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ZE M OptaPlanner 8.13 72 %l Red Hat Build of OptaPlanner 8.38, 1&#&IRLLFIIi/F&FF OptaPlanner B9
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e M 8.19.0.Final £l 8.20.0.Final
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55 2 &= /T8 OPTAPLANNER 8.38 #1IhaE
AT ERNBLIEHER OptaPlanner 8.38 B IHEE,

Bavet @ A FRESHITEMINEE, Bavet BRI{FE OptaPlanner B4t X hRAH BT, 41
1EF9EH OptaPlanner 8.38 TR E,

2.1. PILLAR MOVE #1 NEARBY & 4 BE el

I7E, OptaPlanner ATLABZHIRINENZ A pillar ZFRIIENR, £ pillar ZEFETURZTIER pillar 2%
7, MARNENEINEFEREHITE pillar B1F, Fla0, MRIEHSET pillar move, B0
PillarChangeMove # PillarSwapMove, &N IZSBEIE SRR,

INRITME R nearby 1E#E, XtiEM, FIME, OptaPlanner ILLBEEIENITIITEMNIEEIKR, AESNE
IiiEdR R BIHRE, MM ERNEMN CPU AR [A],

Fit, UTFEORNSSINIZRIIRER
e org.optaplanner.core.impl.heuristic.selector.common.nearby.NearbyDistanceMeter
e org.optaplanner.core.impl.heuristic.selector.common.decorator.SelectionFilter

e org.optaplanner.core.impl.heuristic.selector.common.decorator.SelectionProbabilityWeig
htFactory

e org.optaplanner.core.impl.heuristic.selector.common.decorator.SelectionSorter

e org.optaplanner.core.impl.heuristic.selector.common.decorator.SelectionSorterWeightFa
ctory

BE, MR solver MEERAF ELHEED, NHHHNIELRELREH, ERAEZEXIENBRSE. B
XEMREUS, TREFELEERFSBBNNERNOBHRF, RNERENERAERTNEEHNBERATE
B AL,

2.2. OPTAPLANNER fig & gt

EntitySelectorConfig #1 ValueSelectorConfig ¥ & MECE R TS ERFAE, UMERKAHY
ETF XML B9 asBe E B0 Rime Java K,

2.3. % K-OPT MOVES B PLANNINGLISTVARIABLE Xz 15

AINT 51575 £ KOptListMoveSelector H%7#5/)17t1%2%, KOptListMoveSelector /i35 —NSE4K, MR
HFMIER k edges, FMBIBREYI &% s2 70 k new edges, KOptListMoveSelector 7T LLEEBf solver
escape local optima in vehicle routing 7],

2.4. SOLUTIONMANAGER X 5 H ¥ SHADOW Zr'&

SolutionManager (LAR]7 ScoreManager) /% (40 f#F(solution) #1EHF(solution)) IKEIH BHI
N-2#4 solution UpdatePolicy FIFT T i, XA MIFAMERE (MIXREIRE) MEEBARARMAFER
B, ERXERAFRTSEREFLENDEEHE R, B VXL E L EMBR
B%, OptaPlanner BT ERARAMFNAE shadow TEME, HEEHITEIHSFE,
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B+, ProblemChangeDirector i{Z|—1%5 updateShadowVariables () HFT AL, LAMEMRATLE
SR REERE FLE,

2.5. {H3EH B sl

EXRZHITERT, MERLB NI EMESEHE 2 FeiEE, Eit, @ValueRangeProvider 7~
TEREID BN, B, MiETEFREEE R valueRangeProviderRefs B4t 3| B {ESEE provider,

FTEERRNEHEERR. b brevity BFERIA UM E X RECHIRMER.
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28 3 F I8 OPTAPLANNER &1

OptaPlanner @ — M E%., AR AMHMKISIZE, aItibitxlmE, ©BBFEAENMAERMR A, F
1AL heuristics 1 metaheuristics S3EEBRMN AT ERLEES,

Bl40, OptaPlanner FEBNERA L TG :
® employee/Patient Rosters : iXHBNFH nurses BRI (AR, FIRERHEAAMNEIE,
o HENTARK : eAMTRENE, 2. ZHMKICER.
® Shop Schedules : BERER car assembly 17, HL2IFAFUMEIFN TN SUESS K,
e Cutting Stock : i@t B ARIKFN M ZHFER R /IMER T

BAONAEEIRAR R ; B2, B0 RMRSRHBRNTRES (BT, 5. BE
&) .

OptaPlanner & Apache ¥ 1T A 1E 2.0 THFRY M. ©=2 100% 4l Java, AIEARZE Java I
(JVM)_EIET,
RSN
OptaPlanner 93f@ API #15CT1 -
o RILAPI : BB
org.optaplanner.core.api. org.optaplanner.benchmark.api. org.optaplanner.test.api #1
org.optaplanner.persistence.api #1 org.optaplanner.persistence.api F8J 100% 7E 5% AR ik
AT RAFEEERS. EVAERT, NRERASHELL, —SRHENETRERIE—LH
E#RANEN, (EXLEFSFEAL A EFHBREC
3. https;//www.optaplanner.org/download/upgradeRecipe/

o XMLECE : XML fissECEXNFIATTHRAERS, BFEFEMAIELH API RKHTHRIRS. XML
solver Bt & ¥4 & fn % 22 ] 1 BY org.optaplanner.core.config #1
org.optaplanner.benchmark.config F & X B E X,

o SR : FIERME FTREFE. BIREURNELITRASURRAP®RE, ALY 7 ER#RT
MBRBED, URINEEA N ERERANRRE]

3.2. ARl
RIBARVORASERS, 7T RERERT. REBFTUSEERE, i :
o FERAL - REETFBATRRBHFIE,
o BMLEHR SR - REB TR IERIRI,
o BAREIMEERTHEWHEE - REBTLELERATHE OB,
SELXLE B TR NIAT BT A VORISR, HIi, ST HORRTRE RS2 IR
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o MIBYY™, #l machinery. vehicles. iT&#l. &
IR INE B S XL FRE XM ERS], MM ANTENTE, FRELHSRHIEERNEREME.
ZLWE 3R OptaPlanner #Bf) Java JRi2 A S B MR R LR MR, ©HF{EAE heuristics #l
metaheuristics SEMADEITEEE S,
3.3. Hixl A By NP-COMPLETENESS
REHI B ZTAEZE NP-complete 3% NP-hard, XEREEHAUTED :

o EIA AN IR TE AR AR 5 RS TR [A] B[R] R,

o TEARIEN A EL MU RER RS RSB LM E,
B LA A B TR EE RS, RAXHMELRAHTZZ

o BEAEFIEZE BIEERESHMLHE) ARITK,

o N, —MREFE (BIGOTE bin packing [l #1) , BEZERAHTE KROSKERRT
e

B EASRIEEE, OptaPlanner FE S IR A IR EIE & LR ALK R RIFAR AR,

3.4. MLl ] RIRO AR 77 3R
AR S BASR,
SHRRHREIR :

ATREMIfRR TS

ARRNBRARZEMATERNERAR, TLEEERWIMEMIRH, Mk B EEKERRENRE
RAR, EFIFSRRARBAIEH,

AITHIRR AR
ATHBAARZARRBIMEM (171) BREIEBERAR, ATHRRTREERN THRENERS
EHWHE, B, REWITHRRAR, SMHTHRRAARBETENBRAR.

