& RedHat

Red Hat Decision Manager 7.8

Spring boot & D Red Hat Business Optimizer
DIEMH

A1 R

Last Updated: 2023-03-02






Red Hat Decision Manager 7.8 Spring boot & D Red Hat Business
Optimizer D&

A4 KR

Enter your first name here. Enter your surname here.
Enter your organisation's name here. Enter your organisational division here.
Enter your email address here.



EEEDBEA

Copyright © 2022 | You need to change the HOLDER entity in the en-
US/Using_Red_Hat_Business_Optimizer_with_Spring_Boot.ent file |.

The text of and illustrations in this document are licensed by Red Hat under a Creative Commons
Attribution-Share Alike 3.0 Unported license ("CC-BY-SA"). An explanation of CC-BY-SA is
available at

http://creativecommons.org/licenses/by-sa/3.0/

. In'accordance with CC-BY-SA, if you distribute this document or an adaptation of it, you must
provide the URL for the original version.

Red Hat, as the licensor of this document, waives the right to enforce, and agrees not to assert,
Section 4d of CC-BY-SA to the fullest extent permitted by applicable law.

Red Hat, Red Hat Enterprise Linux, the Shadowman logo, the Red Hat logo, JBoss, OpenShift,
Fedora, the Infinity logo, and RHCE are trademarks of Red Hat, Inc., registered in the United States
and other countries.

Linux @ is the registered trademark of Linus Torvalds in the United States and other countries.
Java @ is a registered trademark of Oracle and/or its affiliates.

XFS @ is a trademark of Silicon Graphics International Corp. or its subsidiaries in the United States
and/or other countries.

MySQL @ is a registered trademark of MySQL AB in the United States, the European Union and
other countries.

Node.js ® is an official trademark of Joyent. Red Hat is not formally related to or endorsed by the
official Joyent Node.js open source or commercial project.

The OpenStack ® Word Mark and OpenStack logo are either registered trademarks/service marks
or trademarks/service marks of the OpenStack Foundation, in the United States and other
countries and are used with the OpenStack Foundation's permission. We are not affiliated with,
endorsed or sponsored by the OpenStack Foundation, or the OpenStack community.

All other trademarks are the property of their respective owners.

Bz

ZDRFa1 x> NTlE RedHatBusiness Optimizer Z#f L T SpringBoot 7 U4 —> 3 V%
BRETTBAHERICOVWTEHRBALET,



B2E RAA VAT I T RDETIVE oo e i
B D R B L T R T P DR
BABE TSV TYYA—VaVTORAAVATISTIMDIE
SR TIMETABLE H—E R ..ottt et e
1o | A - = i [/ 4P

B7E 7 ) T — o a v R au I T BTN o
7)EEET Y r—2 a3 v ORT

7277V r—vavmFR b

73.0F¥>v9

BEE T —INR—REUIBREDEBIN ..o

L E= 3 N At 2 17 i - S



Red Hat Decision Manager 7.8 Spring boot & @ Red Hat Business Optimizer M{§F




X LI

IEL®IC
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i W =N Score: OhardMBsoft
Timeslot Room A W Room B W

Physics L]
Monday 08:30 - 09:30 W by M. Curie

10th grade T

Physics L]
Menday 09:30 - 10:30 & by M. Curie

Sth grade 16
Monday 13:30 - 14:30 &
Monday 14:30 - 15:30 W

m By teacher By student group

RoomC W
Spanish L]
by P. Cruz
Sth grade 22
Spanish L]
by P. Cruz
10th grade 33

H—ERE, AIZFERELT. UTFTDON—RELVOYV I MO AT T a—ILHIE (CEH L.

Lesson 1 »

248 X% Timeslot 1 YV A¥ >V RX&E Room A VAY VAICEHBMICEIY ETET,

o THEICARKICEYHTEIENTEZEEEF, RR1AYTT,

o HEIHNREFIC—EICT) LN TEBHEXIIFEXNIETY,

o AEIRIRABICHETESIRERIRKRTIIAVYTY,

o HEMIL,
o ZHEMIL,

1DDEETORELEFELE Y,
i L ZREEFH, REBICHRBIZSDZRWET,

HWEMICEZ D &, ZROFEENIE NP HE# OETHY £9, 2FY, ATV IHEEETT, #
HIEYKREBTEZONIHAEDOEZEMICIRNTRETSE, A——JvEa—49—%ZFALLE
LTH, EEBAMAT -9ty NERBTI2DICHBEEN DY £, FL\, Red Hat Business
Optimizer & E D Al FIFI YV ILAN—ITIE, ZEBEEARICEERERY ) 1 —Ya v EiR©TIEERT
WI)ZLDHYFET, ZHLHBEE LTEBINZ2HNEIE,. BMEBOBEMICEI>TERY ET,

=S

e OpenJDK 8 LAFEA S ~ X h—)LEINTW3, RedHat EJL KD Open JDK I& Red Hat 1 X
X—R=HIN (ATAVABBEYD VI I THIVO—RR=INMSAFTEET,


https://access.redhat.com/jbossnetwork/restricted/listSoftware.html
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® Apache Maven 3.2 LABE £ 7213 Gradle 4 AFEA 1 ~ XA b —JLINT W3, Maven I& Apache

Maven Project D Web %4 kDL AFTEFX Y, Gradle (&, Gradle Build Tool @ Web %1 b
NHFEATEEXT,

e |ntelliJ IDEA. VSCode. Eclipse. NetBeans 7 & ® IDE A*FIF T X %,


https://maven.apache.org/
https://gradle.org/install
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2512 RED HAT BUSINESS OPTIMIZER SPRING BOOT 7O =

