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843 1. ¥ OPTAPLANNER 1l B 4T H 2 E) OPTAPLANNER

8

INRIEAFER OptaPlanner 7 2k B #J pubic API 828 OptaPlanner WiH, F%& 25U B REHNE
OptaPlanner 8, ESHAEEHANER. ANERILSIENTE pubic API ZARISERER I,

OptaPlanner 2%t API 2 OptaPlanner JEACISR)F&, ®iLE@IT Java K55 OptaPlanner T3 E,
IJH:, ,.,\_Il«/szEl_.l EZ&HHEZKEPH OptaPlanner iR AFH EIE&H OptaPlanner ikA, OptaPlanner

EIEE LURA, XERE, BRUEREIAER OptaPlanner public API BIfSHSRVIER T, M
OptaPIanner 7.44 ﬂ-f}}iﬁu OptaPlanner 7.48, OptaPlanner 2k API K7E £ R AHI OptaPlanner £ 1ThR
ARRD, BR, BLABEAHE—DFNELITIRAN, TIPS NHE APIBIEH,

OptaPlanner 8 2—NFMELITHRA, WA AP —E BN S REIMRAB OptaPlanner A3 A,
OptaPlanner 8 4B KRR JLEF 8.x RIUE, X FiXNUIE KIS, N E5XMIRAERBEHRR
ATFRBH N API FUFE,

% 1. Red Hat Decision Manager fIZLIEfJEEH OptaPlanner hix&

REEERR OptaPlanner

77 7.33
7.8 7.39
7.9 7.44
710 7.48
71 8.5

BN ICEERSETEHAE— MRS, RPENRBEZINZERMSN, FTRER T EMI%E
xR 2. FHRMRE

R SN

FE AT RES BN IR B9 AT,

R AXAREZINEALE, BH2NREFITT KEBENRYE, LHEE
BRGNS,

5B H AR OptaPlanner FERAMENE X {E A Public AP FR55 31T 2,
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$F1Z 5 OPTAPLANNER7.X X E R IR AT FERHENK

ATTHRFIHMIERS OptaPlanner 7.x 3B Rt AH) OptaPlanner A& A,

EE Javall S ESIRA
F % Public API

INREFEA JRE =% JDK 8, FHKZE| JDK 11 HE = iRA,

e 7 Linux £, MIEB Linux B4 EFiE/ZEFKEX OpendDK, 7E Fedora # Red Hat Enterprise Linux
FEIALLT@®S

I sudo dnf install java-11-openjdk-devel

e 7 Windows #1 macOS &1, M AdoptOpenJDK Wik F#; OpenJDK,

SolverFactory #1 PlannerBenchmarkFactory B X #F KIE 25
F £ Public API

&7 OptaPlanner #fE 5 Kogito —3, FTLAKIE B8 2T HBEA. Eik, SolverFactory ~EBERTFM
KIE =25 0/% Solver 5L, Xth5&EFRF PlannerBenchmarkFactory 1 £,

EMkR OSGi Jt#dE
X% Public API

HF OptaPlanner 8.x &5IH# OptaPlanner JAR X#HERAAIR, META-INF/MANIFEST.MF XX {4FHY
OptaPlanner JAR X B 2 &7 META-INF/MANIFEST.MF SZ{A,

{#F Java FE5lL

N RIEAPI

1E OptaPlanner 8 1, X% #{FF Serializable trit OB M A API H iR, EEFEH JSON sxHAh
BRFEE,

SolverFactory.getScoreDirectorFactory () B ScoreManager
F % Public API

1 OptaPlanner irkA 7 &, FZEFH ScoreDirectorFactory 29 #, 1E OptaPlanner ik 8 /1, #7
HIThBE# A INZ] ScoreManager 7, Rt AEHIEBAE ScoreDirector BIFTSEH,

OptaPlanner 7 18 *.java X441 :

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

}

OptaPlanner 8 1Y *.java X4 7Rf :

ScoreManager<CloudBalance> scoreManager = ScoreManager.create(solverFactory);
Score score = scoreManager.updateScore(solution);


https://adoptopenjdk.net
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FVFE K% ScoreDirector # ScoreDirectorFactory LI /555 2 MAEE AP FhfflRg, TEEH., Y6
T ScoreDirector #FE O RA#IRFEI/N L API, LU ProblemFactChange #EORFAEI/A £ AP,

SolverFactory:getSolverConfig () filIf&

N A3 API

SolverFactory.getSolverConfig () 7’223, ## SolverFactory.create(SolverConfig) /5/5&
. SolverConfig SLFIINFEIELHI{L SolverFactory L2 mi# L, X2EBEMARM, LLLEIFSH
THIBR

OptaPlanner 7 18 *.java X441 :

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

Solver<MySolution> solver = solverFactory.buildSolver();
OptaPlanner 8 1Y *.java X4 7=fl :

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

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

INRIFL@IT T 2K Loader, iEFE (%4 F] SolverConfig.createFromXmlIResource () #
SolverFactory.create () .

SolverConfig:buildSolver () R
N, A3t API

SolverConfig.buildSolver () 7FEZREBTAE APIHRAGE. AER
SolverFactory.buildSolver () 7%,

OptaPlanner 7 18 *.java X441 :

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

Solver<MySolution> solver = solverConfig.buildSolver();
OptaPlanner 8 1Y *.java X4 7Rf :

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

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

PlannerBenchmarkConfig:buildPlannerBenchmark () ffflf&
N, A3 API

PlannerBenchmarkConfig.buildPlannerBenchmark () AxEARETAHE APIHWRERE. FH
PlannerBenchmarkFactory.buildPlannerBenchmark () 7%,

OptaPlanner 7 18 *.java X441 :

10



%13 5 OPTAPLANNER 7.X B R RAFFHAM AR

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

PlannerBenchmark benchmark = benchmarkFactory.buildPlannerBenchmark();
OptaPlanner 8 1Y *.java X4 7Rf :

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

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

solverFactory:cloneSolverFactory () B fIf&
N A3 API

SolverFactory.cloneSolverFactory () 7AA2F A, FH##H SolverConfig(SolverConfig) copyors
#0 SolverFactory.cloneSolverFactory () 7AE&EK,

OptaPlanner 7 18 *.java X441 :

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 1Y *.java X4 7Rf :

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 () il
N, R API

SolverFactory.createEmpty () AAE2FHA, FH4X #il SolverConfig () HEE
fX. SolverFactory.createEmpty () 752N,

OptaPlanner 7 18 *.java X441 :

1
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SolverFactory<MySolution> solverFactory = SolverFactory.createEmpty();
SolverConfig solverConfig = solverFactory.getSolverConfig()

Solver<MySolution> solver = solverFactory.buildSolver();
OptaPlanner 8 1Y *.java X4 7Rf :

SolverConfig solverConfig = new SolverConfig();

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

XML <solver/> root Tt INTEE T http://www.optaplanner.org/xsd/solver #54 Z2 ]
FZ Public API

OptaPlanner MIfE WA RZBEEIRM T — DN XML EXTE L, B OptaPlanner (RESIAE XML EEER
BHARANFERM, BiaZiEIGTRBEIXSD, KN OptaPlanner ATEEIELLE R FERME B XML,

OptaPlanner 7 H# *SolverConfig.xml X {4 #y7R A

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

</solver>
OptaPlanner 8 #1# *SolverConfig.xml SZ44 7R :

<?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">

<};olver>
{F XSD Al R EEZHHEFE BN —LE XML Jtik, £ IDE FFEARIETETER EIE M XML,
kRSB0 B PRI E 4 subPillarEnabled 2 #E 1 B

N RIEAPI

PillarSwapMoveSelector #1 PillarChangeMoveSelector H1# subPillarEnabled B EF A, F&E
B M subPillarType. subPillarEnabled &4 2 #Hi&,

OptaPlanner 7 F#4J *SolverConfig.xml 1 *BenchmarkConfig.xml 324 F 7R -

<pillar...MoveSelector>

<pillarSelector>
<subPillarEnabled>false</subPillarEnabled>

</pillarSelector>

</pillar...MoveSelector>

12
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OptaPlanner 8 1 *SolverConfig.xml 1 *BenchmarkConfig.xml 32 {4 F 7R

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

</pillar...MoveSelector>

solver:getScoreDirectorFactory () EffIiR
F £ Public API

getScoreDirectorFactory () AEE#3H, IEM Solver #1 Solver Factory JH it R,
BABEREENE— Solver LBIsRITE SR Ul FBID#. #F ScoreManager AP &Y.,

OptaPlanner 7 18 *.java X441 :

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

OptaPlanner 8 1Y *.java X4 7Rf :

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

ScoreDirectorFactory R4 M, EHEHATAELE AP S, EHINELEMELH AP BT
ZON

solver.explainBestScore () C#MHIFR
FZ Public API

Solver #O £t explainBestScore () HABHE 7x HFEMA, IEDHEMBR, EaLL@ETHH
ScoreManager AP| FXEVERIIE 2.

IR ISR ZUEMA XTI AIEARNER,

OptaPlanner 7 8 *.java X441 :

solver = ...;
scoreExplanation = solver.explainBestScore();
OptaPlanner 8 1Y *.java X4 7Rf :

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

13
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Solver # O 4% getBestSolution () . getBestScore () #1 getTimeMillisSpent () & # /]
bR

N R API

Solver # O LM AESE 7x FFH, HEHMR, EaTLLRAT &S Solver.add EventListener (...
) SEAf EventListener EIXEVERIHE R,

OptaPlanner 7 18 *.java X441 :

solver = ...;

solution = solver.getBestSolution();

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

OptaPlanner 8 Y *.java X4 7=f :

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

h;

EMBRIERR T
EZ Public AP

solver Bic & F#J <scanAnnotatedClasses /> iI§ S B1E 7.x BFHEH, IS HMIER,

OptaPlanner 7 ] *.xml X447 :

<solver>
<scanAnnotatedClasses/>

</solver>
OptaPlanner 8 A *.xml XX {4 7RfHI :

<solver>

<solutionClass>...</solutionClass>
<entityClass>...</entityClass>

</solver>

FHF @PlanningFactProperty #1 @PlanningFactCollection ¥ {4 &
F % Public API

@PlanningFactProperty #1 @PlanningFactCollectionProperty ;¥ EIIE 5 HEM R EUERE (40
@PlanningSolution ) #ZHERENTHD, |BERRTE 7.x B FFHEFEMER,

OptaPlanner 7 18 *.java X441 :

14
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import org.optaplanner.core.api.domain.solution.drools.ProblemFactCollectionProperty;
import org.optaplanner.core.api.domain.solution.drools.ProblemFactProperty;

OptaPlanner 8 1Y *.java X4 7=f :

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

filterClassList B AN 2R 2R

N A3 API

EntitySelector B & ValueSelector 1 MoveSelector HI7E{EECE API #1 addressr ECi&E XML A¥9HF—
MIIEERE,

HEER, BRFESMEFRIIEER, BALUERR g S RBE e ], %R RAMAXLTH,
BUAE, BB MEFRFBERDBIFERH,

OptaPlanner 7 18 *.java X441 :

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

OptaPlanner 8 1Y *.java X4 7Rf :

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

Cd iR RS SR it Ny =2 AN R E S UR 157 2N
OptaPlanner 7 89 *.xml X4 7=f1 :

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

OptaPlanner 7 18 *.java X441 :

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

}
}

OptaPlanner 8 1Y *.xml X447~ :

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

OptaPlanner 8 1Y *.java X4 7Rf :

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 E p %4/ LocalSearchAcceptorConfig
/4

XRAREIEE AP|, fiRZSREE XML XHRFFRE,
SUHE T S HM AR ISR E R B RN M A —BUE,

OptaPlanner 7 18 *.java X441 :

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

OptaPlanner 8 Y *.java X4 7Rf :

LocalSearchPhaseConfig localSearchPhaseConfig = new LocalSearchPhaseConfig()
.withAcceptorConfig(new LocalSearchAcceptorConfig().withEntity TabuSize(5));

BHE EM XML BLES A EN

N A3 API
It [A] R R 2N R 2R BB XML, FEJ=Z < scoreDirectorFactory/>, <

movelteratoronnectionFactoryy/>, < moveListFactory/> , & It; partitionedSearch/> 1 & It
;customPhase/>,

XANENEY B RN s HI L E XML 89451,

OptaPlanner 7 A *.xml X447 -

16
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<partitionedSearch>
<solutionPartitionerClass>com.example.MySolutionPartitioner</solutionPartitionerClass>
<solutionPartitionerCustomProperties>
<partCount>4</partCount> </-- a custom property -->
<minimumProcessListSize>300</minimumProcessListSize> <!/-- a custom property -->
</solutionPartitionerCustomProperties>
</partitionedSearch>

OptaPlanner 8 Y *.xml X447~ :

<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/& gt; JTT3RIMTE#K < variableNamelncludes/> TT3RERE
N, R API

XA R R0 solver BB XML, #5712 < swapMoveSelector/> #1 & It ;pillarSwapMoveSelector/>
L.

XANENEY B 2 RN s B BCE XML 894514,

OptaPlanner 7 A *.xml 344 :

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

OptaPlanner 8 1Y *.xml X473~ :

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

THIpR mER R O

N, I API
Solution EO 2 F AR, AbstractSolution #1 ({XH Business Central ) 2%k,

fitIB® Solution # 0, ¥ getScore () FAii#ir Lt @PlanningScore, 3% getProblemFacts () #i&&
#:°5 @ProblemFactCollectionProperty ;¥ (HXFE&) .

OptaPlanner 7 18 *.java X441 :

@PlanningSolution
public class CloudBalance implements Solution<HardSoftScore> {

17
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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 1Y *.java X4 7=f :

@PlanningSolution
public class CloudBalance {

private List<CloudComputer> computerList;

private HardSoftScore score;

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

@PlanningScore

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

}

% Fi%& B ERETE Collection YR RFESL, 15# A @ProblemFactProperty S5, MTHIFTR, H
R ESERRINT -

OptaPlanner 7 H#Y *.java X4 7Rf :

@PlanningSolution
public class CloudBalance implements Solution<HardSoftScore> {

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

18
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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 1Y *.java X4 7Rf :

@PlanningSolution
public class CloudBalance {

@ProblemFactProperty

private CloudParametrization parametrization;
@ProblemFactCollectionProperty

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

private List<CloudComputer> computerList;

}

TAETE getters (HFE) LRI @ProblemFactCollectionProperty ;3%, 1% IBEHR
@PlanningEntityCollectionProperty 7%,

BestSolutionChangedEvent:isNewBestSolutionlnitialized () EffF&
N A API

best SolutionChangedEvent.isNewBestSolutionlnitialized () 7#A2F#FM, H&EHN
BestSolutionChangedEvent.getNewBestSolution () .getScore () .isSolutionlnitialized () 7#
i%. best SolutionChangedEvent.isNewBestSolutionlnitialized () 7 :&B IR,

OptaPlanner 7 18 *.java X441 :

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

-
}

OptaPlanner 8 1Y *.java XX #47Rf :

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

19
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MRERE BEWT (0, ESRERTIRIEBRAAR.

OptaPlanner 8 Y *.java X4 7Rf :

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

-
}

<valueSelector > : variableName II1E 2 — N B4

N A3 API

Y power-tweaking %285 (0 &It ;changeMoveSelector& gt;) i, HHEZ ML EEAIGH, &t
;variableName& gt; XML Jt3RE4#—4 variableName="..." XML BMHE R, XPMLLED T A SRE
BEARE. T 7xRIBHKFRGE, BAENSHEMER,

OptaPlanner 7 F#4 *SolverConfig.xml 1 *BenchmarkConfig.xml 32 {4 F 7R

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

OptaPlanner 8 1 *SolverConfig.xml 1 *BenchmarkConfig.xml 32 {4 F 7R

I <valueSelector variableName="room"/>

PXIEFR . SM/R threadFactoryClass

N RIEAPI

® 4 <solver& gt; BIEFELF R T X% <threadFactoryClass > 5t3&, FilA & It; partitionedSearch> F
Y <threadFactoryClass & gt; 7o 2 # B,

OptaPlanner 7 F#4 *SolverConfig.xml 1 *BenchmarkConfig.xml 32 {4 F#7R 45

<solver>

<partitionedSearch>
<threadFactoryClass>...MyAppServerThreadFactory</threadFactoryClass>

</partitionedSearch>
</solver>

OptaPlanner 8 1 *SolverConfig.xml 1 *BenchmarkConfig.xml 32 {4 F 7R

<solver>
<threadFactoryClass>...MyAppServerThreadFactory</threadFactoryClass>

<partitionedSearch>

</partitionedSearch>
</solver>
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SimpleDoubleScore #1 HardSoftDoubleScore 2 MR
N 3 API

FAERUERETRENDERE, RNElTRKERHT. Ei1S MR,

OptaPlanner 7 18 *.java X441 :

@PlanningSolution
public class MyPlanningSolution {

private SimpleDoubleScore score;

}

OptaPlanner 8 1Y *.java X4 7Rf :

@PlanningSolution
public class MyPlanningSolution {

private SimpleLongScore score;

}

Score.tolnitializedScore() removed
N, R API

Score.tolnitializedScore () AAE2F A, HEH S 7x B Score.withInitScore(int) 5%, 24
B%O

OptaPlanner 7 18 *.java X441 :
I score = score.tolnitializedScore();
OptaPlanner 8 Y *.java X4 7Rf :

I score = score.withInitScore(0);

&M RiETE W bR

N 3 API
LR Comparator *CHUFE 7.x HEF A FHMIER :
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

21
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OptaPlanner 7 18 *.java X441 :

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

OptaPlanner 8 1Y *.java X4 7Rf :

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

PR T FeasibilityScore
N, A3 API

£ 7x 3 AT FeasibilityScore #, & BH—EEFeasible () % Score 84K 8, EOINE
IR

BNIZIREZAEEIE| B 9%, 5140 HardSoftScore A= 9%,

@PlanningEntity.movableEntitySelectionFilter removed

/N, A3 API

@PlanningEntity ;¥ f#_#) movableEntitySelectionFilter FERBE7E 7.x FFH, — MHHNZEX
pinningFilter 2#5| A, E~5 @PlanningPin JEEHEXMEM, Lt iE2RCHESTH PinningFilter 3
A, MREAEEE, NHERE true ; INRBRIE, b, SIHIIESREL, XN IESRNZHEDKE
ko

IR NZET IREFTT IR M A 2 BB E RS SR B @PlanningEntity 3%, |85t 8283 2 MR,

OptaPlanner 7 18 *.java X441 :

I @PlanningEntity(movableEntitySelectionFilter = MyMovableEntitySelectionFilter.class)
OptaPlanner 8 1Y *.java X4 7Rf :

I @PlanningEntity(pinningFilter = MyPinningFilter.class)

@PlanningVariable.reinitializeVariableEntityFilter removed
I 3 API

@Planning Variable 3Xf#_L# reinitializeVariableFilter ZEXE.7E 7.x F#FH, IS HBMIFR.

* #i%E O (ScoreHolder )
N, I API

1 OptaPlanner 7 #1, ScoreHolder 25 %[ JATF Drools 28t E, AF—LEAHFE (MREMFEAH) ,
VFR P BRI SO © 1T 1H9 93 BOE R 7 E #200

£ OptaPlanner 8 /1, XLETTEBHMIER, FFRELoED, REBAFPTMERBREEENA X,
B, MREMERXLERE, EAUEIBBEMAREEAEEAH AP RHEISENE L.

ValueRangeFactory R INE &G
R

22
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ValueRangeFactory K2 NEBHSHENI £, BARZFET BXNE, FERARE REN,
OptaPlanner 7 18 *.java X441 :
class MyValueRangeFactory extends ValueRangeFactory {

}

OptaPlanner 8 AR *.java X4 7=f :

class MyValueRangeFactory {

}

ILTE, ConstraintMatchTotal 1 Indictment =3O
N, NI API

ConstraintMatchTotal 1 Indictment X2 AEO, Alt, MI10EEIIEMAE AP FBH, Fi
HWRTFEIMERER SN AL, XEHFEETERATAL AP, RILEEEREN

INRIFEFESLHE ConstraintMatchAwarelncrementalScoreCalculator, EAREMEESLFIAS :
I ConstraintMatchTotal maximumCapacityMatchTotal = new ConstraintMatchTotal(...);
OptaPlanner 8 1Y *.java X4 7Rfl :

I ConstraintMatchTotal maximumCapacityMatchTotal = new DefaultConstraintMatchTotal(...);

SEETER - AT EHARE score
F % Public API

ScoreManager #1 ScoreExplanation AP| JIfE E5@FKE Score, LLERTEEBHLMEHAITEN, B
0 : M Score % HardSoftScore,

OptaPlanner 7 18 *.java X441 :

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

OptaPlanner 8 1Y *.java X #47Rf :

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

OptaPlanner 7 18 *.java X441 :

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

OptaPlanner 8 1Y *.java X4 7Rf :

23
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ScoreExplanation<TimeTable, HardSoftScore> explanation =
scoreManager.explainScore(timeTable);
HardSoftScore score = explanation.getScore();

ConstraintMatchTotal. ConstraintMatch F Indictment: & FA 255! Score 70
FE

5 ScoreManager #1 ScoreExplanation £1tl, ConstraintMatchTotal ConstraintMatch, #
Indictment API #IE B — M EAKE Score KRR #E, 140 : M Score £ HardSoftScore.

OptaPlanner 7 18 *.java X441 :

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

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

ConstraintMatchTotal constraintMatchTotal = constraintMatchTotalMap.get(contraintld);

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

OptaPlanner 8 1Y *.java X4 7Rf :

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

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

ConstraintMatchTotal<HardSoftScore> constraintMatchTotal =
constraintMatchTotalMap.get(contraintld);

HardSoftScore totalScore = constraintMatchTotal.getScore();

OptaPlanner 7 8 *.java X441 :

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

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

OptaPlanner 8 Y *.java X4 7Rf :

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: generic type Score added
R

#0 ConstraintMatchAwarelncrementalScoreCalculator 15— MER RS, BT Score LUEER
ConstraintMatchTotal 1 Indictment YR58 EE A,

OptaPlanner 7 18 *.java X441 :

public class MachineReassignmentincrementalScoreCalculator
implements ConstraintMatchAwarelncrementalScoreCalculator<MachineReassignment> {
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@Override
public Collection<ConstraintMatchTotal> getConstraintMatchTotals() {

}

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

}
}

OptaPlanner 8 1B *.java X4 7Rfl :

public class MachineReassignmentincrementalScoreCalculator
implements ConstraintMatchAwarelncrementalScoreCalculator<MachineReassignment,
HardSoftLongScore> {

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

}

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

}
}

AbstractCustomPhaseCommand ?&'ﬂﬂ”ﬁ%
N, NI API

%2 AbstractCustomPhaseCommand # MR, FAY Bi%LE N BT
CustomPhaseCommand [,

OptaPlanner 7 H#4 *.java X4 7=f :

public class DinnerPartySolutionInitializer extends AbstractCustomPhaseCommand<DinnerParty> {

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

}
}

OptaPlanner 8 1Y *.java X4 7Rf :

public class DinnerPartySolutioninitializer implements CustomPhaseCommand<DinnerParty> {

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

}
}

PEITERZEI N H API

FE

#% 0O EasyScoreCalculator IncrementalScoreCalculator #[
ConstraintMatchAwarelncrementalScoreCalculator 2 ZE /A AP RREFEHEE, I 12 FB/T
NITE MR, FRRE

org.optaplanner.core.impl.score.director.incremental. AbstractincrementalScoreCalculator 2 #/fl
PR. HAMIBREVEE QMBI ETE LT AP BN O,

OptaPlanner 7 Fi#J EasyScoreCalculator.java X4 F 7R

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

public class CloudBalancingEasyScoreCalculator implements EasyScoreCalculator<CloudBalance>

{
.

OptaPlanner 8 1] EasyScoreCalculator.java X4 F 7R

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

public class CloudBalancingEasyScoreCalculator implements EasyScoreCalculator<CloudBalance,
HardSoftScore> {

}...

OptaPlanner 7 H#J IncrementalScoreCalculator.java 324 7R

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

public class CloudBalancinglncrementalScoreCalculator extends
AbstractincrementalScoreCalculator<CloudBalance> {

}...

OptaPlanner 8 A IncrementalScoreCalculator.java 324 7R

import org.optaplanner.core.api.score.calculator.IncrementalScoreCalculator;
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public class CloudBalancinglncrementalScoreCalculator implements
IncrementalScoreCalculator<CloudBalance, HardSoftScore> {

}...

OptaPlanner 7 ##9 ConstraintMatchAwarelncrementalScoreCalculator.java S 44 # 897~ :

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 AR ConstraintMatchAwarelncrementalScoreCalculator.java S 44 #B97R{l -

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

public class CheapTimeConstraintMatchAwarelncrementalScoreCalculator
implements ConstraintMatchAwarelncrementalScoreCalculator<CheapTimeSolution,
HardMediumSoftLongScore> {

}...

PlannerBenchmarkFactory:createFromSolverFactory () E MR
F % Public API

PlannerBenchmarkFactory.createFromSolverFactory () A:2BFH, FH#
PlannerBenchmarkFactory.createFromSolverConfigXmlResource(String) /558
. PlannerBenchmarkFactory.createFromSolverFactory () 7B # 1R,

OptaPlanner 7 18 *.java X441 :

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

PlannerBenchmarkFactory benchmarkFactory =

PlannerBenchmarkFactory.createFromSolverFactory(solverFactory);

OptaPlanner 8 1Y *.java X4 7Rf :

PlannerBenchmarkFactory benchmarkFactory =
PlannerBenchmarkFactory.createFromSolverConfigXmIResource(
".../cloudBalancingSolverConfig.xml");
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INREBUIRFZA N AR T RARRE, BAILUEA
PlannerBenchmarkConfig.createFromSolverConfig(SolverConfig), A/5i21T
PlannerBenchmarkFactory.create(PlannerBenchmarkConfig).

PlannerBenchmarkFactory:getPlannerBenchmarkConfig () EMIER
N, R API

PlannerBenchmarkFactory.getPlannerBenchmarkConfig () A8 FH, F#
PlannerBenchmarkFactory.create(PlannerBenchmarkConfig) /&, Il

1£, PlannerBenchmarkConfig 225l7f PlannerBenchmark factory I SEEIMERT, XM E 72
. PlannerBenchmarkFactory.getPlannerBenchmarkConfig () B#ffkR,

OptaPlanner 7 18 *.java X441 :

PlannerBenchmarkFactory benchmarkFactory =
PlannerBenchmarkFactory.createFromXmlResource(

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

PlannerBenchmark benchmark = benchmarkFactory.buildPlannerBenchmark();
OptaPlanner 8 AR *.java X4 7Rf :

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

PlannerBenchmarkFactory benchmarkFactory =

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

XML <plannerBenchmark/> root JTTHRINERE T

http://www.optaplanner.org/xsd/benchmark 3% 22 5]
N, A3 API

OptaPlanner BIE N EER B IR — D XML B E L (XSD), H R OptaPlanner 5IA XML B &M R HH
IRARERAMN, BmZVEIGEREI XSD, EH OptaPlanner ATREE LB A RMEE XML,

OptaPlanner 7 8 *BenchmarkConfig.xml 32 {4 #97R 41

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

</plannerBenchmark>
OptaPlanner 8 1] *BenchmarkConfig.xml S # 97 :

<?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>
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A XSD e EEEHIEFE BN —LE XML 7ok, 7E IDE R FEARE SRR EIE N XML,

ProblemBenchmarksConfig:xStreamAnnotatedClass fitl i&
FZ Public API

{mAnnotatedClas} 2 M < problemBenchmarks/&gt; B2 & L R xf b/ #
getXStreamAnnotatedClassList () #01 setXStreamAnnotatedClassList () 7 &R,

OptaPlanner 7 Y *.java 3X#5p1 :

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

OptaPlanner 8 Y *.java 3X#5f :

public MySolutionFilelO() {
super(MySqutlon class);

ProblemBenchmarksConfig problemBenchmarksConfig = new ProblemBenchmarksConfig();
problemBenchmarksConfig.setSolutionFilelOClass(MySolutionFilelO.class);

OptaPlanner 7 Y *BenchmarkConfig.xml 3 #8545 :

<plannerBenchmark>
<so|verBenchmark>
<problemBenchmarks>
<xStreamAnnotatedClass>com.example.MySolution</xStreamAnnotatedClass>
</prob|emBenchmarks>

</so|verBenchmark>

package com.example;
publlc class MySolutionFilelO extends XStreamSolutionFilelO<MySolution> {
‘ </p|annerBenchmark>

OptaPlanner 8 F1fy *BenchmarkConfig.xml 3C{£EehERf -

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

</solverBenchmark>

</plannerBenchmark>
BenchmarkAggregatorFrame.createAndDisplay (PlannerBenchmarkFactory) EflF#
R
BenchmarkAggregatorFrame.createAndDisplay(PlannerBenchmarkFactory) ;A8 %M, HE#t

74 BenchmarkAggregatorFrame.createAndDisplayFromXmIResource(String) /5
7%, BenchmarkAggregatorFrame.createAndDisplay(PlannerBenchmark factory) 7% 2 # kR,

OptaPlanner 7 Y *.java 3X#5pl :

PlannerBenchmarkFactory benchmarkFactory =

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

BenchmarkAggregatorFrame.createAndDisplay(benchmarkFactory);

OptaPlanner 8 Y *.java X #xf :

BenchmarkAggregatorFrame.createAndDisplayFromXmiResource(
".../cloudBalancingBenchmarkConfig.xml");

MRELUmE AN HREAMERE, JLMER
BenchmarkAggregatorFrame.createAndDisplay(PlannerBenchmarkConfig),

fiIER T Bdi& iy JavaScript RKixR 2 H

R

fRREFRENEERENTRITRA B FHRER JavaScript XixX, E7ifEABEEEHEK
REHRE,
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OptaPlanner 7 14 solverConfig.xml X#4-H#R M :

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

</solver>
OptaPlanner 8 Ff 'solverConfig.xml' X4 :

<solver>

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

</solver>
OptaPlanner 7 1 benchmarkConfig.xml 3 #47=6l :

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

</plannerBenchmark>
OptaPlanner 8 iy benchmarkConfig.xml 3 #47=5l :

<plannerBenchmark>

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

</plannerBenchmark>
MEREFRANZELITERF

F%,Public API

543 org.optaplanner.core.impl.domain.variable.listener FE 2 FAMNEEO VariableListener 2
#WieR, URR—Z4adFANEEN StatefulVariableListener 12 F A%
VariableListenerAdapter, f#if3EH org.optaplanner.core.api.domain.variable 5 {-& i
VariableListener 0,
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OptaPlanner 7 1 VariableListener.java X #FRf :

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

public class MyVariableListener extends VariableListenerAdapter<Object> {

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

}...

OptaPlanner 8 1 VariableListener.java X #FRfl :

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 FifY StatefulVariableListener.java 3C#Rf :

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

public class MyStatefulVariableListener implements StatefulVariableListener<Object> {

@Override
public void clearWorkingSolution(ScoreDirector scoreDirector) {
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OptaPlanner 8 1 StatefulVariableListener.java X7l :

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

public class MyStatefulVariableListener implements VariableListener<MySolution, Object> {

@Override
public void close() {

}...
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55 2 & OPTAPLANNER 8.2.0 #1 OPTAPLANNER 8.3.0 [A]F98E X

AT ch I ERAE OptaPlanner 8.2.0 #1 OptaPlanner 8.3.0 Z [A] 4T,

ConstraintMatch.compareTo () 5 equals () A—

R

ConstraintMatch 18 equals () ZE=S#MIER. Hik, FATREM ConstraintMatch SEHilKEF
KA NEE, X5 compareTo () FHEEXN, MEMAEFRESIEEF, ©RREEZERILHAESE,
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B4 1. FrasERLIEI9EA OPTAPLANNER

YERLSHMFFZ AR, eI LAEFALLIEHERR OptaPlanner SRERSEMRAR, LURIE—HBR
B BT IR L B 1 e 22 PR B2V 3R T A i 7L

FEAARI TR A OptaPlanner &R (A8,
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%8 3 & ZLigf9EH OPTAPLANNER Tt

OptaPlanner 2— PMRE%. ol ARHIMSIZE, a{fitXnE, SiHEEH@ Java A GBI
RIS, e eSS EESS.

flin, OptaPlanner FBBIE R ZFhAH :

AIT/A : BABITFH nurses BIEEN AR RERT AEH,

EF A : ERBTRIERE. R, BHRUIGET.

shop Schedules : BRERFHEIT. THENEAFITXIF] workforce £558L%1.

B B R REEE (NXEMAIUE) R&IMERBE,

BMASBEIEAEE ; hm2i, eiRMEERNEER (AT, B, NEMNEEK) .

OptaPlanner 2 Apache Z#FrIHE 2.0 TRIFREH. ©= 100% 45 Java, FTEAZH Java B
(JVM)_LZ4T,

3.1, %l Al

RIFBROFREREERS, 7478 R—FxERR. REBRTUZEMEE, Him:

RAEFIE - SH&EARERERR.

&AMEERN S A - &EB IR A RER IR,

XA THEFHNHEE - REBRFEEZERA THEIHNER.
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SLHLXEE B PREENBURA TR AR BTRBE, flm, UTHIRATRERZRE -

I} (] 2

budget

WEBYE=, 40 machinery, vehicles, computer, buildings

R MAE RS X EFRERMEERS, MANAALENMIE, ERAFENSHIHEEKERBNES
ﬁo

ZTHgHIEEM OptaPlanner B Java FaiE A A RULBRARIFESE NG, B heuristics
metaheuristics &3k, BEBEHNIBUTE.

3.2. MLkl NP Se2ft

RELABI 27552 NP-complete % NP-hard, XEBEER AL TGS :

ESENN A, FSRIERENEIERARE,

S ERI A DA B A R R T .

B T RREN S GE L S FUR B, RIS WA HARGE :

brute iaHIE % (BMEEELHITEK) T,

pign, —PREFE, WA ASHE 4, BXHARATE, X2EiMRESRETH
RRAR,
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Wi ERAEREEER, OptaPlanner 7EfR IR RIRBMSE Y R HE,

3.3. AT HLRIAERRR TS

ITFEBE RS BRAE.

SRBRAREHMT -

ATREMIfRR TS

ARG EREARRARE, TLEREIBIFEMBEARG, MIFEREFERET
BEEMNRRAR, HPREMRARBIFEGRA,

AITHIRR AR

TR ARZTRBAEM (1) BARNBRAR, ATRERGRBERN T TR
RAR. BNRAATHNERAR. STTTHNERARBE— N ATRNERAR.

REMRAR

REMRRAERZEARSOBNRRAR. AXFEEERARVNREMRAR. MERET
THRRAR, ENBEARE—ITERRAR, AREBRRARERATRAAT,.

BRIREMRRAE

REMRRAEREREN HALANESOBNRRARE, RANGERRAEATENTT, F8
RS F], XRREMNBRLE.

Counterintuively, FIEEMNRRARPBEIFEXR (MRFEWHITE) , MEERNOBIESE,

£ planner-engine £ & X#RpIRHEIRAIR, KSBLHEBAERETENRRAR. HTFITERE
RERRARE, RILERCHEERE G NIRRT RNFE.

OptaPlanner ZRF—ELEEE, LUESHE T XL T ERAEBUHAEE XE FTsERBR A R,

RIEAG, F&fibBEahH e Ely, BEEMS T M, £/ OptaPlanner, #&EaILIfE XML 5K
KREMNTHRESERBEE DRI REE,
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3.4. BXRAMFERLIR

WE, THREEL BRI RE -

(77) FEZVR AREH B,

Blm, —ABMIEERNBURH AR RERN,

WMRAILLE S, WIRGZHHF (77) H2V5%,

#li0, Teacher A A HEHEEH A THIHITHE,

BLENEhAIERZR

MRETEE, ROARI EAVHZVR (L)

#li0, Teacher B EMX{ELEH—B LH=F,
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—LEXFBREAERE, AENEA=IHEZRHZG], M hard. medium # soft £,

XERRBIE L T RIS 908012 (BHNBEEYE 27755 . HRRESRENERARBIUS BN
A£. M OptaPlanner I, SHERHFILIEAMANRIIESHE, M Java, =(EHTE Drools B {EHH,

XFRBREFRERSE, TR,

3.5. Z1ig9EEH OPTAPLANNER =4l

Red Hat Decision Manager i2#t T JLA OptaPlanner =ffl, AL E RIS, FHBESENH

PHTEW, LUHRENTE,
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k

N
p 3
;

il

TIEAIR4LYT Red Hat Decision Manager 4 {ThkArh @ S RHIIEH R,

H 5 OptaPlanner RBIRTLABRR A, XLEREEFAK conteststh £, TFAH Contest 551
T contests, B©RWNR TG, BN —IiliHI BRI T TL R B LA 7 5 MK R LA TR
B AT -

BAHfA RE LSRR B

SFrBR

ZAELHIEE

AR R AR ER FIRBIR AT E SR 4 RBI5TR

RBFAH/FHEVZERREXIESS,

B Contests 124t T OptaPlanner 5S4 M AN EIRHLEL,

& 3.1. RHIER

=Bl = P\ Contest Bx4&#H
N queens TANSERR 256101k p Y nqueens
(cheatable
(1 Z&) & 256 )
H%RZ2 (5] 616
- TNEEARR entity abrt 2400 & (B Cloudbalancing
ITE )
(1Z&) & IFL 800

#5RZ2[A] Warning
1076967
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N

traveling
salesman

Tennis

club E

KVAE

TRARA]
=

H2s E#r
Py v

LN

5k FRIY [i]
B X
gl

=kl
WE

1

TSR

(1HEm A &)

TANSERR
(17

E)

K

TANSERR

£)

(27

Kt

TSR R
(

K

E)

1ASERR
(15 E)
TRFREE
UTBEIRFELE)

A& Vehicle 8

IR FEE)

K

entity dropped 980
{H InventoryService 980

3z [H] 768 1012504

entity abrt 72

{H InventoryService 7

322 4& Warning
10760

entity abrt 10
{H abrt 320 #1 K] 5

¥z (A 768 101320

entity Equal 434
{H abrt 25 #0 i[5 20

85 224& Warning
10M171

entity Equal 50000
€ 5000

52z (A A184948

entity abrt 2740

{& InventoryService
2795

¥z (A 768 1078380

entity abrt 2740

{E InventoryService
2795

#5z2[H] 768 1078380

entity Equal 640

{8 fsanitize ?
sHistoryLimit ?

WREEAR ?
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Contest

FENEFR
By TSP
web

& (A%
11 30)

& (A%
11 30)

WL ITC
2007 FiR
PR 3

2012 & J1
FELH
ROADEF

TR
i VRP R
%

TR
i VRP R
%

2013 & J1,
FELH
MISTA

BB

tsp

+nis

T

curriculumCourse

machineReassighm
ent

vehiclerouting

vehiclerouting

projectjobschedulin
g
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http://challenge.roadef.org/2012/en/
http://gent.cs.kuleuven.be/mista2013challenge/

Red Hat Decision Manager 7.13 fE FIZLIER SR EE B MZLIEIIE OptaPlanner S{EfRRE

N

EF5DE

i3 ]
3

Nurse
rostering

traveling
tournamen
t

EElE4:iR]
I

XK
bR
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1

TNSEARR
(BT E)

N EFER)
TRFRAEE

T BEIRTFLE)

2 DR (JZREEH)

o

£)

(27

K

TANSERR

S

(17

8)

K

TSR R
(17

8)

K

TANSERR

3

8)

(27

K

TANSERR

S

(17

)

K

TANSERR

(2 %)

Kt

.\

entity Equal 500
& InventoryService 520

#3R72[A 768 1071168

entity abrt 1096

{& InventoryService 80
#0 5 [E] 49

R > < 10703374

entity abrt 752
fE IFL 50

R E 768 1001277

entity abrt 1560
{H sHistoryLimit 78

#5822 (A Warning
1072301

entity Equal 500

{& InventoryService 100
0 ifje] 288

BxRZEH 768
10720078

entity abrt 11
{£=1000

R H 768 1074

IFL 216
& abrt 18 #0 A} /3] 20

#®RZ (A 768 107552

Contest

BB
IR 3L

BSMITC
2007 &R

BR1

FHSE INRC
2010

FHDSERR
B TTP

N
# ICON
Energy

BB
IR 3L

BEWI
IR 3L

BB

taskassigning

Zi{mA

nurserostering

travelingtournament

cheaptimeschedulin
g
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http://www.cs.qub.ac.uk/itc2007/examtrack/exam_track_index.htm
http://www.kuleuven-kortrijk.be/nrpcompetition
http://mat.tepper.cmu.edu/TOURN/
https://web.archive.org/web/20170223060433/http://iconchallenge.insight-centre.org/challenge-energy
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=Pl i P\ Contest Bx4AMR
sttour [ROEX S entity dropped 47 BB sttour
i1 X
(BT E) {4 abrt 48
(AN FEE) #3R7Z21% 768 10159
IR FARE

INBIRFELE)

flight crew 1 MEL4RZE entity dropped 4375 BB flightcrewschedulin
WE ITE X g
(1745 8) {E abrt 750
TR FSEfRE #5372 (H 2.410/M12578

INBYRFELE)

3.6. N QUEENS

N n KRB DBE n M2, ZAERITERFLMEERT. &% WK nqueens puzzle 2
8 T~ queuzzle, H n=8:

Wir

i
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AR :
[ ]
HERAERB n FIF n 17,
[ ]
EEWR _LBGE n queens,
[ ]
TEMBEREH AR, queen AJ KT R —HiFm, EENER | HEM R EE,
AXEEEFEANNRE S
BINRARATRER -

K 3.1. iR AR, AT 4 queens puzzle

W N H O

LR AEREFMN, BN queens A1 #l BO ATLUEE B (HE™ L BO #1 DO) . MR
queen B0 REF"FFifh queens"43R, {BXEEIF "place n queens” £,

UTFR2— N IERBIRRARE -
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3.2. Four quele queuzzle MIEMRAAE
A B C D

g

i

i

W N +H O

FIBZREBEHR, HEILMRERIER,

HER, XEH n MACBESNTERNBRARE, BIFTETERYEE n WEBRRRAE, TR
EEPRE n TRENERRRARBE,

(AN
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.