REMRAR
REBAARZEEARSIBNMBRAR, AUNFEEEENITRERRAR. ENELE-—ITRE
ORAR, BMERARITHNERRLGR, FERERRARATTT.

BRIREMRRAE
REMRRARZERENFNLENEESIRERSNBAAR. JINRERRARTEZTTH,
REARWHIFE, EREEMRRAR,

Fit, ATRENARARBEREAN WMREMITR) , BE2NES.

1f optaplanner-examples/src 2 & X4 R IREHRBIF, KEBEHIBERETENBRAR, BF
TEFRIERIRERRAR, EIEMSEHEERGIE DL AL R RERAR R 5 R F R,

OptaPlanner X#FLMILILEE, LUEIT KE T RERIARR /5 KA ML,

RIEAG, —LBEERNMELLEMBEIELRY, BXERIAE, £ OptaPlanner, fERLE XML
FABLITHEN solver BL&E RV IALE %,
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3.5. #LE A9 2N 3R
BE, — MR RDERANRE

o TEEFHMT (11) MEZIR,
Bin, —ANEATERN EIRH TR,

o MNRBTLUER (77) #ER#, WARFEE,
f5lt0, Teacher A HAENHER AN TFI A%,

BLNHBEREMNRS :

o INRFETRE, NiZ SLHERIHZVR (LR .
540, Teacher B likestoonday mornings.

BLERFERFERRE, ALAEE 3 NHESRE], 40 hard, medium # soft 25,

XEERREIE LT I #9081 8 (LI EEMY 2055 . RIS NER S REBE R D 8ET
P4, {EA OptaPlanner i, D#IRFEIERA@mRANRIIES (W0 Java) =X Drools HNI4wE.

XFRBENHEERFRTT BRH.

3.6. RED HAT BUILD OF OPTAPLANNER 2 #tfy=4

Red Hat Build of OptaPlanner 24t T JL/ OptaPlanner ;=~ffl, ERIUEERIBLLT BRE, HREZEE
TR R ENFE,

=
) LIIEFIR YT Red Hat Build of OptaPlanner & 1ThR A & &M RBIR B,

—4L5 OptaPlanner RBIFER T EZ TFSMFH, LLUTFERAH Contest 7I5IH T contests, BHiRA|—
NTBIH realistic 3% unrealistic FAF contest BB, ELAJ contest T E LA FIMERNTE A ML

o BERFATE LHESLAA

o SLIRPRH|

o ZNLIRBIESR

o TERERMBIFER FAIRFINES £MBILGR

o EL@EM/FEWZERRERNFRSS,
BESLIEBFIEBARI LU OptaPlanner IR BREEEL, LUK BA TS MEREHFIZM R,
& 3.1 RBIR

T~ Domain K 5357 S B¥&#H
n queens TANSERR AR criu 256 TR (7 nqueens
T'R®)
(0ZE) Value < 256
#3RZ2[A] criu 100616
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peu L]

traveling
salesman

Tennis

club HE

course
timetablin

g

H2s E#r
pay v

vehicle &
2]

Domain

TSR R

TSR

%8

[ROEX S
O NMETE)
TN TR E

(I TESRFEE)

K

SC4R 2400
value criu 800

#5RZ2[H] wagon
1076967

SEAR criu 980
value criu 980

327200 criu 10702504

SCAR 72
value criu 7

#3222 (7] wagon 10760

SR criu 10
value criu 320 #1 criub

32728 criu 107320

SCAR criu 434
value criu 25 # criu20

Search space criu
10M171

SL4K criu 50000
value criu 5000

#5RZ2[H] wagon
107184948

SZ{A 55
value criu 2750

Search space criu
1078380

& 3 3= 218 EM OPTAPLANNER i/t

{5k A

& (A%
1130

AR
By TSP
Web

& (A%
11 30)

& (A%
11 30)

BSEMITC
2007 IRER
3

202 &
EFRSE
ROADEF

RENSEFR
BJ VRP
Web

BB

cloudbalancing

tsp

tennis

i R B

curriculumCourse

machineReassighm

ent

vehiclerouting
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R~ Domain K 5357 Z S B¥&#H

7 A i 1] A Vehicle B 54k 55 FEDEPR vehiclerouting
BRYER B VRP

PR (IR TFEE) value criu 2750 Web

Search space criu

1078380
B ek TSR 5244 640 2013 %% projectjobschedulin
W S MISTA g
QEE) value ? #iwl?
(IPMRFEE) HFRZZ[A] iwl ?
£5 98 TSR SEAK criu 20 EEHREK taskassigning
fITE X
(1 NKRTE) value criu 500
TR F LR Search space categories
1071168
(1B FEE)
(HTEE)
Z it A 2R (MREREE 54K criu 1096 BEYMITC  examination
I F4)) 2007 BRiR
value criu 80 #149 1
ZE)
Search space criu
1073374
Nurse TANSEAR R Ak 752 2010 ¥l  nurserostering
rostering SZINRC
(1Z£) value criu 50
Search space criu
107277
traveling 1SR 524K 1560 ENTISHGS travelingtournament
tournamen By TTP
t (1ZE) value 78
#5RZ2[A] wagon
1072301
KVOAE TSR Sk 216 AR KA
fITE X
ZE) value criu 18 # iwl20

#5RZ2[H] wagon
107552
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https://neo.lcc.uma.es/vrp/
http://gent.cs.kuleuven.be/mista2013challenge/
http://www.kuleuven-kortrijk.be/nrpcompetition
http://mat.tepper.cmu.edu/TOURN/

& 3 3= 218 EM OPTAPLANNER i/t

N Domain p\ =R A SRy
KITAA TSR 44 4375 EEBRRE flightcrewschedulin
B B & X g
(1Z£) value wagon 750
TNRFRAEE HFRZE[H] criu
10712578

(I TESRFEE)

3.7.N QUEENS

E—Dn KDHREEFRE n M2, REMITERATUMEER T . &% WK nqueens puzzle & 8 P

queens puzzle, n=8 :

i

Wir

AR -

e M nFIF0 n 4789 chessboard,

® ¥ nqueens MFEMR L.

o RAMNBATUMER L, queen ILER—1EA. EEHIZMTHEIHEME B,
AXHEEZEMA 4 queens puzzle fF N EBETRAI,
BIHRR AR LZ ¢

17
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3LERMBARAR, AT 4 queens puzzle

W N H O

DL EfRA R R, EH queens A1#1 BO TLUMEERH (FLELALL queens BO #1 DO) . fHF&
queen BO f5:#1& "no two queens AIEE K "AIR, {ERIEIF "place n queens” AR,

LT REMRIBRAR :
3.2. 4 Four queens puzzle BMIEff#R AR
A B C D

g

i

i

W N +H O

g

HRFTERS, EILARRTTRIERA,

HER, K% nqueenspuzzles BESNEMPBRAAR, BT FTTEREE n WIEBBRRAR, M
TREBRE n WAlBEMIERRR A REE,