7 N DAERK

Spring Initialzr I& Web R—=Z2D7 ) r—2 3 v T, PO —H—AHN%$E &IC. Spring Boot #i&
ZVER L £ 9, Spring Initializr % {FF L TREEIC Maven F 72 (d Gradle Spring Boot 7OY = ¥ M &4
B L. Red Hat Business Optimizer AIFICHRI YA A TEXF T,

FIR

. Web 75 ' —T Spring Initializr B Z £ 9,

I https://start.spring.io/

. 7OV b, . SpringBoot A—Y 3 VERIRL, TOVII RDXYF—8EAHLE

ER

. Add Dependencies 27 ') v 2 L. Spring Web %3&3R L T spring-boot-starter-web D&z

ReBMLEY,

. GENERATEA# 2 YY) w o LEd, 7Oz DZP 774D I O0—-—RINET,
. ZIP 774 ERBB LT, SpringBoot 7AY TV T4 LU MY —ICBEILET,

. Red Hat Business Optimizer M {&k#ZF{% (optaplanner-spring-boot-starter) ZEML £7, IR

1£. optaplanner-spring-boot-starter (& Spring Initializr ICEEFh TWaRWESH, EILRT7 74
WICFETEMT 2HEINHY XY,

e Maven 7OY ¥ &4 L 2154 14 optaplanner-spring-boot-starter k7R {% % 7’0
TV D pom.xml (TEML XY,

<dependencyManagement>
<dependencies>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-spring-boot-starter</artifactld>
<version>{project-version}</version>
</dependency>
</dependencies>
</dependencyManagement>

LI FDfITIE. optaplanner-spring-boot-starter (k%ZE% % 70> = - b ® pom.xml
77AIIEMLEY,

<?xml version="1.0" encoding="UTF-8"?>
<project xmlns="http://maven.apache.org/POM/4.0.0"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xsi:schemalocation="http://maven.apache.org/POM/4.0.0
http://maven.apache.org/xsd/maven-4.0.0.xsd">
<modelVersion>4.0.0</modelVersion>
<parent>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-parent</artifactld>
<version>{version-org-spring-framework-boot}</version>
</parent>
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<groupld>com.example</groupld>

<artifactld>constraint-solving-ai-optaplanner</artifactld>

<version>0.1.0-SNAPSHOT </version>

<name>Constraint Solving Al with Red Hat Business Optimizer</name>

<description>A Spring Boot Red Hat Business Optimizer example to generate a school
timetable.</description>

<properties>
<java.version>1.8</java.version>
</properties>

<dependencies>

<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-web</artifactld>

</dependency>

<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-spring-boot-starter</artifactld>

</dependency>

<dependency>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-starter-test</artifactld>
<scope>test</scope>
<exclusions>
<exclusion>
<groupld>org.junit.vintage</groupld>
<artifactld>junit-vintage-engine</artifactld>
</exclusion>
</exclusions>
</dependency>
</dependencies>

<dependencyManagement>
<dependencies>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-spring-boot-starter</artifactld>
<version>{project-version}</version>
</dependency>
</dependencies>
</dependencyManagement>

<build>
<plugins>
<plugin>
<groupld>org.springframework.boot</groupld>
<artifactld>spring-boot-maven-plugin</artifactld>
</plugin>
</plugins>
</build>

</project>



#5135 RED HAT BUSINESS OPTIMIZER SPRING BOOT 7AY 147 D4R

e Gradle 7OY =¥ M &4 L /2354 | optaplanner-spring-boot-starter % build.gradle
T7AIITEMLEY,

I implementation "org.optaplanner:optaplanner-spring-boot-starter:{project-version}"

LU F DT lE optaplanner-spring-boot-starter (k%7 %. GradleJava 7O Y b D
build.gradle 7 7 1 JLIZEML £ 7,

plugins {
id "org.springframework.boot" version "{version-org-spring-framework-boot}"
id "io.spring.dependency-management” version "1.0.9.RELEASE"
id "java"

}

group = "com.example"
version = "0.1.0-SNAPSHOT"
sourceCompatibility = "1.8"

repositories {
mavenCentral()

}

dependencies {
implementation "org.springframework.boot:spring-boot-starter-web"
implementation "org.optaplanner:optaplanner-spring-boot-starter:{project-version}"
testimplementation("org.springframework.boot:spring-boot-starter-test") {
exclude group: "org.junit.vintage", module: "junit-vintage-engine"
}
}

test {
usedUnitPlatform()

}
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BB RXA VATV MDETFTIVIE
Red Hat Business Optimizer DRFEEI 7O 7 FOBEEIE, Ly AV TEICHEBRESEICEIY ST

52 ETT, ThICE, ROBICTT &£ S IC, Timeslot. Lesson. LU Room D3 DDV S RA%EE
mLEd,

Time table class diagram

Timeslot Lesson
dayOfweek : DayOfWeek subject : String
startTime : LocalTime , teacher : String
endTime : LocalTime — timesiot _ studentGroup : String

‘ Room
name : String room
0.1 *

Timeslot

Timeslot 7 5 X |&. Monday 10:30 - 11:30. Tuesday 13:30-14:30 12 &, REDORIZRLFT.,
DHFITIE, BFERIETANTHERLUCRS (HF) T BARAFLIFMOKERFEICIEIOZROY MIHY FE
/‘JO

BRORT Y 1—LiIdER (A CARMN) BRYRINZLIFRDT, FEARICIEFEMGHY FHA, £
oo MEHT V=0T BBEHY FEA, BREFIC Timeslot 1 V29 Y ADNEE LW

&, Timeslot I BEZ7 77 b EMIENF T, TDL DAY T ZITIE Red Hat Business Optimizer EH
DT/ TF—aviIBEHLHY FHA,

