFIhTWET,

ETa-I)LICIE, Java VSRR EBHD 7 74 ILHEFEFNET, TORFaA XAV NTIH, 2FYV 21—
e, REEHBRAEDEILRBERESCZTODMBO 7 74ILEIVSRAEYRAMNLET,

e optawebpemployee-rostering-benchmark € 2 —JL: AT —4 #EK L., Y a—>a>v
ERYFI—VILTZEMODT S r—>avngaEFhnixd,

e optaweb-employee-rostering-distribution €2 2 —JL: README 7 7 1 LA EENF T,
e optaweb-employee-rostering-docs E¥ 1 —JL: RK¥Fa XY N7 7/ ILHAEEFNET,

e optaweb-employee-rostering-frontend €2 1 —Jl: React CHAE L1 —YH—1 V5 —T x4
2EFERTB VAT RT TV 5= aviEgaEnsgd,

e optaweb-employee-rostering-backend £ 2 —)L: OptaPlanner % L TEHHERDFE AT
ISY—NR=TFYr—23VNnEEFNET,

o src/main/java/org.optaweb.employeerostering.service.roster/rosterGenerator.java: 7
EBLIVCTRANEBHTI VY LRAAT Y EENRLET. BERANT—YE2EETS
BEICIE, YIRXL—9—EG8DbETERLTLLEIL,

o src/main/java/org.optaweb.employeerostering.domain.employee/EmployeeAvailability
Jjava EREDEZFRZEELET T, FEABLIT LI, HXEOZEIRRE. REXEORE
T HREREEETEEY,

o src/main/java/org.optaweb.employeerostering.domain.employee/Employee.java: it 3
BZEHELFTT, EXEBICIFBAMERAFIL—BDHY., I > THEFICHSELIY,
ZAFIIIE, AFIIVA TV PTRELET,

o src/main/java/org.optaweb.employeerostering.domain.roster/Roster.java: 5t & E A DE)
BREREZERELIT,

o src/main/java/org.optaweb.employeerostering.domain.shift/Shift.java: it £ 8 %= £ V) &
TAREERY 7 NEEZLET, Y7 M RBEARERARY NTEZELEY, &z L
A2 MNZ U TIE. Kitchen DRRy N T, 2 B 20 H 8AM ~ 4PM DBERD Y 7 M2 EDH
YEFT, BHOYVT7 Ma, FEDRARY M EBRERICERTEET., SEDHFITIE. D
ARy b EFBRICIIEBROREENIVETT,

o src/main/java/org.optaweb.employeerostering.domain.skill/Skill.java: fE%£ 8 1CEY H T
AEERAFILIEERELET,

o src/main/java/org.optaweb.employeerostering.domain.spot/Spot.java: it (8 %= B & A
BER ARy MEEHELET, L& AxIE KitchenzZ XKy hELTIRETEET,

o src/main/java/org.optaweb.employeerostering.domain.contract/Contract.java: X £ X %
AR ORREDHEFEZFIRT 22 Nz EHEL T T,
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o src/main/java/org.optaweb.employeerostering.domain.tenant/Tenant.java: 77> b %
EELET, 7FYNTEIL, MAILET—F9EYy h2XRLET, HBTFVMDT—4
NEBEINTH, BOTF 2 MIFEEL HY ZHA,

o *View.java: NXA VAT NEEDY TR, DBEBANLEHETZEDEY M ESH
LET, V9547V 7T ) r—avid, RESTAPIBRHTINLDEEFHARY £7
N, BEEAAITEEHA,

o *Service.java: Y —ER/NRNy 5 —IILREIND A VY —T 21 ATRESTAPI ZE&HL F
T, Y—N=CVZAT7V 7TV r—2avondhs, ThoDAIVd9—T7 24D
REEERICERLET.

e optaweb-employee-rostering-standalone €~ 2 —J)L: RV R7OAY 7 ) r—> 3>V D7

YT -DRENEINET,

144 EREHHFRRAY—S—T TV r—va v OERE
MEBHBRAY—Y—TT)r—ava_—AHETEET ZICE. BELTOEREHET
BIV—IVEEBTIZLENHYET, . T—IBEIIDLERT—I%a3H. L—IVIIBLELREED
RMINDEIDICTILENHYET, WERT I —A(V5—T 4 RICFELRVEE
W, A—H—A VI —T A RELERTIUEIHYET,
LUTOFIETIE, REBEBBRRI—FI—TFT TV r—2aVOERICETZ2—BHRT7 TO0—F %510
LTWEY,
AR

o 7N —avEERICEINRTZEIL RRIENH S,

e Java d— FDFZHEAMY EEEANTE S,

FIR
| BEREREETSVZVILET, UTOERICEA TSI,
o ChEtg 2 MEEHINHLZEMDYFT)AIXMEATETH, IhHDYF)FIE N—FHEIE TY,

o FHEIHAIL. Optimizer 2 BHE# L RIFIIE 2 5RWEMDY Y A EEATTH, Ihbd
DTV ARF VT M TY,

L %TL%TL@“/T U 7.]-7'3“\/ U 11— 3 ‘/'C‘%’T'S:néj_)\ta 73\7&%1—%-3—60)‘:%\%@7—_\‘_&
[EAITY D,

o BHFEDN—YavTANLEBRIOMBARBT —FIEENTI D,
o N—RIO—RATELT—FIZENTTH,

o 1—H—ANWPMEBERT—4¢, REDN—V 3V TAAINRTVWAVWT—YEENTT
AR

2. WEBT—HEREDT—IDSEETZH, N—RI—KNILETEZHEIE. 5HEH. N—RK
OA—REBEFEOE21—F/LEF21—FT1 VT4 —0ZRAIEBMLES, T—9 %5 —/N—fIT5t
BIEZUNEAHBESIE. RESTAPITY KBS Y M&EBIML THEMAAHTT,