FIREA N

4queens has 4 queens with a search space of 256.
8queens has 8 queens with a search space of 10"7.
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 ;REIMIEELE B L, RACHKEMIRO, A, ©aIURRHAE 64 queens, BEE L2
b, EEBHER, TR 5000 HRAE,

3.7.1. N queens Higii&E &Y
X515 P A Y SR AR R Y A ]

o fOERIRR
RIFA9IE Y A] DU 2 Mn tth 3B AZ AN AR R (R B9 ALK [m] L,

18
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7= n queens RBIFIHEEY

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

// ... getters and setters

}

o iIHEIEIRZH].
Queen EfFIFE— Column (40 : 0 %7 A TiscolumnB,..) #l—4 Row (&0, 0 HiT
0, 1 H1T1,..) &
AILAMRESFTIT EFA TR HEFIM diagonal 17,

5IF14T73&B| M chessboard B9 _E & FFIA,

public class NQueens {
private int n;
private List<Column> columnList;
private List<Row> rowList;
private List<Queen> queenlList;

private SimpleScore score;

// ... getters and setters

}

o EHMRARE
F NQueens BB ZPTA Queen LBIRFIR, EREEIT Solver IREFHIFREIN RSGE &
i

EER, EA queens RAIA, NQueensgetN () HiEAZGR[EIM,

19
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i 3.3. &M F Four Queens MR AR

W N H O

xR 3.2 HER GRS RMIFE

columnindex rowlndex ascendingDiagonallndex descendingDiagonalindex

(columnindex + rowindex)  (columnindex - rowlndex)

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

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

WE D queens HEF—7. row = diagonal 17, 30 glock F(**)&}, B TAI MR BT,

3.8. =1
BRITRBIMIFENE, 1ESE Z1IE/EHI OptaPlanner 1#:% /5 5)#5 5

3.9. iRITHSE A (TSP - TRAVELING SALESMAN 1] #1)
SEH—MEHAIR, BE—MERES MAHIRE A RNSES .,

BRI Wikipedia B X, ER/ITER PEBHENFHZ—, AW, AILERH, ©@ER2ME0A
A —ER, LAREAMREI, 405 TR AR,

FJREA

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 10798.
pcb442 has 442 cities with a search space of 10%976.
lu980 has 980 cities with a search space of 1072504.

[ 75 R

RE TSP BRI A E X, (BREEFHEMERR, BFXZE—D NP-hard [F[@ (IARLEAMIFRE) , S8
PR ZR, RE SRR RERRARTERINLRES FA
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https://access.redhat.com/documentation/zh-cn/developing_solvers_with_red_hat_build_of_optaplanner/8.38/html/developing_solvers_with_red_hat_build_of_optaplanner#assembly-optaplanner-quickstarts_developing-solvers
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 solution change if we add 1 new location?

No effect Side effect Snowball effect

new

new new

NS
RERN

3.10. TENNIS CLUB &
BA, +nis ARENANHPAEER. AFH N2 EXENMIE,
PERR -

o HZE : HPABRREEDIE—R,

o FEHA: BLHAEELH LERTH,
PR -

o NENER : ARAHFIAENINEEEIREH (JLF) B
SR -

o I : A FIPARIEHR B Atk H AR F IR EL
] RA AN

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

21
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[ 3.4. HiER
Tennis class diagram
[ Day ] [ Team ]
1 1 1 1
[ UnavailabilityPenalty | @PlanningVariable
4 @~PlanningEntity
[ TeamAssignment ]
@PlanningEntityCollectionProperty
@~PlanningSolution
[ TennisSolution
3N IR E

BENSUDEEFHARN AMEFR., RWLERREEFEFEH A,
PERR T
o FEAHZE : PR WUAFEMERERNENF,
o BENSE  ZAATRERRNAEMNFTEHRRHRIL
o FEMENRRE : RWUFELTAIEEMARUNSZENE.
o HER—RFFHBMLR : [WANES RAIFE,
REFRH
o RIFSM : ZANTERBENABENMRIFHRIL, BTREENEBEEFENLHENRIL
BXRR -
o BEEMAZEH : RIRITIMAARIL
o W ZIFAEMAR : BIEEMEMRP DRI NE DH — P[] R,
o FERW : NTREFDVHTRUHNE, AFAFBE—REFE—IRI

22
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o BHHANBEHWAMER : MRNIZNZERSEERKMWZER, LERATRELMFEHERXALR, BEME
ATE R EMENZE L,

o FERITEEM : MRMANEEMANRI, ElzEBENHEINNEZEE, BLelIKEFZHEREHN
LR

FJREA N

50meetings-160timegrains-5rooms has 50 meetings, 160 timeGrains and 5 rooms with a search
space of 101145.

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 1011522.

800meetings-2560timegrains-5rooms has 800 meetings, 2560 timeGrains and 5 rooms with a search
space of 10"3285.

3.12. 1FFERT BT+ (ITC 2007 #RER 3 - CURRICULUM COURSE i1%1)
FENHEZHEE— timeslot F1— N E1H,
PERR -
o HUNMHZE : WAFEER—NHERNENNMES.
o FFEHZE BRI REER—IEEBREN N E S,
o ZH G : N HERBEER—N AR FRE—FH,
o AHAHRE (BEBMES) : FEFIASSEBETFELE,
SR -
o FHAE : BHMBAERN/NFHIEMZENL,
o /TR : B—IARRREHN D NRDBIRE,
o HRERZE : BTHEREREMENNAEEELS (FEELNHARN)
o FHIZEM : PSR —IREMNA L EEIMERE .,
%A International Timetabling Competition 2007 track 3 X T,

=V

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

comp02 has 71 teachers, 70 curricula, 82 courses, 283 lectures, 25 periods, 16 rooms and 513
unavailable period constraints with a search space of 10"736.

compO03 has 61 teachers, 68 curricula, 72 courses, 251 lectures, 25 periods, 16 rooms and 382
unavailable period constraints with a search space of 10"653.

comp04 has 70 teachers, 57 curricula, 79 courses, 286 lectures, 25 periods, 18 rooms and 396
unavailable period constraints with a search space of 102758.

compO05 has 47 teachers, 139 curricula, 54 courses, 152 lectures, 36 periods, 9 rooms and 771

23


http://www.cs.qub.ac.uk/itc2007/curriculmcourse/course_curriculm_index.htm
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unavailable period constraints with a search space of 101381.

compO06 has 87 teachers, 70 curricula, 108 courses, 361 lectures, 25 periods, 18 rooms and 632
unavailable period constraints with a search space of 101957.

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.

comp08 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 101981.

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.

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

3.13. Y3 E#FH VB (GOOGLE ROADEF 2012)

FENitEsRESas. FAtRBeaRr (RILE) 2. 8NHERBFE—TR (10 CPU K
RAM) . XE LM ETERAIE N ERBIARE,
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RARE | MEBEIEANENENHRNRARE,

AP A—IRS BRI R BIHES L1217,

DE: A—RSHHARBITEME LD .