Room

Room 7 5 Xl&. Room A. RoomB &, B¥DGmMERLE T, UTDHITIX. EDEEL EEF
RO, TRTOBEICHBTEET,

Room 1 VA% ¥ RIIFEREFICEIL LR W0, RoomIZBEEZ772I b TEHY FT,

Lesson

¥ (Lesson 7 5 A TRIE). HEHIFEE D ELEIC Math by A.Turing for 9th grade. Chemistry by
M.Curie for 10th grade % EDERZEE L F£9, HR2HEBHICDOWT, BEEHKED. R CHEHN’RE CE
HIN—THIEET ZHEIE. Lesson 1 Y RY VY ANEFHFERINITA, Thoid id THBTET
T, & zIE OFEDZEIE. 1 BRI 6 MBEDRENHY £,

fi#sR e (Z, Red Hat Business Optimizer . Lesson 7 5 X ® timeslot 7 1 —JL K& room 7 4 —JL K
ZEELT, &K%z, FER1D, BE1DICEIY HTEY, RedHat Business Optimizer (I 5
D714—IVREZEETEDH, Lessonld TSV IIVF14T714— ERYET,


https://docs.optaplanner.org/latestFinal/optaplanner-docs/html_single/index.html#continuousPlanning

2B RAAM VAT hOETIVE

Time table class diagram

The timeslot and room fields are
normally null before solving

and non-null after solving @F’fanm’ngEnIfty
Timeslot Lesson
dayOMeek : DayQMeek @PlanningVariable subject : Strl_ng
startTime : LocalTime , I teacher : String
endTime : LocalTime =l studentGroup : String
0.1 *

@PlanningVariable
room
0.1 *

‘ Room
name : String

AT, ALY P07 4 —ILRUADIFEFEIRTDT 4 —ILRIZ. AAT—IDEFLTWET, &%
%0 timeslot 7 1 —JL K& room 7 4 —JLRiZ, AAT—FICEYHETONTEST (null), HAT—
FICEIY BTHNT (null TIEARW) WE 9, Red Hat Business Optimizer (&, RIFICINSD T 4 —
IWREZBELET, TOEIRTA—IVRETS YV IERHERENE T, D714 —JL K% Red
Hat Business Optimizer ICERFE I B % (I, timeslot 7 1 —JL K& room D7 1 —JL RIC
@PlanningVariable 7 / 7—> 3 VM ETY, TDT714—JILRICEEN S Lesson 7 5 X I

i&. @PlanningEntity 7 / 7—> 3 VW ETY,

FIR

1. src/main/java/com/example/domain/Timeslot.java 7 5 X = {EX L £ 7,

package com.example.domain;

import java.time.DayOfWeek;
import java.time.LocalTime;

public class Timeslot {

private DayOfWeek dayOfWeek;
private LocalTime startTime;
private LocalTime endTime;

private Timeslot() {

}

public Timeslot(DayOfWeek dayOfWeek, LocalTime startTime, LocalTime endTime) {
this.dayOfWeek = dayOfWeek;
this.startTime = startTime;
this.endTime = endTime;

}

@Override
public String toString() {
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return dayOfWeek + " " + startTime.toString();
}

/7 FAFAAAAA A A AR AR A A A A A A A A A dohokohok

// Getters and setters

/7 FAFAA A A A A AR ARk A A A A A A A A A A dhokohok

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}
}

BIBLTWBEDIC, toString() XV v RTHAN%Z5E < T 575, RedHat Business Optimizer
@ DEBUG O 7 £71Z TRACE O 7 D&M Y AMBEEICA>TWET,

2. src/main/java/com/example/domain/Room.java 7 5 A = {E L £ 9,

package com.example.domain;
public class Room {
private String name;

private Room() {

}

public Room(String name) {
this.name = name;

}

@Override
public String toString() {
return name;

}

/ FAFAA A A A A AR AR A A AR A A A A A A dhokohok

// Getters and setters

/ FAFAAAA A A A AR Rk A A A A A A A A A A dhokohok

public String getName() {
return name;

}

3. src/main/java/com/example/domain/Lesson.java 7 5 X = {E L £ ¢,
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package com.example.domain;

import org.optaplanner.core.api.domain.entity.PlanningEntity;
import org.optaplanner.core.api.domain.variable.PlanningVariable;

@PlanningEntity
public class Lesson {

private Long id;

private String subject;
private String teacher;
private String studentGroup;

@PlanningVariable(valueRangeProviderRefs = "timeslotRange")
private Timeslot timeslot;

@PlanningVariable(valueRangeProviderRefs = "roomRange")
private Room room;

private Lesson() {

}

public Lesson(Long id, String subject, String teacher, String studentGroup) {
this.id = id;
this.subject = subject;
this.teacher = teacher;
this.studentGroup = studentGroup;

}

@Override
public String toString() {
return subject + "(" +id + ")";

}

/ FAFAA A A A A AR ARk A A A A A A d A ddhokohok

// Getters and setters

// FAFAA A A A A AR Rk A A A A Ak A d A ddhokohok

public Long getld() {
return id;

}

public String getSubject() {
return subject;

}

public String getTeacher() {
return teacher;

}

public String getStudentGroup() {
return studentGroup;

}

public Timeslot getTimeslot() {

1
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return timeslot;

}

public void setTimeslot(Timeslot timeslot) {
this.timeslot = timeslot;

}

public Room getRoom() {
return room;

}

public void setRoom(Room room) {
this.room = room;