3 A—H-DBAT I EANTIRENHZIHZER. T—IDIV ) —%2XRRTEIS5RIC
ZDT—% %&M (B: Employee ¥ 5 R) L., T—%D&AHMY., BLUEZAHMAICREST
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APIZTY RRAV MNEEBMLT, =Y ANABICA—F—A VI —T A REZEBLTLKEX
L\,

4. 2T —IDNFIHATEZ2HER. W—ILZEBELFT, TEEORF¥EF. FRIL—ILEZEMT 30
ENHYET, INSDIL—JLiE. optaweb-employee-rostering-backend € 2 —JL D
src/main/java/org/optaweb/employeerostering/service/solver/EmployeeRosteringConstrai
ntProvider.java 7 7 1 JLICEREI N FE T,

5 77— arvDZEERIC. EINLTERITLET,

224



)JRM T®D RED HAT EJL K@D OPTAPLANNER DT 704 XV MBS U RESHBERRAY—Y—TFT TV 5r—>a>

5152 RED HAT OPENSHIFT CONTAINER PLATFORM T®
RED HAT EJL KD OPTAPLANNER 0)%“7°|:| A1 X MBS LMFEH:
WEEHERRYI—Y—TT)5r—3 Y

EY R ZI—ILDIEHRZE L. Red Hat Process Automation Manager 74 A My Ea—Y 3 VIlEEFH
% optaweb-employee-rostering 2 ¥ —4% — 70O £ ¥ k% OpenShift ICEIEICT 704 LT, Red
Hat EJU K® OptaPlanner #ge% 7 A M L TERIETE X T,

AR

e F70OA L7 OpenShift RIEZIC7 VR TE 3%, HMiE. FHT S OpenShift @D KF 2 X
vr—avaESRLTLEIY,

BLRREEEKERRY—Y—TT)r—2 3 VOBE

MEBBBRRAY—9—TT)r—vavid, HEROIZIIEIWBMIREELZIVETIT, &
ZIE TTVr—2avEFERLT, RRRTOEERMDY 7 b, ST ITWIGFHATOEREHS 7 b,
ERBOMAILTSA VDY T M 2EIYETET,

MEEHHREZRBEILT B, ZLOEREZERTILENHYIET, X EBHVELNIE,
T&bbhéli—)bb‘aﬁﬁUiTo i?‘_\ HRBDOHICIEK, BFEOKEFICHB TEIRVESY. BED
REFTCOBFE2FLI2HENHYITT, IHIC. REICK>TIE, 1EICFET E 2 HHEICHIFR
NH2ENERXHLTWSHHE 'fi?b“%”)i?o

ZDRY—H—FTT1)r— 3D RedHat EJL KD OptaPlanner )L—JLi&, N— REIHWE LY 7
MM ZFEAL X T, mBRIC. EEDHF ’C*?&L\(i?‘_tirk@)i BY. HB1O2OV T A
D2ODRARY hTEAIK ZENTERWEERE, TSV VIV IVEIN—RERNICERT I &
BTEFEHA, 73V TTVIoViE, VIMIKWEDY 7 NTHHELARVWE VWS REEDFE
BREVIKIESFLEYD ELETA, REAYY 12—V avVIEERNMBEL A LABEIE. ERT S
ZENTEXT,

15.2. OPENSHIFT TOREBHHBRRAY—I—T TV s5—23avDA4 VR
M —IL& & TEE

runOnOpenShift.sh 27 Y 7 N2 EA L T, REERERY—9—T7 7T r— 3% RedHat
OpenShift ContainerPlatform IC7 7’04 L 9. runOnOpenShift.sh > /)L X4 ) 7 ~E., RedHat

Process Automation Manager 7.12.0 Kogito and OptaPlanner 8 Decision Services Quickstarts 7 1
AMNJE2L—a3VTHETEZD,

runOnOpenShift.sh 27 Y 7 ht, 77V r—> 3DV —R0—RKAO—AILTEILRELV/RY
T—=IlL., T7OA4DEHIC OpenShift RIZEICT7 Yy 7O—KLET, TDAY Y RIZIE, Java
Development Kit, Apache Maven, & Ubash ¥z ATY RS VPR ETT,
BRLEHEINTWERR VY I NE2FRALALT7 T r—>aro7r7Oq4

MEBBBRRAYI—Y—T TV r—ravid, BEINhTWE RS FM%FERL T Red Hat
OpenShift Container Platform IC7 704 TEX &9, CORV YT NI 7TV r—>avny—2
I—RKREZO—AITEILRLTRYy =L, OpenShift REEIC7y 7O—RKLTF7O1LET,

=S5

e ocAX YV RSAVUY—ILEMEEALT, RO OpenShift REICOVS Y LTWE, TDYV—I
DFEMICDOWTIE, OpenShift Container PlatformCLI Y 7 7 L Y 2 S8R L TLEI W,
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® OpendDKNLURENS VR M—JLINTWSB, RedHat EJL KD Open JDK I& Red Hat 7
R—R=4)1L@ATAVHIRBEYD VI I zT7H I O—RR=INLAFTEEY,