ARG « AR S5 B REEUR T B AR S5 Bt A2 i i 72 E AR AR S5 BO L AR BO AL B HRIZ 1T,

lmif R « BLEHRZMIE, TTERRVSF 2 EINNSHNRARE,

load : FBIEANFNENHENEZERE,

T B TEESIUTEN EWTREIR, WAREIEEHZEH,

MBI NA  HRERTHBHA,

RS IBE : REBEBEIBHA,

MEBBBHMA : FEREMIEE A BEIEINEE B BES—NMEET A-B BTN A.

XA Google ROADEF/EURQ Challenge 2012 T X

Cloud optimization is like Tetris

Memaory “ Memory [ 7 J

voi( T8 ) newor (L3

CPU CPU
Memory Memory
MNetwark Metwark

Traditional algorithm OptaPlanner
{Construction Heuristic) (Construction Heuristic + Local Search)
Y\oeﬁ 180% 1100% 180% 1100%
cPU cPU '
“Ell.:»; Memary ,,_';u;; Memary
Metwork MNetwark
CPU cru( 5 | 3
lu.,r,:, Memory lu.,r,:, Memary[ 3 I 5
" Network | - Nelwnrk[ 5 I 3
cpu 5 | 5 ] cu 3 S )
G Memoy( 3[4 C ) ) Memory ( 7 N
Network [ 5 I 5 ] Network [ 3 I 5 ]
T 1 1
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K 3.6. firfEE AL

Cloud optimization

Assign processes to machines more efficiently.

— Computers Users

e .
Maximum :

Processes capamty \/- ‘t
\1/ \J/ Cost ]r
= -j

l'll||

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

. 0 16% - 1600 computers
C |OUd hOStl ng COSt '1 8 /0 -21% . 4800 DFOCE':SSDS
OptaPlanner versus traditional algorithm with domain knowledge 5 mins Simulated Annealing vs First Fit Decreasing
MachineReassignment benchmark Average Min/Max # datasets Biggest dataset
. 0 25% 50k machines
Hardwa re CongeStlon '63 /0 -97% <0 5k processes
OptaPlanner versus arbitrary feasible assignments 5 mins Tabu Search vs First Feasible Fit

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

FJREA N

26

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

K 3.7. R

Machine reassignment class diagram

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

3.14. BRI E
DR E A IHITENAERRE N, UsIMETBEIR, EMEIEZRIT B —E 5. /Bl eI UATRREI A

RPIT : BMAEBE—NTRNHITER, ERKRTTRNFENF, BLEFRANTRERE, X2
RIEW) TIEECIFER .
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Project job scheduling

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

" Design

Cover
Book1l <

Pages (400/book)

Assembly
.

"~ Design

Cover

Book 2 <
Pages (500/book)

Assembly
.

~
1G;®.l’day
Resources < 1‘% iday

g 1%.@&3!

PR -
o {EMRED « 1E L REEERTA BT — ME L ERSE RN F FE 50,
e HWRAE : RTTHNERM, EDEAESHR,
o WREARMK (ER—UBEMEILZARE) 2l EREEILZREE)
o BNRAILALLT (BXAA) HATLT (FREXTA)
MR
o TBMER : SIMLENT B HRFLEEN H] (makespan).
BRI -
o d makespan : F/MEEEAN LTI B i MORF S A,
AR MISTA 2013 F8ki & Yo

FJREA

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

3.15. £ Ee

BEMESHEE R TIFIRE spot, BMESEE— NS A, 5 THEBE I FES % - 8
1,

fERRH -

o Rt : BMEFHMBE—NHNZ KB, ATRIEBMREXEREE,

B O R -

o REMES : BATHRREMES, LEBMRESER,

B0 1 BREY

e &/ME makespan : A SERAT B £S5 BINT[EL,

o H¥%, MRKHIEAIFIE ARRE-ITHKNIFRIE, LIAEATMMETE,

B 2 BRI
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o IBMMES : RREMEEMRS, HREFSERTK,
B 3 BRI -
o REESF : RRTEBREES,

[ 3.8. H{EE AL
Task assigning
Optimize the task queue of every employee by reassigning and reordering tasks.
_— Employees Users
a'/
8:00 8:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 1700 18:00 .
N N N T Y T YT YT T IR NI I Payroll services
a% 2 X &t T [E1 X J&EL T
. — _ _ Call centers
“.. Critical priority ~-.. Medium priority
b [Q.+ :'-H-'][Q. + 2 ]ILnr, Ul = | Tax auditers
“--... Requires French skill R )
_ _ aimess Recruitement
a2 (2 282 2@t A &L 4 ] interviewing
"+~ Has health care alfinky Maximize throughput
_ = = A Mortgage
e &Fzr 2 ] e & 4 J approval
Lacks affinity, takes Tonger * *-... Starts between 12:00 and 13:30
AN

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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A 3.9. s R
Task assigning class diagram
1 N i
[ TaskType |5 = Skill ]
1 a
[ Affinity ]
[ Customer ] .
1
@PlanningListVariable
« @PlanningEntity | « tasks __ |+ @PlanningEntity | «
[ Task E 1[ Employee ]
* 1 *
employee
@InverseRelationShadowVariable
@ ValueRangeProvider @ PlanningEntityCollectionProperty
@~PlanningSolution
[ TaskAssigningSolution ]

3.16. & HS AL E(ITC 2007 FERER 1- ZH)
HENERLHE—NMIRRFHEA—NER. Z0FHXTUEERBRAEZERNEH.,
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Examination Ann [ History | Math |
timetabling Bobby [ History | Math |
Assig_n each exam Carla [ History ]
2 pertod and Dan [ Math [Chem)
Edna [Chem| Bio | Geo |
Fred [ Bio | [ Eng |
Greg Geo | Eng
Most students first OptaPlanner
Room X Room Y Room X Room Y
4 seats 3 seats 4 seats 3 seats
‘ | History |  [Chem Chem| Eng | [ History |
Mon 09:00 IA c D IA c
_ ] Math |Fr Math
Fri  09:00 IA Sife | Elﬂ -
same same same
Fri 14:00 day \day day,
. ) (&
same tme o
FERRH -
o EiHze : FINHREZEZAMNE I BARBRAN L %,

o FHAE : ZRMREREVIRARETRN,

o [Nf[REX - HPTEE BRI Rl TR A W
o FEHIMEXHERS (BEMEEREE)

o hE : FIMNMEERE XL IERERNNFE (BEFfilLa

o HERR : M MEEMEIXTESERBERNEL,
o ZfE: EH—HEEEHNBFRBIIITIEENEIL,
o ZAMAREVEERG] (BEMEERERE)
o Jid& : —MEEME AT LS EMEME XALZEN,
PR (BNMEEXRBEHNMK)
o RA—AFRRIELEMDEI,
o A—XATHAMNEIL,
o VR : W THEEME XN N ENHER,

o EBEFLEMME : INMHERFEZIXNE XA T EBIFFEEH A,
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o FIRMEL : RS AR A NIRRT R BEAR B E I,

o FEHAfIK (BIMREEEE)  BENREFBNEMK,

o FHfK (BRESERE)  —LREAEANAHRK,
EEAXEXIRARFHNNHBES.