}
}

Lesson 7 5 ZIZI& @PlanningEntity 7 / 7—> 3 YA EFNTH Y., TOHRICTSZV =T
ZHEMN 1 DU EEFEFNTWS A, RedHat Business Optimizer & Z DY 5 AW EERIFICELT
BT EERHLET,

timeslot 7 « —JU K (Z(3 @PlanningVariable 7 / 7—< 3 U #'#% % /8. Red Hat Business
Optimizer i&. D74 —IL ROEHLIELTZIEEZRBHELTVWET, TDT7 1 —ILRICEY
HTH5Z&EDTES Timeslot 1 VXYV X Z2RDIFH T 728IC. Red Hat Business Optimizer
\d valueRangeProviderRefs 7 0/37 1 —%fff L TEDEHHE 7O/ ¥ — & &EE

L. List<Timeslot> Z312t L GERTE 2L HICLET, EQSFEHETO/NA ¥ —IZFET 55
W ABE TS =2 )2 =23 Y TDRX A >2F 720 fOREESRLTLEIW,

room 7 4 —J)L RIZH, FLCEHET @PlanningVariable 7 / 77— a A& Fh 9,
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FIZEHWOERZRS LV RITDEE

BIREDRRIFIC A7 TEINBOEEARLET, RAAT7HFEWVEEEIELC QY £9, RedHat
Business Optimizer (&, FIAAEERREAN TR O >LBOFNOERRAITOEDOERLELET,
NN B RTHIARENHDY £,

BEZIDFDI—RAT—ATlE, N—K&V 7 MIMAEFERLTW578&. HardSoftScore 7 2 A TR
a7%%kLEY,

o N—REHIEE, BIHERLAVWTLLEIW, LEAE BEICERKICRIYH TSI ENTE
PEEIF. XK1Y TY,

o VIMHKIE, ERLAVWEIICLTLKEIN, LEAE AT 1 DOBVETCOREERE
LEd,

N— RERIE, BDON— REREERT, BEAHIFZTVET, V7 MR, oY 7 M E R
T, BAMIFZTVET, N—FHEE, ThThOoEAICERAEC, BICV I MIWELYEELRY
i-a_o

EasyScoreCalculator 7 S X %#XRE LT, ROT7 %25 8ETEZXT,

public class TimeTableEasyScoreCalculator implements EasyScoreCalculator<TimeTable> {

@Override
public HardSoftScore calculateScore(TimeTable timeTable) {
List<Lesson> lessonList = timeTable.getLessonList();
int hardScore = 0;
for (Lesson a : lessonList) {
for (Lesson b : lessonList) {
if (a.getTimeslot() != null && a.getTimeslot().equals(b.getTimeslot())
&& a.getld() < b.getld()) {
// A room can accommodate at most one lesson at the same time.
if (a.getRoom() != null && a.getRoom().equals(b.getRoom())) {
hardScore--;
}
// A teacher can teach at most one lesson at the same time.
if (a.getTeacher().equals(b.getTeacher())) {
hardScore--;
}
// A student can attend at most one lesson at the same time.
if (a.getStudentGroup().equals(b.getStudentGroup())) {
hardScore--;

}
}
}
}

int softScore = 0;
// Soft constraints are only implemented in the "complete” implementation
return HardSoftScore.of(hardScore, softScore);

}

BRLAD, ZORITHEIENTIEARWVWDT, BUYICRT—) v IINEHA, BEINBOBREZLECHE
ICEIY HTHNBAEUIC, £2REIBIIMEIN, HHLLWRAAT7THEHEINZET,

13
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src/main/java/com/example/solver/TimeTableConstraintProvider.java 7 5 X %= {Ef L T. #ERR
O7E5BEA2ETI2E. BALYBNAEDIZRYET, TDVFRIE, Java 8 Streams & SQL & &
IZ L 7= Red Hat Business Optimizer M ConstraintStream APl Z{#f L £ 9, ConstraintProvider

I&. EasyScoreCalculator &b, 24— VT DBEABMIKEZLLB>TWVET (O(n) TlEAL<
O(n))o

FIR
LR @ src/main/java/com/example/solver/TimeTableConstraintProvider.java 7 5 X = Ef L £,

package com.example.solver;

import com.example.domain.Lesson;

import org.optaplanner.core.api.score.buildin.hardsoft.HardSoftScore;
import org.optaplanner.core.api.score.stream.Constraint;

import org.optaplanner.core.api.score.stream.ConstraintFactory;
import org.optaplanner.core.api.score.stream.ConstraintProvider;
import org.optaplanner.core.api.score.stream.Joiners;

public class TimeTableConstraintProvider implements ConstraintProvider {

@Override
public Constraint[] defineConstraints(ConstraintFactory constraintFactory) {
return new Constraint[] {
// Hard constraints
roomConflict(constraintFactory),
teacherConflict(constraintFactory),
studentGroupConflict(constraintFactory),
// Soft constraints are only implemented in the "complete” implementation
I
}

private Constraint roomConflict(ConstraintFactory constraintFactory) {
// A room can accommodate at most one lesson at the same time.