® Apache Maven 3.6 LIEMN M X h—JLEINTWB, Maven & Apache Maven Project @D Web
YA MDSAFTELT,

e bash VT /VBREIAO—HILDOI I VICAHEINTWDS,

FIR

. RedHat 1A% ¥ —7R—% )LD Software Downloads R—JICBEL (O A4 Y HRE), K
Oy 780 0AToarvhbB/(RELIUN—Ua Vv ERBIRLET,

® Product: Process Automation Manager
e N—32:7120

2. Red Hat Process Automation Manager 7.12Maven Y RY b 1) — Kogito & & Uf OptaPlanner8
Maven Y RY b 1) — (rhpam-7.12.0-kogito-maven-repository.zip) 7 7 1 L= 45> O— K L
x7,

3. rhpam-7.12.0-decision-services-quickstarts.zip 7 7 1 L ZRBFRAL £ 7,

4. rhpam-7.12.0-kogito-maven-repository/maven-repository %+ 774 L 2 N ) —DI >V F Y
% ~/.m2/repository 74 L Z b)) —(COE—LF T,

5. Red Hat h# 24 ¥ —R—4% )LD Software Downloads RX— < H 5 rhpam-7.12.0-kogito-and-
optaplanner-quickstarts.zip 7 7 1 L& 4% o> O— KL Z 9,

6. ¥ovO0—RLET7—HA4T2REALZE Y,

7. optaweb-employee-rostering 7 # L5 —IC#EIL £ T,

8. WMEBHBRT7T TV r—ravaEEIRTZICE. UFOOAYY RERTLET,
I mvn clean install -DskipTests -DskiplTs

9. OpenShift 7 1™ > k £ 71 Red Hat Code Ready Container 1 X4 > 2(CO74 v LE T,
LR DHITIE. <account-url> % OpenShift 7 17 > b F 713 Red Hat Code Ready Container
1YYV RIC, <login-token> ZZDT7 AV Y hOATA YV N—U VICEEHBAZET,

I oc login <account-url> --token <login-token>

10. REBHBFERERAMNTZHR IO LI MEERLET,
I oc new-project optaweb-employee-rostering

N FOoeYaz=vIyR9YFhaRITL, PTYr—vavEELRLTTF7OMLET,
I ./runOnOpenShift.sh

AVNRAINERY T —=JIEPRTTBIEFERI0MMNY ET, IhdD7OtRid, #Hikm
WA Y RSA VHEAIGETRREERLE T,
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BIEDSTE I LIcL, LFRDA Y=Y DNRIRIINEY, <URL>E 7704 X2 D URL ITE
IH|ZFET,

I You can access the application at <URL> once the deployment is done.

12. IFEDFIETHER L 72 OpenShift 7 717 >~ b #721% Red Hat Code Ready Container 1 ~ X %
VADURLZAALT, 770ALET7 T r—2avIil7 2R LET, AEEBHDSE
&, OpenShift 7S5 v N7 A —LTOEIMDEI RARTINDLH, FERTIDEINY F

-3—0
p= =)
! UV EI Yy I LTHSIHEBBLTET T r—Y 3 VARSI hAWNES
A E. TSP —R—UEBREIBICER LT I,

53 RXEEBRAY—Y—T TV s5r—> a3 v FEA

Web A V9 —T A RT, REEEHKERT SV r—>avaERIZIENTEET, TOM V45—
7114 RAld. ReactJSSTHFELFT, T/, RESTAPIICT7ZIVEALT. BREICWHLTHRY LDI—
P V=T A A%EERITDIEETEZET,

15.3.1. RS 7 N LV LBIHIR

BEDEAT, 77U 5r—2avaFEALT, RST7MEBEREENZEHBOSHBEREERTEET,
FTI7AINTIE, KRS 7 MNEEREIE 3 BETY,

NS7 MNARD HER ICHBRDRRRE SN/IGEIC, BFRe KRR TEIT., JOKRT, BE
@D RZ7 MNEEOD 1HBEDOEHRIG. AR BEIICAY Y, ARBETREBRIEIBEESIN. BEHNIC
BETCTEIRRYIY (LLEL, BROFPHEFRFILATRTY ). COHHBRIIMREICEHAIN, Z
DHHFRICHHOLETCFELMOIENTEITY, FZ7 MIEIR 1 BERICEEINIT,

EZE, RS 7 MNEAOB1ENMSOA2IBIKREINTWS ELET, COHEICIEIEETHR
XEHBREFNTETET, BHBREZARALELS, OB 7HETOHEAIARINI T, HMROKNS 7
NABIX OB 8HNS528HTY,

FFROAFICET 2ERAIF. 27 MEBROAKH] ZSRLTLEI W,

1532 0—7—>avnNsg—v
MEBHHRT TV r—vavid, Y7 hEREEO O—T—2avynRI—r 29 R—FLET,

O—F—>avRy—rid, 2 BULEOHEARRETZ2ETIVHEBTY., 20RY—Vidk HEDR
MFFICRBAFIhEE A

O—7—>avO2BICH L TEBNT Yy NEEKRTEET, BEANT Y MIEITART, 7 NORERE
BRETEFT, BREIKISLT, FYTL—HMI, Y7 MIEIYYNTHAREELET I4ILNTED D
ZENTEET,
HHEROLFEIC, 77U Sr—2aviliY RS 7 MBI LWE P EBMINhE T, TDERT, &
7 hBLUZETEEEET 74 NOREELD, HFLW KRS 7 MBEICO—F7—>3 v —uHh
5I—3h%xd,

O—7—>avNy—VDREICEEST S &, BENICKRIISHBINE T,
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BROY 7 MY —=UHEHERRZBEE, HBEEOO—T— 3 Ry —Uh, BHER (614
H. 21BF/4E288)0O0—7—>avyR9—VaFERALTKEIW, 774 MDORIIE28HT
¥, BICALCFERICEBAL/NNS -V %#YRL T, HOFRIRKEDY 7 M2 ETEET,
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LET,

o IREEEBEFFEIXEIHNLEIGLETH?
o V)a1—vavaEIyTETREMATZICEEI ThIEEIWTEN?
o VSURTEFTIZTI)r—2avaEERTZIEEIThIELVWTTN?