A International Timetabling Competition 2007 track 1 X T, Geoffrey De Smet EiX 3% H
ST 4 m, FHEIEERIRAN OptaPlanner, MIBRET#EFEH1T T R St

FJREA N

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

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

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

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

exam_comp_set5 has 8719 students, 1018 exams, 42 periods, 3 rooms, 27 period constraints and
0 room constraints with a search space of 1072138.

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

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

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

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

3.16.1. F T isAsS (AR 3 A9 AR B
TEERT EBEREL
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<<interface>>

Solution
<<singleton==
Z'l InstitutionParametrization
' - twaolnARowPenality @ int
P — - 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 % 0.4 '| LI N
T L \/ h Y
! 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
- %//’— RoomHardConstraint
Topie topic | -id: long
-id 1 long k—— | 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
AR, B12NEAM2ok Bk RREMEF R, TR (X21TREE) BwERfIEE]

BIHRIFI B (B M A £ 2 £ 725k, &, Period #l Room SLAIERRIT R AKEFREL (B

TR EE, MEFELEEME—H)

3.177. NURSE ROSTERING (INRC 2010)

S FENZTE, ELE— nurse FSEIX —HEAR,
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Maternity nurses

hAnn (B) Beth @) Cory

Employee shift rostering
Emergency nurses

Populate each work shift with a nurse.
Basic nurses
Dan (E]Elin (B] Greg| [H]Hue [1]lIse

Maternity
nurses

Emergency
nurses

Any

nurses

FERR I :

o EARHEH i (RE)

o
OptaPlanner

Largest staff first

Mon

14 22

Sun

14 22 B

Mon

14 22 6

Sun

14 22 6

BN HFENRL AT

o WTHR : RTBRABLHE-—1TZIL,
BXRRY -
o SRANSFWFEEFRTIXLE, HitfiTR SCNERRS, A ZRELIR,
o B/MHIRASE : BMAIFELFET x Wk, LPFy Nkl (BURTHEAR) .

(o}

(o}

BMHERESTHERE : BMIFEA—1TAXxEy RZETILE BURTFER) .

EVHESESMRRRY MO THFEETHHxEy XeFBEH (BRTER)

RVHRZIEETHERR  BMATHEERE—

1.

TAxMy AR (BRTHEHAER) 2RI

TRERAXK BN ATIHFESXREARIBET I,

ERENERZERE  B— A THERRNERATE L IERE R,

AHREMNER  —THAIFRNERRBNAS, fim, EREREEDNEREEII TS

Bflo

o MTHE:

(o}

1 THEZFRITF,

pi

HiFH
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o B—XWEK : ATFRHEEREAI IR,
o MTEK : AT HFERDRERFEMLL,
o HBBEKR : AIAFENERIIRFEL .
o KR : DEARBENA TN EFIZN TGS N RENER,
XA RIREE ERR Nurse Rostering Competition 2010 E X T,

K 3.11. firfE e hL

Employee rostering

Assign shifts to employees maore efficiently.
S Employees

/ Users
Mon Tue Wed Thu Fri Sat Sun
II ] 14 22 6 14 22 [ 14 22 5] 14 22 [ 14 22 [ 14 22 5] 14 22 .
N ool b b e b HUSDItﬂ'S
= 10 hours
E - | - - i — - Free Free i
: ; - . e B rrneae it
1 shift per day Forward rotation 5 consecutive shifts SECUTIW

{enough time to sleep)

guard firms

?_E e - - Free Free n =
“..... Requires nurse skill " Day off request Call centers
@ g Free Free S .
< | _ o i Police and
.. Requires engineering ski o .
= 48 hours rest fire department
oQ = = = - = Free Free
/'-\ L Mo weekend work
— Shifts
NurseRostering benchmark Average Min/Max # datasets Biggest dataset
- +19% - 752 assignments
Emp|0yee We"‘be|ng +53% +85% 26 50 employees
OptaPlanner versus traditional algorithm with domain knowledge 5 mins Tabu Search vs First Fit Decreasing
Don't believe us? Run our open benchmarks yourself: hitps:/fiwww.optaplanner.org/code/benchmarks.html
AJREA N

B=ENEIRESERE
o print : WATLARY Jy AL ARIR,
® Medium : BIFETLAEIRARR,
o K& 1 LU B AROR

toy1 has 1 skills, 3 shiftTypes, 2 patterns, 1 contracts, 6 employees, 7 shiftDates, 35
shiftAssignments and 0 requests with a search space of 10727.
toy2 has 1 skills, 3 shiftTypes, 3 patterns, 2 contracts, 20 employees, 28 shiftDates, 180

shiftAssignments and 140 requests with a search space of 10"234.

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

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

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

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

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

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

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

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

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

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

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

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

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

sprint_late02 has 1 skills, 3 shiftTypes, 4 patterns, 3 contracts, 10 employees, 28 shiftDates, 144
shiftAssignments and 139 requests with a search space of 101144,

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

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

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

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

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

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

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

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

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

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

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

medium04  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608
shiftAssignments and 403 requests with a search space of 10"906.

medium05  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608
shiftAssignments and 403 requests with a search space of 10"906.

medium_hint01 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 428
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shiftAssignments and 390 requests with a search space of 10"632.
medium_hint02 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 428
shiftAssignments and 390 requests with a search space of 10"632.
medium_hint03 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 428
shiftAssignments and 390 requests with a search space of 10"632.
medium_late01 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 424
shiftAssignments and 390 requests with a search space of 10"626.
medium_late02 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 428
shiftAssignments and 390 requests with a search space of 10"632.
medium_late03 has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 30 employees, 28 shiftDates, 428
shiftAssignments and 390 requests with a search space of 10"632.
medium_late04 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 416
shiftAssignments and 390 requests with a search space of 10"614.
medium_late05 has 2 skills, 5 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 452
shiftAssignments and 390 requests with a search space of 10"667.

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

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

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

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

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

long_hint01 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 740
shiftAssignments and 0 requests with a search space of 10"1257.

long_hint02 has 2 skills, 5 shiftTypes, 7 patterns, 3 contracts, 50 employees, 28 shiftDates, 740
shiftAssignments and 0 requests with a search space of 10"1257.

long_hint03 has 2 skills, 5 shiftTypes, 7 patterns, 3 contracts, 50 employees, 28 shiftDates, 740
shiftAssignments and 0 requests with a search space of 10"1257.

long_late01 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 752
shiftAssignments and 0 requests with a search space of 10"1277.

long_late02 has 2 skills, 5 shiftTypes, 9 patterns, 4 contracts, 50 employees, 28 shiftDates, 752
shiftAssignments and 0 requests with a search space of 10"1277.

long_late03 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 752
shiftAssignments and 0 requests with a search space of 10"1277.

long_late04 has 2 skills, 5 shiftTypes, 9 patterns, 4 contracts, 50 employees, 28 shiftDates, 752
shiftAssignments and 0 requests with a search space of 10"1277.

long_late05 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 740
shiftAssignments and 0 requests with a search space of 10"1257.
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A 3.12. R

Nurse rostering class diagram

[ 1 ShiftType ]( - *[ SkillRequirement ]* 1>[ SkiII:L ]
[ ShiftDate ] [ SkillProficiency ]
1 | *
* * 1
[ Shift ] [ Employee ]ﬁ[ Contract ]
1 1

@~Planning\Variable

. @~PlanningEntity
[ ShiftAssignment ]
. [ NRParametrization ]
@PlanningEntityCollectionProperty 1
@PlanningSolution *
[ NurseRoster ]

3.18. BIRHEANAE

RATFEEANFE(PAS) (HBFFH letleting) T8I, NENZHEENRADBEIRKE, TR ATHEHIHE),
SPBARAANNBARRTA. EMWEBEFT— 1 EE, BMNEHBEBT—1NE 1. MAANENAH
HBBHEEIBE, BREESE — bed,

XA AL ZREIERR M, STFEDEABINELAER, KEFDRAFEHENSE, MmERKIFE
PRI, XA ZBRAK,
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Patient admission schedule

Assign each patient a hospital bed.