N queens REINSEHLARBMRAL, BN IIFROININGE. A7, © oL EE 64
queens, I T —LTH(E, BERIET, HEHLFE 5000 queens FE,

3.6.1. N queens £9112 7/

X T BV FH R B R R PGSR ],

LR

SFEI1HR 2 B] LU T (B EE fE FIAE R IV ]2,
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46

X2 n queens TR

public class Column {
private int index;

// ... getters and setters

}

public class Row {
private int index;

// ... getters and setters

}

public class Queen {

private Column column;
private Row row;

public int getAscendingDiagonalindex() {...}
public int getDescendingDiagonalindex() {...}

// ... getters and setters

i BRI

Queen “LAIE—1 Column (#I%0 : 0 #%I A, 1 %3l B,
0t&F770, 12771,...)

B LUIRHE SR T 1T A 1T FIEE 170

SYHITTHESI M E BRI Z_LE A TFAE,

public class NQueens {
private int n;
private List<Columns> columnlList;
private List<Row> rowList;

private List<Queen> queenList;

private SimpleScore score;

...) #I—7 Row (its 77, #l%0
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// ... getters and setters

}

BEHRERTTFE

H# 1 NQueens A& ZAFA Queen “LHIpG%IZ, ©2 Solution “Lif,
AHM Solver 1143,

IFEE, EP1 queens F~AIH, NQueens getN () 75 x452&[EIPYT,

/4] 3.3. Four Queens HIfZA T FE

@

W N H O

2 3.2. BB PLIFERT FIFIE

columnindex rowlndex ascendingDiagonallndex

(columnindex + rowlndex)

EFHRRE, A

descendingDiagonalindex
(columnindex - rowlndex)

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

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

L1 queens HZEF I, 1TELEZ, ()F(T), ENTATLUEEK L,

3.7. =¥

BEXAHIE7iEIE, 1FEE Red Hat build of OptaPlanner [#:%/5 5175/,
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https://access.redhat.com/documentation/zh-cn/red_hat_decision_manager/7.13/html-single/developing_solvers_with_red_hat_build_of_optaplanner_in_red_hat_decision_manager#assembly-optaplanner-quickstarts_developing-solvers
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3.8. TRAVELING SALESMAN (TSP - TRAVELING SALESMAN /5/&)

LW, HE—NH iy &1 iEI salesman =525 177,

% bl Wikipedia X, E&i1 8 1T EF &/ ZHEREE— 2, EHLHRA, JEER
BT —EE S, URBMZVER, 7T IHRR,

[T

dj38 has 38 cities with a search space of 10743.
europe40 has 40 cities with a search space of 10746.
st70 has 70 cities with a search space of 10"98.
pcb442  has 442 cities with a search space of 101976.
lu980 has 980 cities with a search space of 10"2504.

1] TR

KE TSP BYEHE X, (8)7EFHRVERER, B 7732 —1 NP-hard /7l (HIAZEHHHET) , /5
TEIEEFHE LN, 13E/H dataset BIREMER TG E ALY :

48


https://en.wikipedia.org/wiki/Travelling_salesman_problem
http://www.math.uwaterloo.ca/tsp/
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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

N\ LS
TN

3.9. TENNIS CLUB 7

% /3 10nis club ZBE LT NIRRT, 1FXPTT R 2B HT .

FELR -
[ ]
JHZE - G XK HBEARE— R,
[ ]
e/ : — LI E— L HEIF A,
Medium 295 :
[ ]

WD : FTEEIA N E (JLF) F8RIEIAS H
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HIRE :
¥ G09E T : BTN R 1N E & E — T MEIRIR A

[T

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

K 3.4. 1512 H
Tennis class diagram
[ Day ] [ Team ]
1 1 1 ]
[ UnavailabilityPenalty | | @F/anningVariable
4 @~PlanningEntity
[ TeamAssignment ]

L

@PlanningEntityCollectionProperty
@PlanningSolution [

[ TennisSolution

3.10. RN IFE

KT FIE I BB TS, B KB T RIBTFFEENT 1,
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FELR -
[ ]
JEHHZE : PRI TSR] & [ — 52 H,
[ ]
FrEEEE | — NG TEEH TR NATERIR I,
[ ]
MEHEHEE : SINTEEER FAIERIXNBISEE,
[ ]
TE[E— K FHIEFE R : TELHEZ XIS,
Medium 295 :
[ ]
BEHEEEN : —PATBEEANTIERNE LRI, TMHAEE %, MAEZEZEFN HTHS
Z;QO
HR#Y -
[ ]
BRI EZE : RIEITHIFFERIN,
[ ]
RWHBIEE : AF1TR NS E D TEX B ] B,
[ ]
EERN : T RERPHITRRBIHE, BTt FESHN—HRN,
[ ]

B SR BB BIZE )] : HIRE — T ABIE AT, NiZDEEIZEK, LEEN R ATREZH]
A, EIERT TR EEZ AR,

BIHEEE : WR—PAFLEBM T DITEIERK, B2 IHBI R EER—FE,

I

51



Red Hat Decision Manager 7.13 fE FIZLIER SR EE B MZLIEIIE OptaPlanner S{EfRRE

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 10"701.

400meetings-1280timegrains-5rooms has 400 meetings, 1280 timeGrains and 5 rooms with a search
space of 10"1522.

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

3.11. iREENf % (ITC 2007 #FfREx 3 - HFEZIRFEZHE)

LHE P RIRABHA =TS, HA—TEH,

FELVER -

ZIfipZe : ZIITBETEIRI—RIRAIR B F T X

[ ]
IRFEHZE 1 IRIETBETE IR — T IE| AT B B 17 X o
[ ]
B = BTN T BETE IR — AT ] R A,
[ ]
THEER VT HIEEIEE) T IFHFE BT IR D B 15 EBINT [F R,
IR
[ ]
FEIHEE : FIHBETN D FERAERHFIIHE,
[ ]

RNTIEH : ER—IRFEBIH KW DK ERDIIXHE,
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IRFERIE | B FHERIR AR A ARG (FEFZERIREIAA) o

FEIFSEM : 167 16 FE R & L 1% 4 BCEY A8 [ B9 B2 ]

XNEEIE EAT AT+ 2007 FERER 3 E X

[

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.

compO02 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.

comp03 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.

comp04 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 101859.

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.
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[ 3.5. R
Curriculum course class diagram
[ Teacher | [ Day ]
1 1
( Curriculum ] | Timeslot |
. 1
[ Course | [ Period ] [ Room
1 1 1
@PlanningVariable
@PlanningVariable
. @~PlanningEntity
[ Lecture ]
@PlanningEntityCollectionProperty
@PlanningSolution
[ CourseSchedule

3.12. ¥l EFH ' E](GOOGLE ROADEF 2012)

@R F A ATEARBZERI CRILIE) 280, S#NHEFEZNEIR (4 CPU 2

RAM) £9%(Z, X#Z Cloud Balancing 7~#I89—1\& &2 789k &,

FELVER -

MZE : [F]—HRF B A FRAATE T BB L1577,

D 1 WAF IR —HR 5 BIH FE 5 B E & ML .,

IR : BRR TR MRS B9 R 1 B MR 5 BI L E A2 1T
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IGHTERE @ BLEIREIHT 8, BT ARG a1 3T 2 BNl Es IR A BB,

load : T~ & Wl as B9 HIREIZ £ B E,

balances : &1 FH#EFE Vi LHITH IR, WSS,

MIEBLIHA : BER BB,

RFETBEA : RESBREBEIHEA,

WasiT B : FFAFEMYlEs A BEINZE B (1B 75— THFEF A-B BIB IR,

XNET# Google ROADEF/EURO Challenge £ X, 2012 4,
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£°
?‘Ooa‘"” CPU CPU
Memory
Metwork
CPU CPU
Memory Memory
Network Network

Traditional algorithm

{Construction Heuristic)
o 180% '100%

H
“
- L 1

Metwork

Cloud optimization is like Tetris

cPU
Memory

w5 ) owen

Network

OptaPlanner

(Construction Heuristic + Local Search)
180% '100%

Netwaork
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/4 3.6. MMEZEK

Cloud optimization

Assign processes to machines more efficiently.

_— Computers Users
7 .
Maximum !
~ Processes capamty \/- ‘t
\1/ \J/ i Cost ]r
- el ) 3 -j
Needs to run h Same service Safet it
on Linux (failover for each other) alely capacily
(load fragmenation)
CloudBalancing benchmark Average Min/Max # datasets Biggest dataset

. 0/ 16% 1600 computers
ClOUd hOStlng COSt '1 8 0 -21% 5 4800 Drocﬂ.sscs
OptaPlanner versus traditional algorithm with domain knowledge 5 mins Simulated Annealing vs First Fit Decreasing

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

Hardwa re CongeStlon '630/0 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

[T

model_ai1_1 has 2 resources, 1 neighborhoods, 4 locations, 4 machines, 79 services, 100
processes and 1 balancePenalties with a search space of  10760.

model_ai1_2 has 4 resources, 2 neighborhoods, 4 locations, 100 machines, 980 services, 1000
processes and 0 balancePenalties with a search space of 10"2000.

model_ai1_3 has 3 resources, 5 neighborhoods, 25 locations, 100 machines, 216 services, 1000
processes and 0 balancePenalties with a search space of 10"2000.

model_ai1_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_ai1_5 has 4 resources, 2 neighborhoods, 4 locations, 12 machines, 981 services, 1000
processes and 1 balancePenalties with a search space of 10"1079.

model_a2 1 has 3 resources, 1 neighborhoods, 1 locations, 100 machines, 1000 services, 1000
processes and 0 balancePenalties with a search space of 10"2000.

model_a2 2 has 12 resources, 5 neighborhoods, 25 locations, 100 machines, 170 services, 1000
processes and 0 balancePenalties with a search space of 10"2000.

model_a2 3 has 12 resources, 5 neighborhoods, 25 locations, 100 machines, 129 services, 1000
processes and 0 balancePenalties with a search space of 10"2000.

model_a2 4 has 12 resources, 5 neighborhoods, 25 locations, 50 machines, 180 services, 1000
processes and 1 balancePenalties with a search space of 10"1698.

model_a2 5 has 12 resources, 5 neighborhoods, 25 locations, 50 machines, 153 services, 1000
processes and 0 balancePenalties with a search space of 10"1698.

model_b_1 has 12 resources, 5 neighborhoods, 10 locations, 100 machines, 2512 services, 5000

57



Red Hat Decision Manager 7.13 fE FIZLIER SR EE B MZLIEIIE OptaPlanner S{EfRRE

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.

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 10753979.

model_b_5 has 6 resources, 5 neighborhoods, 10 locations, 100 machines, 35082 services, 40000
processes and 0 balancePenalties with a search space of 10°80000.

model_b_6 has 6 resources, 5 neighborhoods, 50 locations, 200 machines, 14680 services, 40000
processes and 1 balancePenalties with a search space of 10192041.

model_b_7 has 6 resources, 5 neighborhoods, 50 locations, 4000 machines, 15050 services,
40000 processes and 1 balancePenalties with a search space of 101144082.

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 10"150000.

model_b_10 has 3 resources, 5 neighborhoods, 100 locations, 5000 machines, 4896 services,
50000 processes and 1 balancePenalties with a search space of 10184948.

& 3.7. 112

Machine reassignment class diagram

. dependency

Service | Neighborhood
1 : 1

(ProcessRequirement| [ MachineCapacity | Location

* * * * 1

* 1 1 1 1 * *

[ Process | [ Resource ] [ Machine ]
1 1 1
originalMachine
@PlanningVariable
1 @PlanningEntity N |
[ ProcessAssignment ]

*

@PlanningEntityCollectionProperty

@PlanningSolution

[ MachineReassignment ]

3.13. ZKEEH

58



5 3 3= 2188 OPTAPLANNER i/t
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I 92 /100
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Fie

B BRG] - & EIBIRT AR AT EA AT 1,

IR
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A 3.8. MEZEK

Vehicle routing

Assign the delivery order of vehicles more efficiently.

Depot —__ — Delivery locations US'BI'S
i ;

Driver wage N
208 o~ o i
_ : e Supermarkets

& retail stores

................. 10 [On .
/ Freight
Optional o RV ey, NEPIT B T 3 ton transportation
Can wait till tommormow i
Time window Buses, taxi's
Deliver between =" el
8AM and 10 AM & airlines
Armared vehicle " e
roreEvEEe ' Technicians
Expensive delivery - on the road
VehicleRouting benchmark (Belgium datasets) Average Min/Max # datasets Biggest dataset
- = 0 9% - 2750 deliveries
Driving time “15% & 5 FESihices

OptaPlanner versus traditional algorithm with domain knowledge 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

[

CVRP 4] (RBEFTIHE)

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
107170.

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
1012607.

belgium-n2750-k55 has 1 depots, 55 vehicles and 2749 customers with a search space of
1018380.

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
107170.

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
1012607.

belgium-road-km-n2750-k55 has 1 depots, 55 vehicles and 2749 customers with a search space of
1018380.
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belgium-road-time-n50-k10 has 1 depots, 10 vehicles and 49 customers with a search space of

10174.

belgium-road-time-n100-k10 has 1 depots, 10 vehicles and 99 customers with a search space of
101170.

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

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
1018380.

belgium-d2-n50-k10 has 2 depots, 10 vehicles and 48 customers with a search space of
10174.

belgium-d3-n100-k10 has 3 depots, 10 vehicles and 97 customers with a search space of
107170.

belgium-d5-n500-k20 has 5 depots, 20 vehicles and 495 customers with a search space of
1071168.

belgium-d8-n1000-k20 has 8 depots, 20 vehicles and 992 customers with a search space of
1012607.

belgium-d10-n2750-k55 has 10 depots, 55 vehicles and 2740 customers with a search space of
1018380.

A-n32-k5 has 1 depots, 5 vehicles and 31 customers with a search space of 10"40.
A-n33-k5 has 1 depots, 5 vehicles and 32 customers with a search space of 10"41.
A-n33-k6 has 1 depots, 6 vehicles and 32 customers with a search space of 10742.
A-n34-k5 has 1 depots, 5 vehicles and 33 customers with a search space of 10743.
A-n36-k5 has 1 depots, 5 vehicles and 35 customers with a search space of 10746.
A-n37-k5 has 1 depots, 5 vehicles and 36 customers with a search space of 10748.
A-n37-k6 has 1 depots, 6 vehicles and 36 customers with a search space of 10749.
A-n38-k5 has 1 depots, 5 vehicles and 37 customers with a search space of 10749.
A-n39-k5 has 1 depots, 5 vehicles and 38 customers with a search space of 10751.
A-n39-k6 has 1 depots, 6 vehicles and 38 customers with a search space of 10752.
A-n44-k7 has 1 depots, 7 vehicles and 43 customers with a search space of 10761.
A-n45-k6 has 1 depots, 6 vehicles and 44 customers with a search space of 10"62.
A-n45-k7 has 1 depots, 7 vehicles and 44 customers with a search space of 10"63.
A-n46-k7 has 1 depots, 7 vehicles and 45 customers with a search space of 10"65.
A-n48-k7 has 1 depots, 7 vehicles and 47 customers with a search space of 10"68.
A-n53-k7 has 1 depots, 7 vehicles and 52 customers with a search space of 10"77.
A-n54-k7 has 1 depots, 7 vehicles and 53 customers with a search space of 10"79.
A-n55-k9 has 1 depots, 9 vehicles and 54 customers with a search space of 1082.
A-n60-k9 has 1 depots, 9 vehicles and 59 customers with a search space of 10791.
A-n61-k9 has 1 depots, 9 vehicles and 60 customers with a search space of 10793.
A-n62-k8 has 1 depots, 8 vehicles and 61 customers with a search space of 10"94.
A-n63-k9 has 1 depots, 9 vehicles and 62 customers with a search space of 10"97.
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 10"101.
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 10"130.
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 10"108.
F-n135-k7 has 1 depots, 7 vehicles and 134 customers with a search space of 107240.

CVRP Fj1NEHY (741 1A )
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belgium-tw-d2-n50-k10 has 2 depots, 10 vehicles and 48 customers with a search space of
10174.

belgium-tw-d3-n100-k10 has 3 depots, 10 vehicles and 97 customers with a search space of
107170.

belgium-tw-d5-n500-k20 has 5 depots, 20 vehicles and 495 customers with a search space of
1071168.

belgium-tw-d8-n1000-k20 has 8 depots, 20 vehicles and 992 customers with a search space of
1012607.

belgium-tw-d10-n2750-k55 has 10 depots, 55 vehicles and 2740 customers with a search space of
1018380.

belgium-tw-n50-k10 has 1 depots, 10 vehicles and 49 customers with a search space of
1074.

belgium-tw-n100-k10  has 1 depots, 10 vehicles and 99 customers with a search space of
107170.

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

belgium-tw-n1000-k20  has 1 depots, 20 vehicles and 999 customers with a search space of
1012607.

belgium-tw-n2750-k55  has 1 depots, 55 vehicles and 2749 customers with a search space of
1018380.

Solomon_025_C101 has 1 depots, 25 vehicles and 25 customers with a search space of
A
.;g/:gon_025_0201 has 1 depots, 25 vehicles and 25 customers with a search space of
A
.;g/:gon_OZS_R101 has 1 depots, 25 vehicles and 25 customers with a search space of
A
.;g/:gon_025_R201 has 1 depots, 25 vehicles and 25 customers with a search space of
A
.;g/:gon_OQS_RC101 has 1 depots, 25 vehicles and 25 customers with a search space of
A
.;g/:gon_OQS_RCZO1 has 1 depots, 25 vehicles and 25 customers with a search space of
A
ég/:r?{on_100_c101 has 1 depots, 25 vehicles and 100 customers with a search space of
A
.;g/;rfvin_100_0201 has 1 depots, 25 vehicles and 100 customers with a search space of
A
.;g/;rfvin_100_R101 has 1 depots, 25 vehicles and 100 customers with a search space of
A
.;g/;rfvin_100_R201 has 1 depots, 25 vehicles and 100 customers with a search space of
A
;g/;r?vin_100_RC101 has 1 depots, 25 vehicles and 100 customers with a search space of
A
;g/;:vin_100_R0201 has 1 depots, 25 vehicles and 100 customers with a search space of
A
Lgn:gg}ger_0200_01_2_1 has 1 depots, 50 vehicles and 200 customers with a search space of
A
llgnfiz.rger_OZOO_CZ_Z_1 has 1 depots, 50 vehicles and 200 customers with a search space of
A
ll%nfiz.rger_OZOO_m_Zj has 1 depots, 50 vehicles and 200 customers with a search space of
A
ll%nfiz.rger_OZOO_Rz_Zj has 1 depots, 50 vehicles and 200 customers with a search space of
A
ll%njiz.rger_OZOO_RC 1_2 1 has 1 depots, 50 vehicles and 200 customers with a search space of
A
Zlgnjiz.rger_OZOO_RCZ_Z_1 has 1 depots, 50 vehicles and 200 customers with a search space of
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107429.

Homberger 0400 _C1_4 1 has 1 depots, 100 vehicles and 400 customers with a search space of
101978.

Homberger 0400 _C2 4 1 has 1 depots, 100 vehicles and 400 customers with a search space of
101978.

Homberger_0400_R1_4 1 has 1 depots, 100 vehicles and 400 customers with a search space of
101978.

Homberger_0400_R2 4 1 has 1 depots, 100 vehicles and 400 customers with a search space of
101978.

Homberger_0400_RC1_4 1 has 1 depots, 100 vehicles and 400 customers with a search space of
101978.

Homberger 0400 _RC2 4 1 has 1 depots, 100 vehicles and 400 customers with a search space of
101978.

Homberger 0600 _C1_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
10M571.

Homberger 0600 _C2 6 1 has 1 depots, 150 vehicles and 600 customers with a search space of
10M571.

Homberger 0600_R1_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
10M571.

Homberger 0600_R2 6 1 has 1 depots, 150 vehicles and 600 customers with a search space of
10M571.

Homberger_0600_RC1_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
10M571.

Homberger_0600_RC2 6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
10M571.

Homberger 0800 _C1_8 1 has 1 depots, 200 vehicles and 800 customers with a search space of
1012195.

Homberger_0800_C2 8 1 has 1 depots, 200 vehicles and 800 customers with a search space of
1012195.

Homberger 0800 _R1_8 1 has 1 depots, 200 vehicles and 800 customers with a search space of
1012195.

Homberger_0800_R2 8 1 has 1 depots, 200 vehicles and 800 customers with a search space of
1012195.

Homberger_0800_RC1_8 1 has 1 depots, 200 vehicles and 800 customers with a search space of
1012195.

Homberger_0800_RC2 8 1 has 1 depots, 200 vehicles and 800 customers with a search space of
1012195.

Homberger_1000_C110_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1012840.

Homberger_1000_C210_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1012840.

Homberger_1000_R110_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1012840.

Homberger_1000_R210_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1012840.

Homberger_1000_RC110_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1012840.

Homberger_1000_RC210_1 has 1 depots, 250 vehicles and 1000 customers with a search space of
1012840.

3.13.1. Vehicle & H187151Z 2
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Vehicle routing class diagram

@~PlanningSolution

Shadow variables

arrivalTime =
previousS.departureTime
+ travelTime

- departureTime =

max(arrivalTime, readyTime)
+ serviceDuration

nextCustomer =
inverse of previousStandstill

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

[ VehicleRoutingSolution
@PlanningEntityCollectionProperty
@PlanningEntity
[ Standstill ]<} Customer
aN bad 1 N
@PlanningVariable read:,lleme
l. ousStandsiil dueTime
previousstandstilt | serviceDuration |-
nextCustDmer'"-----...__‘__ 0171 arrivalTime -
departureTime |
vehicle - '
1
‘ Vehicle | )
readyTime
dueTime | e
1 1 1
[ Depot ] [ Location ]

HHENT | E R AT vehicle B A E & /H shadow ZEINEE, X(EEE

&7 arrivalTime #] departureTime /& 1% 5] LIfE 1 #E 2Y_F B 7% BT /5,

BT R RF RIRF X

BENSEE B A 2 A R R A,

L HRA, FHT R EEREEFIE : M TR AEEFEE. MU FSEIEERY, XR

EZ:
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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
Mo . -
.. road distance o @ :
m 1244125 .
S _ »> =
- o Tw ™
L e © . ¢ 2327.32km 118 632 sec
... driving time EaTAYES 3.8% worse 4.0% worse
T © ™. 224315km 115516 sec
W - ' best 1.2% worse
&+ _: 2300.32 km 114 105 sec
ol 2.5% worse best

X FILIEEE, XHIPEE, REFUBHNTRZHIES (FRFIEITE) . road EAEET
FEEE—NEB, B BETEEEKXENE, ZUBIE AR I IIEE, B/LFG A LG 1T B AR
2, %I GraphHopper (#Az, BE#4 Java 5/%) . Open MapQuest (Web fR%5) 7 Google Maps
Z /i APl (Web ARZ)
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http://open.mapquestapi.com/directions/#matrix
https://developers.google.com/maps/documentation/webservices/client-library

Integration with real maps

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

Locations
with latitude and longitude

Render in browser

TH—LER TUZEHE, B4 A7) Leaflet #1 Google Maps.

Google Maps
REST Client

o

GraphHopper
REST or local

Google Maps
JavaScript

Leaflet.js
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Fetch distance matrix
for every pair of locations

@ ABCD

0

0 50 80 90 50
50 0 30 3060
8030 0 3030
903230 0 40
50603040 0

=2 OptaPlanner

Optimize trips
under hard and soft constraints

@ ABCD

JavaScript

Dowm> 4|7

50
30
30
30
50
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Leaflet.js Google Maps

w L,ELN!EGEM

""ri‘a.q H_ap | Satelite )

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

ZZ T LU#/H GraphHopper = Google Map Directions Z 7L LI, (H2H FEBEZEL
Ht‘]i‘% = 75531 ﬁ—?—’igél?fj/félv
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Beriﬁ en
Og |

Aarsézhot :

aﬂburd‘in = : 5 Y
Garvln i : . i g \ schleide
- Salnt Amand e Eaux 5 i s : a

\ ] ; Malmedy
1 s o o
" ", 3 _ -]
i TR Denain MEUE?_.I Hsiennes
Fa ol \ o 3
P e 7 T Eambral Le Quesnoy ‘) Gi

Ca udry Aulnoye-Aymeries

Luxembourg

(77 Tergnier
fg City..

Noyu

i . Chauny iC \ ] g et VI b b
{'Salnt Jlllst en- ChaUSsée r i) h He}tslllel I L - DE‘ c3 ot
] b ¥
au!.r'les =¥ Ct{mmédne : Bl Map data ©2015 GeoBams—DEfBKG {@200‘3] Googie | Terms of Usé - Reportamﬂp efmar

IR E R T R Z [FI6Y road 5745 OptaPlanner #{&HEH7(L1EFr/£78/E, #140, GraphHopper
#Mﬁ@ﬂf/ﬁﬂ?ﬂﬁﬂ MITE2REHIER, TEFEFRFEN GPS EEFHI km (2 miles) FEEX/(T1E
OptaPlanner FRZHIER : XEFHFILIEBRTGE, WTFATT :

69



Red Hat Decision Manager 7.13 4L R RE R SRMZIEFIE OptaPlanner S{EfRE

Road distance triangle inequality

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

Goal: shortest trip

using shortest GPS routes

Shortest GPS routes

rA }C :—E rD »
60 + 50 + 30 + 30 + 40 = 210km

optima

Goal: shortest trip
using fastest GPS routes

Violates Irnangle ineguality!
A=l £ AsB + Bosl C, 80m
90 £ 30+ 30

30km

In this example, only the A—C route
differs between shortest and fastest.
In the real world, almost all routes differ.

A B -+C—D—
60 + 30 + 30 + 60 + 40 = 220km

suboptimal

Goal: fastest trip
using shortest GPS routes

50min

+AB—-+C—-D—
50 + 30 + 30 + 40 + 50 = 200min

suboptimal

Goal: fastest trip
using fastest GPS routes

30min

50min

vy A—-C B +D
50 + 30 + 30 + 30 + 50 = 190min

optima

SR TR L, KB EEFET FLERBEBIER - 1 R ERARIRIEH. CIHE—RIGES. ©
NI FELEAIERS, EHCHRA, &I%ARERE LR EHEREE.,

3.14. TIEfEA VE

LTI FIA TR VAT B EL, URNETEELR, S MMELEHETEB—E5 1El AT L@ T

BT HATT : BT TEEE — TR,
—FEREHT (EAV IS VRE B — 2.
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Project job scheduling

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

November
1 2 3 4 5 6 7 8

Design
Cover

Pages (400/book)

Book 1 <

Assembly

Design

Cover

Pages (500/book)

Book 2 <

Assembly

A

19;04’:185!

Resources =< 1‘%‘:@,’

1 % fday

FELER -

1EMLIESER © fEl RBETE R AT B RIS F) ST/ /E = 5

TRBEE : TE @ HE S R,

R EAHN (TERI—TEFEIENZFRE) 2/ (EATEFULITHE

R L] (BEXTHAEE) T 41 (FFEXTANEE

Medium 2% :

TTEHER S E : RKE WD 1T B4 15 (makespan).
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IR

Total makespan : &=/ EZ1N 2] B 15/E BIFFEE0T 1H],

%/5[&TH MISTA 2013 £k E o

I
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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.

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

3.15. (& 58
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KRB : RIRTHREES,

/A 3.9. MEZEK

Task assigning

Optimize the task queue of every employee by reassigning and reordering tasks.

P Employees Users
f ’ a:00 Se00 000 100 1200 1300 14:00 15:00 16:00 1700 18:00
o Lo o b e o | PE}’I’D” services
a1 @ K|S T (E1 XS, T

N _ _ _ Call centers
- Critical priority - Medium priority

;\.’T [‘-Iol i ][{!I * Pl ] Lunch Tax auditers

" Requires French skill

aimess Recruitement

;ﬂ‘f [\E.E$ i’][‘?? ﬁ’]L'L [@ET i’]{‘.- 4 ] interviewing

“--..Has health care affinity

Maximize throughput

_ == == P Mortgage
o @ 7 Joo@ 4 )
= K J approval
Lacks affinity, takes longer = .. Starts between 12:00 and 13:30

[
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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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/& 3.10. 1R

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. Zi 1 /EZ (ITC 2007 ERES 1 - Zixt)

FFEZ ML TR FL] ], Z1E i 5 U R —H A # Z 16 IR 9221,
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Examination Ann [ History | Math |
timetabling Bobby [ History | Math |
Assign each exam Carla [ HiStﬁry ]
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 |
ion 8990 AJBIC]
_ Math
Fri 09:00 m -
Geo | ™ 7 |Fr
Fri 14:00 aa
same time —
FELIH :
[ ]
Ul HZE : ATEIR— I H BRI Z 2 7 95 1N 1t
[ ]
BHEE : FREEELIIREN 5.,

HGIFTFFEERT JF] : RATEZ i B97F 60T 1A i B 3L

TEXBGRIRE (CvF N EIEEIEE) -

coindence : JNEEHIZ XL EAERBIAIR (18T 2 @EFREIRE) -

BER : BT TNEEBYE I T & ARG R BTHIR.
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I A= TEERZ ARG, ST —RA FIAH T8 EB9E 1,

ERIELIR (WETEEEEE) -

BT : — TNEEBIE T B S EMR M A HZRZE),

HIR% (REBRBEZENY) :

A — AT BEELER B 1 i,

[E— AT BN B 1E i,

IR« HEZ ARG 1EN 2 EEER % B,

EEFFLERT ] : HEPE AN ZR B T IFFEERT [F B9 #E 1

FIlmiE: : 711 RFTE N 5t A E i,

/EH] penalty (B #IEEETE) @ HLEm (FHAMNEETR) .

room penalty (B 1HIEEEE) @ BLEHEEBIEREH,

E & A E LI A HHEE,

XNE[GE FRT AT 2007 FERES 1 E . Geoffrey De Smet 5Tik 4th, S3EEERAH]

OptaPlanner &1E, 25, MBHEEH{T T 1R K,

[
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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 10"360.

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 101509.

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.

3.16.1. A FMihT 5] % EHI 2 2

78
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A 3.11. kB KA
<<interface>>
Solution
<<singleton==
Z'l InstitutionParametrization

<<singleton==>

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

Examination |———>1 . periodSpreadPenality : int
1 - mixedDurationPenality : int
- frontLoadLargeTopicSize : int
1 - examlist - frontLoadlLastPeriodSize . int
- frontLoadPenality : int
An exam changes during
solving: 1.*
The exam.period and/or exam.
room reference change. <<@PlanningEntity>>
The exam.id and exam.topic = Exam
reference do not change. -
-id :long
- - room
1 [ topic + | - period
Calculated before solving % 0.* || 0.*
T 1 s S\
! n = Room
- - Period 1
TopicConflict -id : long
T -id :long - capacity : int
- studentSize : int - startDateTimeString : String 3 peEaltyy: int
- periodindex : int
0.* - daylndex : int
" - leftTopic 0.% - duration : int
- rightTopic - penalty : int
- frontLoadLast : boolean
1 1
1 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=:= —<enums=:=
Student PeriodHardConstraintType RoomHardConstraintType
-id : long - COINCIDENCE : int - ROOM_EXCLUSIVE : int
- EXCLUSION : int
o - AFTER : int
Mot asserted into the working
memaory
S,

IHERE, BIBRFZELBED K Zil REFLY IFFfE, TARIER, il LHRHT (X

i

SLEE) , HENIB9EA 2 E B MENK TN, 4. Period f] Room SLHITERERT AT AL EREL
(BB ETBIEE, FREM—LRE—F) .

3.17. NURSE ROSTER(2010INRC 2010)

W FENEE, FZHEXELL,
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Employee shift rostering

Populate each work shift with a nurse.
Basic nurses
H | Hue m lise

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

Largest staff first OptaPlanner

Sat Sun Mon Sat Sun Mon

6 14 22 & 14 22| & 14 22 6 14 22| & 14 22| 6 14 22

Maternity
nurses

Emergency
nurses

Any
nurses

TELER -

EARDEHIFEE (NE) : FrEEEEHFES A AT,

&ki/‘47gtb M ﬁIgf/ S é‘gﬁf—_/%$§f%o

IR

BIIXF, WFEBERSLER, FUEMNTREFFXLREE X SRR, T 28T

RNDFIRAPE : 1A LTEELIEEL x TNEIE, By 1N (RAFRS
é@) o

B

RPHFLZETIEXE : BT ATFELE—TFEIX Fy X (RAFREZ)) Z/HT
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1F.

i)
&
2

I
W
&

3

EINK : FTALEFBEE—ITHIIX By XK (RATFRE

RNFIRKFLETERFE : B TALE—ITHEIX 7y BFRRZ T (RAFRS
é@) o

TEBIER : 1A LEFELE—TEAXERA LEXTIE,

PRI EIRBGFARIER : Xf Fla— 7 TR —/ERBI&E B4 BB B REIEHFE
ﬂo

TR | —(THTFBELIFREZIIAE, HIA, ZIEBEEE—T R
#, EE—TZIEB9Z5,

Hig 2 H : A THZULERMFERX,

XFEK : ATTHFLHERE—X LI,

g ¥ 1 R T HESIEIFERIFEAL,

FRIFEKR : AT TR EEFERFEL,

BIEIEE : DEDEFRBERT R T W E WS FFE L AT B9 & H B

XPNEIR 2010 E[E) Nurse Rosterionion E X,

81


http://www.kuleuven-kortrijk.be/nrpcompetition

Red Hat Decision Manager 7.13 4L R RE R SRMZIEFIE OptaPlanner S{EfRE

A 3.12. MEEHK

Employee rostering

Assign shifts to employees more efficiently.
/,...-— 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

:E = - - Free Free l
“-.... Requires nurse skill “-.... Day off request Call centers
3 g Free Free 4= .
- . Reaut o o Police and
“-.... Requires engineering ski : F
4 9 g = 48 hours rest ﬁre department
ce = - c— - - Free Free
/'-\ , Mo weekend work
— Shifts
NurseRostering benchmark Average Min/Max # datasets Biggest dataset

Employee well-being  +53% 5% = "G

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

[

A =7 dataset =% :

[ ]
VIR : BATAFD Fy (T R
[ ]
Medium : 25715 8 0y 22 (T R,
[ ]
K 1 BAALLIT Ty (T R,
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 107234.

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.
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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 107160.

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 107160.

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.

medium01  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608
shiftAssignments and 403 requests with a search space of 107906.

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.

medium03  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608
shiftAssignments and 403 requests with a search space of 107906.

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 107906.

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 107632.

medium_hint02 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 428
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shiftAssignments and 390 requests with a search space of 107632.
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 107632.
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 107626.
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 107632.
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 107632.
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 107614.
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 107667.

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 1071250.

long05 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740
shiftAssignments and 735 requests with a search space of 1071250.

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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/& 3.13. 1R

Nurse rostering class diagram

| ShiftType K 1 —| SkillRequirement |

— N Skill |

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

3.18. TRAVELING TOURNAMENT /= &(TTP)

VEPTED n TN,
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Philadephia Phillies
1 awayto

337
2 awayto [MON]

| PHI VS

| PHI VS ;
[PHIJVS[MON]
away to ses

Total team distance: 2.127

Atlanta Braves

(1

Total team distance: 2.011

Traveling tournament

Schedule each match in a day.

No consecutive _*
reverse match

< 3 consecutive
home matches

= 3 consecutive
away maiches

" Minimize total
distance: 8.276

Montréal Expos .
(1 [MON]VsS ;
(2 [MONJVS[PHI|
(3 [MON]VS s
(4 awayto .
(5 awayto [PHI]
(6 awayto .

Total team distance: 2.011

337
380
865
745

0

Total team distance: 2.127

FELVER -
[ ]
P EFIX BT IATIRIRIE : —K, —Ke
[ ]
A T B 5] L BB 5T £ LB,
[ ]
LI T BEFLE= 1AL B9 FE T 3658 = BFAIPL AL,
[ ]
TEEZE : SHIELE, TFEZELEH T,
HIR#Y
[ ]

RAEEFEEATB LB,
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7 Michael Trick K5 (AFESMHMRiIR) LWHEX T/HEH,

[T

1-nl04
1-nl06
1-nl08
1-nl10
1-nl12
1-nl14
1-nl16
2-bra24
3-nfl16
3-nfl18
3-nfl20
3-nfl22
3-nfl24
3-nfl26
3-nfl28
3-nfl30
3-nfl32

has 6 days, 4 teams and 12 matches with a search space of 1075.
has 10 days, 6 teams and 30 matches with a search space of 10719.
has 14 days, 8 teams and 56 matches with a search space of 10743.
has 18 days, 10 teams and 90 matches with a search space of 10"79.
has 22 days, 12 teams and 132 matches with a search space of 10126.
has 26 days, 14 teams and 182 matches with a search space of 10"186.
has 30 days, 16 teams and 240 matches with a search space of 10259.
has 46 days, 24 teams and 552 matches with a search space of 10"692.
has 30 days, 16 teams and 240 matches with a search space of 10259.
has 34 days, 18 teams and 306 matches with a search space of 10"346.
has 38 days, 20 teams and 380 matches with a search space of 10"447.
has 42 days, 22 teams and 462 matches with a search space of 10"562.
has 46 days, 24 teams and 552 matches with a search space of 10"692.
has 50 days, 26 teams and 650 matches with a search space of 10"838.
has 54 days, 28 teams and 756 matches with a search space of 101999.
has 58 days, 30 teams and 870 matches with a search space of 1071175.
has 62 days, 32 teams and 992 matches with a search space of 1071367.

4-super04 has 6 days, 4 teams and 12 matches with a search space of 10"5.

4-super06 has 10 days, 6 teams and 30 matches with a search space of 10"19.
4-super08 has 14 days, 8 teams and 56 matches with a search space of 10"43.
4-super10 has 18 days, 10 teams and 90 matches with a search space of 10"79.

4-superi12 has 22 days,
4-superi4 has 26 days,

5-galaxy04 has 6 days, 4 teams and 12 matches with a search space of 10"5.

5-galaxy06 has 10 days, 6 teams and 30 matches with a search space of 10"19.
5-galaxy08 has 14 days, 8 teams and 56 matches with a search space of 10"43.
5-galaxy10 has 18 days, 10 teams and 90 matches with a search space of 10"79.

5-galaxy12 has 22 days, 12 teams and 132 matches with a search space of 10"126.
5-galaxy14 has 26 days, 14 teams and 182 matches with a search space of
5-galaxy16 has 30 days, 16 teams and 240 matches with a search space of
5-galaxy18 has 34 days, 18 teams and 306 matches with a search space of
5-galaxy20 has 38 days, 20 teams and 380 matches with a search space of
5-galaxy22 has 42 days, 22 teams and 462 matches with a search space of
5-galaxy24 has 46 days, 24 teams and 552 matches with a search space of
5-galaxy26 has 50 days, 26 teams and 650 matches with a search space of
5-galaxy28 has 54 days, 28 teams and 756 matches with a search space of
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 10"2042.
5-galaxy40 has 78 days, 40 teams and 1560 matches with a search space of 10"2301.

12 teams and 132 matches with a search space of 10"126.
14 teams and 182 matches with a search space of 10"186.

107186.
107259.
107346.
107447.
10562.
101692.
101838.
107999.
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3.19. FEHII I E

LT IEFI G S VAT B LSS, URABERBEEEIREL, ERNEET TR, X& EUKFHER

— B,

FELVER -

FHEEHT IF]JR Y : £ TS5 25T 8RR B TFAG FIER BT A5 IRF.Z I 5

RABE | TREE S FEVEFIFE N TRIIRABE,

JEEIFIX T : TERECESBIRGI], £ Blas B FRRUFIK S, THEFZE, FTLUNEE
LU 58 5 5 FIR 1T/

Medium 2% :

HUEHEA @ [EAEEEN 1T B9 S Do

VISR : TGN EY a5 R EFEEIREA, XFHTEIFREE (RRFIZ
HiEIBGEIZOME) o

E5 R : FMESEEFE TR, XFHTHEIFREE (BRRF—ERI A
BIFOME) o

WEESIFIK AL : Blag BRI KA, BB ERIHNBILAL,

HIRE (TEIRAR IFIRIE X H5500)

BIFIG  F S PRI SES, T EE/EE 5.

XA ICON Ji 1] & X,

88


https://web.archive.org/web/20180318013828/http://iconchallenge.insight-centre.org/

[T

sample01
10153.
sample02
1071 14.
sample03
101226.
sample04

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

has 3 resources,

10"266.
sample05
10"584.
sample06
10M673.
sample07
1072388.
sample08
1072748.
sample09
10"6668.
instance00 has 1 resources,
10"595.

instance01 has 1 resources,
10"599.

instance02 has 1 resources,
107599.

instance03 has 1 resources,
107591.

instance04 has 1 resources,
10"590.

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,
10"1657.

instance11 has 2 resources,
101644.

instance12 has 2 resources,
10"1637.

instance 13 has 2 resources,
10"1659.

instance 14 has 2 resources,
1011643.

instance15 has 3 resources,
1011782.

instance16 has 3 resources,

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

has 4 resources,
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2 machines, 288 periods and 25 tasks with a search space of
2 machines, 288 periods and 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 200 tasks with a search space of
10 machines, 288 periods and 200 tasks with a search space of
10 machines, 288 periods and 200 tasks with a search space of
10 machines, 288 periods and 200 tasks with a search space of
10 machines, 288 periods and 200 tasks with a search space of
25 machines, 288 periods and 200 tasks with a search space of
25 machines, 288 periods and 200 tasks with a search space of
25 machines, 288 periods and 200 tasks with a search space of
25 machines, 288 periods and 200 tasks with a search space of
25 machines, 288 periods and 200 tasks with a search space of
20 machines, 288 periods and 500 tasks with a search space of
20 machines, 288 periods and 500 tasks with a search space of
20 machines, 288 periods and 500 tasks with a search space of
20 machines, 288 periods and 500 tasks with a search space of
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
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10"1778.

instance17 has 3 resources,
10"1764.

instance 18 has 3 resources,
10"1769.

instance 19 has 3 resources,
10"1778.

instance20 has 3 resources,
1013689.

instance21 has 3 resources,
10"3678.

instance22 has 3 resources,
1073706.

instance23 has 3 resources,
10"3676.

instance24 has 3 resources,
1013681.

instance25 has 3 resources,
10"3774.

instance26 has 3 resources,
10"3737.

instance27 has 3 resources,
10"3744.

instance28 has 3 resources,
10"3731.

instance29 has 3 resources,
10"3746.