// Select a lesson ...
return constraintFactory.from(Lesson.class)
// ... and pair it with another lesson ...
Join(Lesson.class,
// ... in the same timeslot ...
Joiners.equal(Lesson::getTimeslot),
// ... in the same room ...
Joiners.equal(Lesson::getRoom),
// ... and the pair is unique (different id, no reverse pairs)
Joiners.lessThan(Lesson::getld))
// then penalize each pair with a hard weight.
.penalize("Room conflict", HardSoftScore. ONE_HARD);

}

private Constraint teacherConflict(ConstraintFactory constraintFactory) {
// A teacher can teach at most one lesson at the same time.
return constraintFactory.from(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getTeacher),
Joiners.lessThan(Lesson::getld))

14
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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)
Join(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getStudentGroup),
Joiners.lessThan(Lesson::getld))
.penalize("Student group conflict", HardSoftScore. ONE_HARD);

15
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FAE TS )a— a3V TORAA AT FDIY
5

TimeTable 1 VX% >V RlF, BE—F—4%+v D Timeslot1 VX% VX, RoomA VAY VR, &
ULlessonf YAV AESYTLET, ILIC, TDAVARIVRAIR, BEDTS VvV JEHDIRK
RRABODBENIARTEFNTVWELED, TODAVRIVAR TSv=vTYYa—vay kY,
Z2AT7HEYHETENET,

o WENFFLEYLTOLNTWAWESIZ., R T7H -4init/Ohard/0Osoft DYV ') 2 —> 3 Vg
E. b hTwiwy Y-y arveERhYET,

o N—REMIGERT BHEE. A7 1 -2hard/-3soft DY) 12— 3 V4 Y, AT Y
U :L-‘)EI \/tt’:bj i’a—o

o D//N\— REIMICHEI L TWBIHEEIE. RO7 5 Ohard/-7soft 72 &, EfFalge Y )1 —> 3V
ERYET,

TimeTable 7 5 X (ZI& @PlanningSolution 7 / 7—2 a VA& F N TW3 7 ®H. Red Hat Business
Optimizer (EZ DV S RAICEAHAT—IDNEFAhTVWE L Z2RBHLET,

BHEBICIE. 2075 RIEEBDOANTY,

o 2BFEMMNEF NS timeslotList 7 1 —JL K
o ZhIE, FEREFICEBEINARVAED, BEZ7 77 MY —ZA KT,

o 2IENEXN S roomList 7 1 —JL K
o ZhIE, FEREFICEBRINARVAED, BEZ7 77 MY —ZX KT,

o 2IRENEFN D lessonList 7 1 —JL K
o Ihid, MBREFICEEINDLO, TZV=VJIVTA4T4—T9,
o #& Lesson:

m timeslot 71 =)L KB LUV room 7 1 —J)L ROEIZEE. null TREIYHTTY,
nNoDEIR. TSV IEHTT,

m subject. teacher. studentGroup B EDMHD T 4 —J)L KIFAAINET, ThHdD
74—V REEMESONT 4 —TT,

2L, SOV ZREY)a2a—2avDHEHATEHY FT,

e Lesson 1 VAH VAT ED lessonList 7 1 —JU RITIE, #R%ZIE null TlEA L timeslot
74—l KEroom7 14 —ILRKAEEFNFET,

e HAV)a1—avD@E%ZKRY score 7 1 —JU K (ff: Ohard/-5s0ft)

FI7

src/main/java/com/example/domain/TimeTable.java 7 5 R #{Ef L £ 7,

package com.example.domain;

import java.util.List;

16
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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.drools.ProblemFactCollectionProperty;
import org.optaplanner.core.api.domain.valuerange.ValueRangeProvider;

import org.optaplanner.core.api.score.buildin.hardsoft.HardSoftScore;

@PlanningSolution
public class TimeTable {

@ValueRangeProvider(id = "timeslotRange")
@ProblemFactCollectionProperty
private List<Timeslot> timeslotList;

@ValueRangeProvider(id = "roomRange")
@ProblemFactCollectionProperty
private List<Room> roomlList;

@PlanningEntityCollectionProperty
private List<Lesson> lessonList;

@PlanningScore
private HardSoftScore score;

private TimeTable() {
}

public TimeTable(List<Timeslot> timeslotList, List<Room> roomList,
List<Lesson> lessonList) {
this.timeslotList = timeslotList;
this.roomList = roomList;
this.lessonList = lessonList;

}

/ FAEAAAA AR A A A A A AR AR A A A A A A A A A h ok

// Getters and setters

/ FAEAAA A AR A A A A A AR AR A A A A A A kA A h ok

public List<Timeslot> getTimeslotList() {
return timeslotList;

}

public List<Room> getRoomList() {
return roomList;

}

public List<Lesson> getLessonList() {
return lessonList;

}

public HardSoftScore getScore() {
return score;

}
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EOHEEDOTO/NA F—

timeslotList 7 1 —JL Nid, [EQEHE T O/ ¥ —TF, Zhid Timeslot1 V2%V A &FRFL.

Red Hat Business Optimizer B2 D4 Y 28 » X %#IR L T, Lesson 1 Y X%~ XD timeslot 7 4 —
IWRICEIYH TR ZENTEET, timeslotList 7 1 —JL K IZIE& @ValueRangeProvider 7 / 7— 3
HH Y. id Z, Lesson ® @PlanningVariable @ valueRangeProviderRefs (C—E X Z 7,

ELCOYy ZICH W, roomList 7 1 —JL KIZE @ValueRangeProvider 7 / 77— avhgFhTw
9,

MEI7IMNETSVZVTIVTFAT4—DTOANRT 4 —

I 5| Red Hat Business Optimizer (3. ZHEAJgE%: Lesson 1 Y X9 Y R, I LT
TimeTableConstraintProvider IC & 2 X 3 7EtEICHEHT % Timeslot 1 Y X% >~ X & Room 1 VA%
VAERRBITEAEEIBELTEMDELrHY £,

timeslotList 7 1+ —JL K & roomList 7 1 —JL Kl @ProblemFactCollectionProperty 7/ 75— 3
vHEENTWS <, TimeTableConstraintProvider (N SD 1 VA Y VAN SBIRTEE T,

lessonList (Z (& @PlanningEntityCollectionProperty 7 / 77— a VA& F N TW3 7, Red Hat
Business Optimizer |£f#REFICEE T X, TimeTableConstraintProvider |& Z DA 5BIRTEXFE T,