OptaWeb BEiE#RE& & OpenStreetMap (OSM) 7—4% 7 7 1 L&A L &9, OpenStreetMap DF¥Hf
l&. OpenStreetMap @ Web Hr4 P2 SRR LTI,

OptaWeb BB %= AT 278 I1E. ROEZEZHEAL TILIL,

i OSM 7 7 1 L TRIREI N 5, Ik EOMEOERT ) 7, Higid, E. &, Kk BEICT &
HOTHEAINZERDOERETY, & ZiE. DACH OHUSICIE KA Y (DE). #—ZX MY 7 (AT). &
UL R (CH)PEEFNZET,

E— K:ISO-3166 REICLYEIY B TONA2XFOI—F, BI—RZFERL THERROBERZ
BRYRAAFET, EROEICELH M (F: DACH Hhif) 2 AT 2551 H 575, OptaWeb EtiE
BERIE D& D LIS THIEBERZRORYIAADNTESZ LI I, BEaA—RFO—EBEtFATEEY, BEO—
RD—EIZDWTIE, 1SO 3166 Country Codes =SB L T 72X LY,

WEBIRFR: RBF—7— P& L THIBOEMPIZEAMEZIEEL T, GPS DIZFESZHRE L TRITH

27T —DEE, REF—T7—RFO—BMHICLY., RINDIGAMOBIIERY XY, KIEDIZFE. 15
FRDERIE—RBTIZRWD, FERMIED (BHD) BDBMEIT 2205 2 & T, BEEDLDWERZR
HLET.

237


https://access.redhat.com/jbossnetwork/restricted/listSoftware.html
https://maven.apache.org/
https://en.wikipedia.org/wiki/Constraint_programming
https://wiki.openstreetmap.org/wiki/About_OpenStreetMap
https://www.iso.org/iso-3166-country-codes.html

Red Hat Process Automation Manager 7.12 Red Hat Process Automation Manager T Red Hat EJU K ® OptaPlanne

16.2. OPTAWEB i =R T TOAA AV N7 74 ILDF 7 O— KRB LUVE
JL R

FTTOAAY NI 74 EY 2 vO— KL, EHELTH S, OptaWeb ELERBOEE, 7704 %17
IMEIRHY FT,

FIR

. RedHat 1A% ¥ —7R—% )LD Software Downloads R—JICBEL (A4 v HRE), K
Ay 79 0AToavhbBlBELUVN—Ya VvaRIRLET,

® Product: Process Automation Manager
e N—32:7120

2. Red Hat Process Automation Manager 7.12.0 Kogito & & T OptaPlanner 8 Decision Services
24 v 9 A4 — b (rhpam-7.12.0-kogito-and-optaplanner-quickstarts.zip) =4 > > O0— K L
xY,

3. rhpam-7.12.0-kogito-and-optaplanner-quickstarts.zip 7 7 1 L #fBER L £ 7,

4. Red Hat Process Automation Manager 7.12 Maven Repository Kogito & & U OptaPlanner 8
Maven Repository (rhpam-7.12.0-kogito-maven-repository.zip) #4% 7 > O— KL X9,

5. rhpam-7.12.0-decision-services-quickstarts.zip 7 7 1 L ZRBFRAL £ 7,

6. rhpam-7.12.0-kogito-maven-repository/maven-repository 4t 757« L 2 N —Da > F Y
% ~/.m2/repository 71 LU M) —(CaE—LE T,

7. optaweb-8.11.1.Final-redhat-00006/optaweb-vehicle-routing 71 L 7 b ) —ICREI L £ T,

8. LDV K% AL T OptaWeb BEEiEREB 2 EIL KL T,

I mvn clean package -DskipTests

16.3. RUNLOCALLY.SH X2 ) 7 N &AL TO—AJL T OPTAWEB fgi%
BERAEETLET,

Linux 2 A9 535 & (&, runLocally.sh @ Bash 27 ') 7 N % {FF L T OptaWeb B iR % RITTX
i’a—o

/ ES
runLocally.sh 27 ') 77 M &, MacOS TIEFEITINFtH A, runLocally.sh 27 ') 7k

ZERATERWGEIE. TOptaWeb EEERIEDFEITORES LUREIT] 2FRLT
CEEIW,

runLocally.sh 27 ') 7 hd, UTOZREFIEZBEELEFTH, TORY ) FhEFRALRVEES
&, COBREEFETETTILENHY XD,

e T—HTALIKN)—ZFERLET,

® Geofabrik 7 53#3R L 7= OpenStreetMap (OSM) 7 7 4 L& ¥ o> O— KL 7,
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o ¥ O—RLAEZBOSM 774 JLICEI— RABHMICEEMNITTHET,
e 2AVRKRF7OVIARIZ 7AIDBEFEIELRWEGEIF. 7OV E2EIRLET,