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,
1017695.

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,
10"15976.

instance41 has 4 resources,
10715935.

instance42 has 4 resources,
10115887.

instance43 has 4 resources,
10715896.

instance44 has 4 resources,

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
90 machines, 288 periods and 4000 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



& 3 3= 218 EM OPTAPLANNER i/t

10"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
1020126.
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.

3.20. 7% %/~ E (PORTFOLIO (L1E)

REEF T ER GBI HE,

TELER -

NZRA : FEFFR S BT 1ZE FIrEFLRAIE,

PrAEFFL S A 1 BT [/ fH Markowitz & Theory 1% 7" & K& HZ [EEEH,

[ ]
WX _ER : S HXBEERAHE,

[ ]
RABXE : FTEXEERAHE,

HIRAY -

[ ]

RAIEFTHIBIEITR
[T

o1


https://en.wikipedia.org/wiki/Modern_portfolio_theory
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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 103

A BIEAEE K OB, AT, AFEIEIERIRE X — 7/ KA,

3.21. RWHE
I L& LibreOffice 2t Excel 4%,

FFENR N BEG — TN FIE A, Timeslots FIREREE,
X A EFHE A,
FELIR :
[
talk type of timeslot : 17169522475 timeslot #9517 5 2 PL i,

[ ]
BIETaTAE : i1 1L B9 ] p A AEXT 17 A 5] 7T A

B 1 TE BB T BERE A 18 IR H9 22 1,

A fZE

RKEATATFHIE : FrEX 569X E A BHTEN 15 71E 2T A

FHELEN,

[}

[ ]
48 EH9 timeslot #] room 5%

speaker A7 timeslot 1755 : #15R speaker £ 5 AT timeslot #7215 ATF

B A MBI 17 5 B E 5 1% B timeslot,
22159 timeslot Fr4s, N/EAFAEL

speaker 2 1A timeslot 1755 : 4R speaker £
HEFTBER BR24 5 14 17509 timeslot,
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https://www.portfoliovisualizer.com/asset-correlations

)
)
)
)
)
)
°
°
HR# -
°
°
°
°
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talk required timelot tag : Z1-R—1" talk £5A7%# timelot 1755, NG AFE 5
S #H B %R timeslot,

BUERSIFPRE : HIRX TR ERIEBT T P05, TR Z PR R R B0 T 1,

speaker A7 LT room 175 : #IE speaker 2B LT room 1r5s, T TiiFar B R
BRUBINT i7 B E B B % b BB,

speaker forbidden room tag : #1E speaker E& 22147 room 155, NIFrER
BINT i BB T BEA L4 5 1% b 2 BB ]

talk required room tag : #1-R talk 2% 7FH) room trss, WA RFRD A EE %
RSB EE H

VIE BRS¢ MIRX 15 — TR ILBI BB FRs, NIEZ R DI RE LIS
1,

B : REXHI ST R E T E SN 7 E,

i FFE A 162 IE A AAE talk talk,

FHEREE T : RIMETEE S timeslots Bf/ij 1 = E G5B9 17# &,

BEXHZE I TEE SRR ERERB X Frs 91T 1L # &,

ABZNRABIER - X FEAB R, EERTICE, ZHEN.

BNREFM : X FENE, 15REHDGTRZARLS BT 16 E,
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HE B : X Fa—N XY, RABEMIREE SRS /8

BB timeslot #] room 2 :

speaker E % timeslot /7% : #1E speaker 25 & £HI timeslot 1555, NprE EH S
BTN i EBY HEB025 5 12 Fres B timeslot,

speaker undesired timeslot tag : %15 speaker & — 1" TZZHJ timeslot }5%, Jl
TRAFE B i RINT i 5045 5 1% Fhos #9 timeslot,

talk preferred timeslot tag : #1E—1 talk 2 & &% timeslot /7%, T (&H %5
FFR B35 — 1 timeslot,

talk undesired timeslot tag: 1% talk 7 %& 7 RHJ timelot 1755, NITWIFR S A4 E
B iZ PRSI 1T IH

speaker Bt ZE/|Frss : AR speaker EBE B ZE /Ay, WATE B SbitpgN 14548
DAL BB S HE ],

speaker undesired room tag : #I:E speaker B— N TEZEH] room 155, NITMF
B OB ik 5 B4s B 5 17 b s B9 E

talk preferred room tag : #I-R talk E5 & L5 /H i, TWWIFRDEG BB R HT
VLA

talk undesired room tag: #1:E talk anirdesired room 1555, NI 7R E5 25
Z BB

1EIFEIEAY : B S #ZE LA A B PR BIN 5 TE R D X B E (ME—XZ

) o
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& 3.14. MEZETK

Conference scheduling

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

— Rooms Used by
Vs
| 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 .
o | T Y T A TR AT N T N T AN T N Voxxed Zurich
o] o~ G .
Er;fiﬁun [ F] ] [ 6 ] Lunch [ Y I \-Ilrl] [ (8] ] Red Hat Summit
Shared theme: Large room
- Artificial Intelligence  for speaker
Breakout 2 & Lunch N -
normal room [ ég ] [ @ ] [ O I ] [ 7 ]
Same .
- Same technology - ~~ speaker -

power plugs roem )
“.._ Speaker is only available >
untill 14:00

~—~— Talks

[

18talks-6timeslots-5rooms has 18 talks, 6 timeslots and 5 rooms with a search space of 10"26.
36talks-12timeslots-5rooms has 36 talks, 12 timeslots and 5 rooms with a search space of 10"64.
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
10"552.

3.22. STTOUR

MBI ERE R AR T, (81T (BT X,
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TELVER -

[ ]
11 2R BT BEZ Y 2 s
Medium 295 :
[ ]
RAMEBAN R,
[ ]
sw=IMEP I IH,
[ ]
RFHEE I,
HIR#Y :
[ ]
5B KM [EHE 5 1]
JEJIA 1

I 47shows has 47 shows with a search space of 10"59.

3.23. FLIGHT CREW 7/Z

i R R 3 78 e D
TELVER -
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PIEIEE : RS IR B W EHIFEE. B4, flight ABO00T 2 2 TN s/l 3 HFK
é‘ejﬂ o

NEHZE - FPN A T HEEER M — i

TEBTNBEZ 5] 57 : £ T2 IE, (7 T @54 6EHM arrival airport 751/ departure
airport, 441, An Z/A Brussels at 10:00, 71 F 15:00 FIFTHE1F X,

AL : ZA LT EMIIR—XTH, #I%0, An 2 1-Feb _L£J PTO,

IR

=Y e I=E

RIg D IEASR

N7 T Y07 BT BT FFZER T F]

[

175flights-7days-Europe has 2 skills, 50 airports, 150 employees, 175 flights and 875 flight
assignments with a search space of 10"1904.
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 10112578.
175flights-7days-US  has 2 skills, 48 airports, 150 employees, 175 flights and 875 flight
assignments with a search space of 10"1904.
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F 4 F THLLIEIEHI OPTAPLANNER T4

& BT L F#; Red Hat build of OptaPlanner <), {EXZIIEE ]/ B4 LA {HQUCTPAM} Kt
DI AEE A BB — 254

iy
HEALTIEZ )] F itk 59 Software Downloads I7E (BEER) , AEM FirsZdst
FEBAHIR A :

Sean - REE I EER

Version: 7.13.2

2.
F#; Red Hat Process Automation Manager 7.13 Add Ons,

3.
#28% rhpam-7.13.2-add-ons.zip X ¥, & B IIZH A4 14+ & & rhpam-7.13.2-planner-

engine.zip X4,

4,

#28% rhpam-7.13.2-planner-engine.zip X 1%,
ZER

#25kH9 rhpam-7.13.2-planner-engine 5% &= LI T F &R FELREACIGTHA :

B/ /sre/main/java/org/optaplanner/examples

Bl JR/sre/main/resources/org/optaplanner/examples

4.1. ;z77 OPTAPLANNER -#5

ZIIE1#2EY OptaPlanner B2 % 17 l, JEa&FITRIER. TEHREETBIFRFETEEZEIV %]
BERTTE,
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https://access.redhat.com/jbossnetwork/restricted/listSoftware.html

8B 4 F THIIBWERN OPTAPLANNER R

TR

BB FEHIER A, ] FE 4 E TEZIIEFER] OptaPlanner 74 A7,

TR

F 51754, £ rhpam-7.13.2-planner-engine/examples 5-RAHAU TR HZ— :

Linux 2t Mac:

I $ ./runExamples.sh

Windows :

I $ runExamples.bat

OptaPlanner Examples 2 [1/F#T 7.

HFE— T BIFET 2T Pl

Red Hat build of OptaPlanner ;2% GUI &#71, Eif I HERZZ586#5) JVM 15
17, BBREE—1

4.2. 7= IDE #:277 OPTAPLANNER 7#)f5# (INTELLIJ, ECLIPSE = NETBEANS)

WIRANEFHERFF X 21 15(IDE), %1 IntelliJ. Eclipse 2t Netbeans, & alLI7EF 4 E 51T FEHT
OptaPlanner 71,

TR

BB F#H1EER T OptaPlanner <4, %1 % 4 Z T#;21[§1%#F7 OptaPlanner 71 Af
ﬁfo

TR
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#T7F OptaPlanner =BI{E /#7015 :

X1 F IntelliJ ¢ Netbeans, F{ Al E/pom.xml {EVEH., Maven £/, #5
FETEFIRBIZLE, BRI X NI FERBIR R LI,

X/ F Eclipse, 7 /examples/binaries 5 0/&E— #7715, f{iF rhpam-7.13.2-
planner-engine % T,

FF ZH I BRBBIFTE JAR X145 %) classpath #, {8
examples/binaries/optaplanner-examples-7.67.0.Final-redhat-00019.jar X {4/ %

50 Java JR H % src/main/java #] Java 7R B 5% src/main/resources, (i F rhpam-
7.13.2-planner-engine/examples/sources/ 5 T.

IS THE -

main class: org.optaplanner.examples.app.OptaPlannerExamplesApp

VM 2# (&) : -Xmx512M -server -
Dorg.optaplanner.examples.dataDir=examples/sources/data

T/EE% : example/sources

)

{1
\

T run fiiE,

(%
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% 5% BUSINESS CENTRAL #1f9 OPTAPLANNER Al] : 5l T4 ¥Rl

% 5 & BUSINESS CENTRAL ##7 OPTAPLANNER A /] : [ TH# 76

1B LUI7E Business Central H15EFHIE5E 7 T BRI AITIE, 1Z51E & T AT B AR R F 4]
TR 25 D 775, HAEBZLIEFIEERT OptaPlanner 3k 2 #6 ] GERIAEAR T 3K,

BT LL7E Business Central #1535 7ACEH) /7 T -rostering 15, 242, L@ Business
Central 5170/#ZYiH.

o
IER

Business Central #59 employees -rostering 7~ 5 T S1Z g%, FTEH
REST API ELL XML 1L iE RS,

5.1. 7Z BUSINESS CENTRAL #25Z EMPLOYEES ROSTERING F#/5i €

Business Central &751R% o FH F#4% ap AR ZIBERI T BITT S, 7 THY rostering G177 5450 1%
ITHIGIEE, LURZIIEFE OptaPlanner B9 AR, #HU T4 5E8Z /21T Business Central #1497
L7 TEER i~ B,

T RFEME

[
Red Hat Decision Manager 2% F##H &%, BXZFELI, 15514 #4 Red Hat
Decision Manager %%,

ZE/55) 7 Red Hat Decision Manager, #1Z#& X1, #A8&LULE7E admin IXREGHE 5
4&% Business Central,

TR
1.
{£ Business Central #, s Menu — Design — Projects,
2.
1ETIADiE R MySpace ZE/i/#, = Try Samples.
3.

MBI B2 £ 1F employees -rostering, /5 id; & L] Ok KXZATIH,
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https://access.redhat.com/documentation/zh-cn/red_hat_decision_manager/7.13/html-single/installing_and_configuring_red_hat_decision_manager#assembly-planning
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4.
FE AR T EE AR, 15T Build & Deploy FKE5E 7 THJ rostering 74/,

EXHEEIRREE D NE T &A% RREE,

5.2. EFTHEF A TR THITTIE

7 THJ rostering 7~#)7 5 2 Business Central #1269 — N EN IS, EELIE # 5.1 77 “7F
Business Central #25& employees rostering 7 #I2H” & 7 BEHTTEE M TIH.,

TR LU BB 7 THIE B £F7", 1 LUEE A BRI E77E Business Central 71 0/#%H S EI
ESET=N

5.2.1. iXi& /7 THY rostering 115

Z7F Business Central HFFIEFF 4 AT L, B EZTIH.

TLERFMF
[
Red Hat Decision Manager S F#HH L%,
[
B E5ZE T Business Central, #{&FE 5 EH 7 A EHIHFER,
TR
1.
7£ Business Central # 5 Menu —~ Design — Projects — Add Project £/Z— 13771 H.
2.

1£ Add Project Z [0+, EELITFFE :

Name : staff-rostering

Description (57:%£) : {#/H OptaPlanner 59 Employee rostering /7/&i(t1E, BIR#E
B G 1 ED B 7 T HTFAE,
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ali% : % Configure Advanced Options ¥1&75 4 ID, T ID kA5,

HID : AT

TH#ID : 7T

Mk& 1 : INAPSHOT

Hi# Add, JFI7E 55107 Business Central 7 5 7= (%)%,

5.2.2. |bfTESLRILYSE A

17 THT 6] 2/ Ef TR B9 £ TN BT 9 LT —7 -

THEXRBIE | KEFR D EIREEF. MALIEEF N, XTEHESLH,

[FJTESE 2 TER IR TER, BEALBEATRKT (REHGDRFER) , #I
Shift 7] Employee, [7&i1FELE I FIE 1EE 208 1.

1T HYSEARE - TEAEY S TN 5 82 R A E L&/, 40 ShiftAssignment, #%)Ef A &K

BB IR I EE, RttELE TEL.

LT T

IR AL THFLEL AL ?

WP KRB HIEE EX HILE?

I RISE R EFE @ @PlanningEntity SZFEEFE, SUEHFLIIEEE R TT 85 5T
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OptaPlanner dock #77/E X

BRI E — 1 Z T LB, HATBHE—THZTEXEML,

X ZHEOIRE — TR, ETITHFENEERE — L E,

5.2.3. Jy A T 0@ S tE

EHXNEES, (VEETE Business Central #1577 17 T #5E 7~ 3177 B A B HI 2 HENT 5,

TERRAE
[
BB 5 5.2.1 77 “ii& 7 THI rostering 15" L BIT B % &,
TERE
1.
EFFITEN], =it 71F#H Data Object, 2tZ i Add Asset —~ Data Object L7/
BRTRIE AN R,
2.
FFE— PN S HT1H] &, #EEF employees rostering.employeerostering £/
HE,
3.
7£ Data Objects 7 f5 /1, = +add FEIFFE F7N1E/ Timeslot data /75,
4,
£ id FE&H, f#A endTime,
5.
Hit; Type ZFH) FHI S, #/5£7F LocalDateTime,
6.

fRil7 Create HI¥4E 57— 1NFER.,
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7.
BNE—1NFEER, RAEZ id startTime 77 Type LocalDateTime,
8.
#% Create,
9.
Hitif FFR) Save, LUR7F Timeslot #(1EN R,
10.

H i f LB x LUK /T Data Objects Z715, Fi&[E]Z] Assets K4,

1.
1 FFFTEIET S IR OV L FEAENRREBIE

F5.1. K15
id KRB
name FR&
#52. 4T
id 3]
name Fr&
e employeerostering.employeerostering.Sk
ill[List]
#53. X%
id RE
requiredSkill employeerostering.employeerostering.Sk
ill
timeslot employeerostering.employeerostering.Ti
meslot
# 5.4. DayOffRequest
id RE
date LocalDate
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id KRB
RT employeerostering.employeerostering.E
mployee

Z 5.5. ShiftAssignment

id KRB

T employeerostering.employeerostering.E
mployee

[ &3 employeerostering.employeerostering.Sh

ift

B X OIBEIEX REVEZ T, 155 FIEEHREIR

5.2.3.1. 0# 7 THY roster i %I5Cik

Ky T BERG T R BHL 5], i O — i1 RSB FIE R T % 11 R SCARTEI 15 71 A 7 @
OptaPlanner dock # 5T fHHIEIEE X,

LT £ 281F ShiftAssignment #1557 5 E L 7 /7 T & MBIHIEISELE,

TR

[ ]
BBELSTH 5 5.2.3 77 “ A TIERIE O)ZHIERE” HE9% KOs 17 R T TA
BB B9 FE R BT SR FIR LA

TR

£ Assets K H# 1, FTF ShiftAssignment data X715,

1£ Data Objects 7/ /1, mENH]

2

J#T 7 OptaPlanner dock.
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https://access.redhat.com/documentation/zh-cn/red_hat_decision_manager/7.13/html-single/getting_started_with_red_hat_decision_manager#assembly-getting-started-decision-services

% 5% BUSINESS CENTRAL #1f9 OPTAPLANNER Al] : 5l T4 ¥Rl

3.
EFE 1T RYSEAE,
4.
M ShiftAssignment data X/ 5k THIFERZIZ #:51F employees.
5.

7£ OptaPlanner dock &, #1F HtIZE,

7£ Value Range Id i A F&H, #A employeesRange, iX&7Ei] ¥4k 5500
@ValueRangeProvider ;#F5, & a]LIE T H T 1K 112 #H) Source EIiFXEE,

planning Z££9/835E /71 @ValueRangeProvider ;& X, @ValueRangeProvider
SEREBAEEBIE id, ©# @PlanningVariable /5% /ERangeProviderRefs 5/,

*/7] dock ## 17 Save LURZHIENT SR,

5.2.3.2. 0/# /7 THY roster i1 %l # 55

3 THY roster [H&HEHTFE L HIHLER TG, 1THIAER TG FEBZIIEE OptaPlanner dock #£Y
BRI 1% 1T 870 E X

TR

[ ]
BEBELTH # 5.2.3 77 “ 7 TIERIIE I HEEE” #] # 5.2.3.1 77 “LI# 7 TH
roster 11 %lAE” EAE TR OIS 1T 17 T HEE 7 B AT 75 BIRE K SHEXT SR FIAH LY L1

TR

& [E #7515 #F EmployeeRoster 0/ — 1NETEIHIEN R,

CIBLITFER -

# 5.6. EmployeeRoster

id RE
dayOffRequestList employeerostering.employeerostering.Da
yOffRequest|[List]
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id

shiftAssignmentList

shiftList

skillList

timeslotList

RE
employeerostering.employeerostering.Sh
iftAssignment[List]
employeerostering.employeerostering.Sh

ift[List]

employeerostering.employeerostering.Sk
ill[List]

employeerostering.employeerostering.Ti
meslot[List]

JFE I #9 hard soft 5#( fREF# Solution Score Type, X=7E EmployeeRoster {#E5]

3.
1£ Data Objects 7+, m&alET
2]
J#T 7 OptaPlanner dock.
4.
EE HLBER T .
5.
KRAENEK DE, ZDHIEN LR,
6.

EFELL T BRI FER -

id

employeelList

el

employeerostering.employeerostering.E
mployee[List]

#7¥ employees List F£2/5, #T7F OptaPlanner dock, &i%7¥ Planning Value Range

7.
Provider 1z,
7Eid FERH, ##A staff Range, /7] dock.
8.

mii LA Save IRTEH,
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5.2.4. 17 THIERE

IR T EHEE— TR, BB A B 15 AR E 2R F FEH B R E SRR T 5o

Business Central #1697 T#5E #1701 B S1Z LU FEEFTHRFY :

1E2R
[ ]
AT IREFAEF AT —REEZE,
[ ]
P B B EIFE 7 TR EEHI R ER B 1% EFRBER 74 T 2 .
HIR#

BB R TE#R P E T — 2,

WIRE R FK—K, REERWKEI RN AL,

FEFIZR%I7F Business Central #1575 #-form DRL %11 £5E X, thalLU&EHEZHI,

5.2.4.1. DRL (Drools HIiZE)

DRL(Drools Rule) /@& 7 .drl XX AKX - EEE LWV F5HIT, X4 DRL X #4#:E Business
Central FArE R AN " ER09E, # L7 Business Central REH0)EHE# DRL X 14, (&
/5 Red Hat CodeReady Studio 3t & it %5 7 X 2f Z(IDE) £ X Z5L/#Z E 1], DRL XHTUEEZ—N8t%
P, ENIEDE IR M (TE7]) FIRIE (#/55) . Business Central #7159 DRL %1157
Java, DRL 7] XML #2415 %5 2 2 7

DRL XA LU AR -

DRL X892

package
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import

function // Optional
query // Optional
declare // Optional
global // Optional

rule "rule name"
// Attributes
when
// Conditions
then
// Actions
end

rule "rule2 name"

LUF 6] DRL AN RZE T loan hfFRE/F REHR S HHIFIERE -

loan Application age BR#/#54 74

rule "Underage”
salience 15
agenda-group "applicationGroup”
when
$application : LoanApplication()
Applicant( age < 21 )
then
$application.setApproved( false );
$application.setExplanation( "Underage" );
end

DRL XHEZHEHZ TN, EHRIERE, HETLUE X AN FIE 5 BORIE BB 14 5 R A
8, DRL P 1482 717f DRL XHEIITESSH], HNEERESH. ATERM DRL 21 el ElEE I
Efo

110



% 5% BUSINESS CENTRAL #1f9 OPTAPLANNER Al] : 5l T4 ¥Rl

NS A B BB —BIE 7. HRETE M EF IS DRL X1 G
ME#H 2K, W ER 7. BAEAREISEEANER I rule name") , L5 iE 7684 2ET
FF IR, 1 RAENNE TP 1/ 2 1

4 DRL 5B #0120 S 2315 47 i F-45 Business Central #7697 DRL /4 18/a1H9571 B £ 14 &
B, Bl ZAE—HHEEF G, BMHHEFHE % 5 L& T DRL FNSA,

5.2.4.2. (@5 DRL designer & X /7 T#5ER#/

el LU(#H Business Central #1595 /£-form DRL %1185 3 T EMEIZELIFE X,

EEUL RO/ — 1 (2R, ARE AT HDEEZFIRT 10 IS EFFIEEIFE L,

TR
1.
7£ Business Central #, Fi7Z Menu — Design — Projects # i H % #.
2.
% Add Asset ~ DRL X1,
3.
1£ DRL X 4% FEH, #A complexScoreRules,
4,
EF¥ employees rostering.employeerostering £ &,
5.
= +0k 0/# DRL XX 14,
6.

7£ DRL 13112589 Model 7+, ¥ Employee10HourShiftSpace #//l/ X  DRL X
1 :

package employeerostering.employeerostering;

rule "Employee10HourShiftSpace”
when
$shiftAssignment : ShiftAssignment( $employee : employee != null, $shiftEndDate Time :
shift.timeslot.endTime)
ShiftAssignment( this = $shiftAssignment, $employee == employee, $shiftEndDate Time
<= shift.timeslot.endTime,

m
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$shiftEndDate Time.until(shift.timeslot.startTime,
java.time.temporal. ChronoUnit. HOURS) <10)
then
scoreHolder.addHardConstraintMatch(kcontext, -1);
end

= Save &7 DRL X 14,

BXO/E DRL XHHIEZI5R, 15Z/41&H DRL FNI% 1T RER

5.2.5. [EfF#E-F AN 7 T E AL

BT LU# FF Business Central #5978 Z 41511 A 17 B# 77 7 T 4 4 E X EERIENEREIAN

5.2.5.1. 15- 3N

AN AT AN G TE W 55 A BT Ul B975 FHIN 11125 70 BB BI L 55 40, #5051
EIRIEFTE AN IEN R, FBRTHEZHABIFERFET, BE X BIIE AN S A a R A 77—
F£4#1% % Drools Rule Language(DRL)#/,

515 SHUIT X BT AT AT F 5145 ZHVERA A S, Bl FAF—ttas
91, DI EA R R FHUNE, AT G5 RAHU 5869 Data Objects i T£345iF
B BRI R BT I S FARMIETEIRNR, T4 FME A,

5.2.5.2. D[/ F 7 TIHHERIHE-FH

BalanceEmployeesShiftNumber 75-FH6/E — TNZTR, HRLUR 7] GEYE 5 1 F R 75 = 7 7 T
DEIH, BB O — DN, TEZELPITIE, DAL, (& Solver LIE#5##T
AL F o

BalanceEmployeesShiftNumber.rdrl - Guided Rules Save  Delete Rename Copy Validate  LatestVersionv | . X
Editor QOverview Source Data Objects
EXTENDS - None -
WHEN &
1.  There is an Employee [$employee] =] ﬂ: &4
There is a Number [$shiftCount] o

From Accumulate
All St

[SshiftAssig; ] with
2. employee equal to :I $employee :|= =] g Lg
Custom Code Function
Function:| count($shiftAssignment)
THEN &
1 Soft Score - ($shiftCount.intvValue() * $shiftCount.intValue()) g O34
(show
options...)
Messages Clear & x

12
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e
1.
7£ Business Central #, Fi7Z Menu — Design — Projects # i H % #.
2.
/5 Add Asset — Guided Rule,
3.
%I A BalanceEmployeesShiftNumber 1£7; 5/ 24l &7, B£F employees
rostering.employeerostering (14 &,
4,
iR Ok BIEHIN 77,
5.
= WHEN ZEH59
=P
Feas 0 WHEN 14,
6.
A& A9 Add a R+ #:47F Employee, 17 +OKk.,
7.
Hi7; Employee 4K IEKIRAY, HFNZESH $employee,
8.

NI E J1% 69 WHEN 14,

7£ From Accumulate R _£ 7517 IR #1675 Number 1E Y FESLER, M

#ir 5 Fe 457 Number,
b.
fF25 8B E F $shiftCount F511Z/ Number 14EH,
C.
7£ From Accumulate 4T, HT MRV, AEM FHZIZFLERFE
ShiftAssignment fact 252,
d.

1F25E £ 7 $shiftAssignment ;7511 ShiftAssignment fact 52,

B.XH# 7 ShiftAssignment 5%1£, #/5/ Add a restrictions on a field T#;3)Z

13
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#£7F employees,

f.
M employees 2\ Z 11 H) T 115 Z At 7E FE T,
g.
i TR
&
KtrammeEg, 5= Field value &0+ 69 Bound &,
h.

M FHiL 3 Z i 7F $employee,

7£ Function #Z#1, f#A count($shiftAssignment),

9.
% wordpress N ZFEH A9
57
F7 0 wordpressN K1,
10.
1£ Add a new action &[] #.:%7F Modify Soft Score, i +Ok.
a.
TETGHERFHALLFZAZ -
- ($shiftCount.intValue () *$shiftCount.intValue () )
1.
Hiti G L F R Validate K15 B AT EAINRIFE S FL WRHINGIEFLIN, MERIERE S
g B, BB AT E AN, e E S ul A EEFN & 1k,
12.

H 1 Save LUREZHN,

BXOIBIEFNIBIEZER, FSIEEEFNE T RERS

5.2.5.3. WEXT—HNEILLIEIEFHN

OneEmployeeShiftPerDay #5Z |G/ T — MELIR, I TR —XB9ED, F7ATIEER
B, XPLIREEFIEFEIHNN A 7 BIEERT,
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aOneEmponeeShiftPerDay.rdrI—Guided Rules v Save Delete Rename Copy Validate LatestVersionv & " %

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN &
$shiftAssignment : ShiftAssignment(employee != null)
ShiftAssignment( this |= $shiftAssignment, employee == $shiftAssignment.employee, shift.timeslot.startTime.toLocalDate() ==

$shiftAssignment.shift.timeslot.startTime.toLocalDate() ) @ ﬂﬁ".’{h
THEN +
scoreHolder.addHardConstraintMatch(kcontext, -1);
L L1
(show
options...)
Messages Clear (& ||| %
TR
1.
7£ Business Central #5, Fi7Z Menu — Design — Projects # i H % #.
2.
4% Add Asset -~ Guided Rule,
3.

#A OneEmployeeShiftPerDay E7 5|-F#N &#, it employees
rostering.employeerostering #(1£ &,

4,
= Ok YA 7T,
5.
= WHEN ZF£d79
o
F550 WHEN 44,
6.
M Add a condition to rule & [J#:%7¥ Free form DRL.
7.

TEE /7 DRL #24, HIALLTFRAE -

$shiftAssignment : ShiftAssignment( employee != null )

ShiftAssignment( this != $shiftAssignment , employee == $shiftAssignment.employee
, Shift.timeslot.startTime.toLocalDate() ==
$shiftAssignment.shift.timeslot.startTime.toLocalDate() )

WERMIEH], TEES G BETE R — X AT 5 — NI BRI R T,
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8.
= wordpress N ZEH A7
=
F 700 wordpressN K1,
o.
M Add a new action &/[]#:/:7F Add free form DRL.,
10.
TEEHZ % DRL #, BIALUTFRAF :
I scoreHolder.addHardConstraintMatch(kcontext, -1);
11.
it 5 E AR Validate 15 ZRATEAHNIR M E S B L. HRHNITUEKIN, BEREHE S
BT AT ], B E AN BRI B, G E A uE AN B E T T 7 1k,
12.

H 1 Save LUREZHN,

BXOIBEFNFIESER, FSIEEEFNE T RER

5.2.5.4. D) —RIE-FHINNLGHE T W E1LEI BRI

ShiftReqiredSkillsAreMet guided #[/l|6/# T — TMELIR, LUHRAT G HE# S H T —HIEHR
BEHIRAT, TERTIEETHIR, XPLIREEFIE TN A T IR,

ShiftRequiredSkillsAreMet.rdrl - Guided Rules ~ Save Delete Rename Copy Validate LatestVersionv . %

Editor Overview Source Data Objects

EXTENDS - None - <
WHEN C%
There is a ShiftAssignment with:
employee is not null :I =]
1 i illl :shi A A agd ¢
[$requiredskill] :shift.requiredSkill. Choose... --- please choose --- 7 a v U
[not bound]:employee.skills. Choose... :I excludes :I(x)= $requiredSkill =] =]
THEN &g
Hard Score R P
agrdl
(show
options...)
Messages Clear & %
25 I
/llb/ff

7£ Business Central #, Fi7Z Menu — Design — Projects # i H % #.

16
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= Add Asset — Guided Rule,

#IA ShiftReqiredSkillsAreMet 1E 7 5/ ZHI & #i# £ employees
rostering.employeerostering 714,

4,
iR Ok BIEHIN 7,
5.
& WHEN ZE&489
=P
F T WHEN RA14E,
6.
7£## Add a condition to rule &[] #£9 ShiftAssignment, #i7; +OK.,
7.
117 ShiftAssignment &4, #/5/M Add a limits on a field T/ 3124 41F
employees,
8.
EIT A G, Hiff T ZH)THSIZ, 2EEE T2 null,
9.
17 ShiftAssignment 5 1#, /54 77 Expression %325,
a.
FERIT A G, #idi [not bound] LI#TH Expression 474525, #H1FZA A EFZ
& $requiredSkill, = Set,
b.
EiiT A7 (/requiredSKill 1) , MBE—P FHIZHLLE FoH, HREMTF—TF
#I B Z £ 7F requiredSKill,
10.

77 ShiftAssignment 1#, /5417 Expression %7455,

Ei11 ARG ([not bound] 1) , ME—1NFHFIZHFERE AT, RKEMTF—TFH
B SF FEBE,

17
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D.
T —1 FHIRAREE Ty £
C.
TET—1FHFEER, FEH LG
d.
Rili B B9
&

Ktr, 7E Field value B [% =7 New formula ##7,

TELKEFFHA $requiredSKill,

1.
= wordpress N ZEH A9

=

700 wordpressN K14,

12.

1£ Add a new action &[] #:%7% Modify Hard Score, #ii; +Ok.
13.

TEDIRIEEFFHA -1,
14.

i A LA B9 Validate 12 E AT A NIRHE S B K. HRANE LRI, BEREER
1B BIEN ), BB MNP BIATE A, 2T E i u N B AL 7 Ak,

15.
H 1 Save LUREZHN,

BXOIBIEFNBIEZER, FSIEAEFNE T RER

5.2.5.5. D[/ F ELEFFFE R 15 KB9HE A

DayOffRequest guided #[l|= 0/ — N2 HR, HRRAHEAE T IZFARAIN, WX T RE T LU E
BT ER%8 7 — R T, TERTIEETOIF, XIVREEFIEFEIFNL T A LT O,
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DayOffRequest‘rdrI—Guided Rules v Save Delete Rename Copy Validate | LatestVersion~ " %

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN G
$dayOffRequest : DayOffRequest() -
ShiftAssignment( employee == $dayOffRequest.employee, shift.timeslot.startTime.toLocalDate() == $dayOffRequest.date ) B8y &4
THEN &
scoreHolder.addSoftConstraintMatch(kcontext, -100);
L age 4
(show
options...)
Messages Clear & |/ x
1
SZy g
//Ib/f_.:':'

7£ Business Central /7, Fi7Z Menu — Design — Projects # i H % #.

= Add Asset — Guided Rule,

#IA DayOffRequest fE7 5/ F4N| £7, Fit#F employees
rostering.employeerostering (14 &,

4,
2 Ok GBI 7T
5.
= WHEN ZFE 59
o
70 WHEN £ 14,
6.
M Add a condition to rule 2 []%:%## Free form DRL,
7.
EE /7 DRL #2d0, T ALUFSRAME -
$dayOffRequest : DayOffRequest( )
ShiftAssignment( employee == $dayOffRequest.employee ,
shift.timeslot.startTime.toLocalDate() == $dayOffRequest.date )
WTRFZBH DS — INHITE XK HHBIRNATL, TZRAEFFHESL, 4R 1 AT LIRS 4 X
BYFHEA T E 5
8.

19
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= wordpress N ZFEH A9
57

F 500 wordpressN K1,
M Add a new action & []#:%#% Add free form DRL.,

TEE /7 DRL #24, HALUTFRAE -

I scoreHolder.addSoftConstraintMatch(kcontext, -100);

1.
i A LA B9 Validate 12 E AT A NIR MRS B K. HRANE X, BERETER
1B BIEN ], BB AP BIATE A, 2T E i ul B E L 7 Ak,

12.
H 1 Save LURFZHIN,

BXOIBEFNIBIEZER, FSIEEEFNE T RERS

5.2.6. 73 TEER OB AEREFICIE

1T LU7E Business Central #10/Z2 #4744 Solver FJi&, Solver IDi&E %114 0)E— NME R
&, HEUEEEEZT,

TERREME
[
Red Hat Decision Manager S F#HH L%,
[
BB WA TERTBIBEHIE TATEEX L,
TR
1.
7£ Business Central /5, 51 Menu — Projects, /5 /&I HE,
2.

7 Assets 7lA#, = Add Asset — Solver fiiE
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7£ Create new Solver FJi& Z [/, 7/4&HI Solver f#A &7
EmployeeRosteringSolverConfig, # /5~ Ok,

IXRFTH Solv er Fi&E %1185,

1£ Score Director Factory I0EES 7/, & X EEFLHNIE X B9 KIE i, 7 TH)
rostering ~#/7i B 1#/H defaultKieBase.,

HIETE KIE ZXAHEXBI—T KIE &7, 17 TH] rostering 74171 5 &/
defaultKieSession,

H it f F ARG Validate, LUk 2 Score Director Factory BB 2 & IE#f, ARITuF.N, A
REF B I B 5[, A EE A TR U, EEEE &,

£ Save 177 Solver Fi&,

5.2.7. }iAq TERIIEAE Solver 21k

BT LUFF Solver BZEE W IE 5 ERT [Fl/E4X 1k, BONIERT, 11451 FR1E AT RGN IH] R FEAE R ISE
ﬁ y o

/7 THY rostering BT i & #7277 30 #,

TR

[}
BB R T EMITE O TATEEX 7, #7F Business Central #1107
EmployeeRosteringSolverConfig solver FZi&, #1 7 5.2.6 77 “ /7 TEN O AE 55001
AT,

TR

M Assets 71/ 77 EmployeeRosteringSolverConfig, iX{%#T7 Solv er FJi& 11125,

7£ Termination 254, 55 Add 7EAT%5 22 B 0EET /L IF T3,
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3.

M TS ZAFERTTE 7T KU R, X B X IEFE F R FIAFER,
4.

&I H] T3 B #7230 #BIAT 1H]
5.

H it f F ARG Validate, LUk 2 Score Director Factory AliE 2 & IEHf, ARITuF.I, A
REF B I B 7[&, EE A TR U, EEEE N,

£ Save 1277 Solver Fi&,

5.3. {#/H REST API 17j/F/fZR &7

EERE S ERT O AL E, W ETLU#EH REST API 17172,

B @& H REST AP SZ AR R#LH), 2la, &AL RBIEEH IEF LIRS,

TR

[
RIEA X BB FTEIBIZE 77 1% B FIEFE 17 TH) rostering Wi, e EERAITIE, 4
# 5.1 77 “7£ Business Central #125& employees rostering 7~#|7H” A, 24&E#TLIET
B, # % 5.2 7 “EFHFEILERTBITIE” A,

5.3.1. {&/H REST API ;/# Solver

TR & REST APl ;A solver S24l, /5 FEE(EHH solver,

B BER T FEEBRE NS — RIUEAE — THHY 17T,

TR

EALL T 68 HTTP 155K -

authorization: admin:admin
X-KIE-ContentType: xstream
content-type: application/xm/
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& LT3R E A Solver :

PUT

http://localhost:8080/kie-
server/services/rest/server/containers/employeerostering_1.0.0-
SNAPSHOT/solvers/EmployeeRosteringSolver

IFKIEX

<solver-instance>

<solver-config-
file>employeerostering/employeerostering/EmployeeRosteringSolverConfig.solver.
xml</solver-config-file>
</solver-instance>

5.3.2. {#/H REST API iF/H Solver

TEEM THER &G, ERTLU@EH REST APl FF 5B AR R TG/, HIGFEILIEBIAER TG,

TFE
1.

L FFR% 62 HTTP 153K -
authorization: admin:admin
X-KIE-ContentType: xstream
content-type: application/xm|

2.

1’ EE R Solver 1A 3K, 1 FHIFTT :

POST

http://localhost:8080/kie-
server/services/rest/server/containers/employeerostering_1.0.0-
SNAPSHOT/solvers/EmployeeRosteringSolver/state/solving

IFKIEX

<employeerostering.employeerostering. EmployeeRoster>
<employeelL ist>
<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>
</employeelList>
<shiftList>
<employeerostering.employeerostering. Shift>
<timeslot>
<startTime>2017-01-01T00:00:00</start Time>
<endTime>2017-01-01T01:00:00</endTime>
<ftimeslot>
<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/em¢
loyeerostering.employeerostering.SkKill'/>
</employeerostering.employeerostering. Shift>
<employeerostering.employeerostering. Shift>
<timeslot reference="../../employeerostering.employeerostering. Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering. Employee[2]/skills/em.
loyeerostering.employeerostering.SkKill'/>
</employeerostering.employeerostering. Shift>
</shiftList>
<skillList>
<employeerostering.employeerostering. Skill
reference="../../employeelList/employeerostering.employeerostering. Employee/skills/employe
erostering.employeerostering. Skill'/>
<employeerostering.employeerostering. Skill
reference="../../employeelList/employeerostering.employeerostering. Employee[3]/skills/emplc
yeerostering.employeerostering. Skill"/>
<employeerostering.employeerostering. Skill
reference="../../employeelList/employeerostering.employeerostering. Employee[2]/skills/emplc
yeerostering.employeerostering. Skill"/>
</skillList>
<timeslotList>
<employeerostering.employeerostering. Timeslot
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reference="../../shiftList/employeerostering.employeerostering. Shift/timeslot"/>
<ftimeslotList>
<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>

IBK R EAER TG FELLF KA 8T

GET

http://localhost:8080/kie-
server/services/rest/server/containers/employeerostering_1.0.0-
SNAPSHOT/solvers/EmployeeRosteringSolver/bestsolution

Hapz By

<solver-instance>
<container-id>employee-rostering</container-id>
<solver-id>solveri</solver-id>
<solver-config-
file>employeerostering/employeerostering/EmployeeRosteringSolverConfig.solver.
xml</solver-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">
<employeelL ist>
<employeerostering.employeerostering. Employee>
<name>John</name>
<skKills>
<employeerostering.employeerostering. Skill>
<name>reading</name>
</employeerostering.employeerostering. Skill>
</sKills>
</employeerostering.employeerostering. Employee>
<employeerostering.employeerostering. Employee>
<name>Mary</name>
<skKills>
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<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>
<ftimeslot>
<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/em¢.
loyeerostering.employeerostering.SkKill'/>
</employeerostering.employeerostering. Shift>
<employeerostering.employeerostering. Shift>
<timeslot reference="../../employeerostering.employeerostering. Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering. Employee[2]/skills/em.
loyeerostering.employeerostering.SkKill'/>
</employeerostering.employeerostering. Shift>
</shiftList>
<skillList>
<employeerostering.employeerostering. Skill
reference="../../employeelList/employeerostering.employeerostering. Employee/skills/employe
erostering.employeerostering. Skill'/>
<employeerostering.employeerostering. Skill
reference="../../employeelList/employeerostering.employeerostering. Employee[3]/skills/emplc
yeerostering.employeerostering. Skill"/>
<employeerostering.employeerostering. Skill
reference="../../employeelList/employeerostering.employeerostering. Employee[2]/skills/emplc
yeerostering.employeerostering. Skill"/>
</skillList>
<timeslotList>
<employeerostering.employeerostering. Timeslot
reference="../../shiftList/employeerostering.employeerostering. Shift/timeslot"/>
<ftimeslotList>
<dayOffRequestList/>
<shiftAssignmentList/>
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<score>0hard/0soft</score>
</best-solution>
</solver-instance>
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% 6 Z OPTAPLANNER 7] QUARKUS A /']

AT LUE A https://code.quarkus.redhat.com 4% REZTIE1#EH OptaPlanner Quarkus Maven Zji
B, HEzRIHLIE BN REAY R, 2GR F# Quarkus Maven 7=15/%, BE#HE
i G HHITEXE Maven 77127,

6.1. APACHE MAVEN 7] RED HAT BUILD OF QUARKUS

Apache Maven & Java //HFE/F L FEFII D BB EIIETE, BHFOE EZEFELIF
iH, Maven {#/H% % Project Object Model(POM)X {4£E9Fr & ECIE X 14EHE X T 5 # EFE 57 FE,
POM 14750 (& XML X142 5L B9 B #T S /5T BRI R KR, 1 NF /B Fro X ATHER
LUEH, —ZH9 52T,

Maven 7Z=1%/%

Maven 7Z(%/% 77 1% Java /%, FEHFIRMIGEIIH, BIUALKFIZ/FE Maven 2 FRIZfE)%, (B7F1F
JER LS H BIEFIRESE, HUETFLEAZ FRZER L TH, 1 aME =TGR,

eI LUFTEZE Maven 7712/ 5 Quarkus JiH —&@&FH, e F#2411E Quarkus Maven 7715 /% 14
Eo

Maven 7%

Maven #H#42E X 3L — 1N 2 NE i POM XERZHECES 5, Quarkus b fBFe/F @ F LT
Maven 751 :

Quarkus Maven 7Z%1£(quarkus-maven-plugin): Enables Maven £/# Quarkus 715, #f
£5L uber-JAR X 1#, HIEHRFLIEZ,

Maven Surefire #Zf£(maven-surefire-plugin): 7£/42 % & G ZFHT N1 ER FE FEXT b FHREfE
HATH T, FEHERE K EE NI TR &R A XML XK1,

6.1.1. H{E4E77 1%/ 00 & Maven settings.xml X 14

BRI LU BB S settings.xml X 1#, [F7E%% Maven 77127 F Maven 5., XEHEZHI %,
G HRE[RF & LRI 7177 E R 2 77 1/ F —EC (@ FH AT Maven 1% & Al LU IR B 4P BT HI /I EZE T
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S =
=R

L2587 1524 Maven settings.xml XX 1A E = 1E/FRT, BKE N FEIFTE Maven
TiH.,

VY
1.
TEX K Y4885 #T FF Maven ~/.m2/settings.xml X 1454 i FF % £/ 13 (IDE),
FE
YR ~/.m2/ FRA% 75 settings.xml X1, 15 HF
$MAVEN_HOME/.m2/conf/ BR#1H] settings.xml X 4£Z %% ~/.m2/ BHRH,
2.