#55% TIMETABLE 4 —E X DERX

55% TIMETABLE H— E 2 D{ERK

INTIXRTHAEDE, RESTH—EREZERT 2EENATEE L, LHL, RESTRL v RT&
EfEERRTZE, HTTPYA LT NOBEIRELE T, TD7/H. SpringBoot ¥ —4—T
I% SolverManager %33 A9 52 & T, BRDAL Y RT—=ILTYIN—RTLTEHRODT—9EY
NaliT L CRRTEE Y,

FI7

src/main/java/com/example/solver/TimeTableController.java 7 5 X = {E L £ 9,

package com.example.solver;

import java.util.UUID;
import java.util.concurrent.ExecutionException;

import com.example.domain.TimeTable;

import org.optaplanner.core.api.solver.Solverdob;

import org.optaplanner.core.api.solver.SolverManager;

import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.web.bind.annotation.PostMapping;
import org.springframework.web.bind.annotation.RequestBody;
import org.springframework.web.bind.annotation.RequestMapping;
import org.springframework.web.bind.annotation.RestController;

@RestController
@RequestMapping("/timeTable")
public class TimeTableController {

@Autowired
private SolverManager<TimeTable, UUID> solverManager;

@PostMapping("/solve")
public TimeTable solve(@RequestBody TimeTable problem) {
UUID problemld = UUID.randomUUID();
// Submit the problem to start solving
Solverdob<TimeTable, UUID> solverJob = solverManager.solve(problemld, problem);
TimeTable solution;
try {
// Wait until the solving ends
solution = solverJob.getFinalBestSolution();
} catch (InterruptedException | ExecutionException €) {
throw new lllegalStateException("Solving failed.", e);

}

return solution;

}

ZDBEITIE, FHRERIEVIN—DPRETITE2DEFDODDT, HTTPYA LTI MDELEFEELE
9, complete EE%ZFEATSHI & T, LYBLNCHTTP YA LTV M40 TE XY,
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BT VILN—RTRRBDKRE

TSV TPV r—oa VI TREFLIERTARY MARWEE. EMRIICITKENICETS
naZ &Iy, ERICEHTTP M LT OIS —DPHEELEFT, INDPEELLBVEDICTBIC
i&. optaplanner.solver.termination.spent-limit /XS X —4%—%FEAL T, 77UV —>a v ETL
THLDEBERELET, Z<OT7FUS—2arTlE, CORBERETESD GmM) ICKRELFE
¥, L. KEBOHITIE, BRRKEEEZ S DICHIRT 5 &, AN ISR WEO HTTP 414 LT
NEEETEET,

FIE
L FDOHAE%EE src/main/resources/application.properties 7 7 1 L &ERR L £ 7,

I optaplanner.solver.termination.spent-limit=5s
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BIZET TV r—2 30 AETHREICT BFIRE
Red Hat Business Optimizer Spring Boot DBFEZEI 7O =7 &% T $ % &, 1Z# Java main() X
Yy RTERENT B 1 DDETABRIAR 7 7 A IMICTRTENRy r—IJLET,
AR

® N T RedHat Business Optimizer Spring Boot MEfEEI 7O = 7 bHA5ER L & L7,

¥
1. LTFORAR%ET TimeTableSpringBootApp.java 7 5 A % {ER L £ 9

package com.example;

import org.springframework.boot.SpringApplication;
import org.springframework.boot.autoconfigure.SpringBootApplication;

@SpringBootApplication
public class TimeTableSpringBootApp {

public static void main(String[] args) {
SpringApplication.run(TimeTableSpringBootApp.class, args);

}
}

2. Spring Initializr TYERX X 117z src/main/java/com/example/DemoApplication.java 7 2 X (&
TimeTableSpringBootApp.java 7 S A ICE XA XY,

3 BEDJava7 TN r—>a>vd A4 952X E LT TimeTableSpringBootApp.java 7 5 2
ZEITLEY,

71LEBE 7 )y —2 3 v OERTT

Red Hat Business Optimizer Spring Boot BffEIZI 7 7)) r —> a v DRI, FEDREST V547
YRNTRESTH—ER%EZFTRINTEEY, ZOBITIE Linuxeurl A7 N&HERA L TPOST Bk % %18
LExY,

AR

® Red Hat Business Optimizer Spring Boot 7 ) r—< 3 U A'R{THTH %,

FIE
LUFoa~vvRKEAALET,

$ curl -i -X POST http://localhost:8080/timeTable/solve -H "Content-Type:application/json" -d
'{"timeslotList":[{"dayOfWeek":"MONDAY","startTime":"08:30:00","endTime":"09:30:00"},
{"dayOfWeek":"MONDAY","startTime":"09:30:00","endTime":"10:30:00"}],"roomList":[{"name":"Room
A"} {"name":"Room B"}],"lessonList":[{"id":1,"subject":"Math","teacher":"A. Turing","studentGroup":"9th
grade"},{"id":2,"subject":"Chemistry","teacher":"M. Curie","studentGroup":"9th grade"},
{"id":3,"subject":"French","teacher":"M. Curie","studentGroup":"10th grade"},
{"id":4,"subject":"History","teacher":"l. Jones","studentGroup":"10th grade"}]}'
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#) 5 #1% (application.properties TEZ I NI TEE) IC. T—EXIZLY. UTOHIDL S RHEA
PRINET,