Largest admission first OptaPlanner
November November
1 2 3 4 5 6 7 1 2 3 4 5 6 7

General ward
Room 11 bed 1

Room 11 bed 2

Intensive care®

6-7

no space

PERR -
o TEFHAMNMEADEEIE—M L, weight:-1000hard * conflictNightCount.

o FHAIREERFE—LRE : REAR, REER—K_EHEER gender =X nogender BRI,
weight: -50hard * nightCount.

o HIIALEARESHHZEEKIR, weight:-100hard * nightCount.

o FMAHRERETEREXEHZE, weight: -50hard * nightCount.
&R -

o [RIE dataset ZPR, BNAEBNMEADEE —ERNEA, weight:-1medium * nightCount.
PR -

o MAHLUNRKRERK/NMEEMEN, FlM, WRBABELENEH, weight: -8soft *
nightCount.

o JmARFHOERE— DT ERAETRERRER 1. weight: -10soft * nightCount.

o HAZRIFMAELS —NERARRBPFEANFEBNFE AL, weight: -20soft * nightCount.
o BER4FIRMERN 52 1. weight: -10soft *(priority - 1)* nightCount.

o FARLLNEBREXGHIZEEIEEMS I, weight: -20soft * nightCount.

(A2 Kaho B Patient Scheduling FREY—PNA8MEK, BUBEK KB ESLHFRH Heury,
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v

overconstrained01 has 6 specialisms, 4 equipments, 1 departments, 25 rooms, 69 beds, 14 nights,
519 patients and 519 admissions with a search space of 101958.

testdataO1 has 4 specialisms, 2 equipments, 4 departments, 98 rooms, 286 beds, 14 nights, 652
patients and 652 admissions with a search space of 10*1603.

testdata02 has 6 specialisms, 2 equipments, 6 departments, 151 rooms, 465 beds, 14 nights,
755 patients and 755 admissions with a search space of 1072015.

testdata03 has 5 specialisms, 2 equipments, 5 departments, 131 rooms, 395 beds, 14 nights,
708 patients and 708 admissions with a search space of 1071840.

testdata04 has 6 specialisms, 2 equipments, 6 departments, 155 rooms, 471 beds, 14 nights,
746 patients and 746 admissions with a search space of 1011995.

testdata05 has 4 specialisms, 2 equipments, 4 departments, 102 rooms, 325 beds, 14 nights,
587 patients and 587 admissions with a search space of 10"1476.

testdata06 has 4 specialisms, 2 equipments, 4 departments, 104 rooms, 313 beds, 14 nights,
685 patients and 685 admissions with a search space of 101711.

testdata07 has 6 specialisms, 4 equipments, 6 departments, 162 rooms, 472 beds, 14 nights,
519 patients and 519 admissions with a search space of 10"1389.

testdata08 has 6 specialisms, 4 equipments, 6 departments, 148 rooms, 441 beds, 21 nights,
895 patients and 895 admissions with a search space of 1072368.

testdata09 has 4 specialisms, 4 equipments, 4 departments, 105 rooms, 310 beds, 28 nights,
1400 patients and 1400 admissions with a search space of 1073490.

testdata10 has 4 specialisms, 4 equipments, 4 departments, 104 rooms, 308 beds, 56 nights,
1575 patients and 1575 admissions with a search space of 1013922.

testdatai has 4 specialisms, 4 equipments, 4 departments, 107 rooms, 318 beds, 91 nights,
2514 patients and 2514 admissions with a search space of 1076295.

testdatal2 has 4 specialisms, 4 equipments, 4 departments, 105 rooms, 310 beds, 84 nights,
2750 patients and 2750 admissions with a search space of 10"6856.

testdatal3 has 5 specialisms, 4 equipments, 5 departments, 125 rooms, 368 beds, 28 nights,
907 patients and 1109 admissions with a search space of 1072847.
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3.13. R

Hospital bed allocation class diagram

[

: ~  RequiredPE | :
1 1
Patient k1 PreferredPE | Y Equipment |
1 1
[ Night ] [ Department ] [ RoomEquipment ]
1 1 1 *
* * * * 1
AdmissionPart ] [ Room ]
1 1
[ Bed ]*7
1
@PlanningVariable
. @~PlanningEntity ;
BedDesignation ]
@PlanningEntityCollectionProperty
@~PlanningSolution
PatientAdmissionSchedule ]

3.19. TRAVELING TOURNAMENT [fl@i(TTP)
JARETE n MADUBER 2 FIIC R,
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Philadephia Phillies . Traveling tournament Montréal Expos
: Schedul h match in a day.
[ 1 away tD 3?? chedule each match in a day. . [ 1 [MON] VS
[ 2 away to m 380 No consecutive i [2 [MON] VS m
[3 [ PHI J , reverse match [3 [MON] VS e
< 3 consecutive A ;
[4 [ PHI ] 0 home matches  NON [4 away to 665
—0
[S[PHI]VS . - (5 away to [ PHI] -
(6 awayto (6 awayto
665 337
Total team distance: 2.127 Total team distance: 2.011
Atlanta Braves -
(1 away to [MON
337 0
80 I~ 337
665 ATL : = 3 consecutive 380
0 away matches 665
0 745
0 - Minimize total 0
_ distance: 8.276 _
Total team distance: 2.011 Tatal team distance: 2.127

PERR T -
o FNHIAERE N HAHIBAEIT AR : RIF, —R.
o FAPIPAK BN ERE — AT,
o ZBUMLIBBIE =N EESENR, FOES=TE,
o TEEZE : FHEMNESHIIERMTE,
BXRRY -
o RAEBEED AR HBEER,
L FRAFE Michael Trick IRy (LB EE£F/ICE) LB,

FJREA N

1-nl04 has 6 days, 4 teams and 12 matches with a search space of 10”5.
1-nl06 has 10 days, 6 teams and 30 matches with a search space of 10719.
1-nl08 has 14 days, 8 teams and 56 matches with a search space of 10743.
1-nl10  has 18 days, 10 teams and 90 matches with a search space of 10779.
1-nl12  has 22 days, 12 teams and 132 matches with a search space of 107126.
1-nl14  has 26 days, 14 teams and 182 matches with a search space of 107186.
1-n116  has 30 days, 16 teams and 240 matches with a search space of 107259.