® OptaWeb ECXRRIRZEENT 2 ICIE, HBOE|IE%Z 1 DEET 20 WEEMICHEZRRL X
—g_o

runLocally.sh 27 ') 7 F DETICET 251X, UTOEI2avESRLTLEIW,
o [U4vy YU RH¥—FME— KT OptaWeb EEIERRERD runLocally.sh 22 ) 7 hEETLET, |
e [OptaWeb EZZEREED runLocally.sh 27 Y 7 N & 5t5EE— K TE1T)
e [OptaWeb BoE#REED runLocally.sh 22 ) 7' N = IEXFEEE— K TEIT
16.3.1. 714 v U A% — M E— KT OptaWeb EiEfZEED runLocally.sh 27 1) 7 K &3
TLET,

BE/BELGET OptaWeb EEE IR A FWAD 5 ICIX,. BIEEIEEE $ I runLocally.sh 27 1) 7 |+
EERITLES,

AR

e OptaWeb BoERERA OptaWeb BELERE T 7OA XY M7 74 IDF U v O—RBLVEI
K1 OBA@EYIC. EEIC Maven TEILLRIhhTW3,

o (VH—XRy  NFATES,

FIR

1. rhpam-7.12.0-kogito-and-optaplanner-quickstarts/optaweb-8.11.1.Final-redhat-
00006/optaweb-vehicle-routing 71 L 2 N —TUTFTOITY REAALZET,

I JrunLocally.sh

2. .optaweb-vehicle-routing 71 L 7 N — &R T2 L5 IOV T IHBRRINALD, y &
AALET, RV T RNOHMAIRGTEIC, TOT1L I M) —%ERKTZLIICTOYTIH
RRINZET,

3.OSM 774 DF o vO0—ROF7OY T MHRRINLFEIFZ. yEAALES, TDRYY
7 N D¥EIERITEFIC. OptaWeb B iR HY Belgium OSM 7 7 A )L &S o >vO—RKLE T,
TF)r—aviE, OSM 774 )LD 70— REICEBEILE T,

4. OptaWeb BERBEDI—H'—( V¥ —T 214 A% KRRT BICIE. Web TS50 H—IZLUTFD
URLZABDLZET,

I http://localhost:8080
pa 3]
ZDAY Y T NEHEERITT 23581E. GraphHopper TOSM 7 7 1 JL%& A4 ViR— b L

TEBEDIZ 7 LTREFET Z2VELNH DD, BEICHSMDY T, REMNDS
runlocally.sh 27 ') 7 KN 2 E1T9 2B E. HirdHBREIFIEINICERINE T,
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RDODRAFTY S

[OptaWeb BeiE#R & DFE A |
16.3.2. OptaWeb EZE#R R D runLocally.sh 2 7 1) 7' N =55 E— K TEIT
MEE—REFEALT, 9 vO0—RKLAEOSM 774 )LbE, &EMEICEIY B TS NAEI—RDO—E

ERRALFT, WEE—RAFEHETZE, Web M MIBEILTY o rO— REERBRIRETIC
Geofabrik A 5EMD OSM 7 74 JLESF D AO—RKRTEET,

AR

e OptaWeb BoERERA OptaWeb BLERE T 7OA XY N7 74 IDF U O—RBLVEI
K] OsBA@EYIC. EEIC Maven TEILLRIhhTW3,

o [V —XRv  NaFATES,

FIR

1. rhpam-7.12.0-kogito-and-optaplanner-quickstarts/optaweb-8.11.1.Final-redhat-
00006/optaweb-vehicle-routing 71 L 7 ) —ICREIL £ 7,

2. UTFDAYY REAALTHEE—RNTRIV VTN EEITLET,
I JrunLocally.sh -i

3. Yourchoice 7OV 7 T, dEAALTH O yO—RXZa—45KRRLFT, LEIICY D
vO—RLEMBO—&E, Z0%ICY I yO0— RAfEABEO—EBIARTIINET,

4. FEURENCY 7 yO— R Lgo—8n Sig & &R L F 7,
a. ¥y rvo—RLUEgEO—BETHRICEENMITONEESEZANLIT,
b. Enter ¥—%Z# L X7,

5. R HUgAES Y O—RLET,

a. 00— RNg2MBICEAEMITONTVWEESEZAALET., L&A 3 —Ov D
% ERT BICIF. 5EANLET,

b. A4 o >O—K§3I1C1F,. dEAALT, Enter¥x—%HLFT,

c. MEARDEEDOHIEAESY I O— KT BICIF,. e AALT, 00— K9 5 ibisICEEE
I TWBESEAALT, Enter¥F—%#LZFT,

AL ZXDKEIEWVNOSM 7714 IILDEH
A FRINDE < DEY. 7 XD ADMAE, NMNIWihigZ{FRdT 5 &, &

BRI—YF—TIVIARYVIVIANELNET, 1GBLLED OSM 7 7
1IVEFRTBICIE. DMRYDXE) YA X HpnEE L, FENE
ICEFEA DY T (FRATIFEEFRAE),
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TF)lr—>avid, OSM 774D O0— RERICEEILE T,