£ settings.xml X {4£59 <profiles > 7T FH I /T :

<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>
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JELU 1T/ 02 settings.xml X 1£H] < activeProfiles > 0%, HIRZEX.

I <activeProfile>red-hat-enterprise-maven-repository</activeProfile>
6.1.2. F#FH#AJE Quarkus Maven 7=1%/%

YR ETIEEFH AL Maven 771%/%, AL # A& Quarkus Maven 771%/%, L@/ Maven 2/
# Quarkus 1/ B2/, Quarkus Maven 7712/ & Z1F% Java FF AN 785 HF N FHEFEIEK,
XL T %47 settings.xml XA & Quarkus Maven 77 1%/%,

S =
JE=R

L8 7 1534 Maven settings.xml XX 1A E = 1E/FRT, B = N FEIFTE Maven
TiH.,

TR

MZIIIEZ /] F i Software Downloads & (FBZE&%) T#; Quarkus Maven
repository ZIP X 1%,

B FEBIF1,

FFE RS ~/.m2/ BR, FHEX LRI 5E K FF 4 71 1% (IDE) #1#] 7F Maven settings.xml
Xt

FELUF T35 00 Z) settings.xml XX 141 <profiles > 7T, B+
QUARKUS_MAVEN_REPOSITORY Z/ F#;89 Quarkus Maven 7= /%/%5955
£, QUARKUS_MAVEN_REPOSITORY #9#&zL &5 /& file://$PATH, %I
file:///home/userX/rh-quarkus-2.7.6.GA-maven-repository/maven-repository.

<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>
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<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>

JELL 1T/ 00 Z) settings.xml X 1459 < activeProfiles > i0%, HIRZEX.
I <activeProfile>red-hat-enterprise-maven-repository</activeProfile>
EZ

AREEBT Maven 7715/ FEZTTHITH#, ERAIGERTEI@HETETIR N EEILL T
Maven #2582 —, R ARTIFACT_NAME 2##4'#)T 471 PROJECT_NAME #9%
7, RIEEEBITEEIE :

R T+ PROJECT_NAME

[ERRORY] Failed on project ARTIFACT_NAME; Could not resolve
dependencies for PROJECT_NAME

BRI NE, WBR(LF ~/.m2/repository B FEIEK M7 1EEIIEZIRE, L
# F#RHF7H9 Maven T 14,

6.2. /&5 MAVEN 7% 14 5)% OPTAPLANNER ZL1E/5#H7 QUARKUS MAVEN 75

e  LU#/H Apache Maven 7] Quarkus Maven 7 {#(#& B0 1815 #H9 OptaPlanner 7] Quarkus 57/
T/ s HB1T,

TR
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Z# 7 OpendDK 11 6 EZ/HRA, ZIIEF7EHT Open JDK BT MALIEE /[ 1 F#5EYT
Software Downloads B (FEER) .

E %% Apache Maven 3.6 L& /&7, Maven /LI Apache Maven Project fi57 72,

JEE
1.
TEm &, WAL T4 1 Maven 22 &/ JDK 11, #H Maven /g% 3.6 2t &
B :
I mvn --version
2.
B FIEH e 58 AR E JDK 11, 151FF JDK 11 B9 Z5E PATH 2150 E, Ai5H
REIA BIEIRTR 5
3.

Z 4 Quarkus OptaPlanner quickstart 775, 1EHALUTFwmS

mvn com.redhat.quarkus.platform:quarkus-maven-plugin:2.7.6.Final-redhat-

00006:create |
-DprojectGroupld=com.example \

-DprojectArtifactld=optaplanner-quickstart \
-Dextensions="resteasy,resteasy-jackson,optaplanner-quarkus,optaplanner-

quarkus-jackson' |
-DplatformGroupld=com.redhat.quarkus.platform

-DplatformVersion=2.7.6.Final-redhat-00006 \
-DnoExamples

It 835 7E .Joptaplanner-quickstart 57 0L T :

Maven 214

src/main/docker? £ Dockerfile X 147113

N BRFEEX M

# 6.1. mvn io.quarkus:quarkus-maven-plugin:2.7.6.Final-redhat-00006:create 7% 1 1&
JHEYE 1%
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Bt 3T

projectGroupld HE B4 1D,

projectArtifactld TEBIH D,

extensions FAF L B I LUE S 2 FRH Quarkus §BFIR. 0% Quarkus 7 B

HIEETIR, EEGDTHEA mvn quarkus:list-
extensions,

noExamples ERAVBSEHERTE, BRaEIAZE,

projectGrouplD 7] projectArtifactiD /& 14576 H F KT kA, BIATERAF 1
InventoryServiceSNAPSHOT,

FZEAY OptaPlanner i g, 1515 R{7% OptaPlanner Quickstarts 5% :

I cd optaplanner-quickstart

122 pom.xml X4, PRI ELLUTFRG) :

<dependencyManagement>
<dependencies>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>quarkus-bom</artifactld>
<version>2.7.6.Final-redhat-00006</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>quarkus-optaplanner-bom</artifactld>
<version>2.7.6.Final-redhat-00006</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>
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</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-junitb</artifactld>
<scope>test</scope>

</dependency>

</dependencies>

6.3. 1#/5 CODE.QUARKUS.REDHAT.COM (//# QUARKUS MAVEN 7i 5

eI LU#H code.quarkus.redhat.com B4 2T IE /4 # A9 OptaPlanner Quarkus Maven 775, #
B2y I E B AR R B, 54, code.quarkus.redhat.com & 55/ E 2T H 47 1F
FFE THITX AT BB EEH,

K FNE T T4 A% OptaPlanner Maven i # &5 LU FE4T :

FETEN [HRE I BT,

EFEEG ST P R,

&I E XA B AT T 2T,

1EFF B E X ip 5% FIS 50 [ AR

T RFEME
[ ]
BB —1 Web N5,
TR

TERI T3 1 25 77 #TFF hitps://code.quarkus.redhat.com :
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EETEIFIE

AR L, BHBIEEE Java HiHtEmE20E, 41 com.example,

WA EEHFTFMITE LB Maven T #8947, %1 code-with-quarkus.

1#%7% Build Tool > Maven 75 ZZ1/#Z Maven 775, &FAiERIET ERE TIH :

LRI BIE R

LRBITTE BT IE X 1 =

B FHFE RS 50 FARE/F B B E X IR I 7, STEEERTIE G LT
code.quarkus.redhat.com

-
JER

ZIMER Z 5@ code.quarkus.redhat.com 1/# OptaPlanner Maven
T8, (IIEFEHF£HK Gradle 75,

BIABIETE LB T A @EFIIIRE, UFEREIE I (67 15000 SNAPSHOT, #iX(@&/F
IHXRA, BEER, EaTUREETELEEEIRE,

BIAF BT RIEIT BTN LB T HE .

1R#E Java FlHBapE 1B, HHEERNSEHHEEFTEERETFTEAE, (EEFTHU
FEE T IRIBGE 7o

-
JE=R

code.quarkus.redhat.com /155 5/{Z /5 OptaPlanner BIRETHR &K, AL
TE£ BT IEF 518K pom.xml X757 BOM /7,
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8.
HEFELUTFY RAE R B E
[}
RESTEasy JAX-RS (quarkus-resteasy)
[}
resteasy Jackson(quarkus-resteasy-jackson)
[}
OptaPlanner Al constraint solver(optaplanner-quarkus)
[}
OptaPlanner Jackson(optaplanner-quarkus-jackson)
ZIIE 5l LI AT BRI IIRFBIZHF, XL RN RENELI o KK
/7_7 :
o
II§5T 23 #F SUPPORTED 7/ /& i F £/ 1 B ARV b FHFE o
o
TECH-PREVIEW 7 BZZIEHE L HIEHFHIZ1F, 1£ AT i EESFFEIE T
R FIIERIZ I,
o
IIETEL "I E T 7 DEV-SUPPORT 7/ /&, (BZLIE1EABIE/OIIEEN BZINE
FFLA 7 FFFXRHTHIL FAFE/Fo
o
IR R G G IR T BERIECHT A% K 2 LT 1 DEPRECATED 7 /%,
WG HFIEL N & FEIR IR ICT o
o.

E#¥ Generate your application #i\ZHGL1EH D& i, RHAEZEEELEEIIT
B B977 1569 F £ #, overlay FFE1 .1 o FH F 4715 Fl/= 5 0 FAFE/F B B E X i 5o

%1% Download the ZIP, L& 4% EHITTH X 115 7 ~HR 7 B 1R R R 55,

1.
TR I E
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12.
HA BEEIEREITE X MHBIE R

I cd <directory_name>

13.
LUFFR B A 1FH IS 5N RS

I ./mvnw compile quarkus:dev
6.4. /&5 QUARKUS CLI (/# RED HAT BUILD OF QUARKUS MAVEN 775

LU Quarkus 51752 E1(CLI)£)# Quarkus OptaPlanner i H.,

SERRIE
[ ]
BZ% Quarkus CLI, #ZFEFE%EE, #S/@&H Quarkus 751752 B Quarkus vV /H
2,
iYid

£Y# Quarkus [V :

I quarkus create app -P io.quarkus:quarkus-bom:2.7.6.Final-redhat-00006
EEEGTHNY R, FHAL TGRS :

I quarkus ext -i
X PR BREL T -

optaplanner-quarkus
optaplanner-quarkus-benchmark
optaplanner-quarkus-jackson
optaplanner-quarkus-jsonb

WAL Fin S £ B pom.xml X1ERBGSIIT B -
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quarkus ext add resteasy-jackson
quarkus ext add optaplanner-quarkus
quarkus ext add optaplanner-quarkus-jackson

TEX K I 85 B FH FF pom.xml X1, SHEBIAZ N B T

<?xml version="1.0"?>
<project xsi:schemal ocation="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>2.7.6.Final-redhat-00006</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>${quarkus.platform.versionj</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>optaplanner-quarkus</artifactld>
<version>2.2.2.Final</version>
<type>pom</type>
<scope>import</scope>
</dependency>
</dependencies>
</dependencyManagement>
<dependencies>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-arc</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy</artifactld>
</dependency>
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<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus</artifactld>
</dependency>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus-jackson</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy-jackson</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-junits</artifactld>
<scope>test</scope>
</dependency>
<dependency>
<groupld>io.rest-assured</groupld>
<artifactld>rest-assured</artifactld>
<scope>test</scope>
</dependency>
</dependencies>
<build>
<plugins>
<plugin>
<groupld>${quarkus.platform.group-id}</groupld>
<artifactld>quarkus-maven-plugin</artifactld>
<version>${quarkus.platform.versionj</version>
<extensions>true</extensions>
<executions>
<execution>
<goals>
<goal>build</goal>
<goal>generate-code</goal>
<goal>generate-code-tests</goal>
</goals>
</execution>
</executions>
</plugin>
<plugin>
<artifactld>maven-compiler-plugin</artifactld>
<version>${compiler-plugin.versionj</version>
<configuration>
<parameters>${maven.compiler.parametersj</parameters>
</configuration>
</plugin>
<plugin>
<artifactld>maven-surefire-plugin</artifactld>
<version>${surefire-plugin.version}</version>
<configuration>
<systemPropertyVariables>

<java.util.logging.manager>org.jboss.logmanager.LogManager</java.util.logging.manager>

<maven.home>${maven.homej}</maven.home>
</systemPropertyVariables>
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</configuration>
</plugin>
</plugins>
</build>
<profiles>
<profile>
<id>native</id>
<activation>
<property>
<nhame>native</name>
</property>
</activation>
<build>
<plugins>
<plugin>
<artifactld>maven-failsafe-plugin</artifactld>
<version>${surefire-plugin.versionj</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.homej}</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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B84 . 211515 #H7 OPTAPLANNER SOLVER

OptaPlanner .2 — NI /A[@TEIFLL T EE -

JFiT Y[ Fy #RE @PlanningSolution jEFEE9EEE (4140, NQueens %) ,

2.
BiE Solver (441, % — Fit #] Tabu Search solver /HF 117 NQueens *=4/) .
3.
MR BAEZ 0% — TNAE#HE (%0 Four Queens L4Y) . X247,
4,
& F Solv er.solve(problem)fiZ #/:[&, X {Fi&[EIHEREBIRTTE,
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
- Network bandwidth capacity
Soft constraints:
- Minimize maintenance cost
Computers )
[ 7 ]x buildSolver() . Solution
[ 6 ] ¥ Each process assigned

10 a compuiar

Processes l l 7 : »
HY

solve(problem)
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£ 7 = IELIEEEH) OPTAPLANNER SOLVER

AT LUEFLUT A0 E OptaPlanner solver :

&/ XML X 14,

&5 SolverConfig API,

TELGIR A F 5525 27 7] JavaBean /514 E 2,

#2#1 OptaPlanner /& F 17|/ HI1 69 75 )%,

E X B EXEIE.

7.1. &/ XML >:14fE OPTAPLANNER SOLVER

A LUER XML X HEE AR * b5, 1EE76 Maven H-RZG1HH9#ZTTIEF, TEIHETE

SolverFactory £ Solver Factory /=, address rConfig XML X #1{i/ F

$PROJECT_DIR/src/main/resources/org/optaplanner/examples/<PROJECT>/solver 5%, H# &

It;PROJECT > <2 OptaPlanner 7 §#9%#, 2tZ&, t8a/L{E17 SolverFactory
.createFromXmlFile () MX#tE/E#—1 SolververFactory, 182, HFIEHEMAIRE, ZiXIEH

classpath 7%,

Solver 7] SolverFactory #3575 —1°% 7 Solution_ HJEHFRLE, EEC KLY SRR EHIE,

OptaPlanner &7 & KA EGN & Z 1L IEEE,

TR

& /H Solver Factory 14# Solverver 24,

o ERENT 25 IE XML X 14
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E KB,

Bt : BLE L LB,
LUTF B2 NQueens /H&IRTAENT 25 XML X1 :

<?xml version="1.0" encoding="UTF-8"?>
<solver xmins="https.//www.optaplanner.org/xsd/solver”
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemal ocation="https.//www.optaplanner.org/xsd/solver
https://www.optaplanner.org/xsd/solver/solver.xsd">
<!-- Define the model -->

<solutionClass>org.optaplanner.examples.nqueens.domain.NQueens</solutionClass
>
<entityClass>org.optaplanner.examples.nqueens.domain.Queen</entityClass>

<!-- Define the score function -->
<scoreDirectorFactory>

<scoreDrl>org/optaplanner/examples/nqueens/solver/nQueensConstraints.drl</scor
eDrl>
</scoreDirectorFactory>

<!-- Configure the optimization algorithms (optional) -->
<termination>

</termination>
<constructionHeuristic>

</constructionHeuristic>
<localSearch>

</localSearch>
</solver>
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ERLLIfZER, %1 OSGi 7] JBoss &1L, &HI JAR X 4ERHBIAER T
. 2# DRL Fli3KE LR IFR AJE-T 2 /5 F optaplanner-core JAR X
1#69%1A ClassLoader, 7EXLEIER T, USEAIH L N EHIRLEHREINE:
a8 .

SolverFactory<NQueens> solverFactory =
SolverFactory.createFromXmiResource(
".../nqueensSolverConfig.xml",
getClass().getClassLoader());

& AR RS0 IE XML X ABE SolverFactory, LIZEESE TR IEME, 4
ClassLoader.getResource () AFEX :

SolverFasctory<NQueens> solverFactory =
SolverFactory.createFromXmilResource(
"org/optaplanner/examples/nqueens/solver/nqueensSolverConfig.xml");
Solver<NQueens> solver = solverFactory.buildSolver();

7.2. {#/F JAVA API fi& OPTAPLANNER SOLVER

e LUZ H SolverConfig APl & — N HT AR TG 5K, IXTES1TH 518 BB EH. U TFTBIE
NQueens i 5 #15# Solver Z 5, ZRIERLE M BN IETESLITHIN A :

SolverConfig solverConfig = SolverConfig.createFromXmiResource(
"org/optaplanner/examples/nqueens/solver/nqueensSolverConfig.xml");
solverConfig.withTerminationConfig(new TerminationConfig()
.withMinutesSpentLimit(userinput));

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

FERZZICE XML X4 R BIENTT R EBE R E14# & & Z2/H] org.optaplanner.core.config #H
Config Es—NEMHE, XLHE X2 XML B89 Java v, BB E w4 ZEHERE T
14 org.optaplanner.core.impl., FHIFE 1T %7554 Solver,
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-
=R

E N EFNE FiE R SHEE SolverFactory, 7E#451E1 7 BRI ER
SolverConfig, HFRE#I NN 17 KL HIIELS, LT rAIER T & H
NQueens /7 &H1TULERTE :

private SolverConfig template;

public void init() {
template = SolverConfig.createFromXmlResource(

"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 ;% /Z

TG TE AR T P BT LE B RHY AR, WL B 12 i1 R EE, EHLUTHEE—1E
OptaPlanner Jii 5 #5512 42 :

TESIE R L5026 F5#ll JavaBean /B 1472, [BIE /41T F getter /%L, 121
setter 5% F, FAER getter T AT EELNFF, XEHEZRITE,

TR E LN EREFRIIRE, THRIIFRIFELRFR,

7.4. 157 OPTAPLANNER 1217 /5]

IR, OptaPlanner (&5 k51177891, SERLHIEE, RITHEKATE, EEEE, 7
S, BT E[LUEFE Gizmo ¥ OptaPlanner FZiE 71y /7] RIS, X IFERLF T 7595 B R R I 6T F £
ME%, MEEREK, BE, WHEELTRE :

1T R EAER BER F L FERFATLHE getter.,
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io.quarkus.gizmo:gizmo #//ii7£ classpath _L.,

24 (#/H OptaPlanner with Quarkus /f, TEENFHXLERE, B Gizmo ZE# i #91
GTE A

TR

Z7F Quarkus Z H1&/H Gizmo, 7F workr FiE 1% E domainAccessType :

<solver>
<domainAccessType>GIZMO</domainAccessType>
</solver>

7.5. BEEE X B

7£ OptaPlanner 5%, ZaILURINEE X BMXBERICETS, XLTHELHILE, HOGHERE
E X BRI,

TR
[ ]
BB — TR E,
TR

IINE E X B,

#1a, AR EJ EasyScoreCalculator EEAEZ 7R BER, HAXKHFLE—NEEFR
BIMEFEAN, 15401 myCacheSize EE :

<scoreDirectorFactory>
<easyScoreCalculatorClass>...MyEasyScoreCalculator</easyScoreCalculatorClass>
<easyScoreCalculatorCustomProperties>
<property name="myCacheSize" value="1000"/><!-- Override value -->
</easyScoreCalculatorCustomProperties>
</scoreDirectorFactory>
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KT EE X BRI RESR, TE14% Solver I VifH1ZE 14,
public class MyEasyScoreCalculator extends EasyScoreCalculator<MySolution,
SimpleScore> {
private int myCacheSize = 500; // Default value
@SuppressWarnings("unused”)
public void setMyCacheSize(int myCacheSize) {

this.myCacheSize = myCacheSize;

}

AZHERIERSFF, &% #/7/8, int. double, BigDecimal, String 7] enums,
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% 8 Z OPTAPLANNER SOLVER

FE R B BT RAED R EER T, FEARE — KRR BEAEFR— T HL LR, AEARE B
SolverFactory 75 % 15# :

public interface Solver<Solution_> {

Solution_ solve(Solution_ problem);

HEEMBA—ZFEH/H4E, BR T javadoc H#%isR 6 FEZ £ %R . solve () 75 AL E5EFiTHT
472, Hogging 6FEET5EA2 33 REST fRF89 HTTP B, ©EZEBEHINBICIIHHITHERZ MNIELE,
E# XY, 5 #H SolverManager.,

8.1. FER|[E

12 B R R T 2 P R Y 17,

TERRAE
[
MABEREZZECEFZE R Solver
[
ALY BYB9 @PlanningSolution A7
T

ALY TIEy solve () TiEBIEZH, FERE FFRIOIFCEBIREERTFe

LU AR T NQueens /R :

NQueens problem = ...;
NQueens bestSolution = solver.solve(problem);

HTEAXTBIA, solution () FHZELR&EE—1 NQueens 24, #HHEZT Queen £ H% 17,
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1ML AER T % (Solution) 5 % HIAE R T LB AT LU RS T 2 AL, HBEEE
EEHABIIES.

/4 8.1. 8ms #159 Four Queens Puzzle best Solution(Also a Optimal Solution)
A B C D

g

i

i

W N +H O

g

A #(Solution) 754 AfEEFEER KNV E], BIxBEE/FERIANFIBERTGLAE, Solver &aEH L EE o]
BEAE AT R FE L], HilFEBAT BHEFIFIREBATE, RIERZEE, EI5/A&EIA
/. Solver BIFTH, FERZBIIESE, mREMBRTE DJEEE FET BRIEBRTE,

-
JER

FHELS T R A (Solution) BIEER T E5CBIE# Solver B, 1T E N RIFHIAERT
FEH IR,

TR [EIB9 AR % T £ 5E ) (Solution) 2 getBestSolution () 1R EI5E2[0 /% 2R
(Solution) 75, %894 E, XEBKE EETEHILH,

8.2. SOLVER 152 =t

PER TG FEH RIS NL I F Y= LR BT RN H SR o

FUFEFRE —TBEV LR, FLAER T LI EEFREN LR, BB LRI ET I FAMGLA, #
41, Simulated Anneing & %1k FREN S, [ Tabu Search (X7 T SN 9 HAE, HIEELAR
FNIZ BEHL L BT

B LR AIE XML X i EX R, U FrAikiE T FAST_ASSERT &= :
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<solver xmins="https.//www.optaplanner.org/xsd/solver”
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemal ocation="https.//www.optaplanner.org/xsd/solver
https://www.optaplanner.org/xsd/solver/solver.xsd">
<environmentMode>FAST_ASSERT</environmentMode>

</solver>

LUFZ)Z ity T 15 o] LU TE SENT a5 BB X A P 1E FEEIH E R = -

150

FULL_ASSERT (/S ATEHE, P, TEERBEIFBIED T ERIIT, FH#5)
L, 2R, 5| ERGE 0[GHRELIN, X TMEXETEZE LK), EXBSZZIIAR, EHH
B T 4 computeScore () [ FFassert 0 F 4%, FULL_ASSERT EzLIEEIE, K
ET I FIBED T E,

NON_INTRUSIVE_FULL_ASSERT &=L /5 —LbhfE, #5155, 2R, 5/|Z2XGEN
ERZEEN, X MEXETEL LKL, TEIFERAMY, EHAHETHE itEScore () H—1IE
prtE s 4%, NON_INTRUSIVE FULL _ASSERT (EztIEZ1E, BTkl FI8E 5 #11
E-O

FAST_ASSERT E /5 A ZHETS, #I4, #iiEMove BID 5 #5IEIHI 5 #AE/E, LITE
Move Ljt. Bz, 2R, G|ZBXGENFEHTEW, X MEXETELZLEKE), EOF
BRIIAR, HHNEVHET 5% computeScore () [t Hassert Bz E/i%, FAST_ASSERT
BRIE, 5SS FAST_ASSERT KU AIH 25 1TI& BN 734,

REPRODUCIBLE A EMINER, HWBNEFLITER, HXTEEH, BT LB
OptaPlanner /R &X:z17, =UERIBINIFAITIBREIAT S X TEITIEG T2 KER B ERET
IR, MBS TILERENBRS X AL IEFFEER 1R, Bl AL X R LB T2 N,
W ELIRMEBEILIE, FHELTTHI IR 1
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-
JER

KR E1Z/H REPRODCIBLE Z=, {81 FLITFIRE, BN B aTEENDTEE
TEEER :

&/ HashSet 2t 75 — 1> 25, JVM 2172 5B —XBNiE, BFil
BILAERBE A (ERIE S, (BHFFIEEHFEL, FF5EEMBRTTFELH, (&
/H LinkedHashSet Z4 2,

FFBENT RIS A& HEBF, 17BN EL, LURATTEFBINTIHF
2RI, A EEE9 CPU HfH]| B B B ABIZEZ = #0018, % Simulated
Anneing Z%%&/4 7 Late Acceptance &%, z4& 4B I EHLL LT
TEFRHGHT H],

REPRODUCIBLE #£xzt 5742+ NON_REPRODUCIBLE 1Zz0#18, HIREHG4% 1115 5] M 5]
BELHEB TSRS ZRS, NTEL BRI FIER, ELHER, WRKEEET seed,
REPRODUCIBLE ZEz{&F 2 i EEREY] seed, [FI1ERZHRLH L, HAMZETLE,

NON_REPRODUCIBLE #=z{ 5752/ REPRODUCIBLE #EXF %, #HEEFX 11 EhEH
B, BYEHT T IR HIEE @V, HRIEELE I EREHISETNEE, FHELEHEH
NON_REPRODUCIBLE #&zt, £, IR REIEET seed, X TMEZT & FEELIGEN]
seed.,

8.3. H{ OPTAPLANNER SOLVER H & il =K%

BRI LU7E OptaPlanner solver # &K H &1 R, WUBEMRETE), LU TIIZER T TR HE
IRIH :

#i% - AR, B 7L RuntimeException 7820 % 23 2 i HC B/ S

IR % £ 1517, OptaPlanner B85 =1R:ZF XK, E1%F7 RuntimeException 5/ % Z//7/F¢
TBETFAE R, /) THBEEHHEEE, EIFSLERIERIFRE LR, BFIEFFRIEBEHE
FE# 5% RuntimeException, Z/lJ Thread's default 'ExceptionHandler £ 1% &£ #4120
Ko [EN], CIHGRMEITFH—2 16 E LRI R,

Warn : HEG£EI1EXR
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[ ]

info : BTG ERHEFIBER T %
[ ]

VI o iR BREGFE TR
[ ]

Trace : i :REF TN RGN L IROGE T IR

FE7E trace Hi5il RE BEFEBMRE. (B2, HHALILER, EbF HETEULTH

X FlRZE#HIEE % (4 Late Acceptance 7] Simulated Anneing, {H7:& /5 FI€:&#
YXE)%, %0 Tabu Search) , 2 FE AJEEREEIEEERTZEE,

trace' 7] debug H & i :REIE-FEANE T A 2 HT II#571T % L FEAER,

7£ Eclipse #, X/1ZE#HI& Bt HERZZER FEHITE, 5801 EZEE-E T 10000
By X NEETZ Intellid 28 Maven 57577,

TR

152

FFE B IR KE T debug HE D -RFEZ BN ERZTREIN F LA RATTERE,

LUFFAIET T debug HiE DRI -

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-3j).

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}).
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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-2j).

INFO Local Search phase (1) ended: time spent (24), best score (0), score calculation speed
(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).

BB EFE (BRI IH N Z /s

B REERICRE SLF4J, EE—NEFHEIHE facade, 1741 HEHEZ R4 Logback.
Apache Commons Logging. Log4j 2t java.util.logging. /&%/F89H 20 RIEZ NG FTTIEIHE
BN o

8.4. {#/5 LOGBACK i % OPTAPLANNER SOLVER ;Zz)

Logback EH#ZHIHEHESR, /HF OptaPlanner, (& Logback iZ-% OptaPlanner solver ;% 77,

TERRAF
[ ]
& —1 OptaPlanner i H,
TR
1.
JFFLLF Maven 1777775 712/ OptaPlanner 7 559 pom.xml X474 :
EE
T BN INRTS BRI RIIT,
<dependency>
<groupld>ch.qos.logback</groupld>
<artifactld>logback-classic</artifactld>
<version>1.x</version>
</dependency>
2.

1£ logback.xml X £ /157 org.optaplanner #f#&_LAEHEIS), W TFOIFTT, BF <
LEVEL&gt; £ % 8.4 7/ “/#/H Logback i % OptaPlanner solver ;%z)” #ZlIHEIHE T RK
o
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<configuration>

<logger name="org.optaplanner” level="<LEVEL>"/>

</configuration>

B : YIREB— 1 ZH N B, AAAESEZT Solver LHIRINETT, 1HFF=ETE
BIBYH & 1R 5 FFEN BB XA -

ST 1287 F T3 (MDC)/E/% address () 1H/F :

MDC.put("tenant.name",tenantName);
MySolution bestSolution = solver.solve(problem);
MDC.remove("tenant.name");

JFEH iSRS EDIE ) AT ${tenant.name} (& T EBIX 1L, B30, 7E
logback.xml X4 +1{&/F SiftingAppender:

<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</file>

</appender>

</sift>
</appender>

L5172 1 solvers 36— ZARFERERNT, KZHHINES (Ei512E4H
&) #f, 223 @& debug 7 trace HZ iR 1THIZ, tI14Z) async Kl
FE/FLUEE S8 HH P N RG] it B 10 R

4148 OptaPlanner T~ iHGIFTI7), 15 ImIT 55017 50/E 4 -Dlogback.LEVEL=true LA {744
FEBEER,

8.5. 1&/H LOG4J ik OPTAPLANNER SOLVER ;Z 5/

154


http://logback.qos.ch/manual/mdc.html

% 83 OPTAPLANNER SOLVER

WIREE/ZEE Logdd, HETIEIHEEERZFRSEEETIERH Logdd, LI Logdd &

OptaPlanner i 5,

T RFEME

[
& —1 OptaPlanner 775

(& Logdd HEHESR

TR

JF BRI R A I E) DT pom.xml S HEH

<dependency>
<groupld>org.slfdj</groupld>
<artifactld>slf4j-log4j12</artifactld>
<version>1.x</version>
</dependency>

7£ log4j.xml X 1489214 & org.optaplanner _LA7E HER7), #TFAIFFT, HH <

LEVEL&gt; 2 % 8.4 7/ “/#/H Logback i % OptaPlanner solver ;%z)” #3185 HER 7,

<log4j:configuration xmins:log4j="htip://jakarta.apache.org/log4j/">
<category name="org.optaplanner">

<priority value="<LEVEL>" />
</category>

</log4j:configuration>

AL : YIREB— 1 Z/ N EEF, AHAAESEZT Solver LHIRINETT, 1HFF=ETE

BIBIH & 1R 5 TFEN BB -

ST 1287 F T3 (MDC)/E/% address () 1HfF :

MDC.put("tenant.name",tenantName);
MySolution bestSolution = solver.solve(problem);
MDC.remove("tenant.name");
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JHEBIH E 1 R ESEDE Yy M F T ${tenant.name} (& T [EEIX 1L, B30, 7
logback.xml X4 +1{&/F SiftingAppender:

<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</file>

</appender>

</sift>
</appender>

221741 solvers 36— 1N ZARFERERNT, KZHMINES (Ei512EH
&) B, 223 @& debug 7 trace HZ iR 1THIZ, tI142) async Kl
FE/FLUEE S8 P 1N RG] it B 10 R

8.6. i 1A TEF

OptaPlanner &7 Micrometer (—1 Java [ fFfE/FHIE 15 klE) L FF b AT LU
Micrometer 55 {THI I 12 %5 —&EEH, F i OptaPlanner solver.,

8.6.1. 77 Micrometer Z/& Quarkus OptaPlanner [/ /G725

ZJ¥ OptaPlanner Quarkus [V /FF2/F 018 771&H Micrometer 175 EHI #7255, 15 #F Micrometer
IS I pom.xml XA,

TERRAE
[
A —1 Quarkus OptaPlanner [/ /5%,
TERE

FFLL A RS I E b FEFE S HY pom.xml X i, B < MONITORING_SYSTEM& gt; &
Micrometer 7] Quarkus 575091l #5257 -
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Prometheus HEiZM—H Quarkus 5 #FH7 1L 2R 5,

<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-micrometer-registry-<MONITORING_SYSTEM></artifactld>

</dependency>
2.
BB TFETVBER, AU TGRS :
I mvn compile quarkus:dev
3.

EEE N HEFRIE, EEN I EEFHALLT URL :
I http://localhost:8080/q/metrics
8.6.2. 77 Micrometer A& Spring Boot OptaPlanner |/ /H72/%

Z /¥ Spring Boot OptaPlanner 1/ fFF2/ 0 & 7 (&5 Micrometer #1718 E )1 1ERE, 1517
Micrometer 177075112 pom.xml X 14,

TERRAE
[
& —1 Spring Boot OptaPlanner /v [H%2/%.,
TERE

JFLL AT 55 02 v fH R/ B9 pom.xml X147, EH# < MONITORING_SYSTEM& gt; 2
Micrometer 7] Spring Boot 35 #581li R4 -

<dependency>

<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-actuator</artifactld>

</dependency>

<dependency>

<groupld>io.micrometer</groupld>
<artifactld>micrometer-registry-<MONITORING_SYSTEM></artifactld>
</dependency>
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FHEIEAS B I EI N fHHT application.properties X149, EEZELE, 7S
Micrometer i,

3.
ELITI RS, AU TR
I mvn spring-boot:run
4.

EEENFRFEIENN, BN LaPHALLT URL :

http://localhost:8080/actuator/metrics

f

-
JER

&/ LU URL fE7 Prometheus scraper F57%F :
http://localhost:8080/actuator/prometheus

8.6.3. 7 Micrometer Z7iEZ & Java OptaPlanner |/ fFFE/%

FJFZE Java OptaPlanner 1 /5 /FECIE 77 1# /H Micrometer, i i fF AT I 2R 0 HY
Micrometer 1 #i i FIEC B 15 /2 75 N0 Z) 7T B B9 POM. XML X 44,

TERFMF
[
1 H— 1 Z& Java OptaPlanner [/ /H72/%.,
TR

JFLL T TS 02 B R2 6 pom.xml 3C#E, H# < MONITORING_SYSTEM&gt; 2
— NSRS, (@ Micrometer ZZiE, & It;VERSION > Z/7(&FHH7 Micrometer g7 :

<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>
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FFI 1R 259 Micrometer FZE 1S /S 7127 B HI pom.xml X HEIHF L, WEEZES,
1725 Micrometer M,

EAEEE F AR T7T, EA &It ;MONITORING _SYSTEM > E/ZRIBIILIERS -
I Metrics.addRegistry(<MONITORING_SYSTEM>);

LUF P& T 4015500 Prometheus [l #8347 :

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);

GRS IERS, LU EHHT OptaPlanner G B9#5 15, N FLLTHERR :

I

-
JER

BT B9E F I 20 A registry .

OptaPlanner.solver.errors.total : EJl|E 745 FF 45471 % 4 BIH5 17 5 #Ls

optaPlanner.solver.solve-length.active-count: g/ A Z I &,

optaPlanner.solver.solve-length.seconds-max: 1z 77 longest-running 45,5 A7
HrFE/ZBII] [H],
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optaPlanner.solver.solve-length.seconds-duration-sum: # //\/Ef'ﬁﬁé’f/fa":‘;’ﬁé’ﬁfﬁéf
HTIEA SR, BIA0, IRE M1 ELBIENT S, —INREIT— =28, F—1—2H, &
HHERT 5] ) 4 257,

8.6.4. Bfts5tr

HIEFIFAAG I, el LITE solver FZiE A& OptaPlanner, LILIMEERE A L IZR Mg A, LA
#ll{&FH BEST _SCORE 7] SCORE_CALCULATION_COUNT 7577 :

<solver xmins="https.//www.optaplanner.org/xsd/solver”
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemal ocation="https.//www.optaplanner.org/xsd/solver
https://www.optaplanner.org/xsd/solver/solver.xsd">
<monitoring>
<metric>BEST_SCORE</metric>
<metric>SCORE_CALCULATION_COUNT</metric>

</monitoring>

</solver>

BRI LU TE UL BB /e AL T HE R -

SOLVE_DURATION (# 1/ Micrometer %£% ID:
optaplanner.solver.solve.duration) : Jl|Z ;ZEXAEHTZEHIFFEENT ], JE5)AENT 85 BI#E LU R A
BZ 5 RN AR BT R TR FF L] 1],

ERROR_COUNT (%til/= /5, Micrometer measure ID: optaplanner.solver.errors) : Jll]
ETEEIN X ERYH R E,

SCORE_CALCULATION_COUNT (&til/5/H Micrometer £ ID:
optaplanner.solver.score.calculation.count) : l/Z7{{T OptaPlanner 595 #(i1 &,

BEST_SCORE (Micrometer geo ID: optaplanner.solver.best.scoreé : /l|Z£
OptaPlanner EE|HIRZEAR T RS, BT EK7EEHBIIZER, #I40, X F Hard
SoftScore, 7% optaplanner.solver.best.score.hard.score ]
optaplanner.solver.best.score.soft.score 1£/7i1F,

STEP_SCORE (Micrometer geo ID: optaplanner.solver.step.scorethe): [l £
OptaPlanner ATREXHIZE N E LRI, B2 HRGEELIHEHIDER, B4, X/ F Hard
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SoftScore, 7% optaplanner.solver.step.score.hard.score #]
optaplanner.solver.step.score.soft.score /717,

BEST _SOLUTION_MUTATION (Micrometer measure ID:
optaplanner.solver.best.solution.mutation: Il £ 74L& (£AE 4 75 35 B X HIALIZ EHTHE,

MOVE_COUNT_PER_STEP (Micrometer geo ID:
optaplanner.solver.step.move.count) : I/ E # i 5B I E,

MEMORY_USE (Micrometer geo ID: jym.memory.used) : Jl|E JVM & |5/ {&F 9174 77
B, WERT BN EEFIIAEE ; [F— JVYM _LBIF ML FFIR & U5 Fr B9 (E 6 a9,

CONSTRAINT_MATCH_TOTAL_BEST _SCORE (Micrometer the ID:
optaplanner.solver.constraint.match.best.score : 17 {& & 12K Y] B BIHEEIFI 5= (EAHER T 0T
i, BFEND RS EELIBBIDER, BRI, B, X FEH#E "com.example” #
#9 HardSoftScore 9% "Minimize Cost", &A% "
constraint.package=com.example" 7] " constraint. name=Minimize Cost" 79
optaplanner.solver.match.best.score.soft.score.constraint.constraint.best.score.name=Mi
nimize Cost",

CONSTRAINT_MATCH_TOTAL_STEP_SCORE (Micrometer measure ID:
optaplanner.solver.constraint.match.step.score114 : i V{5 & NN 24 i B0 2 B,
BN EE AR, BRI R, B, YFEH#E "com.example” #4£9
HardSoftScore #9273 "Minimize Cost", i &#pz " constraint.package=com. example" 7]
"constraint.name=Minimimize Cost" B9:%/%45,

PICKED_MOVE_TYPE_BEST_SCORE_DIFF (Micrometer the ID:
optaplanner.solver.move.type.best.score.diff114) : ZE 1 E B LIS T RIEBFATE,
B PHRS B EIBINER, HEBIELBI . I, XN FAFERTi EHA Hard
SoftScore 7] ChangeMove, %
optaplanner.solver.move.type.best.type.best.diff.hard.score 7 optaplanner.
solver.move.type.best.score.diff.soft.score traffics, #5= move.type=ChangeMove
(Process.computer),

PICKED_MOVE_TYPE_STEP_SCORE_DIFF (Micrometer the ID:
optaplanner.solver.move.type.step.score.diff114) : B EFB I EIIRE TRIEB AT F,
BN HRTEEAIHEBIDER, HEBIEERIR, B, N FHEERTITEW, ¥F Hard
SoftScore 7] ChangeMove, 7% optaplanner.solver.move.type.step.score.diff.hard.score 7]
optaplanner.solver.move.type.step.score.diff.soft.score traffics, 5%
move.type=ChangeMove (Process.computer),
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8.7. BERENIH LK S

1F% heuristics 7] metaheuristics 17l F 1FEN I FE K ZFHKBIETE, LIRS EIE, RIEF L)
FEZEE I, TRERSTER, @EEFRREY AT U EZRE, LIESHYEITEL L, MHEEMZ
— 5,

BEY] seed B —TF, FFHIEEIIRENIEF LS.