2-bra24 has 46 days, 24 teams and 552 matches with a search space of 107692.

3-nfl16 has 30 days, 16 teams and 240 matches with a search space of 107259.
3-nfl18 has 34 days, 18 teams and 306 matches with a search space of 107346.
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3-nfl20
3-nfl22
3-nfl24
3-nfl26
3-nfl28
3-nfl30
3-nfl32

has 38 days, 20 teams and
has 42 days, 22 teams and
has 46 days, 24 teams and
has 50 days, 26 teams and
has 54 days, 28 teams and
has 58 days, 30 teams and
has 62 days, 32 teams and

380 matches with a search space of 107447.
462 matches with a search space of 107562.
552 matches with a search space of 101692.
650 matches with a search space of 101838.
756 matches with a search space of 101999.

870 matches with a search space of 10*1175.
992 matches with a search space of 10"1367.

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

4-super06 has 10 days, 6 teams and

4-super08 has 14 days, 8 teams and

4-super10 has 18 days, 10 teams and
4-superi12 has 22 days, 12 teams and
4-superi14 has 26 days, 14 teams and
5-galaxy04 has 6 days, 4 teams and

5-galaxy06 has 10 days, 6 teams and
5-galaxy08 has 14 days, 8 teams and
5-galaxy10 has 18 days, 10 teams and
5-galaxy12 has 22 days, 12 teams and
5-galaxy14 has 26 days, 14 teams and
5-galaxy16 has 30 days, 16 teams and
5-galaxy18 has 34 days, 18 teams and
5-galaxy20 has 38 days, 20 teams and
5-galaxy22 has 42 days, 22 teams and
5-galaxy24 has 46 days, 24 teams and
5-galaxy26 has 50 days, 26 teams and
5-galaxy28 has 54 days, 28 teams and
5-galaxy30 has 58 days, 30 teams and
5-galaxy32 has 62 days, 32 teams and
5-galaxy34 has 66 days, 34 teams and
5-galaxy36 has 70 days, 36 teams and
5-galaxy38 has 74 days, 38 teams and
5-galaxy40 has 78 days, 40 teams and

3.20. E{EE BN EHE

1075.
30 matches with a search space of 10719.
56 matches with a search space of 10743.
90 matches with a search space of 10779.
132 matches with a search space of 10"126.
182 matches with a search space of 10"186.
12 matches with a search space of 1075.
30 matches with a search space of 10719.
56 matches with a search space of 10743.
90 matches with a search space of 10779.
132 matches with a search space of 107126.
182 matches with a search space of 107186.
240 matches with a search space of 107259.
306 matches with a search space of 10"346.
380 matches with a search space of 107447.
462 matches with a search space of 107562.
552 matches with a search space of 101692.
650 matches with a search space of 101838.
756 matches with a search space of 101999.
870 matches with a search space of 10*1175.
992 matches with a search space of 10"1367.

1122 matches with a search space of 10"1576.
1260 matches with a search space of 1071801.
1406 matches with a search space of 10"2042.
1560 matches with a search space of 1072301.

;ﬂﬂ:l‘fﬂtm*IL%%J:U%JJ%?EEE%LLL%kEEB%&.EEaiﬁ\ﬁ}zzto FURMNMEBEN AR, X2 7N R —
PSRRI
o FHIANTIRIRRS - B MESE L IEH KRR TR ST FF 8BRS 2 185 50,
o RARE : FMEBEIBANSENENTHENEATE.
o JETIMIXM : BANSZLIEE D RESHER ML FENRE, EESH, RTFFEELHE#R
JEEIFK AR
&R :
o HURMA : MAOEMTRINE IR A,
o MEBRHEREMA : BN ERNEHN MY IFEMREFELIR, XRMBEERERA BEURFZHBIH
RINHE) .
o ELHIEMA : BMISHEREALR, XRBEARRAE (BURTHIRNE) .
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o HERENMKHIKA : BRHESFNHKANS, ™ EHHBINA,

BORR®E) (FER4AFIRIE SR ANn)

o REIHT) : BAEREINES, MARHEFIA.

(AR ICON Bkl 7 o

=V

sample01
10753.
sample02
10M14.
sample03
107226.
sample04
107266.
sample05
107584.
sample06
107673.
sample07
1072388.
sample08
1072748.
sample09
1076668.
instance00 has 1 resources,
107595.

instance01 has 1 resources,
107599.

instance02 has 1 resources,
107599.

instance03 has 1 resources,
107591.

instance04 has 1 resources,
107590.

instance05 has 2 resources,
107667.

instance06 has 2 resources,
107660.

instance07 has 2 resources,
107662.

instance08 has 2 resources,
107651.

instance09 has 2 resources,
107659.

instance10 has 2 resources,
107M657.

instance11 has 2 resources,
107644,

instance12 has 2 resources,
107M637.

instance13 has 2 resources,
107659.

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

has 4 resources,

2 machines, 288 periods and

2 machines, 288 periods and

25 tasks with a search space of

50 tasks with a search space of

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

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

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

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

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

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

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

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

20 machines, 288 periods and

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

500 tasks with a search space of
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instance14 has 2 resources,
1071643.

instance15 has 3 resources,
107M782.

instance16 has 3 resources,
10M778.

instance17 has 3 resources,
107M764.

instance18 has 3 resources,
1071769.

instance19 has 3 resources,
10M778.

instance20 has 3 resources,
1073689.

instance21 has 3 resources,
10"3678.

instance22 has 3 resources,
1073706.

instance23 has 3 resources,
10"3676.

instance24 has 3 resources,
10"3681.

instance25 has 3 resources,
1073774.

instance26 has 3 resources,
1073737.

instance27 has 3 resources,
1073744.

instance28 has 3 resources,
1073731.

instance29 has 3 resources,
1073746.

instance30 has 4 resources,
10°7718.

instance31 has 4 resources,
10°7740.

instance32 has 4 resources,
10"7686.

instance33 has 4 resources,
10°7672.

instance34 has 4 resources,
1077695.

instance35 has 4 resources,
10°7807.

instance36 has 4 resources,
1077814.

instance37 has 4 resources,
10°7764.

instance38 has 4 resources,
10°7736.

instance39 has 4 resources,
10°7783.

instance40 has 4 resources,
10715976.

instance41 has 4 resources,
1075935.

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

90 machines, 288 periods and 4000 tasks with a search space of
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instance42 has 4 resources, 90 machines, 288 periods and 4000 tasks with a search space of
10"°15887.
instance43 has 4 resources, 90 machines, 288 periods and 4000 tasks with a search space of
10715896.
instance44 has 4 resources, 90 machines, 288 periods and 4000 tasks with a search space of
10715885.
instance45 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720173.
instance46 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720132.
instance47 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720126.
instance48 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720110.
instance49 has 4 resources, 100 machines, 288 periods and 5000 tasks with a search space of
10720078.