HTTP/1.1 200
Content-Type: application/json

{"timeslotList"....,"roomList"....,"lessonList":[{"id":1,"subject":"Math","teacher":"A.
Turing","studentGroup":"9th grade","timeslot":
{"dayOfWeek":"MONDAY","startTime":"08:30:00","endTime":"09:30:00"},"room":{"name":"Room A"}},
{"id":2,"subject":"Chemistry","teacher":"M. Curie","studentGroup":"9th grade","timeslot":
{"dayOfWeek":"MONDAY","startTime":"09:30:00","endTime":"10:30:00"},"room":{"name":"Room A"}},
{"id":3,"subject":"French","teacher":"M. Curie","studentGroup":"10th grade","timeslot":
{"dayOfWeek":"MONDAY","startTime":"08:30:00","endTime":"09:30:00"},"room":{"name":"Room B"}},
{"id":4,"subject":"History","teacher":"l. Jones","studentGroup":"10th grade","timeslot":
{"dayOfWeek":"MONDAY","startTime":"09:30:00","endTime":"10:30:00"},"room":{"name":"Room
B"}}],"score":"0hard/0soft"}

FTT)r—oavicdkyY, 4 DDFBENAITRT2DOOEEB. FLT22O0HZ3BMEDIED1DICEY
UTOHONTWLWEIRIGEBLTLEIWY, Fo, IRTON—REIWICENTZZEICERELTLES
W, 72EZIE. M.Curie @2 DDIREIFERZBEEROY MIHY T,

H—N—fITinfo AJIC, Z® 5T Red Hat Business Optimizer T > 7B EHEINE T,

... Solving started: time spent (33), best score (-8init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).

... Construction Heuristic phase (0) ended: time spent (73), best score (Ohard/0soft), score calculation
speed (459/sec), step total (4).

... Local Search phase (1) ended: time spent (5000), best score (Ohard/0soft), score calculation
speed (28949/sec), step total (28398).

... Solving ended: time spent (5000), best score (Ohard/0soft), score calculation speed (28524/sec),
phase total (2), environment mode (REPRODUCIBLE).

72. 77 5—3 VDT R

WEIRT PV r—>avIiIlETAMEEFNET. LTFOHITIE. Red Hat Business Optimizer Spring
Boot fEEI 7 SV r—>avETANLET, TOF7FUr—vavid, JUuntT7AMEFEALTTR
NDF—4+tv MaE4RL L. TimeTableController IS5 L TRREL E T,

FI7

L FOWA % &L src/test/java/com/example/solver/TimeTableControllerTest.java 7 5 X %= {ER% L
9,

package com.example.solver;

import java.time.DayOfWeek;
import java.time.LocalTime;
import java.util.ArrayList;
import java.util.List;

import com.example.domain.Lesson;
import com.example.domain.Room;
import com.example.domain.TimeTable;
import com.example.domain.Timeslot;
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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<Room> roomList = new ArrayList<>();
roomList.add(new Room("Room A"));
roomList.add(new Room("Room B"));
roomList.add(new Room("Room C"));

List<Lesson> lessonList = new ArrayList<>();

lessonList.add(new Lesson(101L, "Math", "B. May", "9th grade"));
lessonList.add(new Lesson(102L, "Physics", "M. Curie", "9th grade"));
lessonList.add(new Lesson(103L, "Geography", "M. Polo", "9th grade"));
lessonList.add(new Lesson(104L, "English", "I. Jones", "9th grade"));
lessonList.add(new Lesson(105L, "Spanish”, "P. Cruz", "9th grade"));

Py
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new Lesson
new Lesson

lessonList.add
lessonList.add

201L, "Math", "B. May", "10th grade"));

202L, "Chemistry", "M. Curie", "10th grade"));
lessonList.add(new Lesson(203L, "History", "I. Jones", "10th grade"));
lessonList.add(new Lesson(204L, "English", "P. Cruz", "10th grade"));
lessonList.add(new Lesson(205L, "French", "M. Curie", "10th grade"));
return new TimeTable(timeslotList, roomList, lessonList);

Py
P —

}

DT RAME FRBICTNTOERDN YA LZAOY FEREICEAYHTOLNRTVWS I EZHRALE
Yo Tl RTTRMR (N FHNOERSL) BEELI T,

BE. VILAN—(F200 I VRRBTETARRBEZMRELX T, @SpringBootTest 7/ 57— 3D
properties A°, E{TAIEEARY 1) 2 — 3 ~ (Ohard/*soft) R DOMN 3 EERFIC, VILNN—DRT % EE
ELET, TI9F2ZET, AZY M T RAMNEEDN—RI T TEITINZAEELGH DD, VY
IWNR—DBFE%EN—RI— Nt 20%0&ELET, CO77O—F42FEAT LT, BINEVNT
YUTH->TH, RTARAY ) 21— aVvERETIDICHLRFFEALITTAMDETINET, &
2L, BRI VTH, BBICHBEINIBALIVEIVRBMATRCETING I EEHY FHE
A’O
73.0F¥> 7
Red Hat Business Optimizer Spring Boot ®BEEI 7 ) r—> a3 v 7 ) r—>avas7#&ICOF
v JE®R%ZHEAT 5 &, ConstraintProvider THIMNMHEAE LT <K RYET, inffoA T T7 74T
ZATEEOREE=RR LT, fINICMALEEOREATMLET, 7Ny JE—RTT7 Y T—
YavERITLT, 7N r—2a v T i FIEEIRTRRT 20, BHfOJV2FEALTC2FIES &
VEIXEOX VI LET,
=2

1L BEET S r—>avaE—EORRE fBl59) ZETLET,

2. UTOFIDESIC, log 7 7 A IIVDRIATEEOEEAHIRLE T,

I ... Solving ended: ..., score calculation speed (29455/sec), ...