6. OptaWeb BECERBEDI—H'—A V¥ —T 21 A% KRRT BICIE. Web TS5 H—IZLUTD
URLZABDLZET,

I http://localhost:8080

RDAT Y S
[OptaWeb BeiE#RE& DFE A |

16.3.3. OptaWeb ECi#ZE& D runLocally.sh 2 7 1) 7' N 2 IEXEEE— R TEIT
JEXFEEE— KT OptaWeb EBEREA MR LT, A K1 DT OptaWeb EEERE AL, KIFE

FooO0—RLEOSM 774 LEEMLEY, Ini, EEAZREDYEZXZ2%BEY. TEZT
JIGRICEMNTT,

AR

e OptaWeb BoERERA OptaWeb BELERE T 7OA XY N7 74 IDF U O— RBLVEI
K1 OBA@EYIC. EEIC Maven TEILRIhhTW3,

o FATIMIFOOSM 7 7AILAF I O—RINTWD, OSMT7 74 IILDF o> O— KIZHE
T BEMIE. TOptaWeb BLERRERD runLocallysh 27 1) 7 N &XEE— KN TEIT] 2#2RL
TLIEIW,

e (VY —XRy  NeFATES,

FIR

1. rhpam-7.12.0-kogito-and-optaplanner-quickstarts/optaweb-8.11.1.Final-redhat-
00006/optaweb-vehicle-routing 71 L 7 ) —ICBEIL £ T,

2. LRV RERITLEYT, T Tl <OSM_FILE_NAME> [$%6iF&E49 v vO0— KLk
OSM 774 IVICBX#AET,

I JrunLocally.sh <OSM_FILE_NAME>

RDATFY S
[OptaWeb BEiE#RE DFE A |

1634.7—4974 L7 N)—DEH

AMDT—4T74 LI MN)—%FEAT 2HFEIE. OptaWeb EEERENMERTE2T4 LI M) —&IEER
537—89T4LIVMN)—ILEHTEEY, 774N DMDT—9T 1LY Y —IF $SHOME/.optaweb-
vehicle-routing TY,

=S5

e OptaWeb BLERZIEA OptaWeb BELERKT 7OA AV b7 74 ILDF I O— KRB LVEIL
K1 OBA@EYIC. EEIC Maven TEILRIhTW3,

FIR

241



Red Hat Process Automation Manager 7.12 Red Hat Process Automation Manager T Red Hat EJU K ® OptaPlanne

o MDT—89T4LIKMN)—%FEATZICIE. REDOT—9T4LIKMN)—
. .DATA_DIR_LAST 7 7 A ILADT 4 LY M) —DiE /N2 ZEEL T,

o HUFICREMITONTWAEI—NZ2EETBICE, BREDT—9T4LIM)—D
country codes 74 L7 M) —ICHBZRIEDT7 7ML EfRELE T,
fEzE, ROy S Y RODOSM 7740 &F o vO—KL, X2 Y FMTCEI— REH#HH
TERMN>7IFEIC. country_codes/scotland-latest D> 7>V 7% GBICEREL XY,

o J—UavEHIRYTZICEK., T—9T14 LT N)—Dopenstreetmap T4 LV M) —IlH D
XD OSM 7 7 1 )L %HIER L. graphhopper 71 L 2 ) —TH#tsio T4 L 7 M) —%HIER
L/ia—o

16.4. OPTAWEB ECERBR B DFEH TOHRED L V21T

OptaWeb Bl XA R EEAHETEITT 51213, runlocally.sh 27 ) N AFRLET, 772
L. BEVOYRFALATNY Y2 %FHATERVWESIIE runlocally.sh 27 ) 7 K H'ETT 2 FIE%
FEITRTLTLEIL,

AR

e OptaWeb BoERERA OptaWeb BLERE T 7OA XY N7 74 IDF U O— RBLVEI
K] DEEA@EY I, EEEIC Maven TEIRIhTW5,

o (VY —Fv NeFIHTES,

FIR

. BET—49%249ovO0—RKRLET,
BRIV VTR, EMNGAHREOBIHCH D IEBESTET 2DICHEBT—9HABETT,
O—HILD7T 74 JILY 2F LIS OpenStreetMap (OSM) F—4 7 7 4 L& S S > O— K L TR
FLTHS, OptaWeb EEiEREARITT 2HELNHY ET,

pa

OSMT—4 774 IILDHY A X BEEIOOMB IS IGBDEERY, ForO—
RICEFEA D DB 7, OptaWeb BLERIR 7 U r—>arvaEL RELIEE
BT ARIICINOD T 7ML EY OV O—RTEIE5HEOLET,

a. Web 75 7 #—T http://download.geofabrik.de/ B =X £ 7,

b. SubRegion ) X N Tl (I—Oy /R ALYV ) v I LET, HTHEBR—IPHEEFE
-a—o

c. SubRegions DR T, EH (NILF—4E)DOSM 7 71 JL (.osm.pbf) 55> O0— KL%
EP

2. T=IDTaA LU MN)—EEEFRLET,
OptaWeb EOERE T, 77 MY AT LALOEROBEDT—¥ 2K Y. EXAHFE
¥, openstreetmap 71 L b —H 5 OSM (OpenStreetMap) 7 7 1 L & FHEY . BB
2 7 % graphhopper 714 LV h) —ILEZA#H, dbT 1 LI MN)—TCa1—H—F—F %Kk
BIELET, COT—95FRTEMTZ2EADT A LI M) —EFHITERL T, S&kEE
ICET L W= 3 D OptaWeb EEERIRICT v 7L — KL T, UBEICER LT —9 %%
DEFFATEELIICLET,

a. $HOME/.optaweb-vehicle-routing 71 L 7 ) —&/ERK L £ 7,
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b. $HOME/.optaweb-vehicle-routing 7 1 L- 7 b !) —IC openstreetmap 7«1 L ¥ b —%{E
BLZET,