TR

Ak - BEABENLBIEIREVIEE, 1516E —TBEHIEY -

<solver xmins="https.//www.optaplanner.org/xsd/solver”
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemal ocation="https.//www.optaplanner.org/xsd/solver
https://www.optaplanner.org/xsd/solver/solver.xsd">
<randomSeed>0</randomSeed>

</solver>

Ak : BERIVIBENHFELEELH, 157 FERIENT 0B X 47 589 randomType /&
MrEE—ME, E# < RANDOM _NUMBERATOR&gL; Z— N YBEHI #5452 -

<solver xmins="https.//www.optaplanner.org/xsd/solver”
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemal ocation="https.//www.optaplanner.org/xsd/solver
https.//www.optaplanner.org/xsd/solver/solver.xsd">
<randomType><RANDOM_NUMBER_GENERATOR></randomType>

</solver>

F#FLUF pseudorandom %75 £ 555 :

JDK (Bil) : Fr Bl 305 £ 1575 C e (java.util. Random)

MERSENNE_TWISTER: Commons Math#75C i kE#1#(

WELL512A,WELL1024A,WELL19937A,WELL19937C,WELL44497A #]I
WELL44497B: Random number generator by Commons Math
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http://commons.apache.org/proper/commons-math/userguide/random.html
http://commons.apache.org/proper/commons-math/userguide/random.html

25 8 = OPTAPLANNER SOLVER

HEAXZHIEXR T, randomType [EHH9EX] % TNIEE R ELER T FH) 1 B R B E AN,

163



Red Hat Decision Manager 7.13 fE FIZLIER SR EE B MZLIEIIE OptaPlanner S{EfRRE

% 9 Z OPTAPLANNER SOLVERMANAGER

Solver Manager £ — 12t % 1" Solver L4897 I |7, E7EiE1E REST FIR M2V AR A BIHILY 5]

&y

4% Solver.solve (...) %57 /a, S olverManager E5 L FHHIF :

SolverManager.solve(...) ZAI:R[D] : ERVHE— 108, LUETETBE LE A2 EERTIEX F it
1TRAEE, X% HTTP fIAE 5K 89880 17,

SolverManager.solve(...) & #1TAE.R 5 — 12592 T H%) 7],

1EFIEE, SolverManager & 7 —Mil BER T £ FE/F 2L FEHI AL REts, B 76 FH Solver.solve(...), LI
RN IER ERRR TG KB L FIHRIZLFE .

7£ Quarkus 7] Spring Boot #, SolverManager B2 7EEAIATGHEIEA, HIREEH
Quarkus 2t Spring Boot LIS BIFEE, iE(& create(...) 75/415# SolverManager 4 :

SolverConfig solverConfig =
SolverConfig.createFromXmlResource(".../cloudBalancingSolverConfig.xml");
SolverManager<CloudBalance, UUID> solverManager = SolverManager.create(solverConfig,
new SolverManagerConfig());

E3E Solv erManager.solve(...) 5,%H9 &1 EB i i He—H9/7) & ID, 2 /5 Vi fE
getSolverStatus(problemld) (2% i-Early(problemlid) 1& /5 ID 3 [X 5 #%)/7[&T, 13120 ID 23728 —
P EZRIE, 4 Long, String 2t java.util. UUID,

SolverManagerConfig 57— parallelSolverCount E1%£, B FZ#H|#H {7217 7 %4 solvers, #
41, %0 parallelSolverCount [B1E#51%1E W 4, FHEZE TN, WEGN I EIBER, TEHE—
PNEJIE — RIS 5B B TN, WTRAX L) TR D FHAER, TEENEEE 10 5wk, il
1E4F, parallelSolverCount &% AUTO, EE#T% CPU BT —F, TitfERZH
moveThreadCount Z1t 4.

BEREREBRGE, EHERALEERES#AH SolverJob.getFinalBestSolution ()

CloudBalance problem1 = ...;
UUID problemld = UUID.randomUUID();
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// Returns immediately
Solverdob<CloudBalance, UUID> solverJob = solverManager.solve(problemid, problem1);

CloudBalance solutioni;

try {
// Returns only after solving terminates

solution1 = solverJob.getFinalBestSolution();
} catch (InterruptedException | ExecutionException e) {
throw ...;

}

R, TER T FEELER T TR R AT TR 7 iE TE ) e ER T ST AT S0 R ],

2457k SolverManager L7 — 1 i1 EH TR LT, 1BRFHITIEEEL T DR,

9.1. HELER &

HEBERJTIETEHITIERZ T EIEE, HEBRTLRE :

R EERBIIZEAL, HEREIEZEE, P, REHNFHEFATELLNE, £ F&R
BT XA B X 1115 K,

JERE RS {THTIFE AT, B nobody IE7EE #2454, M CPU IR = EEH.,

LA TEATFT—TEARS, BTUEHBRERTSE.
TR

HE B AR R FEITAEARBE[ET, #ET parallelSolverCount [R#Y, #Z1N##E%49 address (...) #1H :

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);
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public TimeTable findByld(Long timeTableld) {...}

public void save(TimeTable timeTable) {...}

9.2, FERFININT ‘B

L EFR T ERTFEN, BRI, HEEFEEF/LDHEL NI EFRILEEGR, IR
—tINTFIBIE /7, BT TR ERER TG SRR B RIS IR AE D B i

TR

BN AR EBRTE, 151ZH solveAndListen(...) :

public class TimeTableService {
private SolverManager<TimeTable, Long> solverManager;

// Returns immediately
public void solveLive(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);

}

WELEREAREES Ul B15, EERIIEEE. BERE) LR EBIAER T EEHE T
Ul 205 81425 3,

JB N i aR AR T SR A TR E 1 B KB E], 1538
SolverManager.terminateEarly(problemid).
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&84 IV. RED HAT BUILD OF OPTAPLANNER QUICK START GUIDE

Red Hat build of OptaPlanner %L T I%:# /=5 515/, LL&~ OptaPlanner 41175 7 [a69
techologies %5 :

Red Hat build of OptaPlanner on Red Hat build of Quarkus: a school timetable quick
start Guide

Red Hat build of OptaPlanner on Red Hat build of Quarkus: a vaccination appointment
VR IRE ) 515’

Red Hat build of OptaPlanner on Spring Boot: a school timetable quick start Guide

Red Hat build of OptaPlanner with Java solvers : = FEi#:%# /5 5157
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% 10 = RED HAT BUILD OF OPTAPLANNER ON RED HAT BUILD OF QUARKUS: A SCHOOL

TIMETABLE QUICK START GUIDE

AIER 15 F & H LI EZRT OptaPlanner 25K 5ok T 022111 Quarkus /7 fFFE/F B9 E T 8, 1EF
T — PN ZEFIELE T LB KB REST [ fHfE/F

Refresh | EGITEN Score: Ohardi18soft m By teacher By student group
Timeslot Room A W RoomB W RoomC W
Physics L] Spanish
Monday 08:30 -09:30 W by M. Curie by B. Cruz
10th grade i Sth grade
Physics L] Spanish
Monday 09:30 - 10:30 W by M. Curie by P. Cruz
9th grade 16 10th grade
TEBIR S = B 514F Lesson “E44H7%4 Timeslot #1 Room 24, 7% 2@ Al :B1ELL TIERE 1HE

R# -

N[ fR % B LU R B — AL

ZITaAT LA [RHT TE_LiREf AT E,

17 8= % B LURIRT S0,

HIRE B AT E — 57 # T,
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FE-F & F R T 7E 1R 52 T T 1R AT RO 2E ZE B,

HFER L, ZFREI0]EEREE — 1 NP-hard /7@, XEBRERE] B, REMATE TELIHES
BE—EHTENR, FUTHFFELEEFREBLETF, AIREER B L2, Fz89E, Al
ZRFUE (HZLIEFEET OptaPlanner) BEERER, SEEERIN HARRRELIBERTSE, #
B SERINTE], EERER TR PR

TERFEME

[
Z#E T OpendDK 11 LE /A, ZIIE/EHT Open JDK A MILIEE | 1/ PIE5HT
Software Downloads T EHKER (FEER) .

B %% Apache Maven 3.6 =& 5/k7, Maven 5TL{/ Apache Maven Project [ 1Z,

#E1# 7 IDE, %l IntelliJ IDEA, VS Code. Ecli 2t NetBeans.

10.1. /&/H MAVEN 714 0/#& OPTAPLANNER #5467 QUARKUS MAVEN Zi 5

el LU#/H Apache Maven 7] Quarkus Maven 7 {#(ZE21 1615 #H9 OptaPlanner 7] Quarkus b7/
T/ s HB1T,

T RFEME
[ ]

Z# 7 OpendDK 11 6 EZ/RA, ZIIEF7EHT Open JDK G MALIEE /| 1 F#5EYT
Software Downloads I [E#*H (FEER) .

B %% Apache Maven 3.6 & 5 /g4, Maven 5/L{/ Apache Maven Project [ % 1=,

TR

FEmm e, AL Fin54iF Maven 2Z &/ JDK 11, #H Maven /g% 7 3.6 3t &
IR :

I mvn --version

HIEFIER 5 %A &E JDK 11, 1515 JDK 11 BISEERNZ PATH #1858, AEHE


https://access.redhat.com/jbossnetwork/restricted/listSoftware.html
https://maven.apache.org/
https://access.redhat.com/jbossnetwork/restricted/listSoftware.html
https://maven.apache.org/
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REIA BIETBI 5 o

Z4 5% Quarkus OptaPlanner quickstart 715, #HAL TS :

mvn com.redhat.quarkus.platform:quarkus-maven-plugin:2.7.6.Final-redhat-
00006:create |

-DprojectGroupld=com.example \

-DprojectArtifactld=optaplanner-quickstart \

-Dextensions="resteasy,resteasy-jackson,optaplanner-quarkus,optaplanner-
quarkus-jackson'' |

-DplatformGroupld=com.redhat.quarkus.platform

-DplatformVersion=2.7.6.Final-redhat-00006 \

-DnoExamples

It 83 H7E .Joptaplanner-quickstart 57 0L T :

Maven 214

src/main/docker? £ Dockerfile X 14113

N BRFEEX M

Z 10.1. mvn io.quarkus:quarkus-maven-plugin:2.7.6.Final-redhat-00006:create 7 %%

&R 1%

=43 Uiy

projectGroupld WE B4 1D,

projectArtifactld TEBIH D,

extensions FAF 151 B 89 LUE 5 BR8Y Quarkus &SR, WM& Quarkus &
HIEETIR, EEMDTHEA mvn quarkus:list-
extensions,

noExamples BRI B ARTE, BRaEit=%,

projectGrouplD 7] projectArtifactiD /& 1576 H F KT EIkA, BIATEREF 1
InventoryServiceSNAPSHOT,
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E & E P OptaPlanner 7 H, 15/%H %% OptaPlanner Quickstarts 5% :
I cd optaplanner-quickstart
k22 pom.xml X, RIBNELLLTFRAY -

<dependencyManagement>
<dependencies>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>quarkus-bom</artifactld>
<version>2.7.6.Final-redhat-00006</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>quarkus-optaplanner-bom</artifactld>
<version>2.7.6.Final-redhat-00006</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>
<artifactld>optaplanner-quarkus</artifactld>
</dependency>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus-jackson</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-junitb</artifactld>
<scope>test</scope>
</dependency>
</dependencies>

10.2. 1115/ REE
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2 IE Y OptaPlanner /5251 B B9 B 1@ FF & T 2 B045 — TN E R FT— TNEEL,  7UE, Ea=
2K : Timeslot. Lesson 7] Room, %1 TF&frT :

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 2 Zr TR 7 R FEHI/T 1] FIfE, )40 : Monday 10:30 - 11:30 2t Tuesday 13:30 - 14:30
- 14:30, 7EX TP, ATENT G A A G A ATF2E0T ], B 7E lunch 38R i A BT A R BT 1A #E

i)
Ho

HTEERRE A, HAERETTHRERESR, TEATHREE L, RERHS |HTEL, FHER
RS EEHRAT RSB ENLRIZAE, UEETEFEEFTFETF OptaPlanner £9,Z4Z,

room
Room Uz 7 iR 2129752, #%1 Room A 2 Room B, ZEXMIH, ATEZEHEREEERH,
ENTRIBEHFT B IR,

FEIH] LRI R AT RKE, FIE Room & |7,

lesson

TERI, BRI T, [PFREE— 1T E, #1401 : A.Turing for a 9th grade 3t Chemistry by
M.Curie 77 10th grade, #IR—1NEHZEE= VA —FAAHREZR, NEZNDE, HEEH id X5
BISLHBY, BIA0, 9 B2h, BEF 6 TNF.
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1EF KL FEH, OptaPlanner 2% 7 lesson 2559 timelot 7] room FE2, MTHFAENBIIT 15 5B
28— EBRFI— 1N E/E, A7 OptaPlanner E{ 7. XL, ALl lesson &—1 #ESCAE -

Time table class diagram

The timeslot and room fields are

normally null before solving ) . .
and non-null after solving @P"d”m”gEﬂm};

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

FRBPIIA ZHFRESMAIE, 16 orange FEREH . TEFIAIER XS AT HTIEFEH FE
(null), HEHHHEEFDE (T2 null) . OptaPlanner 7£2% 1 F2H B LFER, XLEFERFH
HEIZE, 77 OptaPlanner aTLUH#E1], timelot 7] room F&E5EZ @PlanningVariable %

#, E182Z%( Lesson )5 Z @PlanningEntity 7%,

T
/% src/main/java/com/example/domain/Timeslot.java 3% :

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;
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this.startTime = startTime;
this.endTime = endTime;

}

@Override
public String toString() {
return dayOfWeek + " "

}

/ %3k ok o 9k ok ok ok ok ok ok ok ok ok ok ok o ok ok o ok ok o ok ok ok ok ok ok o ok b

+ startTime.toString();

// Getters and setters

// %3k ok o 9k ok ok ok ok ok o ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o ok

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}

IR, toString () FARE THIH AR, LUEFTUEHEMHEET OptaPlanner #9
DEBUG 3zt abrt HZ&, 20785 AT

/% src/main/java/com/example/domain/Room.java % :

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;

}

/ %3k ok o 9k ok ok ok ok ok ok ok ok o ok ok o ok ok o ok ok o ok ok ok ok ok ok o o ok

// Getters and setters
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// %3k ok o 9k ok ok 9k ok ok ok ok ok o ok ok o ok ok ok ok ok o ok ok ok ok ok ok o o b

public String getName() {
return name;

}

/% src/main/java/com/example/domain/Lesson.java % :

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 + ")";

}

// %3k ok o 9k ok ok 9k ok ok ok ok ok o ok ok o ok ok o ok ok ok ok ok ok ok ok ok o o b

// Getters and setters

// %3k ok o 9k ok ok ok ok ok ok ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o b

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 X2 7% @PlanningEntity ;#7¥, [X/L OptaPlanner #1:& X N BRI EEHLET
BE, AHEEE—NEZNTHEE,

time lot (% @PlanningVariable ;#7%, X/t OptaPlanner & & LIENX R E, ¥
T EHED IS I FER B ETER Timeslot 25, OptaPlanner {#/5 valueRangeProviderRefs
B 177 F—1NMEK List<Timeslots AYEHN . 7 XIEZEENEIER, FE6H % 10.4 7
W bl B Y E LAl E S ATE s

M FAEIFERE, room FE171- L% @PlanningVariable %77,

10.3. & X R#H#iT B 5

ZEER [N, D ARIFEBFRTEIINE, FoEE. ZIIENZE) OptaPlanner FHREERTE

X, XETFNIRFREDHBIERTFE, X AR RIEFERTTF,

B 77 5T A 5] BG7 B FF B E BRI 2R, I 5% H HardSoftScore 5 ZK 54 -
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BRI T/E 45T BT : — N/ AT LA LTI,

HIRFTRZ %M BIA : BENIEE B EHIHFE T =,

B2 R AN BHNT FRAELTREINE, HIRFIEE FRMIRE, BRFIGAXFHRR, Tt
BN B E LI,

EifEHH, &AL EasyScoreCalculator 55 :

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 : lessonlList) {
if (a.getTimeslolt() != 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);

TELIE, X TR FETLENTIRIFBT) &, B EEHIBE | HRDEETRIBINT 7R 2],
R EFTITHL AT B IFFER 1T EHT 2,

FIFHIAE AR TG 2 0#E— 1 src/main/java/com/example/solver/TimeTableConstraintProvider.java
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BFAITIEE 511 E, IFEFF OptaPlanner £9 ConstraintStream API, =/ Java 8 Streams #]
SQL /=%, ConstraintProvider 45/t EasyScoreCalculator EF4FHIEE : O(n)i 72 O(n).

TR

B/#Z LU src/main/java/com/example/solver/TimeTableConstraintProvider.java 3% :

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),
teacherConflict(constraintFactory),
studentGroupConflict(constraintFactory),
// Soft constraints are only implemented in the "complete” implementation
k
}

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))
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.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);

10.4. TEATLIBE AT YL E 10 5
TimeTable LA E 74 1 dataset #7774 Timeslot. Room #J Lesson 24, 54, BFEEZT

allon, SPHMEEHFENLNEEBRS, ATUEE—T MIUBERGE, HELH :

YR IFFRIDIRRE WS E, WL EE—1 KIEIE BIERTTE, BI15E7 -
4init/Ohard/Osoft BIAE RT3,

USRI EEREY, HL EE—f T AL BERTGFE, BI15# 77 -2hard/-3soft HIAEAF

=

UIREBBATEIELIR, i E'—TaAITHIBERESE, HI, 7# 7 Ohard/-7soft BIfERTE

TimeTable £ %&—1* @PlanningSolution j#7%, KUt 1§15#H) OptaPlanner #1:& 1% & Z AT E #)
A FI5

B, X TEEEEFEIHIA

HHERTET B timeslotList F£2

X HIELIIZ, B ENTERRLERTEHLL,
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BEATEE/EH—1 roomList F£&

X HIELIIZ, B ENTERRLERTEHLL,

HHEATAE T 778 lessonList FE&

B RIFNRIIZ, FIMEN R R E T,

Rt
o)
>
3
®

timeslot ] room FE2HG(EEE N null, FHEESE, ET29%72 5,

RthFE8 (#0 £, S quill r 7] studentGroup ) E#EE, XLFRE/TE
1,

182, XTEUBHEREFELIHML

#Z 1" lessonList FER1EfZ 2 /5 E5E FF null time lot 7] room F£&

XA T E B99# FER, %0 0hard/-5soft

TR

B/ src/main/java/com/example/domain/TimeTable.java 3% :

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;
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@PlanningSolution
public class TimeTable {

@ValueRangeProvider(id = "timeslotRange")
@ProblemFactCollectionProperty
private List<Timeslot> timeslotList;

@ValueRangeProvider(id = "roomRange")
@ProblemFactCollectionProperty
private List<Room> roomList;

@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;

}

// % 5 5k 3k ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o ok ok o ok ok ok ok b

// Getters and setters

// %3k 3k o 9k ok ok ok ok ok ok ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o ok

public List<Timeslot> getTimeslotList() {
return timeslotList;

}

public List<Room> getRoomList() {
return roomlList;

}

public List<Lesson> getLessonList() {
return lessonlList;

}

public HardSoftScore getScore() {
return score;

}

[ESBEH

timeslotList F£:&—1\(23E/% provider, E7#7#%& OptaPlanner aJ LM #2£#EH) Timeslot 24, %
B0%5 lesson LH)H] timeslot FE£Z, time lotList FE2 2% @ValueRangeProvider /75, HE11E
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Lesson #1/% id 5 @PlanningVariable £9 valueRangeProviderRefs /L7,

ZEEEHZ 4, roomList FE 14 @ValueRangeProvider 7%,

JEf TSR LY AR T 1

7%, OptaPlanner ZFZHE & 7] GER B LFLLEC/BILHY, LR AT -
TimeTableConstraintProvider i1 &) Timeslot 7] Room 4,

time lotList 7] roomList FEE 7% @ProblemFactCollectionProperty 7%, [RILZAT
TimeTableConstraintProvider aTLIM X LB 1T 1E,

lessonList 5 —1* @PlanningEntityCollectionProperty ;ZfZ X/t OptaPlanner o] 7 fZ%7 2 H
BEHE], H#HEH TimeTableConstraintProvider th 2] ) H5LE 141,

10.5. /& SOLVER [R5

AER REST ZFEHBIHLY 0[S F2 HTTP @8/t a[&, B, Quarkus 7 &+ A SolverManager,
BRI E BRI 51T solvers, # A H 1T FEZ NEHELE,

TR

BY# src/main/java/org/acme/optaplanner/rest/TimeTableResource.java % :

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.SolverJob;
import org.optaplanner.core.api.solver.SolverManager;

@Path('/timeTable")
public class TimeTableResource {

@Inject
SolverManager<TimeTable, UUID> solverManager;

@POST
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@Path("/solve")
public TimeTable solve(TimeTable problem) {
UUID problemlid = UUID.randomUUID();
// Submit the problem to start solving
SolverdJob<TimeTable, UUID> solverJob = solverManager.solve(problemld, problem);
TimeTable solution;

try {
// Wait until the solving ends

solution = solverJob.getFinalBestSolution();
} catch (InterruptedException | ExecutionException e) {
throw new lllegalStateException("Solving failed.", e);

}

return solution;

AT LIS FFAER T AT, XD A BE-FE HTTP #81, TEp9L I al#ss HTTP &i/ &8
ﬁﬁo

10.6. K EFEREZ AT IH

UTREBG 1T X FHFEfF R B AU KB I FE M, B LERARILTT, HRARFE HTTP @I
% BREIEXFHERLE, 15@&H optaplanner.solver.termination.spent-limit 2 #(#5 & | /74X 1F
BIRT A KB, TEAXZENFEEFH, FFITIHE LD ILEF B H(5m). (B2Z, £ Timetable ;~#IH, FFid
Hinf[EIR# 7y 5 #, XEEk, LU#sE HTTP i,

TR

& LT B L)# src/main/resources/application.properties 314+ :
I quarkus.optaplanner.solver.termination.spent-limit=5s
10.7. 1577 SCHOOL TIMETABLE (v /H#E/%

BI# T school timetable Ti5 5, UFAXBRETE, THHLE R, FEoLIGELN BREFELITH B
N HRRE IS, B KT DT IEIETES{THIN FHREE A,

TR

[ ]
B 0# T school timetable 74,

TR
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BHEFREPIIFEN B, HMIUTEERAGAL TR -

I ./mvnw compile quarkus:dev

Wil REST AR5, LU F(E( REST & i, LT RBI@&H Linux &% curl %%
POST &K :

$ curl -i -X POST http://localhost:8080/time Table/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"}]}’

7E1E application.properties X f#H75E HINT ] #XIEIS, ARSS =RIEIFE ML T BB 5
H:

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"}

LR, BN HRR/FIF L B80T 1710 5 B8 B N EN R ZE —, F—TNEM
B, EiFESArEESIR, #I4, M. Curie B9/ 77 88T H 7~ /E,

BRI EAEE OptaPlanner BI1EH, 158 ERS #5inbiE 8 Hk. U TFE info A&
Y

.. Solving started: time spent (33), best score (-8init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).
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... 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).

10.8. Wi FERESF

RAFBIN [EREF BN B, NI REIL RG] 52T E F89 solver,

10.8.1. JI/i7 prompt #7115 5T ZA [R#Y

FrEE )i timetable i 5 A92Y 5, iE1EHE TNl {@FH ConstraintVerifier, X &l & 1N &
BIK S B M R BTIESE, X a7 5 IE tE ) i B a BT 2 AT A A1,

2L 2L TE [ —FE B = NEDRS, AR5 1F2Y 5 TimeTableConstraintProvider:: roomConflict,
By N » I E B G/ H timeslot, LIPTEIVE 1, FUE, #IERZIFINE ¥ 10hard, ©E2#% -
10hard /74 5 #,

TR

B/# src/test/java/org/acme/optaplanner/solver/TimeTableConstraintProviderTest.java 5 :

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 TIMESLOT2 = new Timeslot(DayOfWeek.TUESDAY,
LocalTime.of(9,0), LocalTime.NOON);
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@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.verify That(TimeTableConstraintProvider::roomConflict)

.given(firstLesson, conflictingLesson, nonConflictingLesson)
.penalizesBy(1);

1525, ConstraintVerifier 7£/1i7 17 F2 A A1 BB TR INE, RIEXLELTRIVETE
ConstraintProvider F1Z4%715, XK HEHAE LI IBEIER EBMRLRINE, X1, ZIRINEHTER
BT T,

10.8.2. JJI/ist 7000 timetable resolver

XN PBI7E Red Hat build of Quarkus LT 1§/#H9 OptaPlanner school timetable i 5., &
&/ JUnit i R E RN HAEE, HIFR L XE TimeTableController 422X 1 H&,

TR

EHLUF A2 LI src/test/java/com/example/rest/TimeTableResourceTest.java ¢ :

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;
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import com.exmaple.optaplanner.domain.Room;

import com.exmaple.optaplanner.domain.Timesloft;

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()) {
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<Rooms> 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"));
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lessonList.add(new Lesson(201L, "Math", "B. May", "10th grade"));
lessonList.add(new Lesson(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);

WA R R U TERERIE, AT REER S E — T I E/HEH, EdRMIEEEE I
1TBIEAR 5 (REERE) .

7£ src/main/resources/application.properties X 143,551 test B :

# 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
%test.quarkus.optaplanner.solver.termination.spent-limit=1h
%test.quarkus.optaplanner.solver.termination.best-score-limit=0hard/*soft

BE, ZBERGETE 200 ZERMAEE G ITHIBR G, & application.properties X {44117 7E0 i
IR EEERIEFAALL, LUBTELCE AT 1TRIAER 55 (Ohard/*soft) /1 L AT 1E, X o i 5 6& i 9 E R
FE/FITE], B AT A BE R TE(E B L5 7T0 X P2 AT BRI T 1 R B AT 1T BI AR R T
%, HIEERIERTRILBEAE, 182, BIEFEIRERIH, BT ES{THIHLL ™ 1EE KB ] E
pae

10.9. A& iR

5Tk OptaPlanner school /5151 G A9ZLIEF /S, X aTLUEFH H &S 8 7B
ConstraintProvider #£9[R#), Z& info HEX HHHIH#1TEZE, LUFIEXEEIREELET 0,
Ll debug Ui z1T I FFESF, RN HREFIEZHIE L, B trace Hi& il Rl -RE—HIZR

&z,
iYid
1.
1517 school timetable 1 LIFE/ZEERTIE], #1E D,
2.

BE HEXHFE) 521 E&E, W TR :

I ... Solving ended: ..., score calculation speed (29455/sec), ...
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BERIR, BLREITI RN EEFIEE0TE, HEE HEX MR iDRE92 81T EEE,
Ll debug EzUi 2T BIESF, LUCR N BREFATIMBIE TN -
EMeap BT E TR, 57 -D RIEE,

Fk R E AR, 157 application.properties X 14T FAT
I quarkus.log.category."org.optaplanner”.level=debug
LU FRBZ g T1E debug U F HEX M 8954 -

.. 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}]).

&/ trace logging /7 i~ B 1N B R 126 BeH & — TNE 5o

10.10. 17##E /%549 QUARKUS OPTAPLANNER DEMO /5] 57 A FE/# 55 7%

£Y# Quarkus OptaPlanner Evolution /7/5//5, &EaLUFR SHE/FEMH, HO/E—1EF Web £
B SREF LI ] 2

T RFEME

[ ]
& —1 Quarkus OptaPlanner eXecut timetable |/ /F /%,

T

& /H Hibernate 7] Panache /5 Timeslot., Room 7] fencingon LAz (5 HHE/EH, WE
F2EH, 175/7&/H Panache £9 Simplified Hibernate ORM,
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190

B REST RN FFLMY, WFEZIER, 5Lk 475 JSON REST R,

& #7 TimeTableResource 5, 7FH#HNEFHALERFEA TimeTable L4 :

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;

// To try, open http://localhost:8080/timeTable

@GET

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 = findByld(SINGLETON_TIME_TABLE_ID);
scoreManager.updateScore(solution); // Sets the score
solution.setSolverStatus(solverStatus);
return solution;

}

@POST
@Path("/solve")
public void solve() {
solverManager.solveAndListen(SINGLETON_TIME_TABLE_ID,
this::findByld,
this::save);


https://quarkus.io/guides/rest-json
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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 + ").");
}
// Occeurs 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("start Time").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());
}
}

XPrBIEE—1 TimeTable 554, (B2, LI #H1THI% k)5 H %/ - FHI0
TimeTable =24,

getTimeTable () 7 /4:&[EI% EHE/FHI=ETIHZ, E1&FH ScoreManager 75;% (Hz)
FEA) ITEZNABI D, HERTH# Ul A,

resolve () JFZ/Es)—MENW, LUBERZEINTFIER, HIFN G FIEE 5B 1 EH
#E/FEH, E1&/H SolverManager.solveAndListen () 75 %1007 /5 R EB AT, HIEHE
FHEE, Ul (/B EREin T %R,

E#7 TimeTableResourceTest 25, LIk solve () FHEAIAIR[E, HiiHRETHIAER
HE, BIFENESTE
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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) {
// Quick polling (not a Test Thread Sleep anti-pattern)
// 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.
TEXLE REST 75,42 L145% Web Ul, LUERT] 5269 5] 1L Z T,
6.

BE 1REH IR,

10.11. /&/F MICROMETER 71 PROMETHEUS /i /%69 %% /77 OPTAPLANNER QUARKUS /7 /H
EFF
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OptaPlanner &1 Micrometer (—1" Java i BFEFHIIEIIIIE) L F R, ZATLUF
Micrometer 5 Prometheus /5F71&/H, 17 IANA F1/H b /A2 #1689 OptaPlanner solver.,

TERFEME

[ ]
B 12 T Quarkus OptaPlanner eXecut timetable [/ /577,

BZ % Prometheus, & XZ%E Prometheus A9171g, & & Z Prometheus b,
T
#¥ Micrometer Prometheus k7771 IANA timetable pom.xml X4 :

<dependency>

<groupld>io.quarkus</groupld>
<artifactld>quarkus-micrometer-registry-prometheus</artifactld>
</dependency>

5%/ 7000 timetable ) fHFE/F :

I mvn compile quarkus:dev

TE T 25 A T 7F hitp://localhost:8080/q/metric.,
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% 11 & RED HAT BUILD OF OPTAPLANNER ON RED HAT BUILD OF QUARKUS: A

VACCINATION APPOINTMENT 1//E f2 /5 %% |5 5/ 18

/& =T LU#F OptaPlanner vaccination appointment JZEE/FI%F/55), UL —PNEIFHILFH
vaccination 7#/Z, vaccination appointment 75/E 72/ & /F artificial ZE5(Al)FRIEZ TNREIFIILTER

BESYN 2 BOH T [ 3E1E.

TERRIF
[ ]
Z# T OpendDK 11 BLE /A, ZIIE1EHT Open JDK A MILIEE [ 1/ PIE5HT
Software Downloads I EHR (FEER) .

B %% Apache Maven 3.6 ={ & 5/k7, Maven 5TLI/ Apache Maven Project [ 1=,

#E# 7 IDE, ZiIntelliJ IDEA, VS Code. Ecli 2t NetBeans.

ZERE T Quakus OptaPlanner 775, 41 % 6 = OptaPlanner 7] Quarkus A/ ] Afrit,

11.1. OPTAPLANNER VACCINATION APPOINTMENT 12 401 L

V& appointments #9755, %E Z B M. RAATULITFPAEE—TNETIGE (B k7E) 65 R7
DI —TNGIEH EH NI I ES N (RAE5IE 594 ) . OptaPlanner vaccination
appointment 75/ 2 /F (& fF system-automatically-assigns 7%, &7 OptaPlanner vaccination
appointment VEFEfE, ERILUGIE— N BEF, BAANNTHRIZIRRIES, RIERSEH—T
appointment,

P TEBIFIE

>

appointment JEIERIE (L 55K 5 FL,

R RIETTEC BRI R % 7 Bl 8= (£ £9 appointment /7 5 #1{i iE,

Z R TEBHRA B X R EBIR,
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X PI% BT LB 1T HR# 9 5 T B 5 K AF# vaccinating 89/, T A 895 EARE fh]
RIFHET. TABDYAX, MITKEZFIFIL SN ZEK,

11.1.1. OptaPlanner vaccination appointment 15/Z 72/%/R#/

OptaPlanner vaccination appointment 77j/& #£/%/R#/ 5T LI hard. medium 2t soft :

B2 R T EERRIKIT, JIRE (FTIELRARIKEF, Wil HIF AT {7, AEZENIT -

BE  HEFMAWE, TEZREH & FH vaccine &£,

Vaccine A/ : #IE vaccine EE = KHIR, T RE XiH#17H] vaccine &= <A
[RERHIXBEATELE, T11=2 vaccine &= KHIR, HHRANIEF —TNE S B FEHBH
vaccine £, #3%1, TZE vaccine 2 75 FIHMA, BZRKEIRRFY 65 4,

AR vaccine type : (& A9 vaccine 252, 441, vaccine B9 —1CH
vaccine £ 75 % —1" dose #5/E,

FZEAE : EMEEE AR 56 vaccine, #I40, WI-BRPMAWEIEZNEE, TIE
2R RHTT vaccine L Z FI, TEXNEATEE, AIAES—TNMEFE 26 X,

FIHIEH : EFEHEE HEZ Fiste BiAY vaccine, #1340, HTERNMAWKEIE = MELE,
IEEHEZZRY vaccination R4 E vaccine FRFEI B HATTETE, BIUIESE —MEIEEHT
:_//\go

[RFIRAZELEE : 77N DA RIEVTE —2H vaccination #/0Z —, X#EeE="7
HIEH ORI —T, XHRFIT BRI EZEZERTH, M EEEEE, KIEALEEN R
X FFEHIN B B LXK BGZERT R E ZE 1R,

Medium 2VRRE, 4REEVBEENENAZERN, MITTFRFEEL, XBEH 2R
MY

schedule second dose vaccinations : T Z(&{(F 15— MESL vaccination R A5 #%
D, [RIFEEFERG H B TE 1T B & S
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RIBILTCITFIGTIIA R : FPABRENERTR, X BEERFN, EHRENIF
v, JBEFE, PI—TEEIEF. RERBRENTREIANNIF ARSI, £ TR
BATHFZIEEN ], X TIREE—T2IREGHIREY, F 958 = TIRIESBILSERIEILIER
R L,

HIRFT L Z B 1 -

B vaccination /0 : IR — PN JHE B vaceination 05, 1ETEZ DS H
—PNEFE R,

BEEE ¢ i AR TTEE A B 2 BIRT vaccination H/0BEEE,

AR - &2 vaccine on SLEETHEE HES, #I40, WREZENMNKEIEZNERE, T
WRIEFEE vaccine FIEXHEIXW BEHATELE, BIAES 28 X Z /5, X PNIRILEEELTRE]
, LUBSRTEESRE %%k —F, @R FFETRERIIHA,

IWSELGTR : TEARE 2 FTAE LRI X T2IRIEEEBZIREIE, LIS
TEERE IR E—F, X TLRBLLIERARZIREIE, F 58 = TMEIEBIILTTH & FILE
PR,

LR AT % BN FRMEELTRIIINE, HIRFI=E FRMIIRE, B2, FLIREENLTEFHM
HIR#, HIRIELIRMHELF, TG a7, 182, WRREEHIRF, NZEHR I ZEREFHE
TR, BINHREEZIIAN S T FCERAIGE, ATLUER L5, B ML EE SC R,
LU G LG QT EE 11 IR B [, 5, RRIELFERITER I, FPABBMILIERF
RIFLE, EBHFR, XHFEMSILEZEIAAN, THFLEAAN, ZE, LFEENLLERAAZEK, AL
BRI R, X GRABIEERTIE, P4, nurses EJFERFEETINET 1000 £, X1F, IHBY nurses
BIL 6K FEL AT nurses, TE AT nurses & FIE nurses I, FTZEETD T XTER :

Z 11.1. (LAERFRE

60 nurse 1060
33 nurse 1033
71 A 71
52 JMINE worker 52
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11.1.2. OptaPlanner solver

OptaPlanner G891/ 2 BER %, 51 Tk EEH E= M LIIRAIFLE, HWEHEEES

A1, vaccines #] vaccination /L BIFFE 158, AEAREE N & HHIEHE AT LIE, REFE—NE

EEBIFE T ITHY, S5 B04 4 €50 89 vaccination appointments BIN ZA1TIEIE, W FrRIZTR—

TihT R R T B)BHIHE -

Vaccination scheduling

Assign people to vaccination appointments.

Plizer " = _«: . :
Modema e _g =l
Priority rating N e X ..
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
1Feb 8Feb  15Feb 22Feh SEASILO0| (Fidey o gt
W S|M T W T I|F S S| M
09:00 [ ou] iva |Mona] Qu | Mia ['Una | qira [Umal vee
09:10 iona| Rye a| Rye | nina | Roe | val | viv | o
09:20 | ki | Sue | Sue e
09:30 Poe | Titus Titus. Xan | Lee
1st dose 1st dose 2nd dose 2nd dose
< > same vaccine
| 2nd dose ready period: 19 days
< 2nd dose ideal period: 21 days >
< 2nd dose ready period: 26 days >
< 2nd dose ideal period: 28 days >

11.1.3. 7F5EH 4

FFEETT BB IR EHE— N2 2 PNEATFF 5 B RIRFBI N, HEBERZIEER. B/ #X #

I EITE M E R 12T, 1 R EORIEE I fE 8, TRER T HED, FXEH :
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Vaccination scheduling: continuous planning

In this example, the schedule is published every day, 7 days in advance.

Open
s History Published Finalaraft  Draft Unplanned
3 Feb 8 Feb 15 Feb 22 Feb
W T F S| S |IM T W T F S M T W T F S S |1M T W
09:00 | a | Moe | Qu |Ume| Yoe | Ann | Ed | Wa | Moe | Qu | Uma] Yun | Ay | Ednal vy | Mia | Qira | Una
10:00 | Ja [Monal Rye | Viv|| Zac | Beth | Flo | Jo |Nona| Rys | Wiv | Zoe | Bao | Finn | Jack | Nina | Roe | Val
11:00 | Kia | Oz | Sue | Wul| Al | Carl | Gus | Kia | Oz | Sue | Wu | Al | Coco|Gwen| Kai | O | Sara | Woe
12:00 |Lee | Poe | Titus | xanj| Ben | Dan fHugo] Lee | Pae | Titus | Xan | Bo | Dee [Hope| Lara| Pi |Theo| Xun
NOW publish notice draft length
publish ﬁhlish (send invites)
deadline i
Published Draft
3 Feb 8 Feb 15 Feb 22 Feb
w T F 5 S|y M T W T F S S|M T W T F S S|IM T W
09:00 | ha  Moe Qu  Uma \'04 Ann | Ed | va | Mo | Qu | Uma| Yun | Amy | Ednal vy | Mia | Qira | Una
10:00 | Jo  Mena Rye Wi Zac| | Beth | Flo | Jo |Nonal Rye | Viv | Zoe | Bo | Finn | Jack | Nina | Roe | Val
11:00  Kia | Oz | Sue | Wu | Ali|| Carl Kia | Oz | Sue | Wu | Al |Coco|Gwen| Kai | Ol | Sara | Woe
12:00 | Lee | Poe Tius Xan | Ben | Dan e [ Poe | x=n [ eo [ pee [Hope[ Lara | pi | heo] xun
[
nNow
w T F S5 S|y M T W T F S S|IM T W T F S SIM T W
09:00 | hva | Moe | Qu |Uma| Yoelf Ann | Ed [ wa | Moe | Qu fuma| vun f[Gus]|Hugo] 1y | qira | una | Jim | van
10:00 Ja  Nona Rye  Miv Zac| | Beth [ Flo | Jo [Nona Rye | Wiv | Zoe | Bo | Finn | Jack | Mina | 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 | Lee | Poe  Tius Xan BEI‘ Dan fEdnaj Lee | Poe | Mia | Xan | Bo | Dee |Hope| Lara| Pi | Theo| Xun | Boris
I
now

BEHRIE %D ) —F. FE—BULFELHHIIRKE, BEZFULFEFERS. ANTEDEE I HEO
XHHEAHIRE., B2, REIHEOLHI—E2HIFF F2HGRASEM. BtH)
appointments &/ 7£ T —RiZ{THH BN, XML OptaPlanner R;EHTE K517 H &N E K E
FED BT (WRFE) . Bl WR—INFEEEZMRIEFINER TER—, OptaPlanner i 772
ER=p9 A FH, R LUFE OptaPlanner, [ aTLL 28 —%4H —1NEE,

B LA ENZE OBIA ), (BR T BEIHIZEIHEIA N 72532 11 RBIpT B v . iR
I RYBIHS K, A,

11.1.4. BIE i1 4554

UTRIE X FFLEHLY, TEHTERINT EIAFHPIIEH, ZBE S BT A . ZHfER appointments
REXEG|E, OptaPlanner {7775 F] appointments 1710 7 EE E4H, [EE( pinning) [ FE i — 758
ZMFERI D ED, FH il OptaPlanner [H46X L2 E S B 1TIHE, EIEALISEMA (40 appointment)
TE RS FEATRKZ,

RN EEE L ZEAH appointment A2 2E., appointment 5/ LIEEF A PMAE :
Open, Invited. Accepted., Rejected 2t Rescheduled.,
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>

.
IER

LR £ R RIEIRE S 50% s 1 P EEEFX LIRS, K OptaPlanner 5/Z X%/
appointment & ZZ]E.

EFEERE AL E Vi EH appointments, [ZE£7 Invited 3t Accepted {579 appointment, &
BEERS, 775 Open. Reschedule 7] Rejected X REEERS, HaTHTFIHE,

TEXTTRBIR, HBEREEE K HHIEZEE AN EZ T RE N, BRIETTLIBIHIA EHESN
BEARZIZEE TIFEKREESAE, Open, Reschedule =t Rejected 1A S BT B E L1k, WREX S
TR TG %, BRIES{TRERZE ZBIE EITE 755018957 H 7B,

17, FTKHI appointments E# A, 7EiTHE ORI EEFE T Amy #] Edna, XEH 7
Gus #] Hugo 1 KEFTE, XTREKTMEE, K% Amy #] Edna 7L EHREFLHR, L,
B F o JEARE ORI EL ai B 15, FU IR EBHIH B K EZ R iET, HAHEEET .

11.2. F#;7:277 OPTAPLANNER VACCINATION APPOINTMENT 1f/Z %2/~

'~ #; OptaPlanner vaccination appointment 1f/E /5 %% /55177 #5, L Quarkus 4 E=/5 5177
1, HIEN G EEPE BN BESF. Quarkus FF LB T RS 1T BE AT B LA E AT S FAFE .