3 HWAEZELC, ALKE., 75V J77)r—>av%RTL., log 7 7 1 JLICEEEHS
NTLWRRIOTHERELZRALZET,

4. PNV 5—2avaETNy JE—RTEITLT, £FEA2OJ/ICEHKLE T,

o OXVRSAVUDLTNYITE—RERITTDICE, -DYRFL7ONRT—%FAHALE
£

e application.properties 7 7 1 JLOOF >V J%EZEET 2ICIE. LTDITEIDT7 74 ILICE
mLEY,

I logging.level.org.optaplanner=debug
UTFOBITIE, TNy TE—RTDlog 7 7M1 ILDHEAEKRRZLET,

... Solving started: time spent (67), best score (-20init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).
CH step (0), time spent (128), score (-18init/Ohard/0soft), selected move count (15),
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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 AF¥ /AL T, £2FIF. BLUVFIRIEDLEETEZRRLET,
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E8E T —AINR—E UIEADEN

Spring Boot % f& 3 L T Red Hat Business Optimizer 7 7)) 7 —> a Y O R L, T—8F R—

A&

UtaZEIMLEY,

AR/ FRIfER

FIR
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® Red Hat Business Optimizer Spring Boot MBSREZEIY >~ FILAMER I N TW 3,

1. Timeslot. Room. & & U Lesson M Java Persistence API (JPA) YRY M) —%4ERR L &
T JPAYRY M) —DERICEAT 2153k (IZ. Spring @ Web #4 ~® Accessing Data with
JPAZSZRRL TLEE L,

2. RESTTJUPA)RI MN)—%R2EALET, YR N —DRRICET 2EHIE. Spring D
Web t 4 h® Accessing JPA Data with RESTASRR L T X\,

3. TimeTableRepository Facade ZEJL KL T, 1EI®D b5 %72 3~ T TimeTable % &t HX
Y, ESRAHZET,

4. LFDOHID & S IC TimeTableController Z 5% L £ 9,
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 htitp.//localhost:8080/time Table
@GetMapping()
public TimeTable getTimeTable() {
// Get the solver status before loading the solution
// to avoid the race condition that the solver terminates between them
SolverStatus solverStatus = getSolverStatus();
TimeTable solution =
timeTableRepository.findByld(TimeTableRepository.SINGLETON_TIME_TABLE_ID);


https://spring.io/guides/gs/accessing-data-jpa/
https://spring.io/guides/gs/accessing-data-rest/

FE8E F—HIR—R & UIEEEDEM

scoreManager.updateScore(solution); // Sets the score
solution.setSolverStatus(solverStatus);
return solution;

}

@PostMapping("/solve")
public void solve() {
solverManager.solveAndListen(TimeTableRepository.SINGLETON_TIME_TABLE_ID,
timeTableRepository::findByld,
timeTableRepository::save);

}

public SolverStatus getSolverStatus() {
return
solverManager.getSolverStatus(TimeTableRepository.SINGLETON_TIME_TABLE_ID);

}

@PostMapping("/stopSolving")
public void stopSolving() {
solverManager.terminateEarly(TimeTableRepository. SINGLETON_TIME_TABLE_ID);

}
}

BRI DD, 2OO—KiE TimeTable 1 YR VA& 1DREIFREBLETH, VILFT
FTUMNEAEMILT, ERZ2ERKOD TimeTable f VA9 VR %EH, ETLTCUEBTZZEE
BEICTEET,

getTimeTable() X Vv RiZ, T—IR—ADSRFOEBEN AR LET, TDOAYV YR
I%. ScoreManager (BENEA) #FRAL T, UTRATARRTES LI, WROBFEE D
AAT7%AHELET,

solve() XV v Nk, a7 %BAL T, REOEKEE Z#MAL., BEREHMEOEIY L TE
T—AR—IRELZET, TDXYV v RiE SolverManager.solveAndListen() XV v K%
FRALT. PFRORERE) YAV L, THILEDETCT—IR—REEBHLET, 2593
ZET. NYIITYRTERLALS, U TEBARTITZET,

.solve() XV v RHBIEIGRIND LI ICA272DT, UTOHIDL S IC
TimeTableControllerTest %% L £,

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
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favor of the best-score-limit
"optaplanner.solver.termination.best-score-limit=0hard/*soft"})
public class TimeTableControllerTest {

@Autowired
private TimeTableController timeTableController;

@Test
@Timeout(600_000)
public void solveDemoDataUntilFeasible() throws InterruptedException {
timeTableController.solve();
TimeTable timeTable = timeTableController.getTimeTable();
while (timeTable.getSolverStatus() != SolverStatus.NOT_SOLVING) {
// Quick polling (not a Test Thread Sleep anti-pattern)
// Test is still fast on fast machines and doesn't randomly fail on slow machines.
Thread.sleep(20L);
timeTable = timeTableController.getTimeTable();
}
assertFalse(timeTable.getLessonList().isEmpty());
for (Lesson lesson : timeTable.getlLessonList()) {
assertNotNull(lesson.getTimeslot());
assertNotNull(lesson.getRoom());

}

assertTrue(timeTable.getScore().isFeasible());

6. VIIN—DBANTTITZET, &FDVY1—varveR—YVJLET,

7. BREEARELTZICIE. TNODREST AV Y RO LICETIZA Web Ul ZHEL X T,
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