$HOME/.optaweb-vehicle-routing
L— openstreetmap

c. ¥ >O—KL7%OSM 7 74 J)L (.osm.pbf DILFFEFHIFWNLT 74I) T RT
openstreetmap 71 L 7 M) —ICRBENL T,
BYUDT4 LY KMN)—#EEIE. OptaWeb BEEEREE 7 ) r—oavitd Y. #MIEIETHEIC
ERRINET, EREDT ALV M) —BEIIUTOEHYTY,

$HOME/.optaweb-vehicle-routing

— db

| L—vrp.mv.db
— graphhopper
| L— belgium-latest
L— openstreetmap
L belgium-latest.osm.pbf

3. rhpam-7.12.0-kogito-and-optaplanner-quickstarts/optaweb-8.11.1.Final-redhat-
00006/optaweb-vehicle-routing/optaweb-vehicle-routing-standalone/target 71 L. 7 b ) —
ICBEIL F7,

4. OptaWeb BOERKARITT2ITIE. UTFDITY REERITLET,

java\

-Dapp.demo.data-set-dir=fHOME/.optaweb-vehicle-routing/dataset \
-Dapp.persistence.h2-dir=6HOME/.optaweb-vehicle-routing/db \
-Dapp.routing.gh-dir=HOME/.optaweb-vehicle-routing/graphhopper \
-Dapp.routing.osm-dir=8HOME/.optaweb-vehicle-routing/openstreetmap \
-Dapp.routing.osm-file=<OSM_FILE_NAME> \
-Dapp.region.country-codes=<COUNTRY_CODE_LIST>\

-jar quarkus-app/quarkus-run.jar

DAYV RTIE, UTOEHZBEISHMZA TLEIWL,

® <OSM_FILE_NAME>: LgiIC¥ o> O— N L7#igi T, FHAFEDHIKD OSM 7 7 1
Vo

® <COUNTRY_CODE_LIST>: #iI##83%R 7 T —DRYAAIFERATZIVIXYPY ODEI—
F—%, EO—RFRD—ZEIZTDWTIL, 1SO 3166 Country Codes SR L T I,
TTNVr—>aviE, OSM 7 74 0DF 7y O— REICEBLET,

LT DOFITIE. OptaWeb BEiEZE& IFHRT X 1) 1D OSM DO (central-america-
latest.osm.pbf) 247> O0— KL T, R)—=X(BZ) &£V 77735 (GT) DETHREAEZITWL
Y,

java\

-Dapp.demo.data-set-dir=fHOME/.optaweb-vehicle-routing/dataset \
-Dapp.persistence.h2-dir=6HOME/.optaweb-vehicle-routing/db \
-Dapp.routing.gh-dir=8HOME/.optaweb-vehicle-routing/graphhopper \
-Dapp.routing.osm-dir=8HOME/.optaweb-vehicle-routing/openstreetmap \
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-Dapp.routing.osm-file=entral-america-latest.osm.pbf \
-Dapp.region.country-codes=BZ,GT \
-jar quarkus-app/quarkus-run.jar

5. OptaWeb BEERED I —H—A VI —T 24 R %=RRT 3ITIE. Web TS5 H—ICUUTD
URLZABDLZET,

I http://localhost:8080

RDATY S
[OptaWeb BeiE#R & DFE A |

16.5. RED HAT OPENSHIFT CONTAINER PLATFORM T® OPTAWEB fc
AR DET

Linux 2R 9 %155 (1I1E. Bash 2 Y 7'k runOnOpenShift.sh =& H L T, Red Hat OpenShift
Container Platform I OptaWeb Bl A1 Y A M—ILTEXF T,

P2
MacOS TIZ runOnOpenShift.sh 2 7 1) 7 MMIRITINFH A,

AR E A
® OpenShift 7S RAH—ICT7 VAN TE, OpenShift ARV K445 —T x4 R (oc) B
4 VA PM=)LINTWB, RedHat OpenShift Container Platform M1&#RI&, OpenShift
Container Platform @4 Y A h—JL 2B L TL X,

e OptaWeb BLERZEEA OptaWeb BLER T 7OA AV M7 74 ILDF I O— KB LVEIL
K1 DEBA@EYIC, IEEIC Maven TEJI RIHhTW3,

o (VY —XRy  NaFATES,

FIR

1. Red Hat OpenShift Container Platform 7 S X4 —ICOJ A4 v §2h, TDY 5 RY —%iLH
LEY,

a. MFOOAYY RE AN LET, <PROJECT NAME> (37O ) MRICBEIHBAZF T,

I oc new-project <PROJECT_NAME>

b. HE (TS L T, rhpam-7.12.0-kogito-and-optaplanner-quickstarts/optaweb-8.11.1.Final-
redhat-00006/optaweb-vehicle-routing 71 L. 7 ) —ICBEIL £ 7,

c. MTFDIY Y K%EAALT. runOnOpenShift.sh 2 7 1) 7 #3417 L. OpenStreetMap
(OSM) 77 A LESF S vO—RLET,