T
1.
HALLIEE /] ]/ s A9 Software Downloads T (BEER) , M FHEZFb %
b AR -
[}
Shdn o RFEE L B
[}
Version: 7.13.2
2.
F#; Red Hat Process Automation Manager 7.13.2 Kogito 7 OptaPlanner 8 Decision
Services Quickstarts (rhpam-7.13.2-kogito-and-optaplanner-quickstarts.zip).
3.

#EEX rhpam-7.13.2-kogito-and-optaplanner-quickstarts.zip X 1#.
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4,
Z i # optaplanner-quickstarts-8.13.0.Final-redhat-00013 5%,
5.
Z i1 F optaplanner-quickstarts-8.13.0.Final-redhat-00013/use-cases/vaccination-
scheduling 5%,
6.
WAL Fep S 1EF X B 2557 OptaPlanner vaccination appointment /F/E /% :
I $ mvn quarkus:dev
7.
ZZ&Z OptaPlanner vaccination appointment 1E72/%, £ web Jl 1525 AT HLLT
URL,
I http.//localhost:8080/
8.
777 OptaPlanner vaccination appointment /iE#2/%, = Solve,
9.

WRICHIA{TER, 2EH F5 @RIFT har. 1728, EATMEIE LIS T,

11.3. #(f#&#:27T OPTAPLANNER VACCINATION APPOINTMENT 172/

L& 52 R 7 X1 OptaPlanner vaccination appointment 15E /B9 4 T1EE, L quarkus:dev 12
B TR, EXIERY jar X HE1T,

TERFEME

[ ]
2 T#; 7 OptaPlanner vaccination appointment 1/5/Z 2/ %2 /5 5], BZ15 8155/
% 11.2 77 “ T #7577 OptaPlanner vaccination appointment /5/E /%",

TR

A /use-cases/vaccination-scheduling 5%,

FE4¥ OptaPlanner vaccination appointment 1HE#2/%, BFHAU @RS :
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I $ mvn package

? 71744169 OptaPlanner vaccination appointment JfE#2/%, FHAU TSRS :
I $ java -jar ./target/*-runner.jar
HE
FE 1t 8081 LTI HEESF, I5TERIEIRTR 77 -
Dquarkus.http.port=8081,
4.

Z/5)) OptaPlanner vaccination appointment /FE 72/, 7 web )5 #8#THFLLT
URL,

I http.//localhost:8080/
11.4. ;277 OPTAPLANNER VACCINATION APPOINTMENT 7iEFE/%, EXRE ATHITX I

Z 7 Quarkus FeRE9/\ A7 GBI E#EE, 1E Quarkus [F4£42 0 T4 OptaPlanner
vaccination appointment 1E#2/%,

TR

Z# GraalVM 7] native-image T2, WFEFE 5K, 155/4 Quarkus i L FAiE
GraalVMI,

2.
A /use-cases/vaccination-scheduling 5%,
3.
ZEF4£%1F OptaPlanner vaccination appointment 1FE /5, 1EHMALLTFT@R% -
I $ mvn package -Dnative -DskipTests
4.

BEETRETAITXN, FHMAL TR

I $ ./target/*-runner
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Z)/55) OptaPlanner vaccination appointment 1/E72/%, £ web Jl 525 T ALLT
URL.,

I http://localhost:8080/
11.5. Bt 7R

[ ]
Vaccination appointment 17/& 7147
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%5 12 %2 RED HAT BUILD OF OPTAPLANNER ON SPRING BOOT: A SCHOOL TIMETABLE QUICK START GUIDE

£ 12 = RED HAT BUILD OF OPTAPLANNER ON SPRING BOOT: A SCHOOL TIMETABLE QUICK

START GUIDE

KIER 5 G T #21& F OptaPlanner 592K 2% artificial £ 55(Al)59 Spring Boot /v fHF2/ZH9:7 72,
BT — 1 REST WHFESE, FIXZEFENLIEERNTE,

Refresh | =G Score: Ohardi1Bsoft 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 B. Cruz
10th grade i 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

Monday 10:30 - 11:30 ¥

TRRGHR S5 A B 571F Lesson 2414804 Timeslot 71 Room LA, 75 %2&H Al Z1ELL FHEA 1HE
REY :

Monday 13:30 - 14:30 &

Monday 14:30 - 15:30 W

TNEE ] d= % AT LU RIRT B — AL

ZITaT LA [RIHT TE_L iREf AT E,

17 8= % B LURIRT S0,

HIRE B AT E — 57 # T,
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FE5-F & F R T 72 1R 52 T T 1R A RO 2E ZE 2B,

HER L, 2B ESEEZE — 1 NP-hard /7, XEGERED B, RE/FATE RIS S
FEE—BHTEN, T FEHIFEEFEANGHE, ANEEERTEZ LtOEUI, Fz892, Al
2 AR A E Y] OptaPlanner &5 &8 %2 51 & FERINT 5] HERRIETHIBE R TG, Wl FE SR
i, EEREF G bR

T RFEME

[ ]
Z# 7 OpendDK 11 ZEFZHRA, ZIIE#EEH] Open JDK ST MZLIEE ] ]/ B4 HYT
Software Downloads T B/ (FEER) .

B %% Apache Maven 3.6 ={ & 5/k7, Maven 5TL{/ Apache Maven Project [ 1=,

#E1# 7 IDE, %l IntelliJ IDEA, VS Code. Ecli 2t NetBeans.

12.1. F#;7#15# SPRING BOOT SCHOOL 1#:ZA /]

EHELTIERFH Spring Boot /~ 43 14# OptaPlanner £9 school /1157 BB KB, 15MLLIEE
FITF B FEA T AR,

TR

HALTIEZE ) ] Bits 69 Software Downloads I7[H (ZBEER) , REM FirdZFdk

B aa IR -

/e AFEE LB

Version: 7.13.2

F#; Red Hat Process Automation Manager 7.13.2 Kogito 7 OptaPlanner 8 Decision
Services Quickstarts (rhpam-7.13.2-kogito-and-optaplanner-quickstarts.zip).

#EEX rhpam-7.13.2-kogito-and-optaplanner-quickstarts.zip X 1%,
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4,
F#; Red Hat Process Automation Manager 7.13.2 Kogito 7] OptaPlanner 8 Decision
Services Maven Repositroy (rhpam-7.13.2-kogito-maven-repository.zip).
5.
#2HX rhpam-7.13.2-kogito-maven-repository.zip X1,
6.
1% rhpam-7.13.2-kogito-maven-repository/maven-repository 5 R 897 &£ #Z/
~/.m2/repository R,
7.
A optaplanner-quickstarts-8.13.0.Final-redhat-00013/Tech/java-spring-boot 5%,
8.
WA LU 525 % F4/# Spring Boot school timetabling 75 :
I mvn clean install -DskipTests
o.
Z{/# Spring Boot school timetabling 775, EHALU @S :
I mvn spring-boot:run -DskipTests
10.

EEETH, EMINEEPHALT URL :
I http://localhost:8080/
12.2. X180 RER

2T IEMIEEHY OptaPlanner /5251 B B9 B 1@ 54 T 2 B045 — TN R FT— TNEEL,  7Ut, Ea=
72& : Timeslot. Lesson 7] Room, %1 TF&EfT :
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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 2 ZrTE AR 7R FEHIT 1] FIfE, )40 : Monday 10:30 - 11:30 2t Tuesday 13:30 - 14:30
- 14:30, 7EXTBIR, ATENT G A A G R ATF2E0T 5, B 7E lunch s8R it BT AR R & 1T 1A #E

i)
Ho

AT EERRE A, HAERETTHRERESR, TEATHREE L, RERHS HTEL, FHER
RS AT S B ENLRIZAE, UFEETEFEEFTFETF OptaPlanner £9Z4Z,

room
Room Uz 7 iR FE 129752, #%1 Room A 2 Room B, ZEAXMIH, ATEZEHEREEERH,
ENTAIBEHFT B IR,

FEIH] LRI R AT RHKE, FIE Room 32 |7,

lesson

TERI, BRI T, [HBFREE— 1T E, #1400 : A.Turing for a 9th grade 3t Chemistry by
M.Curie 77 10th grade, AIR—1NEHZEE= YA —FAAHREZR, NEZNDE, HEEH id X5
BISLHY, BIA0, 9 B2h, BEF 6 TNF.

1EF KT EEH, OptaPlanner 2% 7 lesson ZE£9 timelot 7] room FE2, MTTHFAEN ) BIIT 5] 5B
25— IR BRI —TNEE, K7 OptaPlanner B 7iX£FE, ALl lesson &— 1 HLEISCAE -
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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 *

‘ Room @PlanningVariable

name : String

room
0.1 *

LA 2 HFEREZHAHHE, (6 orange FERIRS . TEHAHIER KA EH I 1A FIEH FE
(null), HEHHHEEFDE (T2 null) ., OptaPlanner 7£2% 1 F2H BN LFER, XLEERH
I E, 77 OptaPlanner ETLIHFE ], timelot 7] room F/RE5EZE @PlanningVariable '+
., T18Z%( Lesson )FZE @PlanningEntity 7%,

TFE
/% src/main/java/com/example/domain/Timeslot.java % :

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
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public String toString() {
return dayOfWeek + " " + startTime.toString();

}

/ %3k ok o 9k ok ok ok ok ok ok ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o b

// Getters and setters

A/********************************

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}

IHER, toString () JARE THiEAE R, LUERTLIER#LEX OptaPlanner £9
DEBUG zt abrt H%, WA

/% src/main/java/com/example/domain/Room.java % :

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;

}

/ %3k ok o 9k ok ok 9k ok ok ok ok ok o ok ok o ok ok o ok ok ok ok ok ok ok ok ok o o ok

// Getters and setters

/ %3k ok o 9k ok ok ok ok ok ok ok ok o ok ok o ok ok o ok ok ok ok ok ok ok ok ok o o b

public String getName() {
return name;
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/% src/main/java/com/example/domain/Lesson.java % :

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 + ")";

}

/ %3k 3k o 9k ok ok 9k ok ok o ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o b

// Getters and setters

/ %3k ok o 5k ok ok ok ok ok ok ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o b

public Long getld() {
return id;

}

public String getSubject() {
return subject;

}

public String getTeacher() {
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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 X2 7% @PlanningEntity ;#7¥, X/t OptaPlanner #:& X N BRI EHFHLET
BE, AHEEE—NEZNTHETE,

time lot F£2 7% @PlanningVariable ;#7%, A/t OptaPlanner #1:&8 & a] LI EHX R H,
T BHED IS M FERETETER) Timeslot “C3, OptaPlanner {&/5 valueRangeProviderRefs
B FEE— e List<Timeslot> AT(E RN, BXEBERNEIES, 550 E 12.4 77
“TEANLUAE R T IR ZE LT SR,

M FREIFERE, room FEi11- 2% @PlanningVariable %77,

12.3. & X [R#EH# 1T B2

LEER [N, D AXRIFEBFRTEIINE, FRHE. ZIIENZEE) OptaPlanner FH R EERTE

£, XE B IGRE D EBIERT S, XHEEE RIEBRTTF.

B &I [ B9 Bl I 2 B REFI 2R, R 17 1#/F HardSoftScore KX FZ 0 # -

BRI T /45T BT : — N/ BT LA LRI,
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HIRET N IZ KR, B - BENTEHENEERHZ T =,

1ELIRBINLZ BRGNS FRMIELREIINE, HIRFIEE FRMUIRE, EREIGAAXTFHIRE, Tt
XS B9 E LI

EirEHH, LIS EasyScoreCalculator 55 :

public class TimeTableEasyScoreCalculator implements EasyScoreCalculator<TimeTable> {

@Override
public HardSoftScore calculateScore(TimeTable timeTable) {
List<Lessons> lessonList = timeTable.getLessonList();
int hardScore = 0;
for (Lesson a : lessonList) {
for (Lesson b : lessonlList) {
if (a.getTimeslol() != 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);

TELIE, X TR FETENTIREFBT) &, B EEHIBE | HXHEETRIBINT 7R 2],
HEEH LT B IR 1 BHT 2 #,

FIFHIAE AR TG A2 0 — 1 src/main/java/com/example/solver/TimeTableConstraintProvider.java
BHHITIBE H#i1E, ILF@H OptaPlanner £ ConstraintStream API, =/ Java 8 Streams 7]
SQL /7%, ConstraintProvider 45}{/t EasyScoreCalculator E4FHIEE : O(n)ii-712 O(n).
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TR

B/#Z LU F src/main/java/com/example/solver/TimeTableConstraintProvider.java 3% :

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),
teacherConflict(constraintFactory),
studentGroupConflict(constraintFactory),
// Soft constraints are only implemented in the "complete” implementation
k
}

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) {
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// 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);

12.4. TEAILIAE R T SE g £ 12 X] 5
TimeTable “CAIHE 7 # 1 dataset #9774 Timeslot, Room 7] Lesson .4, F4, BHFEEZT

allon, SPHMEEHFENLNEEBRS, ATUEE—T MIUBERGE, HELHK :

YR IFFRIDIRRE WS E, WL EE—1 KIEIE BIERTTE, B3 -
4init/Ohard/Osoft HIAZ% 7 3,

HIRIAITEEREY, HL EE—f T BERTGFE, BI15# 77 -2hard/-3soft BIAEE T
$ o

HIREBEATEIELIR, i E'— T aITHIBEREGSE, B, 5# 7 Ohard/-7soft BIER T
%,

TimeTable 5 %&—1* @PlanningSolution J#7%, KUt 1§15#H7 OptaPlanner 41 1% & Z AT E #i
A F5

B, XTEEHEEIHIA

HHEATET B timeslotList F£2

X HIELIIZ, B e HERRLERTRHLL,

BEATEE/EH —1 roomList F£&
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X HIELIIZ, B ENHERRLERTERHLL,

HHEATAE T 778 lessonList FE&

BV RYFANRFIZ, FMEN R B E T,

B
o)
>
3
®

timeslot ] room FE2HG(EEE N null, FHEES IR, ET294%72 5,

BM=EE (30 /&, S quill r 7] studentGroup ) S#EE, XLEFRE/TE
1,

182, X EUBEREFELIHML

#Z 1" lessonList FER1EfE 2 /5 E5E FF null time lot 7] room F£&

RXEIHIEAR T T E B9 FE., %1 0hard/-5soft

TR

B/ src/main/java/com/example/domain/TimeTable.java 3% :

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 {
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@ValueRangeProvider(id = "timeslotRange")
@ProblemFactCollectionProperty
private List<Timeslot> timeslotList;

@ValueRangeProvider(id = "roomRange")
@ProblemFactCollectionProperty
private List<Room> roomList;

@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;

}

/ %3k ok o 3k ok ok ok ok ok ok ok ok o ok ok o ok ok o ok ok ok ok ok ok ok ok ok o ok ok

// Getters and setters

// %3k ok o 3k ok ok 9k ok ok ok ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o ok

public List<Timeslot> getTimeslotList() {
return timeslotList;

}

public List<Room> getRoomList() {
return roomlList;

}

public List<Lesson> getLessonList() {
return lessonlList;

}

public HardSoftScore getScore() {
return score;

}

(ESBEH

timeslotList F£:&—1\[E3E/% provider, E7#7#% OptaPlanner aJ LM #£#EH) Timeslot 24, %
B35 lesson “CAIAG timeslot F£2, time lotList FER 24 @ValueRangeProvider ;£7¢, B&47E
Lesson #/% id 5 @PlanningVariable £9 valueRangeProviderRefs /L7,
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Z1E18/EH7:2#, roomList FE1175 @ValueRangeProvider 7,

1) BTE L FIM ) AR 1

7%, OptaPlanner ZZEHE E 7] GER B LWFLLEC/FISLHY, LR AR -
TimeTableConstraintProvider i1 &9 Timeslot 7] Room 4,

time lotList 7] roomList F(E & @ProblemFactCollectionProperty ;£7¢, UL
TimeTableConstraintProvider & LM X LoSERY 1T 1575,

lessonList 7 —1* @PlanningEntityCollectionProperty /%, Xt OptaPlanner o] 7 fZ% 7 f2#
BEHE], H#HEH TimeTableConstraintProvider th ] ) H5LE %1,

12.5. )& TIMETABLE /R

HTE, B #IFIFATE B TE—ESH 02 REST [R5, (HAEA REST /2 BIHIL) &S F 2
HTTP &7/, FUt, Spring Boot j57/F2/%# A SolverManager, E{F1f—1~HIHAIZEFE 51T
solvers, FHEJLIFFITAERZ NS,

TR

/% src/main/java/com/example/solver/TimeTableController.java % :

package com.example.solver;

import java.util. UUID;
import java.util.concurrent.ExecutionException;

import com.example.domain.TimeTable;

import org.optaplanner.core.api.solver.SolverJob;

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;
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@PostMapping('/solve")
public TimeTable solve(@RequestBody TimeTable problem) {
UUID problemlid = UUID.randomUUID();
// Submit the problem to start solving
SolverdJob<TimeTable, UUID> solverdJob = solverManager.solve(problemld, problem);
TimeTable solution;

try {
// Wait until the solving ends

solution = solverJob.getFinalBestSolution();
} catch (InterruptedException | ExecutionException e) {
throw new lllegalStateException("Solving failed.", e);

}

return solution;

TERBIF, HHELHEFFPERTETH, XD ATEE-F HTTP 1, TEEY L a#tse HTTP &
#1 E G,

12.6. KB REZURTIH

UTREBG 1T X FHFEfF R B AU KB I FE M, B LERARILTT, HRARFE HTTP @I
% BREIEXFHERLE, 15@&H optaplanner.solver.termination.spent-limit 2 #(#5 & | /74X 1F
BIRT A KE, TEAXZENFEEFH, FFITIHE L ILEF B H(5m). (B:2Z, £ Timetable ;~#IH, FFid
Hinf[EIR# ) 5 #, XEEH, LU#EsE HTTP i/,

R

& LT B L)# src/main/resources/application.properties 314+ :
I quarkus.optaplanner.solver.termination.spent-limit=5s
12.7. @&\ BT HTT

5Tk OptaPlanner Spring Boot timetable 77 G921 125, 15ATENEFT 5L H /& Java
main () ZZEI89HE N ETHAT JAR X1,

TR

[ ]
B 5EH, T OptaPlanner Spring Boot timetable /i 5.,

TR
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@A LUF P2 02 TimeTableSpringBootApp.java % :

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 £/##9 src/main/java/com/example/DemoApplication.java 5 &74% %
TimeTableSpringBootApp.java 35,
3.

1% TimeTableSpringBootApp.java £ 7 & Java b/ fHEEFHIE 51T,

12.7.1. i/ timetable /v HEE/FE

JE BT B # B9 OptaPlanner Spring Boot timetable v/ /FfE/F /5, & L& HEEEHIE/T REST
& F il REST AR, X1 rBI&A Linux curl 7% % % POST 17K,

TERFMF
[ ]
OptaPlanner Spring Boot timetable |/ /5 #E/F IFE 7£15717,
TR
N

$ curl -i -X POST http://localhost:8080/time Table/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"}]J}'
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A2 5 ®/E, £ application.properties & X B9ZZ1ERTE]7E 7 THT ], AR SRIEIZE WL T BT
i :

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"}

IBEE, NARRFRDI T XTI EEEE —, URFITNEHE—1T. FiFE8E, BfFaATEE
25, #I%0, M. Curie BIH 77180 15T /E,

TEAR S #51, info H&ZTE 5 #7714 OptaPlanner :

... 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).

12.7.2. JWith fH

RIFHIN IR Bi5NitEE., XA T OptaPlanner Spring Boot /7 fF72/%H9 Timetable
Red Hat build, Z1{&/F JUnit Ji7 3£ LN HIEE, HIFHR % EZ TimeTableController LIfZ %,

TFE

EELL TR E L sre/test/java/com/example/solver/TimeTableControllerTest.java 2% :

package com.example.solver;
import java.time.DayOfWeek;

import java.time.LocalTime;
import java.util.ArrayList;
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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,
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<Rooms> roomList = new ArrayList<>();
roomList.add(new Room("Room A"));
roomList.add(new Room("Room B"));
roomlList.add(new Room("Room C"));

List<Lesson> lessonList = new ArrayList<>();
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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"));

lessonList.add(new Lesson(201L, "Math", "B. May", ""10th grade"));
lessonList.add(new Lesson(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);

WM R I UERERIE, ATERESEZE S — A EREH, EdR%0F B2 8 X U r1THIME#
% (CREERE)

BE, ZRERTEE 200 ZRALETTHIBER R, 152E, @SpringBootTest ZF: HIE M 411
BmEREFAUE, LUETELLERTITHIAER 75 55(0hard/*soft) i I BIZL LE, X T #E 5B A8 i AR REE I 1],
BIy HE T A BE R TE (B L1577, X755 AT AR AR 1 K E L AT THIER T 5, AIRETE
IR LB UL, 162, AIETEIRERIH, BT FsiTh [FIEL ™ 1§ F KA H K,

12.7.3. A&7

5T/HL OptaPlanner Spring Boot timetable /1 [AFEFHIFEIE, AT LUEH H 518 R B
ConstraintProvider #1592\, ZE info HEX IS # T EZE, LUTAZXEHIR %) E LI 7s
Ll debug Ui z1T I FFESF, RN HEFEZHIE L, & trace Hi il Rl -RE— IR

fgﬁo
TFE
1.
BT E N W FHRE/F BT IH], B E 25,
2.
BE HEX MR 28T E2E, W TR :
I ... Solving ended: ..., score calculation speed (29455/sec), ...
3.

BERIR, BLREITI RN EEFIEEE0TE, HEE HEX AR iDRE2 T EEE,
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4.
Ll debug 21T HFE/F LU RN FIE :
[ ]
EMB T TR, 15%H -D KRB,
[ ]
ZE Y application.properties X #HBIHE DR, HTEZXFEFTIML T ¢
I logging.level.org.optaplanner=debug
LUFBIE T 7 debug U T HEX M BI%IH -
... 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.

& fF trace logging /7 i~ B 1N B R 126 BeH & — TN 5o

12.8. SIN#HE /T Ul £55

TE1&/H Spring Boot /21 IE/4#EEHT OptaPlanner b HFE/F T AlE, F#E/ZE# Ul £,

FtER 1
[}
B L/# T OptaPlanner Spring Boot timetable 71,
TERE

% Timeslot, Room 7] Lesson 71//# Java Persistence API(JPA)7=/%/%, Hx0/#Z JPA
B G /ERIEIS, 1552 Spring M5 _E @/ JPA 177034,

Bl REST LN FF JPA 77177, BALNFHMHC/FERTFEIE, 15504 Spring M4 L {#/H REST
7714 JPA #HE,
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15— 5] 1] /5/FIRepository & i FIAEE, LITEHANEEFELRHIEA —1
TimeTable,

15% TimeTableController, %1 TFHIFFT :

package com.example.solver;

import com.example.domain.TimeTable;

import com.example.persistence.TimeTableRepository;

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/timeTable

@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);
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}

@PostMapping('/stopSolving")
public void stopSolving() {

solverManager.terminateEarly(TimeTableRepository.SINGLETON_TIME_TABLE_ID);
}

EEEE, MRHRUIE—T G478 LH), (BEEEGHEZMES, HHTUETRGE
AT LRETZ 1 ET 7] 1E] LB,

getTimeTable () 75,Z:&[EI% 5 #HIE/F=RIRFTIT 2%, E1#H ScoreManager (5%
A) Fit BT IR #, LUE Ul A LUE A5 #

solve () ZZ/E51—TMEW, LAERZLFIANAZ, FHIHT 1 ERE DB 7S TEHEF
i, ©1{ZAH SolverManager.solveAndListen () 741l /HREBITTE, HIEWMEHH
#E/E, XAl Ul B EimBERR TR E,

HI7E, solve () FEARIZAIKME, 17152 TimeTableControllerTest, #1TFAIFFr :

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 {
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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());
}
}
6.
FIRATHIBER T, BEERAERN I,
7.

ZE bR EIZ, EEXL REST B2 L1y Web Ul,

12.9. &/ MICROMETER 7] PROMETHEUS /i #1469 %/=//i] OPTAPLANNER SPRING BOOT ///H
EFF

OptaPlanner &7 Micrometer (—1 Java [ fEfE/FH9#E 15 kME) L FF . R LU
Micrometer 5 Prometheus /5F71&/H, 157 IANA £1/H 5 /A2 F #189 OptaPlanner solver.

TERFME
[ ]
B L/# T Spring Boot OptaPlanner eXecut timetable 1/ /5 /%,
[ ]
B %% Prometheus, #&X%# Prometheus #7i¥/g, 1&& & Prometheus i,
TERE
1.
7 A Technology /java-spring-boot 5%,
2.

1% Micrometer Prometheus 177775 11%) IANA timetable pom.xml 3 £ :
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<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-actuator</artifactlad>
</dependency>

<dependency>

<groupld>io.micrometer</groupld>
<artifactld>micrometer-registry-prometheus</artifactld>
</dependency>

7£ application.properties X 175U FEIE :

I management.endpoints.web.exposure.include=metrics,prometheus

/) 7000 timetable /1 fEFE/F :
I mvn spring-boot:run

TER T3 5 AP T 7F http://localhost:8080/actuator/prometheus,

226


http://localhost:8080/actuator/prometheus

25 13 2 RED HAT BUILD OF OPTAPLANNER AND JAVA: —4* SVVP TIMETABLE QUICKSTART 158

% 13 Z RED HAT BUILD OF OPTAPLANNER AND JAVA: —1 SVVP TIMETABLE QUICKSTART

NS, N BREFEIX S FAFINAIT TILIE, HEAEA BT

B

AIER 1 F T H R A OptaPlanner 25K (Al)F9/5 4 Java N fFE/FHIT i BAFIE— T o =17

INFO Solving ended: time spent (5000), best score (Ohard/9soft), ...

INFO

INFO | | RoomA [RoomB |RoomC |
INFO | / / / /
INFO | MON 08:30 | English | Math / /
INFO | [ 1. Jones | A. Turing | /
INFO | | 9th grade | 10th grade | /
INFO | / / / /
INFO | MON 09:30 | History | Physics | /
INFO | | 1. Jones | M. Curie | /
INFO | | 9th grade | 10th grade | /
INFO | / / / /
INFO | MON 10:30 | History | Physics | /
INFO | | 1. Jones | M. Curie | /
INFO | | 10th grade | 9th grade | /
INFO | / / / /
INFO | / / / /

BH N BRI Al BIEFEFIEAE RE, 178 571FH#L6) 5802 Timeslot 7] Room LA, #1
i :

TNEEJE]dR % B LU RIRT B — AL

ZITaT LA GRS TE_LiRA A TEE,

27 5= 2% AT LU 00

HEFAREENFER—EFIATB KL IE),

FE-F & F R T 7E 1R 52 T T 1A RO 2E ZE B,
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[ — L FLE69 NTE — 1> — 1

~

HER L, 2B ESEEZE — 1 NP-hard [F[&T, XEBEEELY B, M5 #E A a6
BIAE, X FHFE ﬁﬁ%@mgﬁﬁﬁfﬁ EIETFRBI i S Lt 2RI, Emh9E, Al 2TFAERIE
OptaPlanner &R &4 B B 7 S FEHIINT H e R =R VT HIBER T 5,

TE RN

EZ# 7 OpendDK(JDK)11, ZLIE15#EH7 Open JDK ETMLLIEE 7/ 1/ Mi4HY Software
Downloads I EI#*ER (FEER) .

B %% Apache Maven 3.6 =& 5/k7, Maven 5TL{/ Apache Maven Project [ 1=,

IDE, 7 IntelliJ IDEA, VS Code zt Eclipse

13.1. £/# MAVEN =t GRADLE 758X {43 55 h1ge i

BT LL#F Maven = Gradle /5F OptaPlanner Evolution 7715 [HRE/%. B EXIEE, WU

oA -

OptaPlanner-core (E&5E/E) FKAE# IANA /i8] [H]&

optaPlanner-test (WiE/E) Wit JUnit 1777 BR#

—NEH, 4 logback-classic (runtime 5E/%) ¥ 2 & OptaPlanner REXA9% %

TR

1//# Maven 2t Gradle 5ZX 14,

TELTHIFEE X1 - 3510 optaplanner-core, Optaplanner-test 7] logback-classic 177 :
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XIF Maven, FFLLFEFILTRIIE] pom.xml X1 :

<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>

LR BIE 7 755269 pom.xml X 14,

<?xml version="1.0" encoding="UTF-8"?>
<project xmins="http://maven.apache.org/POM/4.0.0"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemal ocation="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>
<version>1.0-SNAPSHOT</version>

<properties>
<maven.compiler.release>11</maven.compiler.release>
<project.build.sourceEncoding>UTF-8</project.build.sourceEncoding>

<version.org.optaplanner>8.13.0.Final-redhat-00013</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.optaplannerj</version>
<type>pom</type>
<scope>import</scope>
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</dependency>

<dependency>
<groupld>ch.qos.logback</groupld>
<artifactld>logback-classic</artifactld>
<version>${version.org.logbackj}</version>

</dependency>

</dependencies>
</dependencyManagement>

<dependencies>

<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-core</artifactld>

</dependency>

<dependency>
<groupld>ch.qos.logback</groupld>
<artifactld>logback-classic</artifactld>
<scope>runtime</scope>

</dependency>

<!-- Testing -->
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-test</artifactld>
<scope>test</scope>
</dependency>
</dependencies>

<build>
<plugins>

<plugin>
<artifactld>maven-compiler-plugin<artifactld>
<version>${version.compiler.pluginj}</version>

</plugin>

<plugin>
<artifactld>maven-surefire-plugin</artifactid>
<version>${version.surefire.pluginj</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>
<!-- Get releases only from Maven Central which is faster. -->
<enabled>false</enabled>
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</releases>
<snapshots>
<enabled>true</enabled>
</snapshots>
</repository>
</repositories>
</project>

XF Gradle, 7£ gradle.build 314755 1L ARG :

dependencies {
implementation "org.optaplanner:optaplanner-core:${optaplannerVersion}"
runtimeOnly "ch.qos.logback:logback-classic:${logbackVersion}"

testimplementation "org.optaplanner:optaplanner-test.${optaplannerVersion}"

/

LUFRBIE T T ESEALAYT gradle.build 3X 14,

plugins {
id "java”
id "application”

}

def optaplannerVersion = "{project-version}"
def logbackVersion = "1.2.3"

group = "org.acme"”
version = "0.1.0-SNAPSHOT"

repositories {
mavenCentral()

}

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

}

compiledJava {
options.encoding = "UTF-8"
options.compilerArgs << "-parameters"”

}
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compileTestJava {
options.encoding = "UTF-8"

}

application {
mainClass = "org.acme.schooltimetabling.TimeTableApp"

}
test {
// Log the test execution results.
testLogging {
events "passed"”, "skipped", "failed"”
}
}

13.2. i/ 15 REE

2 IE M EEH OptaPlanner /5] 21 B B9 B 1@ fF & 170 2 B045 — TN JE R FT— TNEEL,  Ut, Ea=
& : Timeslot. Lesson 7] Room, %1 &R :

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 5 Z~TE R 7R FEHIIT 1] FI G, )40 : Monday 10:30 - 11:30 2t Tuesday 13:30 - 14:30
- 14:30, 7EXTBIR, ATENT G A A G R ATF2E0T 5, B 7E lunch SEE i BT R R BT A1
.,

HTEERRE HE, HAERETTHRERESR, TEATHREE L, RERHS HTEL, FHER
RS EEHRAT RSB ENLRIZAE, UFEETEFEEFTIFETF OptaPlanner £9,Z4Z,
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room

Room £CZ 7 iREE #8975z, #/4]1 Room A 2t Room B, 7EZ#IH, ATEZE/HERE B ERE,
eI BEHFAT B IR,

FEIA] LRI R AT RKE, FIE Room & /7,

lesson

TERI, BRI T, [PFREE— 1T E, #1401 : A.Turing for a 9th grade 3t Chemistry by
M.Curie 77 10th grade, #IR—1NEHZEE=R VA —FAAHREZR, NEZNNE, HEEH id X5
BISCHBY, BIA0, 9 B2h, BEF 6 TNF.

1EF KL FEH, OptaPlanner 2{% 7 lesson Z££9 timelot 7] room FE2, MTTHFAETNE ) BIIT 15 5B
25— IR AT —TNEJE, K7 OptaPlanner B 7iX£FE, ALl lesson &— 1 HLEISAE -

Time table class diagram

The timeslot and room fields are
normally null before solving

and non-null after solving @PlanningEntity
Timeslot Lesson
dayOMeek : DayQMeek @PlanningVariable subject : Strl_ng
startTime : LocalTime , I teacher : String
endTime : LocalTime =il studentGroup : String
0.1 *

@PlanningVariable
room
0.1 *

‘ Room
name : String

LA 2 HFEREZHAHHE, (6 orange FERIRS . TEHAHIER KA EH I 1A FIEH FE
(null), HEHHHEEFDE (T2 null) . OptaPlanner 7271 F2 i B LFER, XLEZRH
HEIZE, 77 OptaPlanner aTLUH#E1], timelot 7] room F&E5EZ @PlanningVariable %

., T18Z%( Lesson )FZE @PlanningEntity '#7%,

TR
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/% src/main/java/com/example/domain/Timeslot.java 3% :

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() {
return dayOfWeek + " " + startTime.toString();

}

/ %3k 3k o 9k ok ok ok ok ok ok ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o b

// Getters and setters

// %3k ok o 9k ok ok ok ok ok o ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok o ok o o b

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}

IR, toString () FHARE THIH AR, LUEFLUEREMHEET OptaPlanner £#9
DEBUG 3zt abrt HZ&, 2078/EH7 T

/% src/main/java/com/example/domain/Room.java % :
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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;

}

/ 2k 5 5k 3k ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o ok ok o ok ok ok Sk ok b

// Getters and setters

/ %3k ok o 9k ok ok ok ok ok ok ok ok o ok ok o ok ok ok ok ok o ok ok ok ok ok ok o o b

public String getName() {
return name;

}

/% src/main/java/com/example/domain/Lesson.java % :

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() {

}

235



Red Hat Decision Manager 7.13 fE FIZLIER SR EE B MZLIEIIE OptaPlanner S{EfRRE

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 + ")";

}

/ %3k 3k o 5k ok ok 9k ok ok ok ok ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o ok

// Getters and setters

/ %3k ok o 3k ok ok 9k ok ok ok ok ok o ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o o ok

public Long getld() {
return id;

}

public String getSubject() {
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 X2 7% @PlanningEntity ;#75, X/t OptaPlanner #1:& X N EfEERTEHFLET
DE, AHEEBE—NEZNTHETE,
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time lot (% @PlanningVariable ;#7%, [/t OptaPlanner #1&EE LI ENX R E, 7
T EHED IS I FEREYETER Timeslot 25, OptaPlanner {#/5 valueRangeProviderRefs
B 177 F—TMEK List<Timeslots AYEHN . 7 XIEZEENEHFFE, FEH # 13.4 7
W bl B Y ELl € S ATE s

HFEIFERE, room FEi171- L% @PlanningVariable %77,

13.3. E X R#EH#iT B 5

LEER IS, DB RXFEBRGFELTE, Fr#mE. ZIIEHZH) OptaPlanner F1i& EAERTT
£, XE B EKGRE D HBIERTG S, X HEEE RIEBRTF.

B &THT B9 B I 2 B RERI 23R, R 1% 1#/F HardSoftScore KX FZ 0 # -

BRI T/E 45T BT : —NF /A BT LA LRI,

HIRFTRZ %Mo BIAI : BENIEE B EHIHFE T =,

B2 R AN BHNT FRMELTREINE, HIRFIEE FRMIRE, BRFIGAXFHRA, Tt
XS I E LI

EirEHH, LI EasyScoreCalculator 5 :

public class TimeTableEasyScoreCalculator implements EasyScoreCalculator<TimeTable> {

@Override
public HardSoftScore calculateScore(TimeTable timeTable) {
List<Lessons> lessonList = timeTable.getLessonList();
int hardScore = 0;
for (Lesson a : lessonList) {
for (Lesson b : lessonlList) {
if (a.getTimeslol() != 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--;

}
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// 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);

TELIE, X TIERTGFETENTIREFBT) ', B EEHIBE | HXHHET RIBINT 7R 2],
HEEH LT B IR 1 BHT 2 #,

FIFRGEE R T 2 0 — 1 src/main/java/com/example/solver/TimeTableConstraintProvider.java
BHHITIBE H#i1E, U@ H OptaPlanner £ ConstraintStream API, £/ Java 8 Streams 7]
SQL /“%, ConstraintProvider %5}{/t EasyScoreCalculator E4FHIEE : O(n)ii-712 O(n).

TR

B/#Z LU T src/main/java/com/example/solver/TimeTableConstraintProvider.java > :

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),
teacherConflict(constraintFactory),
studentGroupConflict(constraintFactory),
// Soft constraints are only implemented in the "complete” implementation
k
}

private Constraint roomConflict(ConstraintFactory constraintFactory) {
// A room can accommodate at most one lesson at the same time.
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// 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)
join(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getStudentGroup),
Joiners.lessThan(Lesson::getld))
.penalize("Student group conflict”, HardSoftScore. ONE_HARD);

13.4. TEMILUBER TG PN E LT 5

TimeTable LA E 74 1 dataset 75774 Timeslot. Room #J Lesson 4, 54, BFEEZET
allon, P EEBHENLNZELS, ATLULEE—T HEERTE, HEDH :

YR IFFRIDRREH S E, Wh EE—1 KIEIE BIERTTE, BI5ET -
4init/Ohard/Osoft HIAZ% 7 3,

USRI EEREY, HL EE—f T BERTGFE, BI04 #77 -2hard/-3soft BIAEA T

;%’D

UIREBBATEIELR, i E'— T aITHIBERESE, B, 5# 7 Ohard/-7soft BIfER T
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TimeTable £ %&—1* @PlanningSolution J#7%, KUt 1§15#H7 OptaPlanner #1:& 1% & Z AT E #)
A F5

B, XTEZEEFEIHIA

HHERT AT B timeslotList F£2

X HIELIIZ, B ENHERRLERTEHLL,

BEATEE/EH—1 roomList FE2

X HIELIIZ, B e HERRLERTRHLL,

HHEATAE T 7789 lessonList FE&

BV RYFANRIIZ, FIMEN RS R E T,

Bt
ia)
>
3
®

timeslot ] room FERHG(EEE N null, FHEES IR, ET29%72 5,

BM=E (30 /&, S quill r 7] studentGroup ) E#EE, XLEFRE /1 TE
1,

182, X EUBHEREGFELIHML

#Z 1" lessonList FER1EfE#/5E5E FF null time lot 7] room F£2
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RXFIHIEAR T T E B9 # FE-, %1 0hard/-5soft

TR

B/ src/main/java/com/example/domain/TimeTable.java 3% :

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
private List<Timeslot> timeslotList;

@ValueRangeProvider(id = "roomRange")
@ProblemFactCollectionProperty
private List<Room> roomList;

@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;

}

/ % % 5k 3k ok ok ok ok o ok ok ok ok ok ok ok ok ok o ok ok o ok ok o ok ok ok S ok b

// Getters and setters

/ % 5k 5k 3k ok ok ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o ok ok o ok ok ok Sk ok b

public List<Timeslot> getTimeslotList() {
return timeslotList;

}
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public List<Room> getRoomList() {
return roomlList;

}

public List<Lesson> getLessonList() {
return lessonlList;

}

public HardSoftScore getScore() {
return score;

}

(ESBEHN

timeslotList F£:&—1\[E3E/% provider, E7#7#%& OptaPlanner aJ LM #£#EH) Timeslot 24, %
B35 lesson “CAIAG timeslot F£8, time lotList FER 2% @ValueRangeProvider ;£7¢, BE47F
Lesson #/% id 5 @PlanningVariable £9 valueRangeProviderRefs /L7,

ZEEERZ 4, roomList FER1/A @ValueRangeProvider ;£7%,

[T B LT L1 E 1
4%, OptaPlanner FFZE B & o] G = B WL BISLHBY, LR AT F

TimeTableConstraintProvider i1 &) Timeslot 7] Room 4,

time lotList 7] roomList FEE 7% @ProblemFactCollectionProperty ;£7¢, UL
TimeTableConstraintProvider & LM X LoSE B 1T 1575,

lessonList 57—~ @PlanningEntityCollectionProperty ;#/#, [t OptaPlanner of 7£fZ% 7 F2#
BEHE], H#HEH TimeTableConstraintProvider th ] ) H5LE 41,

13.5. TIMETABLEAPP.JAVA %

8% IANA 71155 I E 4 IE, =1FENIKIE TimeTableApp.java 254,

main () ZBENITLTES -

1//# SolverFactory LIy &1~ ##E% 15# Solver.

242



25 13 2 RED HAT BUILD OF OPTAPLANNER AND JAVA: —4* SVVP TIMETABLE QUICKSTART 158

2.

TEHELE,
3.

&/H Solver .solve () FAL* &,
4,

P AL 2 IR IR T,

B, NAEFHRE—1T Solver Factory F v #1N i ai##EE N & — 14789 Solver
#l, SolverFactory /2 thread-safe, {H Solver 7, ¥/F IANA /7[5 &l E{EN AR, HRE—1T#E
%, AR E—1 Solver 4,

LUTFZ55/%B9 TimeTableApp.java 2% :

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.slfdj.Logger;

import org.slfd4j.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)
// 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)));
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// 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(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(9, 30),
LocalTime.of(10, 30)));

timeslotList.add(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(10, 30),
LocalTime.of(11, 30)));

timeslotList.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"));
roomlList.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"));
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"));

lessonList.add(new Lesson(id++, "Math", "A. Turing"”, "10th grade"));
lessonList.add(new Lesson(id++, "Math", "A. Turing"”, "10th grade"));
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lessonList.add(new Lesson(id++, "Math", "A. Turing"”, "10th grade"));
lessonList.add(new Lesson(id++, "Physics", "M. Curie", ""10th grade"));
lessonList.add(new Lesson(id++, "Chemistry"”, "M. Curie", "10th grade"));
lessonList.add(new Lesson(id++, "French", "M. Curie"”, "10th grade"));
lessonList.add(new Lesson(id++, "Geography", ""C. Darwin", ""10th grade"));
lessonList.add(new Lesson(id++, "History", "I. Jones", "10th grade"));
lessonList.add(new Lesson(id++, "English”, "P. Cruz", "10th grade"));
lessonList.add(new Lesson(id++, "Spanish”, "P. Cruz", "10th grade"));

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(" |
RIS
LOGGER.info("[|" + "======mn=s== |".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.<LessonsemptyList();
}
List<Lesson> cellLessonList = byRoomMap.get(room);
if (cellLessonList == null) {
return Collections.<LessonsemptyList();

}

return cellLessonlList;

h
.collect(Collectors.toList());

LOGGER.info("| " + String.format("'%-10s",
timeslot.getDayOfWeek().toString().substring(0, 3) + " "' + timeslot.getStartTime()) +
"/ L
+ cellList.stream().map(cellLessonList -> String.format("'%-10s",
cellLessonList.stream().map(Lesson::getSubject).collect(Collectors.joining(",

D)
.collect(Collectors.joining(" | "))
+ " /l' ;
LOGGER.info("| /"
+ cellList.stream().map(cellLessonList -> String.format("'%-10s",
cellLessonList.stream().map(Lesson::getTeacher).collect(Collectors.joining(",
N)

.collect(Collectors.joining(" | ')
+ " /l' ;
LOGGER.info("| /"
+ cellList.stream().map(cellLessonList -> String.format("'%-10s",
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cellLessonList.stream().map(Lesson::getStudentGroup).collect(Collectors.joining(", "))))
.collect(Collectors.joining(" | "))
+"[");
LOGGER.info("[" + "=======m=n== |".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 () 75 %E %60/ SolverFactory :

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 (/#;%# @PlanningSolution 25, @PlanningEntity 257/ ConstraintProvider 75
(B2 FiBIERI£EE) o

TR R B LK B S terminationEarly () Ff#, | Addressr £FK X517, WX FHIESR, FER
BERILIT T R# 7 5 #s

5#/E, main () ZEMETE, BERXNE, FHITHIRERTGE

// 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 () FHZAARIZALR[E, TFER[EIREBRFTEE, ERE1THY,

OptaPlanner :&[E] 5] FFZX LAY [ HEIBI R ERER TGS, HITF NP (&7 GEIENT, REBRSFEATRE

NERIED], 1FHEN FHABIBIEE, IR [F] LB BT EEFHE B AFAIAER T 55,

generateDemoData () 77;%%/% IANA [ [5/1E |5/ fE%,

printTimetable () 7% BB IEHIEEIATERT A, B BT LUFZH 10 E 2 &2 RAIFHTE,

13.6. I FH21T X IE BTHY [FIE L FAREF

HE, HEEsLHK T IANA timetable Java i [BFEFHIFTE A1, HERTLUFETKE
TimeTableApp.java 5/, #.217E,

T RFEE
[ ]
BB 6/# 7 IANA timetable /5 72/% AT BI A& 2H 1o
TR

0% src/main/java/org/acme/rhacmtimetabling/TimeTableApp.java 3% :

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;
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import org.slfdj.Logger;
import org.slfdj.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)
// 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(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(9, 30),
LocalTime.of(10, 30)));

timeslotList.add(new Timeslot(DayOfWeek. TUESDAY, LocalTime.of(10, 30),
LocalTime.of(11, 30)));

timeslotList.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"));
roomlList.add(new Room("Room B"));
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}

roomlList.add(new Room("Room C"));

List<Lesson> lessonList = new ArrayList<>();

long id = 0;

lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,

lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,
lessonlList.add(new Lesson(id++,

"Math", "A. Turing", "9th grade"));
"Math", "A. Turing", "9th grade"));
"Physics", "M. Curie", "9th grade"));
"Chemistry", "M. Curie", "9th grade"));
"Biology", "C. Darwin", "9th grade"));
"History", "I. Jones", "9th grade"));
"English", "I. Jones", "9th grade"));
"English", "I. Jones", "9th grade"));
"Spanish", "P. Cruz", "9th grade"));
"Spanish", "P. Cruz", "9th grade"));

"Math", "A. Turing", "10th grade"”));
"Math", "A. Turing", "10th grade"));
"Math", "A. Turing", "10th grade"));
"Physics", "M. Curie", "10th grade"));
"Chemistry", "M. Curie", "10th grade"));
"French”, "M. Curie", "10th grade"));
"Geography", "C. Darwin", "10th grade"));
"History", "I. Jones", "10th grade"));
"English"”, "P. Cruz", "10th grade"));
"Spanish”, "P. Cruz", "10th grade"));

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.getTimeslol() != 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("[" + "====m=nmz=== |".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.<LessonsemptyList();

}

List<Lesson> cellLessonList = byRoomMap.get(room);
if (cellLessonList == null) {
return Collections.<LessonsemptyList();

}

return cellLessonlList;

)

.collect(Collectors.toList());
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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(" | "))
+ " /l' ;
LOGGER.info("| /"
+ cellList.stream().map(cellLessonList -> String.format("'%-10s",

cellLessonList.stream().map(Lesson::getTeacher).collect(Collectors.joining(", "))))
.collect(Collectors.joining(" | "))
+ " /l' ;
LOGGER.info("| /"
+ cellList.stream().map(cellLessonList -> String.format("'%-10s",

cellLessonList.stream().map(Lesson::getStudentGroup).collect(Collectors.joining(",

M)
.collect(Collectors.joining(" | "))
+ " /l' ;
LOGGER.info("[" + "=====mmm==== |".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.
1517 TimeTableApp 5128 Java N HEFHIE R, LU TFHHNZ :
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 | | 1. Jones | M. Curie | /
INFO | | 9th grade | 10th grade | /
3.
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Bl FEFI S . BT ATEERA ? 2R TimeTableConstraintProvider ;47
# 7 roomConflict 2/, KMt LIERL ?

info A& /77~ OptaPlanner 7£ 5 A 1THIIRE

... 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).

13.7. il H

RAFBIN [REF B B, M REIL RGN IHZTTE F 89 solver,

13.7.1. /i prompt 7715/ T ZA [R#1

FrEE )i timetable i 5 A92Y 5, g 1EHE TNl @FH ConstraintVerifier, X &Ml & 1N &
BI% ES B M IEERIESL, X B1E 5 IE 0 i 2 HI#T 2 R AT [ 121,

2B 2L TE [ —ZE[HIB= NI, IR 247 1F2 % TimeTableConstraintProvider:: roomConflict,
BN »ITE B FHEH timeslot, LIPTAIIVE 77 1, FUE, #IEZVFINE Y 10hard, EX7% -
10hard /74 5 #,

TR

BI# src/test/java/org/acme/optaplanner/solver/TimeTableConstraintProviderTest.java % :

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;
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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 TIMESLOT2 = 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.verify That(TimeTableConstraintProvider::roomConflict)
.given(firstLesson, conflictingLesson, nonConflictingLesson)
.penalizesBy(1);

1525, ConstraintVerifier 7£/1i7 17 TR A1 RBEL TR INE, RIEXLELTRINVETE
ConstraintProvider FfZ%515, XK HEHAE I IBEIER EBLLIRINE, X1, ZIRINEFTER
BN T,

13.7.2. Jlijist 7000 timetable resolver

XN BI7E Red Hat build of Quarkus £l 1§/#H#9 OptaPlanner school timetable i 5., &
&/ JUnit iR LR AEE, HIFR L XE TimeTableController S22 1 H&,

TR

& LLF A L)# src/test/java/com/example/rest/TimeTableResourceTest.java 2% :
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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.Timesloft;

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()) {
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<Rooms> roomList = new ArrayList<>();
roomList.add(new Room("Room A"));
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roomlList.add(new Room(”"Room B"));
roomlList.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"));

lessonList.add(new Lesson(201L, "Math", "B. May", "10th grade"));
lessonList.add(new Lesson(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);

WA R R U TERERIG, AT REERSE — T ERIEH, BRI &
1TEIEAR 5 (REERE) .

7£ src/main/resources/application.properties X 143,557 test B :

# 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
%test.quarkus.optaplanner.solver.termination.spent-limit=1h
%test.quarkus.optaplanner.solver.termination.best-score-limit=0hard/*soft

BE, ZERGETE 200 ZERHAEE G THIBR G, & application.properties X {44117 7£0 it
1 R B ERFEFIALE, LUBTELCE AT 1TRIAER 55 (Ohard/*soft) 1 7 AT 1E, X B it 5 & i AE R
FE/FITE], B AT A BE R TE(E B L5170 X P2 AT BRI I 1 R R B AT 1T BI AR R T
%, HIEERIERTRILBEAE, B2, BIEFEIRERIH, BT ES{THIHLL ™ 1EZE KB ] E
%

13.8. A& iR

SC/% OptaPlanner school /5171 B892 IEF /s, & RILUEE H 1S /8 780 i
ConstraintProvider #H9[R#, ZE info HEX RIS #TEZE, LUTFAZXEHIR %) E LI 71s
L debug B Z1TI BIESF, DI AFEFEZE N L, Si#EH trace Hi il R idRE— /R
#27,

TR
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1517 school timetable /v LIFE/ZEERTIE], #1E 5,

2.
BE HEX MR 28T E2E, W TP :
I ... Solving ended: ..., score calculation speed (29455/sec), ...
3.
BEHLR, BLE{TI RN AEFERIBIN A, HEE HEX MR iRE92#T ERE,
4,
L debug Bz 1T AR, LUl RN BFEFATHETE LT -
[}
BMB BT TR, 1FEH -D R E %,
[}
FR A AR, 57 application.properties 3 1£H S AT -
I quarkus.log.category."org.optaplanner”.level=debug
LUTFBE7 T 7 debug BT HEX M BI%IH -
... 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 logging JZ & 1N FELLUR 122 BEH9 B — TN 57,

13.9. &/ MICROMETER 7] PROMETHEUS /i #/&69%/=1///i] OPTAPLANNER JAVA /v fH’E/F

OptaPlanner &7 Micrometer (—1 Java /v fFfE/FHIE 5 klE) L FF . ERTLUF
Micrometer 5 Prometheus /2FE71&/H, 17 IANA F1/H b A2/ #1689 OptaPlanner solver.,

TR
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B (@& Java 0/# T OptaPlanner Demo timetable /v 572/,

BZ % Prometheus, & XZ%E Prometheus #91#1g, & & Z Prometheus b,

TR

1% Micrometer Prometheus 17777 /1Z/ IANA timetable pom.xml X144, Hi &
It; MICROMETER_VERSION > E/#Z %7 Micrometer /&7 :

<dependency>

<groupld>io.micrometer</groupld>
<artifactld>micrometer-registry-prometheus</artifactld>
<version><MICROMETER _VERSION></version>
</dependency>

I

-
JER

172 micrometer-core ki, (A2, X TMEHIYIEE1E optaplanner-
core KR, [FULETFZIFEFINE pom.xml X4,

FFLLFEA %65 1% TimeTableApp.java 25,

import io.micrometer.core.instrument.Metrics;
import io.micrometer.prometheus. PrometheusConfig;
import io.micrometer.prometheus. PrometheusMeterRegistry;

7£ TimeTableApp.java 2£69FE 75, Z B9 TR T17, LUE Prometheus A LUTERERTT 5
JE5)EIM com.sun.net.httpserver.HttpServer F95# :

PrometheusMeterRegistry prometheusRegistry = new
PrometheusMeterRegistry(PrometheusConfig.DEFAULT);

try {
HttpServer server = HttpServer.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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new Thread(server::start).start();
} catch (IOException e) {
throw new RuntimeException(e);

}

Metrics.addRegistry(prometheusRegistry);

solve();
}
4,
I AT RG], B BT, R T A b AT iR AT 1 2 1E
I with TerminationSpentLimit(Duration.ofMinutes(5)));
5.
/55 7000 timetable [/ /HFE/F.
6.
7£ Web 15 #8#TF http://localhost:8080/prometheus, {7 Prometheus #2 &/ /5]
1L ARE,
7.

HTHIERI IR, LB EEET OptaPlanner 175 B975Fr.

RIFLUFIETR -

optaplanner_solver_errors_total : ElIZE 5L F % £ BIEE R K,

optaplanner_solver_solve_duration_seconds_active_count: gttt 25598 &

optaplanner_solver_solve_duration_seconds_max: ;=77 longest-running 457,

ARV HIAT 1],

optaplanner_solver_solve_duration_seconds_duration_sum: #&1\Z L AEHT &5 AEHT
FFEENTEI9 L/, A, HTRBE I EEHIEN 2, — PNREiT—N=28, F—17—%
£, SHEHEETE] K 4 5,
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284 V. RED HAT BUILD OF OPTAPLANNER STARTER //fF#E/%

Red Hat build of OptaPlanner 1% 7 FA/ i fEFEfF, #RILI7E Red Hat OpenShift Container
Platform _LZ5E :

staff staff Rostering starter [ /H72/%

Vechile Route Planning starter v/ /5 /%

OptaPlanner /5 5)7E/% [ FAFE/F L T~ BIFIIRZE S SIFE B HIFF R B, BN S E TFHRELAER, HIEMFT
TR R R TG FEHIRAELRN,
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% 14 & 77 IDE #{#/5 RED HAT BUILD OF OPTAPLANNER: —1*i/q T#J ROSTERING 7/

FEI S HINF LA R, #EETLUEAE IDE /4%, Z1T7/11EK optaweb-employee-rostering starter
L/ FE#2/%, 1%/H Red Hat build of OptaPlanner /55,

TR

e LU HERBIFF X 2115, %0 Red Hat CodeReady Studio 2t IntelliJ IDEA,

Bx) Java 155 H T T HE,

J&X) React 7] TypeScript £9 7 ., FZEULEKFEEFF % OptaWeb U,

14.1. [ TIEEA] N BB

I TE BRI TN FEFESE A T A BRI & il BRI T, B4, & aTLUEFE L FEE/FT7E nurses.
guard duty &% M EFF, ZLTE worker Z [A/BIREEI{TIE 7,

REATEFBAEIERSZTLE, BIA, TRINLELRFETRIRKERKLT, 75, LT
FRENFERT T, 2tE TEEELIFEN R, UH, RATHETUEERE, ZE&RRE T EH
JEER A T (EB9 /AT,

X FIXNEsIFEE N HREE, ZLIEF#AT OptaPlanner #IZ5(&/H hard 7] soft 25, TE(L1ELFE
i, 1R ETEETAIERAELIFE, I, WRATTTHE (FELE) , BEFRNTTEEEL—F%
FEGHMEE TE, 1145/ ZR B TFHREY, PR T E AT, (BARREBIRTFE
FE, lFgEREREN],

14.2. #2170 TEIFA I HFEF

BT LUMBREIERATREA AR, HIFRIFY JAR XHE1T,

FH, EETLUE IDE, #]Eclipse (&7% Red Hat CodeReady Studio) F/4# /51T I 2%,

14.2.1. K &EEZEX
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TEEEFIABE I FHREFH, AT FEH M 7 B B X 1o

TFE
1.
HALLIEE /) ]/ s A9 Software Downloads I E (BEER) , #EM T FZ A%
BB AR -
[}
Shan o RFEE L B
[}
Version: 7.13.2
2.
F#; Red Hat Process Automation Manager 7.13.2 Kogito 7 OptaPlanner 8 Decision
Services Quickstarts (rhpam-7.13.2-kogito-and-optaplanner-quickstarts.zip).
3.
18X rhpam-7.13.2-kogito-and-optaplanner-quickstarts.zip X 1#.
4,
F#; Red Hat Decision Manager 7.13 Maven Repository Kogito 7] OptaPlanner 8
Maven Repository (rhpam-7.13.2-kogito-maven-repository.zip).
5.
#2HY rhpam-7.13.2-kogito-maven-repository.zip X1,
6.
1% rhpam-7.13.2-kogito-maven-repository/maven-repository 5 R 897 &£ #Z/
~/.m2/repository R,
7.

Z i #/ optaweb-8.13.0.Final-redhat-00013/optaweb-employee-rostering 5%, X1X
1 TR A IR IS EE BB I X,

X RIS T AT BELE KX HE IR BIIR A S B B

14.2.2. ;217 Employee Rostering starter application JAR X ¥
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5T LIM Red Hat Process Automation Manager 7.13.2 Kogito 7] OptaPlanner 8 Decision
Services Quickstarts F#;#£9 JAR X 141517 Employee Rostering starter / fH#E/%.

TR

BB F##H#H T rhpam-7.13.2-kogito-and-optaplanner-quickstarts.zip X1, %1
#14.21 77 “EwEEXMH” A,

Z# 7 Java Development Kit,

EZ % Maven,

EW AL EE, 8T T MN BB 15 /% T2 Maven £(1+&,

TFE

TEmp K5, tT1HF rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-
8.13.0.Final-redhat-00013/optaweb-employee-rostering 5%,

2.
EHLU TGRS :
I mvn clean install -DskipTests
3.
EF BT BT,
4,

Z#i £/ rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-8.13.0.Final-redhat-
00013/optaweb-employee-rostering/optaweb-employee-rostering-rostering-
standalone/target 5%,

5.

WAL Fip %5277 Employee Rostering JAR X 14 :

I java -jar quarkus-app/quarkus-run.jar
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-
JER

TEFEERT, quarkus.datasource.db-kind Z# 891521 %E W H2, EEH
TR E, BRI EEMITIES, HIEmwiTHEEHEFELE, fli, Z@
/H PostgreSQL ##/%, 1MW AUT@RE :

mvn clean install -DskipTests -Dquarkus.profile=postgres

Zi N AR, ER AN & A http://localhost:8080/,

14.2.3. {#/H Maven 14 #:2 77 Employee Rostering starter /v /7

BT LU e T T HE 1T A L EBIA TN RS

WIREREFUALTE, BIEIFHRFENFR, HERSaiEILEER, BRAFAMEFEIIHIEIERS
B ZITIVEFER, BFEN 5 14.2.4 77 “Map BT IHZ 1T BIF A B 1EEIRA TRA T

TLRFNE
[}
BB TESEXAE, ] 14.2.1 T “fEEEX " AT,
[}
Z# 7 Java Development Kit,
[}
B Z# Maven,
[}
FEWATLUD I, 8 B BB I M N BB 77 17 % T # Maven 214 &,
e
1.
A optaweb-employee-rostering-backend 5%,
2.

RHLTFaa -
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I mvn quarkus:dev

? A optaweb-employee-rostering-frontend 5%,
4.
RELU T -
I npm start
HEE
IR EH npm 5578575, N npm K1 FEATTE K,
5.

Zij AR, ERAN & HA http://localhost:3000/,

14.2.4. Map BITIIEH 1T H BIFREHEFIFEIA TR TN FHIESF

WIREF R T{TIIE A THIA I BRFHZITE, N yiF A BIE 7 e R AR 55 25

TERFME
[ ]
BB TESEXAE, M 14.2.1 T (A EXE" AT,
[ ]
%% 7 Java Development Kit,
[ ]
B Z# Maven,
[ ]
EMATLLT BB, 18 R B IM A EB 7715 /% T #; Maven (144,
[ ]
B E5E MySQL = PostrgeSQL ##2/Z R 5575,
TR
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HEm S ALimd, 2417 optaweb-employee-rostering-standalone/target 5%,

WAL Fin 53517 Employee Rostering JAR X4 :

java

-Dquarkus.datasource.username=<DATABASE_USER> |

-Dquarkus.datasource.password=<DATABASE_PASSWORD-> |
-Dquarkus.datasource.jdbc.url=<DATABASE_URL> |
-jar quarkus-app/quarkus-run.jar

TEXBIH, EBHLLTF ST :

<DATABASE _URL > : ZF#3##E /%7 URL
<DATABASE _USER > : Z 5138 #E/EH7H /-

<DATABASE_PASSWORD&gt; : < DA TABASE _USER>HIZ 15
FE

TEFJEERT, quarkus.datasource.db-kind Z#E9(E2 i E W H2, EEATEHIH
Bz, BRI EERTIER, HEmDITHEEHREFELE, #4, Z(&H PostgreSQL
BIEE, BHALUTRS :

mvn clean install -DskipTests -Dquarkus.profile=postgres

14.2.5. 1Z/5 IntelliJ IDEA F4EH 51T R TE L] [N HEF
BRI L&/ Intellid IDEA & #1517 7 TIHIRA ] TN FHFEFo
T RFEME

&2 T#; 7 Employee Rostering /779, EfiiF Employee Rostering GitHub i E .,
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TR

1.
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B Z# Intellij IDEA, Maven 7] Node.js.

FEW AL EE, 8T T MN BB 15/% T # Maven £(1#&,

Start IntelliJ IDEA.

£ IntelliJ IDEA 34 /167 File — Open,

HFEN R FIRBIR A R H = OK,

TEE R H %5 Run — Edit Configuration,

EHIIR9E O F, EFF Templates #.57F Maven, U1 =412 Maven flf=,

1£ Maven 1=/, i Working Directory 1 #1:%/F optaweb-employee-rostering-

backend,

E@SITHHA mvn quarkus:dev,

FEH5E, HF#d OK,

HEm S ALind, S4iF optaweb-employee-rostering-frontend 5%,

BIALUT 85 5/ 5B

I npm start

Zi AR, ERAN &P HA http://localhost:3000/,
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14.3. 7 THEE A ][ fEFEFBIIR A BT

A THIA TN EFEF I T B AL -

@B IEF#H9 OptaPlanner #1284 REST APIl, L7 rostering 1274 B9/5 i

& React “LiE/H - RET##E7 REST APl 5 backend 1&4:35 5 #9 frontend 1&4

TR LU T P EERE FX L, 78, LSl aaE R E, #H1&/H REST APl RS
%’O

BRI EZLIHS, 7 THY rostering Bk & S ENLIEHIEL KA (BT &N EE) FIZAEN
A RS

BERFIZ L

staff rostering #2#kp9 Java JECTGE Z %1 Maven £, XLEHE&HES— N8 Maven 1
B Xt (pom.xml), {BE]ETEEREFIEFHTIIE,

BRESZ1XM, 815 Java £, KXEPH THERR, LUREERTITEiTEXEESI9EAR
31,

optaweb-employee-rostering-benchmark £ : £ 2 4 LBV EHEH B ERER T EHTEIHL
W FHFE/Fs

optaweb-employee-rostering-distribution 12 : &= README X 14,

optaweb-employee-rostering-docs &1 : EE XX,

optaweb-employee-rostering-frontend # : {#/51f React A % B RE B Z 5/
SR,

optaweb-employee-rostering-backend #:% : & Z1#/H OptaPlanner #1711 EHIRF
5N FHFE o
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src/main/java/org.optaweb.employeerostering.service.rosterGenerator.java: 7%
N FIN i B BG4 K BB A AT, WIRIEE L T RATEHT A BAE, 15 HE N 8 75

src/main/java/org.optaweb.employeerostering.domain.employee/EmployeeAvailability
Java : E XA THIATHIEER. X FEMEEE, ATEHTUTTE, HEEEZRTTH
BT 5] R

src/main/java/org.optaweb.employeerostering.domain.employee/Employee.java
CEXAT, @ATHIER BARREEIRFIERITIE, FREEAZEENRE T

src/main/java/org.optaweb.employeerostering.domain.roster/Roster.java: & X i1
&1 rostering 15 /5.

src/main/java/org.optaweb.employeerostering.domain.shift/Shift.java : & X & %
R DA A TRIF e, FH I — T A&7 spot E X, B, TENFRILE ATEER X 4 20
8AM-4PM /f/7/£& 2 F 20 BAM-4PM BIf/ &, ETLL 5 EHIL EFINTIHIGHETE X 2 TNFEHE,
TEXFER T, XML EFIN AIEHEFEEZ NG T,

src/main/java/org.optaweb.employeeroeerostering.domain.skill/Skill java : & X
7 LA LU EEIFA,

src/main/java/org.optaweb.employeerostering.domain.spot/Spot.java : & X &L
B THirE, A4, Kitchen 5[LIZ spot,

src/main/java/org.optaweb.employeeroeerostering.domain.contract.java: & X 7
B FIT IR A 07 T i% B T AEAT [E]BY & [,

src/main/java/org.optaweb.employeerostering.domain.tenant/Tenant.java:
Defines a tenant. %=1l /7 U Z& — 2B T HIEHE, 1N P BIEHE B U TS s i (F (T B o 7
o

*view.java: SN RIGK I TE X MBS R 11 EHIESE ; &m0 ol LIaEd REST
APl ZEEOX L, (BFEAEN,
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*service.java : {7 FE X REST API B9fRS 1+ BRI, RS EFHIE - b FHEH

4 E NS o LI B9 T,

optaweb-employee-rostering-standalone &1t :

14.4. 154 EMPLOYEES ROSTERING STARTER /v /F

ZE(£4 employees rostering starter v/ /5L # E ZHIE E,
AR EHE L 14 B B AT B HIHHE, FH IR AT R i B4R,
1EKFE /7R E.

LUF A FEHt TIEEK 3 TRIA | TN FBEI— IR 7%,

SERRME
[ ]
B — TN IO EE P B IR 13,
[ ]
JE AT LU EFIE DK Java 75,
iYid

1R ERIE K, [E]E LT

BEBINEREFIIRIEE.

B E R ETBLAET RN o 1T 1
IR SR BT P AT, LA

DTSR BIR MR ENM D 7 X EY =z (FHRE,

IERFEAR B IR E YREM 4 7 3L =8 HIRH,

WIRG P TR EEECRERTFETR, NFEMLEETE?

B UM A TE DB IR A B HIA BIE B IRE L8 7

WP LE 2015 5] LU R AZ i1 7
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%5 14 = 1 IDE th{§f§ RED HAT BUILD OF OPTAPLANNER: —/*G1 T# ROSTERING =l

WP HE T I, BESFIIREPTRHA ?

BT LM 2L G 11 BAT 1A ISR, 15151 B i 4 i 55 I 2 P B B Pl R 2 52
JEFEfEE, HIRHELT RS 2507115, 155/ REST API i = KL 2,

IR A AT B BI85, 17 mIEIC B AE LA (B4 Employee 5) B,
5N REST API i it RFI EA AT, FEKF /- FREA A A

LT EHBEE A B, 1L, 5 FAZHEHK, FEOAIMFTBIFN, N F
optaweb-employee-rostering-backend 249
src/main/java/optaweb/employeerostering/service/solver/EmployeeRosteringConstraintPr
ovider.java X £,

BN EEFE, HEHZTE,
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% 15 Z 7£ RED HAT OPENSHIFT CONTAINER PLATFORM A 53ZF/11& L 1815 HT

OPTAPLANNER : —1NRITHISEa AL B

TEA S HNF LA A, 1R ETLU#ZE F optaweb-emoyee-rostering starter 77 5 Z5Z % OpenShift,
M H ST IEE OptaPlanner 557173 A,

TR

BT LUy S8 E H OpenShift 115, #8155 (& FH) OpenShift /43 B9 X7,

15.1. [ THEEA] N [HREF B

I TEBBIAN TN FEFESE A T A BRI & il ERY 7 T, B4, &aTLUE L FEEF7E nurses.
guard duty &% M EFF, ZLTE worker Z /A/BIREEIITIE 7,

REATEFRAEIERSZTLE, BIA, TRINLELRFETFIRKERKLZ, 75, RLTTH
FRENFERT T, & TEEELIFEN TR, IUH, RATHETUEERE, ZE&RREGT & FEH
JE]ER A T (EE9 /AT,

X FX NG IR E I FREE, LIIENEHT OptaPlanner #Jl/Z5(&/F hard 7] soft 2%, ZEILILILE
i, RGBT RE RIELIR, P, WERFITFTH (FHAMNE) , stZFRNTILIEEELE 7%
BEGHMEE TIE, 1145/ ZBA B FHREY, HIART AT TR, (BARREBIRTE
FE, lFgEREREN],

15.2. 7 OPENSHIFT _E Z & # /5503 TIRHRA ] ] /%

&5 runOnOpenShift.sh #17/F Employee Rostering A/ J72/% /v 72/ 25Z%/ Red Hat
OpenShift Container Platform, runOnOpenShift.sh shell #7{i;F Red Hat Process Automation
Manager 7.13.2 Kogito 7] OptaPlanner 8 Decision Services Quickstarts % {THxZA .,

runOnOpenShift.sh BIARTER 1 H 1T BN FREFIRICT, HIFE_L(ZF OpenShift 2A 15 LLH 1TEE
&, X% ZE Java Development Kit, Apache Maven 7] bash shell 75577,

15.2.1. [EfE1EHBIIA BB E N R

T BT LU FH R B9 A F Employee Rostering starter /v /572725 %/ Red Hat OpenShift
Container Platform, 1ZJIXEZRMIEHFTE N FRCH, HIFE_L1ZZ] OpenShift ZAELUAITE
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=
LRI
[}
BRI LUE oc 51T L EEREIFF: OpenShift If15, BRI TEEFELZIER, FHSl
OpenShift Container Platform CLI &%,
[}
Z# 7 OpendDK 11 BCEZ/RA, ZLIEERT Open JDK G MZLIEE /| 1/ BI#5HYT
Software Downloads ] B (FEER) .
[}
B %% Apache Maven 3.6 5t &5 /7, Maven FTLIi Apache Maven Project P47
7o
[}
BRI A %2 A bash shell 111,
TR
1.
HALLIEE ) ]/ Bk A8 Software Downloads & (BEER) , HEM FHIZHE
FE AR FIIR A -
[}
Sedn o RFEE L B
[}
Version: 7.13.2
2.
F#; Red Hat Decision Manager 7.13 Maven Repository Kogito 7] OptaPlanner 8
Maven Repository (rhpam-7.13.2-kogito-maven-repository.zip) X 4.
3.
#2HY rhpam-7.13.2-kogito-maven-repository.zip X1,
4,
1% rhpam-7.13.2-kogito-maven-repository/maven-repository * H R H97 &£ #/Z/
~/.m2/repository R,
5.

MELIEE /1 ]/ 89 214+ F# Il B F#; rhpam-7.13.2-kogito-and-optaplanner-
quickstarts.zip X1,
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6.

1R FE B,
7.

A optaweb-employee-rostering X145,
8.

Z}/,# Employee Rostering /B /%, 517U F@R% :
I mvn clean install -DskipTests -DskiplTs

o.

&SR OpenShift /"2t Red Hat Code Ready Container “C#l, 7£L{ FABIH, <
account-url&gt; ;2 OpenShift [ /5t Red Hat Code Ready Container /389 URL, &
It;login-token > Z %1k BIERBHE :

I oc login <account-url> --token <login-token>
10.
CIE— 1T E ¥/ & Employee Rostering :
I oc new-project optaweb-employee-rostering
11.
BT B AR LU EFIEE E N RS -
I ./runOnQOpenShift.sh

ST FE I & A BEF B RIA 10 28, XLEHFRIER T1THIH PIFE R HE,

HEETHE, RETUTIESR A <URL& gt; £55ZH7 URL:

I You can access the application at <URL> once the deployment is done.
12,

7 OpenShift [iX/'=f Red Hat Code Ready Container S5 A 152 FIE 75 B A 1EH AT
URL, LU n]BEBERIN FFESF. B.RE55R% JRERE— 2, BHARMILETE OpenShift F
B L5,
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- =
JER

IR N BRESF it T R BT FF — 28, 1557 ) it 2 BT 1T BB o

15.3. @FH R TEEA] IV EESF

el LU#H Web SR E11& /5 Employee Rostering A/ i fAFe/%, # L7 ReactdS HH X, il alld
RIEFEZE 175 REST APl F 0/ 5 E X/ /52 E.,

15.3.1. EBHIX /58

TEAEITIFRER %Y, AT LUHEE N AR 0 — T [ BRI B roster, 7y Z3 ER. #MINEXT, &
F/THIEGTKE 77 3 A,

Zt1F 7= SEET—/BHY roster /&, 1FETLL % 75 roster, HEi, ZETHIFE—EHEMEHE N B4 75 B
5, TEBXHHINTIEA, roster E#1ELE, ELEEAENMENRE (Hzt, KEFIELLETEE) . 25,
X roster AT EIZS AT, LUEM T TEEE LI /B EHBIHTH, EEHBEESFEZEE—NELY,

pign, BiXET 981 HE 9 F 21 HHEE, EaTUERBRAE 0 RTEM. AE H&
X7 roster Iff, FHRERLHTEIF7 H, HHIZEEFH 9 HF8HEI9 A 28 H.

BXX 7 roster BIF LR, 155ZE 5 15.3.12 77 “L #H5)[E1E,

15.3.2. #0F5E=

IR TE BN FRESF X FF AR TH F R =,

R EMB T X F LR BIELTI] [H]89 " model" /& A, & REGF1FE HHIFE.,

BT LI FEAF X OV JFI 7 1518, BRI IEREEBIEZALBINT I,  (BIk) RAR AT U BIEFEHEI#
N7 THIE 7

LB T roster [, [NHEFREEEPRNFE. LR, 78, WREME, NARALETMLFE
BB HE =R FIBIFTEE L
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HABFFRNIEGR/I], EREIMIFBEL,

IR EBIHA P BIEAK THE S TIEA TR TR, 15— AR R AR R =,
pIAI 14, 21 3628 X, MUKET 28 X, 2, BRLEEHERMN—TIFAER, BT YT REBITIEA KL
EFH,

BRI IR B TR, 15E0 F 15.3.13 T “BEH 7=z,

15.3.3. employees Rostering 7/

Employee Rostering \/AFE/F 1% 1 #)/7, BT/ Ee—TMEIZRIHHE, S5 A roster %
H, BEH— PP HIIET SR MG, o LR P LU E % PRI R IR, FIad, 97
T TR E,

LRERFEZS TR, XK —LERGENEE, WT) HERE, B LOAREX LR
BIEfT—T, HXBATIER LTS EEIFE, L AT LGB, UMZEELTA S,

15.3.3.1. EX—1 Employee Rostering 4/

BT LUER L FIBIFE . A T T RBIE e, ATB R EE S5 U, EA TR E K
SEUEFE

TR

1£ Employee Rostering application Web REH, 7E)Xi#8 089 E LA, Hii Tenant
ZIZ,

MIZFESFE— T,

15.3.3.2. D/

BALLIEFTE, MEAULHALE, EOIEMN, BEaLULE L TN EN FUNET 77X 1
AR,
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EZ

O e, BEEEXMEH,

T

Z 7t Employee Rostering /5 Web RE# 0 —1FT# /7, 151EN G &% & O & LA H T
& (gear) Stn, AIEE T,

2.
WELL T :
[ ]
B B BIER, BB A,
[ ]

I RIFFIE HAE - AR I EREIHF 46 HAE, % 75 roster /5, It AT B4 #HH]
[REGHF G HAG, I FAIEI T EABARIFE—BH, XLHBFEEHESE, EHEENT
BIRAIR, LR B RIEFIZER, FI, EERGEHIFFEARRE Y —/E (E8—2%/E
—) BIFLE,

[ ]
BERE (X) : FEHKE, BEEFHEHFEmFERREERENKE,
[ ]

publish Notice(days) : % # @B IFHIEIKE, 15 LRIV IF— XKL #HRAH)
EH, Bt R THE GBS RL LN A E /R, TE4FIRAR, W ETR
LUFA 75 205 # A 1T

[ ]
RHERE (X ) : EEFERLHH roster I1ER 4% (162) BIEFHKE, TE24EIRE
i, HIRETE 7 KARIEE,
[ ]
WERKE (X) : RFEEREKE,
[ ]

timezone : roster [/ /HEIBIEAERINT X, MERT X FAREE 7B RER" S5 H

4,
3.
it Save,
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A @5 28 F 5 0

15.3.4. Z1EFAE

B AT ETE roster FEIETLEFELIFE Fikt. BIA, R T —RALZIRFARMARIEFREE
S, 24 PATEIT 7 ATREFEFMT. IRF. B FIFEEFEE,

TERE
1.
7£ Employee Rostering application Web RE&#, i Skills £+,
BT LU EF NV i #8 B 1  _L A B2 BT o LR BERI#E, #I40, 1- 15 1£F 34, EATLUEHE
&lt ; 71 & gt; I (BB 2 Bg R M55 B
T LUTEFEBRE R B B BE S Ll #3812 BE,
2.
SRR T ZELUT AT BE -
a.
M7 Add,
b.
TEE T UTEX K FERAHIAZT I BEHIE 7o
c.
£7 Save &L,
3.
B aE A, 15 Rt BBEEBINH BTG EER (FFEEFT) o
4,

EWIRIZRE, 15 d R BEE LB MIERIRRE FIFn (BIRTELIPR) o

-
JER

BT H, REEE DB —R], RS AT AR, WETEWER

AL,
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15.3.5. A&

BWATHA spots Iz, XKXEUFSHEIEFLE, BF, mESIFZE B2 Fimi#
7 BWIRE. RFEI RFKEHI)NE,

W FENMIE, BFTLUMETE Skills FETFHABIZIZHFLTFE—THZ T ATFERAE. NAES
rosters (X1 B 1Z 1L E_LATE S EIREEBIA R, HIRIEREATHEIREE, NN BRESFSIFHEM R TEER

/Mo

TR

Z7f Employee Rostering (/5% Web R EHFHA K EHKL(7E, = Spots LI+, HAT
UUTFHEZFRERHIA AR5 K5 spot.,

2.
SERELL T BELUT IIFT & -
a.
% Add Spot,
b.
£ ZF FTEHIX A FERH, HIAFT spot BIE 7,
C.
Bt : IRIEATEEILEE EHG T A5l — 1 3G % ML,
d.
5 Save &tr,
3.
Bt spot B9 HIATELEE, = spot Zi/A9 Edit Spot Ftr (F4Z8F75)
4.

Zfr—1 spot, 5% spot Zi/H9 Delete Spot & fr(trashcan shape).

-
JE=R

T H, BB —E, ZHRCEEMEILR], EEZEMERZL
Eo

15.3.6. I A S /F%Z%
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TEWATHA M 9 7 T REBHIFTE & RIE T2,

BRARET A LHX, B, B A=A F L EF RN,

TS IEN, B REETREZ(ERE, B4, — T EES AT AEET A HE—/EN L ER-E
720 S, TT—RMER THE—XF 1800 A ETEERTF 10 I, BthE /R TEET BIFTE TIERSFIFR
BIR#,

BRATE D FHAFIA B IRIBIFTE L AERT 5] R %Yo

TR
1.

Z7F Employee Rostering /v fH#/5% Web RE#HIABE K &[5 52, #R contracts 7]

fo
BB BN a5 B G L AR BT L & ER9#E, #I40, 1- 15 £ 34, AaTLUEHF

&lt ; 71 & gt; HHITESIZ A N B M A A,
AT LUTEFEBRER B & [EE FBIE TS 5 K 2 F B [H

2.

ST T L IRLUS BT S A -

md; Add,

B M XX FRAASE &

7 Maximum minutes THIA AT ZEHINT EREY :

IR 7 T T BEFX TAEREL X EHIFNT A, 157E Per Day /5 HREHE, AEHEL
B AEZIEIFRAA D HH,

WRATTREZE T BRI TE, IE1E Per Week #/5 FHE4HE, AETEMELHE
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EUFIAD P,

IR A LT BT H )7 AL IEBIEERTH, 157 Per Month %5 AR EHE, #
IETEM EAREZ LB F ERIIA B,

IR A LT EE B FE E A THE, FHEEF G HE BEHE, AEEULEEHE
EFELHIFERIA D,

d.
= Save A7,
3.
BY S EBIE I ERAY, 15 R 1 & & #E89 Edit Contract K15 (B2 K
Vi
4,

EWIRERE, 1 @REMEIEIMRER Fir (FF) .

-
JE=R

BT H, EREPSATEHE—R, WREREDESFEFMRAL, NELENE
B‘-’O

15.3.7. g A 7 T3lZ%

BRTHATEUNF AL, TEEXZEUREHF a2 I895 E. RIEEX S EFEITIER A
R, MRS XL 7 TR PR PR

TR

Z7f Employee Rostering 1/ /5% Web REHFHAEHK T TIZ, 547 Employees
IS

R U EE N 25 B G L AR FTE ] T#E, #I40, 1- 15 A 34, ERTLUEMH &lt ;

7 & gt; #&H] B SYZAHIRM T T,

AT LUTEFEFNEF A 27 T E BI04 T,
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ST T IRLURS T AL -

md; Add,

HEEH FHIXEFERE, WARL &

A% : 7F SKill £69 T # 52 P AE— T2 TN B

ME R TH FHL I ZHESF &R,

= Save Afr,

B R TS MHIZEE, 1748 1T E#%Z69 Edit Employee K5 (1) .

EWIR AT, 1540 7 TEMELEI Mk Employee S5 (LK) o

-
JER

T H, 7TEPBA M —R, HRXL G T E L a0, TN
e,

15.3.8. X E/A L T HE

AT LU HFTERT FE I E R T AT fF .

IRZ AR LA FRIMFELINTAEE T T, TITFELRTIEERA, MTFDER THATTHEEH (B
4, WRATIEEEHTEE T sick 26 IRE) , N TEEDESFMZEAE, T AiF AFEHE1FEN ]
SEEIREI R TE T ; WA R RSN B,

TR

Z 7 Employee Rostering /v /H#E/F Web REH & EH 417 T alfFlE, &4
Availability Roster %271+,
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HEE ORI Z LA, B LUEEZT roster B9, BEERMAE, EATLUEHAFRE I &
It ; 71 &gt ; #&Hl, 2&, EaTLED AHFRAEREESEESI ARAIBIEF/EHH A,

2.
BENATOETHEMERE, 15H T 11 HFHZEZE, KEEFE—TNATL, &4, C/ZZEN—
XH9 Unavailable 5.
3.
BEFENGTFEMERE, RiZREH, HTLLEHL T IRE :
[ ]
M T B HEEFT ] - BT MR B L E BRI E
[ ]
status : F T LM F 175l Z:%74E Unavailable, Desired 2t Undesired 1445,
BRIFIIRE, FHET Apply.
4.,

EWRaTAMRE, FHd RE, AEELHR TEKE.

A AT LB FEINIEFIBEZRE L, RlEmdiZaE L ErEIArE—, HUEXHG
FHMERE :

iR B B9 A 1k iE % Unavailable,

A

Htnfg R B B9 &£ E 77 Undesired.