/runOnOpenShift.sh <OSM_FILE_NAME> <COUNTRY_CODE_LIST>
<OSM_FILE_DOWNLOAD_URL>

ZDAXR YV RTIE. UTOEHABIBMA TSI,
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e <OSM_FILE_NAME>: <OSM_FILE_DOWNLOAD_URL> 754 % Y HO—RKLEZ 7LD
#Bl.

o <COUNTRY_CODE_LIST>: #iIE#&3%& 7 T —DRYAAIFERATZIVIXYPY ODEI—
K—8, Ed— RD—EIZTDWTIL, I1SO 3166 Country Codes IR L TL XL,

e <OSM_FILE_DOWNLOAD URL>: OpenShift 57 7 Z A a[gg#, PBF 5D OSM 57—
HDURL, TDT77AIiE. Ny Ty ROEEIHICHY I O—RX
1. /deployments/local/<OSM_FILE NAME> & L TIREINZE T,
LLFDOFITIE, OptaWeb BEiERZE&IFHRT X 1) A D OSM DO (central-america-
latest.osm.pbf) %4> O0—KLT. RY—X(BZ) &I 7773 (GT) DETHREEITL
7,

./runOnOpenShift.sh central-america-latest.osm.pbf BZ,GT
http://download.geofabrik.de/europe/central-america-latest.osm.pbf
a5

runOnOpenShift.sh 27 Y 7 kDAL F% S8R Y %1C1E. /runOnOpenShift.sh --help
o EAALFET,

16.5.1. 7 704 X1 /- OptaWeb ESiEREE 7 7)) r—> a v 2O — A EETEH

Red Hat OpenShift Container Platform (Z OptaWeb B R 7 ) r—>a v &7 704 L7=1&IC,
Ny TV RETJOVMNIVREBHTEET,

=S5

e OptaWeb BEERZEE N Maven TIEEEICEIL KX N, OpenShift ICF 704 IhTW3,

FIE
o Ny ITVRAEEHTAICIK, ROFIEEEITLET,
L. V=—RO—RAEZHBL, Maven TNy I IV REV2—-ILEEIRLET,

2. rhpam-7.12.0-kogito-and-optaplanner-quickstarts/optaweb-8.11.1.Final-redhat-
00006/optaweb-vehicle-routing 71 L 7 ) —ICBEIL £ 7,

3. LFOOv Y R&EAAL T, OpenShift EJL KEREIL XY,

I oc start-build backend --from-dir=. --follow

o JOVINIVREZEHFIZICIK. ROFIEEETLET,

1L YV—RO—KREZEBELT. npm21—T4YF74—T7O0Y NIV RKEYV2—-ILEEIRL
7,

2. sources/optaweb-vehicle-routing-frontend 71 L 7 ) —ICBEIL £ 7,

3. LFOOv Y R&EAAL T, OpenShift EJL KEREIL T,

I oc start-build frontend --from-dir=docker --follow
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RDATF Y S
[OptaWeb BeiE#R & DFE A |

16.6. OPTAWEB FEe iR D {FEH

OptaWeb BOERIKR 7 7 o —> a v Tk, RGO EY—I TEXET, RAODIGATIET R (EiE
W) THAHZE%=FHRELEF T, ERMIEZIDTRNS, I— 7 DWW/ DT R TOIGATICER%E
ETBEIZLELIHY T,

EHEEREOH., BLUVLEROBHEIAELZRTETCIFIT TN, BRIETIXLEMEZFERITZRIIEIHY FHA,
72720, TDI— MDA ITARTOEFIFERIND EIEFEREYFRA, PV r—avik, gERIL—
ICBERMZTEREZFERLE I,

IRWEDN—=Y 3 VIliE, —EOFHIRLHY £,

o 1DDIGMICEET 27U, EROBHEN1RA Y MEEINE T, L&A BEHE N
10 DEMEIF, TRICEDETICRKIOEMICHETETET,

o HEMPIHEAMICARY LARZRESTHILIETEIEA,

16.6.1. fEEE DEAK

BRI A EK T 2 IC1E, OptaWeb X 1I—H'—4A4 49 —T 14 XD Demo ¥ 7A2EAL X
-a—c

AR

e OptaWeb EEEREHAETINTEY, 22— —A V9 —T (A RIITIERATES,

FIR

1. OptaWeb EgZ##EEE Tld. Demo %22 ') vV LT Demo ¥ 7EMAT Y,

2. R EOBWTSR/IAFTRARY U AFERLCEMBERELEFT, 774/ MTlE, E@I
EDEBHEIFI0ER>TWVWET,

3. BEILHLUT, W EOEPADORICHDTSRARY VAFRLT, IALET,

R

WROHEKRICT TV )y V%2 ERLBVWTKEIW, T ) vIT3E,
GRDNMER SN E T,

4. TROBFRZEYV ) v I LET,

5. BGERA ¥ MIDOWTIE, HWEOMBDIGREY ) v I LET,

6. B ZRIRY 5355:
a. HIRI 2BAIDLEDT IR ENT LT, BFADAZAIZRTLIT,
b. BHOERICHZ —ETEZDIGMEZRELETT,

c. BRIDKEICHBD X TAAVEY Yy I LET,

246



163 RED HAT EJU KD OPTAPLANNER OEERB TS V=V TRY—9—TF TV 5r—>a o704 8L UEH

AT ABM/BIBR LY., ERBEZEELALY TR, 77 r—2a vid#Hi L WsBEREg % fE
LTHRRLEY, TOV ) 1—Ya vy TERBOEREZHEAYTZHA. 77— avid, 2EAOR
BZRDBETRRLET,
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