Kt R a9 1% & 77 Desired,
|
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Bt %5 B

EZ

WIRALERIHENR, RIETEX— LA BRI EXEXTHMERE, N2 BT
REZEHR, FRAFERCE DT roster, LU EHTHIZEE KA HIER B,

15.3.9. 7= shift roster 12 & #4722 1E

Shift Roster 27751/ & LR AT & Bl BEHIHT 5B [EH 9512,

IR — 17 TTERT RIS TITE spot 1, B lifziE — 1 #53, IR EFEFNIEZ T
AT, ATy [ — L EFIRT S B % TN,

ENHEALE (17) FBTAEE (BY)) B9ZEZ T

ZETEIAS S IIE E TR, W AEFEMFRAFFFA (FIRMURAT) MR B #IZX
—EEFRIRIFTES S . oL BT U TEERGH T ]| F 505 H g 2 1E.

TR

EZE#H7# Employee Rostering 1/ /G7E/% Web SR E# £ shift roster, 154 ;7 Shift £
i+,

EE OB LA, EaLUEZZT roster B9, BEERME, ETLUEHAFRZIL &
It ; 71 &gt ; #&HHl, 26&, EATLUE D BHFRAEXEEEESI ARAIFIEF/EHH A,

FERIFEE, 1F i RIAR A XE, NERFERNN—TEE, MRdBIEE5)RE
FEIEFIRT H]SE

BRI, 1ERadiie T, By EHRELITE -

EAFFIRSH] : F BI85 T8 (6] FIFF 26T H],
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AT : PELFEEEIA T,

BEE : %A TR BIE V¥, WRATEE, WEz)RTEHEEERLZL TS
B, BIERTT=E5E#HZIF[RMTE,

BRFENR, 1FHED" VA"

BWRIZD, FHETED, 2EH D Delete shift,

15.3.10. QM & & A TH1415%

TRET LU R/E v AT 7 L B H & &S EF55F roster,

TR
1.
ZEZE#%7# Employee Rostering 1/ /H7E/> Web SR E# £ shift roster, 154 77 Shift £
T+,
2.
EOEREFT roster, 154 17 Schedule, [ HEFEE 30 #FFEFHEIREMITE,
4

KR IESTHLIE, % Shift Roster Y/ EE RIEDEE, Y1 EZFHLIE—1NFTHI roster, ZiRIETRME
KEX I E,

EBE ORI A LA, e EF /T roster B9, ZEEZERME, HTLUEHFFREDIH & It ; f
&gt ; %4, 22, EoLIHET HFRHAENELEES I AR ZER A,

TEFHE], ARFHBENTFEmE%, XTI/ R, Borders 2T HHMEIIT.

RZ LB T HEBIET B 1~ B TN ETHEBTZ TR

HARE : Soft ZFRILHD ; BIA, 1ZFEHAE A LAY TR 1 E]H 7o
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Pale green : 252K B,

grey: Soft 2R /& ; B, ZFHL T 7 LTI T HrEE "I H,

BEE : Medium 2R BT, B, RE R THDEEFZR,

2108 : B al2RINIF ; BRI, A LB 1AL,

15.3.11. Z& /7 Tt

BT LUTELUR T D BIZ B BEFFE R THIREFE L, X L4585 Shift Roster 16/a, (HZERE
AIEER B 5 (B & A1 A THT 5 BFe s

TR

Z7f Employee Rostering /v /5% Web RE# & & 7 THIF?Z, 1547 Availability Roster it
i+,

EEORZ LA, el EEE T roster BIHA, EEEAME, HEaTLEHFFRZTIL &It ; #
&gt ; #%Hl, &, FHaLiE T HFRHEREESEESIE AR Z/EHHA,

BRI BB e &G LARISETA R T#E, #I4, 1-10 7 34, FaTLUREFAHFZLE & It;
> BHIF [Z 7P Z A BIR M 7 T,

TEEFHE, ARFHBENFEmE%, TEX BN/ FERA, Borders &7 HHMEIIT.

15.3.12. X #s)/ai%

LIEX I LAY roster Y, FE—EBIEEHIFL . AR BHIFIERKIDE TRE, (HE5)7 THIHE
ERTETBER LB EIHIRAEMR LI, BEFEERIFE— L E#IB, BXEFEHL T
g, HEE F15.3.1 7/ “Eig 1L HEHT

TR

FZ & EH ¥ Employee Rostering 1/ fF7E/% Web SR E H £ shift roster, 15477 Shift it
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i #o

B BRI E — BRI, LUBR B e LR,

#i1; Publish,

15.3.13. BEEH I IEER

B IR, LUK BoifilRiEs, LUEEEMMERE R T iR, S8 7 iErE i
WHITE X,

Rotation e

Anaesthetics

% Employee Stub: . D . . . . . . Edit Employee Stub List &

6:00 AM

T T ? ? ? T T T T T ? ? [ Edit Time Bucket W Delete Time Bucket
Bl (RE G||G G G L|fL|{L||IL]|IL]|G]||G

1 -7 8 4 1521

9:00 AM-5:00 PM

FIIF FIIF FIIEIIFIIF]|IF|IE||E FI1IE|[A||A|[A|E||F| & EditTimeBucket W Delete Time Bucket
P|lP pllp| [Pl|P(fL|lC|lL([rP|Ir| [P|lP|lc|lc||c|[r]||P

N -7 8 4 15 2t

2:00 PM-10:00 PM

B||B E|J|E[|E||E BIIB||B||E|J|E|[E]||E B||B|[B||E|[E||E||E| @ EditTimeBucket i Delete Time Bucket
G||G L{|LfJL||L G||G||G||L||L|JL|IL G||G||G||L||L||IL|IL

N -7 8 w4 5 2t

10:00 PM-6:00 AM

EIIFIIF([F|IF||F|[F E||A||A[IA]|A[|A[lA E [# Edit Time Bucket W Delete Time Bucket
LifL|fL|{|L]|L|IL||L L{jcjiciicy|cljcy|c L

1 -7 8 @4 15 21

(o}

<+ Add New Time Bucket

A [E] IZ (R0 T — TN 5] 74E (%0, 9:00 a.m. Z 5:00 p.m.) FFEHEMGESXTE (B
a1, A) (4140 : naestics) BB x, LUIREE (H14, FHZELF]) AT EE.

[ ]
BE( (B) 245 E FHITEHENTH bucket F89/7 T L,
[ ]
BT FRE—TEEr, 2o a FHF 280571/ bucket 893 T, /7 T ##R%)7£ Employee
Stub Zi/Z%H,
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BXIFRABIEZIER, 17504 % 15.3.2 77 “ILFeEA",

A
1.
iR Rotation L7+ 2 & #H i F 12 =,
2.
M Rotation 4 f7#F spot.,
3.
= Add New Time Bucket, [L//= 77 Creating Working Time Bucket X/ iZ#z,
4,
FEEFFIEFIZ5FRIT B, FFFITEUNBIAT 1% BE, IFEANT A hERERI R, AEH T
Save, UL///H] bucket H9K 7 EifiriE 7~ 7F Rotation ] EH, #%hT/EEEHA,
5.
ZEQE AT stub JIZ, LUEZEGTLEHIZRNATL, #i; 47# Employee Stub 3%,
6.
1£ Edit Employee Stub List ¥/iZ#z#, #i7; Add Employee, #MJZiZHittE— 1T,
7.
I stub ZIZFEZERIFTAE AL, HEHid(R77. AL Rotation I [E L2705 HEHE
2L,
8.
B A TR, MAT stub FZ& 447 T,
9.
T R HIEEIEF, FFATE IR T R, A7 A TR E 7S,
Pry=1
— P A R RBE N BX D — 1N R T, Blala— A ka2 17
I, 18 HINIHFIERE, HIREFEENILEM.
10.

ZEAITH), £ Scheduling FHL7EE 1 R OB FZRINE,
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1.
H# 17 Provision, &#5E HAE/F,

12.
HUBEFETELE i1 4P EIE9T I,
13.
H TR spot ZIBGETL, BRIT AR 7 IR H 1T A A& B E (T ] ] 77
14.
77 Provision Shifts, H /&7 G5 518 4E LB F7 1,
15.

BIERIZE, 1F R B LBIEREIFE,
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# 16 = BFEFEFZIIE14EHT OPTAPLANNER Z (kB BFIEIN | IN FHFES

TENFLAR, HEETLUEAE OptaWeb Vehicle Routing starter /v fHF2/F (T ALEBIE AR L 2%,

TERFEME

BE%# 7 OpendDK(JDK)11, ZIIEF#ET Open JDK ETMLLIEE /) ]/ MikAG Software
Downloads I E*Ek (FEEER) .

B %% Apache Maven 3.6 =& 5/k7, Maven 5/L{/ Apache Maven Project [ %12,

16.1. 142 OPTAWEB VEHICLE B4 ?
FZ RN BIE BRI HI& LR Fgo, XL BIE U RE LI NMIE =R BT
—TNFEm, HEFRZBTFN, TEEIZE —ELK B LT AR BB REZEHA,

EFPILAC TR E AR EE /7 @I(VRP), #HEBIRZ LM,

Red Hat build of OptaPlanner aJfZX 1T %X LLE 1B F 1L H e R AE AR T 574, OptaPlanner &l
UEFFRA LT EFEFA A SN FIEKERE, mTEF>] 2R %7, OptaWeb Vehicle Routing 1.7 1E1%
& GBI T AR, 7 T OptaPlanner BI#;EE IZHEE :

BEMPFE G BB R ZEN 6] 7

T 1E map _EHIEE AR T SE ?

U T I~ F BTN RS 7

OptaWeb Vehicle Routing 1&/H OpenStreetMap(OSM)#(#&X 1+, %> OpenStreetMap £7i+1g,
17 & & OpenStreetMap /i,

7E1Z/H OptaWeb Vehicle @47, 1E@&HLTEX :
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Xt : sarth B57 LAYERX T, H OSM XHZr, MXaTLEESR/MIX, it Mak—24EE—
ERFHIEZ /X, #I4], DACH X1i& %1%/ (DE). 2 F/(AT)#% 1 (CH).

E5e/ #X A1 : B 1SO-3166 116 7 B8 EI SRR FAHUTS, 1A LUEFE S5 geosearch 45
R, HIFEATLLFEEE#Z PNES (#1441 DACH X1) #9/X1%, OptaWeb Vehicle Routing # % F 54
5512, LUE geosearch i1 )5 S E X Z—EEH, B EF5(CI5]Z, 15Z/41S0O 3166 country
Codes

Geosearch : —NEIHRZE, HRPIGHEXEHIHI HIEE HIERFXEF, FHKEZT GPS
L&, ROBINEHER A FEEXGEFINE—IERL, FIAXSEMEE T REM—E], A& EET
1EX I AIEZC L F S/ X F BIFAE, L IEHIFEEER,

16.2. T#;7#15/# OPTAWEB VEHICLE 5@ 58E 3 14

TEF I FIE5ZE OptaWeb Vehicle FEFET, AT F#H E # BFE X1,

TR

HALTIEZE ) ] s #89 Software Downloads I7E (BZER) , AEM FirdZFdst
FEBAHIR A -

Jean  REE L EER

Version: 7.13.2

F#; Red Hat Process Automation Manager 7.13.2 Kogito 7 OptaPlanner 8 Decision
Services Quickstarts (rhpam-7.13.2-kogito-and-optaplanner-quickstarts.zip).

18X rhpam-7.13.2-kogito-and-optaplanner-quickstarts.zip X 1#.

F#; Red Hat Decision Manager 7.13 Maven Repository Kogito 7] OptaPlanner 8
Maven Repository (rhpam-7.13.2-kogito-maven-repository.zip).

#2HX rhpam-7.13.2-kogito-maven-repository.zip X 14,
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6.
1% rhpam-7.13.2-kogito-maven-repository/maven-repository 5 -RH97 &£ #Z/
~/.m2/repository R,
7.
5 #1 %/ optaweb-8.13.0.Final-redhat-00013/optaweb-vehicle-routing 5-%.
8.

WAL Fep 5 %12 OptaWeb Vehicle 24 :
I mvn clean package -DskipTests
16.3. /&5 RUNLOCALLY.SH BIZA £ X 11,277 OPTAWEB VEHICLE ROUTING

Linux /A 5 L& runLocally.sh Bash f7 3z 17 OptaWeb Vehicle ZH.

-
JE=R

runlLocally.sh BT S17E macOS #1517, WRETE@ M runLocally.sh B4, &
& # 16.4 77 “FrBiE#H:51T OptaWeb Vehicle Routing”,

runlocally.sh BIZ 117U FiXEZL L, SNGBHFIAT -
B HE B Ry
M Geofabrik T#f77: OpenStreetMap(OSM)3Z 14,
S B S ES TGS 1 T #i6 OSM XX s
IR JAR X T Z1E, WA,
EFHE— X SHBLIZE R X, 557 OptaWeb Vehicle F5H.,

B XM 1T runLocally.sh BIART B, 1EE LU :
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#16.3.1 77 “LU#Z /5 50#2 20577 OptaWeb Vehicle Routing runLocally.sh #”
#16.3.2 77 “LI B /=517 OptaWeb Vehicle Routing runLocally.sh #1%£”

#16.3.3 77 “LIFEE 59#E 2577 OptaWeb Vehicle Routing runLocally.sh #/”

16.3.1. LU#:Z 5 5/#E 20577 OptaWeb Vehicle Routing runLocally.sh #iZ£

&/ OptaWeb Vehicle Routing A/ B9 5 75 & @15 1T (F 1T £ #A9 runLocally.sh FI7K,

TERFEME

OptaWeb Vehicle Routing 2i##:7 Maven KXZif5#, 41 % 16.2 77 “ T ##1%# OptaWeb
Vehicle S8 E1E8E X 147 AT,

BB B

TR

7£ rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-8.13.0.Final-redhat-
00013/optaweb-vehicle-routing -7 HFH AL T 5,

I /runLocally.sh

2.
WIRIETIE 1% .optaweb-vehicle-routing 5%, 1EHA Yo E—RZITHIAN, KIETHE
HIA GBI R,
3.
WTRAE T FE OSM X 14, 15HIA y, BE—XKZ1THIAN], OptaWeb Vehicle Routing T
#; Belgium OSM X 4,
W AEEFTE F# OSM X145/ 5,
4,

Z/T7 OptaWeb Vehicle Routing /5777 E, 1£ web g z7##THLLF URL :
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I http.//localhost:8080

.
IER

B LRS{THIAN!, FELSHFEEES), E7 OSM X127 # GraphHopper -7
A, HEFENEEEEE, T—XiZ7T runlocal.sh BIENS, HIEATIHAIEZ R,

IEZEL IR

% 16.6 77 “/&/H OptaWeb Vehicle /"~

16.3.2. LI z)#&E =577 OptaWeb Vehicle Routing runLocally.sh fl#

AR EE N E X DA T TEET OSM XHFIEZRA 895, T LUEH T &M
Geofabrik TF#Efth OSM X1#, LML FHERF FE B .

TR

OptaWeb Vehicle Routing 2 i##:7 Maven XZif5#, 41 % 16.2 77 “ F##1%# OptaWeb
Vehicle 555 ZE XX 1 AT,

B B 1)

TR

1% 5% #E 7 rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-8.13.0.Final-
redhat-00013/optaweb-vehicle-routing.

BIALUF ap B A )R s TR -

I /runLocally.sh -i

3.
TEEEFAIET T, HIA d LUETR FERE, REFHETZH TR ERZ, Haefa
LUF 89X B FY 2,
4.

B : MiZ B FEHIX 1) 2 At 7 X 2t
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7 TERBIHXIYZH, FIAGKBKEBTS .

b.
7% Enter #%,
5.
Bt : FEX L :
a.
A SHEE T EX RIS, B30, ZEEFEE MRS, E5HA 5,
b.
FETF#EE, EEA d, /5% Enter 2,
C.
BIFRRSTH FTEIFEX S, 1FHA e, RIEHASEEFHBXEXEKST, R
Enter #Z,
'@ EH AT OSM X 14
G REF S, FEEH DX (W EEFX) , &
FATF 1 GB #9 OSM X 14ZEZ AL RAM X/, HEZEEAEN T (8%
JLNET) HITRIRGALFE,
N EHE T2 OSM X145 /557,
6.

Z/T7 OptaWeb Vehicle Routing /5 /7R E], 1£ web | gz3##THLLF URL :

I http://localhost:8080

IEZEL IR

% 16.6 77 “/&/H OptaWeb Vehicle /"~
16.3.3. LIFEF 5/ =02 1T OptaWeb Vehicle Routing runLocally.sh Bi&
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LIFEE 5hiE =@ F OptaWeb Vehicle Routing, #:7# 1 i %55/ OptaWeb Vehicle i, E# &
S BT TFE OSM X 1t, 4R HES{TETR, XIHEEEH,

TE R

OptaWeb Vehicle Routing 217 Maven XZhf5#, 41 % 16.2 77 “F##1%# OptaWeb
Vehicle S8 158 EX 147 AT,

ZHF FEBIX ) OSM X1, BHFRTF# OSM X1EENFE, 155% 5 16.3.2 77 “LIA )
&=z 17 OptaWeb Vehicle Routing runLocally.sh #17",

BB B 1)

TR

1% 5% E K 7 rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-8.13.0.Final-
redhat-00013/optaweb-vehicle-routing.

2.
HITLU T, KA &t ;0SM_FILE_NAME > 22 5 F##7 OSM X ## :
I JrunLocally.sh <OSM_FILE_NAME>
VCEZ 24

% 16.6 77 “/&/H OptaWeb Vehicle /"~

16.3.4. FFTHHEH R

IR EFEFHTFHIHEL R, LI EL OptaWeb Vehicle Routing 1Z/HE5##E 7%, Bil##ES
%7 $HOME/.optaweb-vehicle-routing.

TERFEME

OptaWeb Vehicle Routing 217 Maven sXZhf5#, 41 % 16.2 77 “F##1%# OptaWeb
Vehicle S8 EIE8EX 147 AT,

TR
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BRATRIBIHAEE R, 512 B E R A RNE RS ZEE] .DATA_DIR_LAST X
/#O

BEEFNG X RLEIESICM, J55 2185 B R 59 country_codes 5 RHEIXT VX
£,

alg, #IRE Y SVRF T#; 7 OSM X 1%, HiZBIAT A NESCH, 17
country_codes/stunnel-latest #9749 &% 1& % GB.

BRI L, 1EMHHEE R BT openstreetmap RIS BT OSM X1, HM
graphhopper 57 #89/X 15 5 7%,

16.4. Fz)ffiE#H 277 OPTAWEB VEHICLE ROUTING

1517 OptaWeb Vehicle Routing £9:= 5 4 77 /4 &%/ runlocal.sh #IZ&, HE, WREHIRIHRE
Bash, [FalLlFzi5z6k run.sh BIEKH1TH94 T,

T RFEME

OptaWeb Vehicle Routing 2 #:7 Maven sKZif5#, 41 % 16.2 77 “F##1%# OptaWeb
Vehicle 555 ZE XX AT,

B B ),
TR
T E R E A

BB 5| EF BRI E ] (Z B9 5], 7£:21T OptaWeb Vehicle F5#E7, wh
THTEAR MR L7 T # 7 72 1% OpenStreetMap(OSM)#7#& X 1.

-
JE=R

OSM ##EX 148 2 H7E 100 MB %/ 1 GB 2 /i T#;, B SRIFE FEIXLEX
t#, 2EENESF5) OptaWeb Vehicle 25 HF2/%.,
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7£ Web |15 #8857 FF http://download.geofabrik.de/,

4R Sub Region 3z 57— X1, 1, XIT{F#TFH subregion I,

7£ Sub Regions Z 1, #/[FZK T#; OSM X {#£(.osm.pbf), #)4] Belgium,

BIEE A s

OptaWeb Vehicle Routing BRI EA X475 L % FLEZZH9# . EM openstreetmap
B -RAEER OSM(OpenStreetMap) X 14, 1FE%5 [ BEAKFH R, HIFH HIEREES
Ty db BIE R, OfE— 1T FEERT B S L IERIFT B R, LUEE AR EFFK OptaWeb
Vehicle F5IHTERTIRA, HIFLELFEZ BTG RIHIE,

2% $HOME/.optaweb-vehicle-routing 5%,

7£ $HOME/.optaweb-vehicle-routing 57+ 1/# openstreetmap % :

$HOME/.optaweb-vehicle-routing
L— openstreetmap

JFATE F#69 OSM X1t (7 /E% .osm.pbf) 7#z/% openstreetmap H:%.

FIRHIE RZFIH OptaWeb Vehicle Routing [/ /FREF O, EHE— K17 B
OptaWeb Vehicle Routing /7 /FFE/F 0, 25, BFHIERZ LML TR :

$HOME/.optaweb-vehicle-routing

— db

| L— vip.mv.db

— graphhopper
| L— belgium-latest
L— openstreetmap
L— belgium-latest.osm.pbf

1% B R34 77 rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-8.13.0.Final-
redhat-00013/optaweb-vehicle-routing/optaweb-vehicle-routing-standalone/target.
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Z,277 OptaWeb Vehicle Routing, EH AL T@m % :

java\

-Dapp.demo.data-set-dir=$HOME/.optaweb-vehicle-routing/dataset |
-Dapp.persistence.h2-dir=$HOME/.optaweb-vehicle-routing/db |
-Dapp.routing.gh-dir=8HOME/.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

TS T RH, EBHRLITEE -

<OSM_FILE_NAME > : Z{ZfFH9X 15 OSM X 4L R 2 B F#i89X 12

<COUNTRY _CODE_LIST > : FFFi7/l¥ geosearch Z i5H)[FZR1LIIHTE S MEFIZ,
BXESAIIAIFIZ, 5S4 1SO 3166 [FH5K 1415,

N BRI TE OSM X4/ /5 57,

TELLFBI4, OptaWeb Vehicle Routing T #;3/03%F (F%#-america-
latest.osm.pbf) £ OSM #4571, #1f Belize(BZ)#] Guatemala(GT)#I#%%.,

java\

-Dapp.demo.data-set-dir=$HOME/.optaweb-vehicle-routing/dataset |
-Dapp.persistence.h2-dir=$HOME/.optaweb-vehicle-routing/db |
-Dapp.routing.gh-dir=8HOME/.optaweb-vehicle-routing/graphhopper |
-Dapp.routing.osm-dir=8HOME/.optaweb-vehicle-routing/openstreetmap |
-Dapp.routing.osm-file=entral-america-latest.osm.pbf |
-Dapp.region.country-codes=BZ,GT |

-jar quarkus-app/quarkus-run.jar

Z/T7 OptaWeb Vehicle Routing /5 /7R E], 1£ web | wz7##THLLF URL :

I http://localhost:8080

IEZEL IR

% 16.6 77 “/&/H OptaWeb Vehicle /"~
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16.5. 7£ RED HAT OPENSHIFT CONTAINER PLATFORM _£:z77 OPTAWEB VEHICLE ROUTING

Linux /& F 5 LU{&/H runOnOpenShift.sh Bash f7F Red Hat OpenShift Container Platform _t
Z % OptaWeb Vehicle ZH.

runOnOpenShift.sh FIZAXT X7 macOS _£i577,

T RFEME

K ET LU 7] OpenShift £2#, # %% T OpenShift 7% 7175RE/(oc). &% Red Hat
OpenShift Container Platform £91%1g, 152/ %# OpenShift Container Platform,

OptaWeb Vehicle Routing 2 #:7 Maven sXZif5#, 41 % 16.2 77 “F##1%# OptaWeb
Vehicle 555 ZE X AT,

AL B U1,
TFE

&R Bt/75/ Red Hat OpenShift Container Platform %,

WAL T, HH & It;PROJECT _NAME > 2 9L/ :

I oc new-project <PROJECT_NAME>

WESE, JfFHRHK Y rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-
8.13.0.Final-redhat-00013/optaweb-vehicle-routing.

FIA LU 83 21T runOnOpenShift.sh f1Z& # F#; OpenStreetMap(OSM) 14 :

./runOnOpenShift.sh <OSM_FILE_NAME> <COUNTRY_CODE_LIST>
<OSM_FILE_DOWNLOAD_URL>
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TEX T RH, EBHRLTEE
<OSM_FILE_NAME& gt; : A < OSM_FILE_DOWNLOAD_URL> FZHIX 145,

<COUNTRY_CODE_LIST > : [HF:i7)/¥ geosearch Zi5HIESILIHAIE S D EdlZ%.
BXESAIIEIFIZC, 5S4 1SO 3166 [FH5K 415,

<OSM_FILE_DOWNLOAD_URL > : PBF #5z(67 OSM ##ZX 1467 URL 5] M
OpenShift /i, ZXHFIEE IS 5)5/E F#, HIRFEN
/deployments/local/<OSM_FILE_NAME>,

TELLF4I4, OptaWeb Vehicle Routing T #;7/03%F (F%#-america-
latest.osm.pbf) £ OSM #4571, #17f Belize(BZ)#] Guatemala(GT)#I#%.,

./runOnOpenShift.sh central-america-latest.osm.pbf BZ,GT
http://download.geofabrik.de/europe/central-america-latest.osm.pbf
EE

417 7 % runOnOpenShift.sh FIA#IZEE), 1E5# A ./runOnOpenShift.sh --help.

16.5.1. [#/H A E X FETE5EHT OptaWeb Vehicle Routing 1 /H72/%

7£ Red Hat OpenShift Container Platform _£Z5Z OptaWeb Vehicle Routing // /G /7 /5, #alLd
BT/ AT

TERFEME

OptaWeb Vehicle Routing E 7 Maven Zh15#E# Z5E 7 OpenShift 4,

TR

FEEHE, EATUTERE -

BHIRACEHEH Maven 15 SR,
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2.
¥ 5 R E 7 rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-
8.13.0.Final-redhat-00013/optaweb-vehicle-routing.
3.
#IALLFip 5/ 5) OpenShift 15# :
I oc start-build backend --from-dir=. --follow
[ ]
FEEH A, T FELE -
1.
BHRATGHEH npm SLH R/ ETln B,
2.
JFE 747 source /optaweb-vehicle-routing-frontend.,
3.
#IALLFip 5/ 5) OpenShift 14# :
I oc start-build frontend --from-dir=docker --follow
IEEELTE

% 16.6 77 “/&/H OptaWeb Vehicle /"~

16.6. 1#/5 OPTAWEB VEHICLE &%/
7£ OptaWeb Vehicle Routing v [HEE/FH, TGRS ZMIE, FE—TMIEBREY

depot, FEMAMULIEREEIFiICHIRMATENE,

BT LULEZANRBIH B F T FHINTEE, B2, ZBEBAHTRILEFIBERE, NAEAEFREH
PTE B I A B R E R E K,

LI A —LRA -

BN EBI BRI F X S H— TN BEE, A, —1BEY 10 B9EHE, TEREIZ]
depot Z 5/, =% 815/ 10 ™Mii&,
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T F IR B S FiL BB E E X E .

16.6.1. B/ H/H

BB RERH, 1#&H OptaWeb Vehicle Routing /& /752 E1H7 Demo £+,

TERRAE
[ ]
OptaWeb Vehicle Routing [E7E:517, a1y H]fE 7 5RE.,
TR
1.
7£ OptaWeb Vehicle Routing &, &7 Demo £Xi+.,
2.
@ EBGT_E TR B SRINEH R EHAHE, BTN FHIMINBEEEHE 10,
3.
WRIEFE, €/ map F59 755 AEI IS H A5
EE
T ERXH zoom, Kili th=O/ELE,
4.
55 depot FI7 &,
5.
£ 7 46 [ _E B R M7 1B LA 1T 4 35 AR
6.
WIREWIR(TE -
a.
TFE A IEB B L, UEEMEEM,
b.

TR NBI S Ze FECE (L B A 7o
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RERPELET X FFTo

BRI R B ERENE KBNS, NHEFEHROEH BTFHIRELRD, WRERSFEEH
ZNEHE, TNV BEFRUTRBIENE L T8 T2 AR BIEE .

16.6.2. ZE I ERMFIE

Al L&/ OptaWeb Vehicle Routing /& /7R ET BT R P55 17 5 2 B FIS EMT I8,

BRI
[ ]
OptaWeb Vehicle Routing [E7E:517, XL iy/H]fE 7 5RE.,
TR

H#17 Vehicles £, LUZE. WIHNEGTE#, @ ZESTEEIEE,

117 Visits AT+ 5T LU & BRI B

17 Route LI F, LULTFEFTNE I 2B ATEEARBIEE .

16.6.3. 1#/H OptaWeb Vehicle Routing 0/ 5 & X # 5%

BH— T L1 A2 Belgian # i 2HEHIA EE T #H#HEE. WREE Load demo K H 5 &E % &T,
R LUK 7 B S IR,

TR

1£ OptaWeb Vehicle Routing #, &7 i i%5712¢1&/F geosearch 7/l depot #—71 2t
%1 accesss.

= Export, HIF1ZXHRFEIHHESE HRA,
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%5 16 = HEMFEAIISHER OPTAPLANNER S4B TN ARE

o
IER

H#E4E 5 R 2 app.demo.data-set-dir 1t H75EHH R,

YR FFFE/F 80 runLocally.sh 21T, NIHIE L ES R iZEY
$HOME/.optaweb-vehicle-routing/dataset.

2N, BIESM application.properties X 1£H R, E il # rhpam-
7.13.2-kogito-and-optaplanner-quickstarts/optaweb-8.13.0.Final-redhat-
00013/optaweb-vehicle-routing/optaweb-vehicle-routing-
standalone/target/local/dataset,

1E T L4754 app.demo.data-set-dir E4F#5E diffent #4557,

Hit YAML X1, 7 7 BAEE L7l — 5 7o

Ef5E,

B e, HEKERRBFIX ST Load demo 4 H,

16.6.4. OptaWeb Vehicle 224 E 5%

41E OptaWeb Vehicle Routing Z 4177, BT 4 EHER,

TERFMF
[ ]
OptaWeb Vehicle Routing [E7 517, HENTH.
TR
1.
FIRGE, FEEEm A .
2.

FEHERX A, EWERIEREIEE
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1/ H A B L 7% Ctrl+C 1= 1L /i,

Wk optaweb-vehicle-routing/optaweb-vehicle-routing-backend/local/db 5%,

ZEJ7 OptaWeb Vehicle F£H.,
16.7. OPTAWEB VEHICLE ROUTING # X% 155
K1t T T 7EFF 418 2 AP B B FIZ 1T I kR s

16.7.1. OptaWeb Vehicle Routing i 5451

OptaWeb Vehicle Routing 7ii 52— % & Maven JiH.,

B 16.1. BRI R

distribution

docs @mdalo -

IE I RIFTIm AR L FRLE P BEEES, SRR E SN AIRCH,

W BB A S Eln I EE 1 AT AT JAR X AR R,

distribution ZEHtZ =4 0) assembly #£5%, E@HMHIHEFHXEE, HIFETTHEKSFH
LBy A,

[l FIRT B HIREI T E, & AR EFEE, Lhht, EIEATETREEERE, HEHF
TR TRA T, W TEEHREERENATFLAGERHIITR, FHEATEKFAIEESTTHINE

FESE R JF[A T IR G
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FEE T #d T HHTTEFF LR Tz 17 /E i FIF i T .

16.7.2. OptaWeb Vehicle Routing /Zi#1E#

Bt aE — MRS #5in i B, B FZLIEER] OptaPlanner (L1E#EEBH, (L1EE—/#
CPU ZEZiTE, WA /O IRIEFEE/FRTENRE, AFEIE —EREMPEERLE, HIt
OptaWeb Vehicle Routing 7 RAM A7 H IR HEKAIE S, 7K, OptaPlanner & 7 #EH /"
TIABIENMEIIEZ IHIEK A, UGB FIZTE#5 7 distance matrix B934,

Lo A Fr (7 iEr, OptaWeb Vehicle Routing =11 B# (i BT BR ML EZ IHHIZELKA, HIE
EEE SRR FHZKA, travel i 11 EH GraphHopper &85/ Z17,

IEI ARSI L FAIH TDRE

AR

FiizA websocket 1 £

HIEFENE. FHAFA

UIF THEE S E X EinCTIIFRHBIER, 554 5 16.8 77 “OptaWeb Vehicle 55 M |5 4e17”,

FEE Ti#d 74T TE FF LR AP BB fIZ 17 /e e

16.7.2.1. ;77 OptaWeb Vehicle Routing /= i##&E

el LUTE Quarkus A4 B Fia1T/5in it

TERFEME

[ ]
OptaWeb Vehicle Routing ##FJiE % 5 16.4 77 “Fz)fliE #1217 OptaWeb Vehicle

Routing” A,
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R

¥ H R34 7 rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-8.13.0.Final-
redhat-00013/optaweb-vehicle-routing/optaweb-vehicle-routing-backend.

Z 7 development U Fiz1T/50kn, EHWAL TR :
I mvn compile quarkus:dev

16.7.2.2. M IntelliJ IDEA Ultimate ;=77 OptaWeb Vehicle Routing /= #7125

eI LUE/H Intellid IDEA Ulitmate 1= 77 OptaWeb Vehicle 2/ [FintE 5, LUEBHEH M LTS,
Intellij IDEA Ultimate Z7% Quarkus 7&1#, © 55/ & Quarkus 1EZRHIELE )z THE,

TR

|y

& /H optaweb-vehicle-routing-backend =z 7THC & 5.2 17/5 I

WFEEZESE, 1FS/4 1517 Quarkus N HE,

16.7.2.3. Quarkus 7% &E=

LB, WREEX ElmEAHIREERENR, HAREFLSITRIHBIN eI+, EhSE
ZIE/H,

THEE X Quarkus FF 4R BIE 258,
16.7.2.4. X OptaWeb Vehicle Routing /Zi#E %7 B IEE

A LU 2k X 2 OptaWeb Vehicle Routing /5 i# &892 i R B M1,

OptaWeb Vehicle Routing /ZimE 7 %25 /& 477 % 7 /src/main/resources/application.properties
X, WX HFZIREIES, (EHERAXFERANLEBEEHE X Quarkus IIEE,

T RFEME
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OptaWeb Vehicle Routing starter /v [HEE/F 5 F# H e, BXRiFlgFSZE #£16.2 7/
“F#H#17E OptaWeb Vehicle B EZ5E XL,

TR

[ ]

B BRI R EME, 1F1E51T mvn B java 541 &7%5 -D<PROPERTY>=
<VALUE & gt; #(, 2+ <PROPERTY > 2FZEXHIE I/, 7 < VALUE > 2FELH]%
BR25 1% B MR E, W T PIER T A& Maven 7 dev &= #1451F Quarkus TG, 1%
quarkus.http.port X2 /& 145985 B 8181 :

I mvn compile quarkus:dev -Dquarkus.http.port=8181

XA E K /src/main/resources/application.properties X 14 H/E 141,

ERABHRICEHE, BIUFERFE FEBHFLIIENIE, 171%env-example X 69728
Z#/%/ optaweb-vehicle-routing-backend/.env X4,

WX T BIETEIRAFERE, FUZEFIEFEN T FEU XA, ERTLUFE .env XA T
BN, T Git TIEH,

X

ity 7R

IS

A& OptaWeb Vehicle Routing FE/E 77T ZIIZ, 15504 5 16.9 7 “OptaWeb Vehicle £5H
EinEEE I,

16.7.2.5. OptaWeb Vehicle Routing backend logging

OptaWeb Vehicle Routing 1&/5 SLF4J API 7] Logback £/ HEHEZ, WEFZEE, FE4
Quarkus - IfiEH %

16.7.3. /&5 OptaWeb Vehicle Routing Bl 24

Biin i 817 Create React App /=57, 1% React App 12#t 7 % NBIA IR, aIEBIFF X H 1
BT RN AR,

TERFEME

[ ]
OptaWeb Vehicle Routing starter //[FFE/F E TEHHIER, AXRiFIEEFSE 162 77 “F
##14# OptaWeb Vehicle B8E5E X 14,

307


https://quarkus.io/guides/logging
https://create-react-app.dev/

Red Hat Decision Manager 7.13 fE FIZLIER SR EE B MZLIEIIE OptaPlanner S{EfRRE

i
7£ Fedora #1, AL Fin 5 FKEFLIIE :

I sudo dnf install npm

BXLZEFE npm BB Z158, 155/ F#H# %% Node.js 7] npm,

2.
1% 5% #E 7 rhpam-7.13.2-kogito-and-optaplanner-quickstarts/optaweb-8.13.0.Final-
redhat-00013/optaweb-vehicle-routing/optaweb-vehicle-routing-frontend.
3.
L% npm KR
I npm install
%5 Maven 7~/a, npm ¥ #EEZEZHEETH BR FIHE %% %) node_modules #, #
BRELEH 1T npm install £ H7TILERIE, ﬂé package.json Z K/ 5lHBIKFITINT, B,
27 BT ERE master 511, EBA TS 1T AL AR5 25 B017T npm install,
4.
FIALLF i RS ITH LIRS 25 -
I npm start
5.

IR RE E5FT 7, TEM N 5 #25#T 7F http://localhost:3000/,

ZUIER T, npm start 65 5= TE BN 0 28 T X7 URL,

IR ET 72 npm start & 7:7" B RS TI BT FF— TN i s b s 0, 15
FH BROWSER:none BT E, FETLUER .env.local XS E AT
Ro EMEX—m, BMALUT@RS :

I echo BROWSER=none >> .env.local
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& L RIRIRICHS AT RS, N asEB I Z T El, TEA G 5 {TRIHF RS aa it
BERERENR, HRFmFER lint 555325 HE2EFA.

6.
FIALL T ip 2Rz {7 -
I npm test
7.

7£#477 npm start 2t npm run build #/, ZF3{ REACT_APP_BACKEND_URL /152 &8
18, LFEE npm EEFEiHTIELE, #I]0 :

I REACT_APP_BACKEND_URL=http://10.0.0.123:8081

T

-
JER

7£ npm 1521 F2eh, I EEZ E7F JavaScript 1545 &R #E 15, [FILE 2
TN EFI S8 B Bl A5 E e i B,

Wi THEE S B X React I IE L EHINER, 1F SR EHE XL E,

EEEl, FHAUTRRZ—

I /mvnw install

I mvn install

16.8. OPTAWEB VEHICLE 28/ 5224

X FL BREfFHe 1, 1R A& SR E 4T T4 69, OptaWeb Vehicle Routing 1212 2/ {i; FZe145#
D, BEEERABAILNBEFEZE ., BRELE. BRI, RIS EE SRR L HEF
1&g, HIFREFFIEIRIZ,
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K 16.2. VR

o
i

Infrast

16.8.1. L5411

IEIERI A= TNEATHAN, 7 LFAET,

org.optaweb.vehiclerouting

domain

plugin # Infrastructure layer
—— persistence

—— planner

—— routing

— rest

L service # Application layer
—— demo

—— distance

—— error

—— location

region

—— reload

—— route

— vehicle

service H B EELHEABIFIN /=, plugin 214885 E 3R =,

FNE RIS — 2 BRI, XBEREF RS A A H SEIE 1 E.

16.8.2. 1KHITHNY

G IEIT LRI R BEM AN BB /R FG IR Do BHEUL AN BY T 1% SR 2 I 17 T B /= HE AR AT R Mt S s A
7, HEIEHEIRS I 55 LARBITT o LSBT IR X MEHE RIS, il 55 AR FIE FFF BB 7T 70 &
V/I=ER
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%R B AT,

RS (RICFT F 1o, HIRIRSSFEELEEE (BIEIHHE 2 E ) , EREEH I RELD, B
JER £ X FIERIFEA (CDI) &g EA

LR SRR 5. B 58, WRIER 7 FIAEMILIES I EXR RIS B BT FE RS, IR
SEAIGE, (FRIEFECRITAENTE] loC B25EI 1R, =, HALIBARS Fitid 5R#% O F L F B
R, BV I E A TR R M E L Web Ul 2757,

16.8.3. Z &

domain H#E&EE It T EEE 191/ 5515, %0 Location, Vehicle, Route, iXLEXy5e/ &L
WEHKGE, HATEZENET T EFINELZCHIR, BIAIXT 5e 751 T B 7] Web ARFHEZS,

16.8.4. service 14 &

service H1HEE S LI BB #9E, BHIFL TEZHITHIRIE, BIALRNFTENLE, EXEKEE
EHHU I, Hi B FEBIBTIL 5 AN FF 1% SR FEZ A,

RF5EEFEGNZHEIFEHKE, WFAlE, Web FIL1E. 7 TIHE/ZZ FIBIEIIR R AN, RS
FOFE 1 JEBGZE B LUE X AR K RITIRG#E CI 26 . F o BT 80T HE HRSETIAR 55 SR B2 1H9 bean X/ /E RS
BIERIT, CDI 25 0% T #1# bean BISLHY, HIEZ1THIFFRZARS. X2 control [RIIEYT
inversion of example,

16.8.5. plugin ##&

W D E S EMARIITIEE, WL, FAME BRI,

16.9. OPTAWEB VEHICLE B84 /5 im0 iE B £

BT LUK E T2 51 H B9 OptaWeb Vehicle Routing 1 FFE/F & 14,

Bt &S] N fid

app-demo.data-set- AR ST BR AR /home/user/.optaweb  MXNEFEHFBEABE L

dir -vehicle- BaEE. B
routing/dataset local/dataset.
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=43
app-persistence.h2-
dir
app.region.country-
codes

app.routing.engine

app.routing.gh-dir

app.routing.osm-dir

app.routing.osm-file

optaplanner.solver.t
ermination.spent-
limit

server.address

server.port
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Bl

/home/user/.optaweb
-vehicle-routing/db

ISO 3166-1 alpha-2 %[ GB,IE,DE,AT,CH

RICHHFIFR

Enumeration

AR S A0S B R

AR S A0S B R

X%

java.time.Duration

IP ik sk EHLE

ARERZEN

airgraphhopper

/home/user/.optaweb
-vehicle-
routing/graphhopper

/home/user/.optaweb
-vehicle-
routing/openstreetm

ap

belgium-
latest.osm.pbf

e 1m
e 150s
e P2dT21h

(PnDTnHNMn
.nS)

10.0.0.123, my-
vrp.geo-
1.openshiftapps.com

4000, 8081

sk

H2 B FEhEEum 4 e
BB, BN
local/db.

FR#l geosearch 458,

EBIE . BMIAH
graphhopper.,

GraphHopper A #Zfi#
B EBE R, B
NH
local/graphhopper-.

28 OSM XM B %,
LN
local/openstreetmap

o

I GraphHopper f0#8
OSM XA FR, 14X
B ATRTE
app.routing.osm-dir
T

BAEELEMERRE
R21T % KA,

B E AR5 RA P4 3t
ik,

RSS2 HTTP im0,
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