3.21. | EE R E(PORTFOLIO OPTIMIZATION)
RIEX BV 4R AR
PERR -
o RIGEAM : FRfFF% HICFAEBIT 74 deviation BB AL,
o FIAF A ENBOEIT I Markowitz 214 Theory RE B KAB% M,
o WMRBAE : BIMREHERAKE,
e BXRZKE : BIMBERMRANE.
SR -
o AL,
[T RRA AN

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

REBESEARCRINK, BRNLERAE, RFIOEIERE L5 v H R,

3.22. £VUHE

BENEUGTEOEE— timeslot F1— N EE], Timeslots TRERES, MALUEA LibreOffice 5
Excel I, EEFIE A,

BEPR Y -

talk type of timeslot: X[iERIRELNKIIE timeslot #Y talk R BIPTRC,
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R AR A FREN, BAANEREH.,

BRI - AR EESN slot Tk FEAHERMEF,

speaker Ao A A : FEXTIEBY timeslot #AE], FANHEMEL S AEBLFIREL,

speaker %2 : MR EETEESMslot iR HZLF A,

Y@ A B9t A slot #1 room #3% -

speaker £ timeslot /7% : 1R speaker H— A" FrEH timeslot 175, ILFFAMN
iR ER A5 BeA B A RS B [H slot,

speaker prohibited timeslot #7% : IR speaker A& LM timeslot 7725, NIfrA
A IEE T EE D BeS BB ILREM timeslot,

talk required timeslot #7%5 : MIRXHER — I AIRM timeslot 7135, NS H 5B
AR A slot,

talk prohibited timeslot #7235 : SIRXERZEIER timeslot 1755, METENHSEES
WA LRI H slot,

speaker BEMEAIRZE : MRASABRBRBRNERINE, BLmBRHEERLHD
45 BAZIRENEN,

speaker prohibited room tag : MIRA S AE— I RIENEHIRZE, NWAARHSER
TR BA BB LR EMEH.

BEMBRNERRE : MRBEE—NTABNERRE, NAIFEIRSRAZINE
BB A,

talk prohibited room tag : MIRHTBEGEERIEMEHIIRE, NWEEHHEIREESR
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ZPREREE A,

[ ]
talk inter-exclusive-talks tag: Talks that share such a tag, not scheduled in
overlapping timeslots.
[ ]
THERHRSM - R RHRRAEE R HT 2,
BRI -
[ ]
FHIRERAZR - R/MLEE SN A slots HilH 3= FBIRERN ERE,
[ ]
B : R/IMEEE SN H slot HA #{ZF—BXIREAX EHE.
[ ]
RAEZRRAAHRE : S TFEIABIRE, FESZHEIRBER N8,
[ ]
ZREZHY - ERslot i, FEFRAZRIGHBEHERKI,
[ ]
HESH - BRslot i, FEFRESHIHERERKIL.
[ ]

Y@ A B9t slot #1 room #13% -

o
speaker preferred timeslot t7%: : MI3R speaker H—/ &k timeslot #7335, NImAA
5 2EMTEEERN D B4 B %S ME F slot,
o
speaker undesired timeslot #7% : #1R speaker H— N FHEH timeslot F7%,
A o] ft =k it B0 5 BB Y 43 Bie 45 B A %R B9 [l slot,
o
talk preferred timeslot #53% : MMEXERE—1HIL timeslot #173%, NMRNZFH SRS
WL H slot,
o

talk Undesired timeslot 17% : MIRXHEAERKHER timeslot 172, MR FHYE
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B AL RN [E slot,

speaker preferred room tag : MR speaker H— M EEEMIRE, NMFFAEMRHAE
Rioy Ee%s B ARSI,

speaker undesired room #7355 : MIRAZSABE AN FRENRBMIRE, NEAfbskih
B IR ER R Be 4 B AR LR .

THEBERE IR : MIRBEHE—TEEEFRE, WARES RS BB ZIRENZE
I‘E—‘Jo

BETVEMNEMRE : IRBEHE— T TRENERIRE, WARMFHIRSERZ
PREERIZE ],

°
BRI Y XNNE - MARZEEFREIATIRERNEBN R PR (REFER—XN
Bhr) HTREL
K 3.14. AR
Conference scheduling
Optimize attandee experience when assigning each talk to a room and a timeslot.
_—— Rooms Used by
10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
N N N I T A (RN AN NN Y T N T NN T B Devoxx Belglum
E;Eikngutl [ e ] [ 6 ] Lunch [ Tj I ‘\-";irl] [ o ] Red Hat Summit
~ Shared theme: .~ “._ Large room
Artificial Intelligence for speaker Voxxed Zurich
Breakout 2 - Lunch ==
sz [(2)(@) e [S 1] (27]
Same ’

- Same technology ~ speaker

power plugs room :
“.._ Speaker is only available
untill 14:00

~—— Talks
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[ RBIA /N

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 10764.
72talks-12timeslots-10rooms has 72 talks, 12 timeslots and 10 rooms with a search space of
107149.

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

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

3.23. ROCKUR

M show to showing rock bank bus from show, but schedule {{#£=] X &R,

HERRHl -
°
RN NE B,
°
T RIRAT8E B o
hERH -
°
AN,
°
&/MER/MERE],
°
WLl S & B ihijia],
ERPRE -
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i3 NN EIE I BTN

[ RBIA /N

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

3.24. YT ARBIAE

FiXAHNESENE,
FERR I -
[ ]
AR - 81982 EEEMRNARE, Hlm, flight AB0001 BE 2 MAKH 3 MEIA
%5%0
[ ]
flight 422 : 4 A TRERKSI—4 flight
[ ]
EFA flights 2 BIfEH - ERAVLEIE, S TAZEERM arrival airport 3B EIE A4,
N, Amsterdam El;A Brussels ;A% 10:00,
[ ]
AITAREH : G THIENNE—XAE A, #M, AnGLF 1-Feb £ PTO,
BRI -
[ ]
BERMESE
[ ]
RS ERERLH S E

52
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B G T EE A EIE flight KrZEm A

] RBIA /N

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

700flights-28days-Europe has 2 skills, 50 airports, 150 employees, 700 flights and 3500 flight
assignments with a search space of 10"7616.

875flights-7days-Europe has 2 skills, 50 airports, 750 employees, 875 flights and 4375 flight

assignments with a search space of 10712578.
175flights-7days-US  has 2 skills, 48 airports, 150 employees, 175 flights and 875 flight

assignments with a search space of 10"1904.
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56 4 F THIFRLLIEFIERN OPTAPLANNER R

& A LA Tk Red Hat Build of OptaPlanner ;:fill, {ER40IE% 117 Mih EIR#E) Red Hat Build of
OptaPlanner R H 3 —E 5,

k

N
p 4
;

il

Z148F9EEM OptaPlanner &8 GUI ki, ©ERS &5 JVM ERFEE@-L

1217,

N\

it 3
1.
HEALTIEZR 1 Mk a Software Downloads TE (FEEX) , ABEMTREEA DR
FEr- AR A -
[ ]
7 ah - ZLI8F9ER OptaPlanner
[ ]
Version: 8.38
2.
T L1 &M OptaPlanner 8.38 &89 X,
3.
12HY rhbop-8.38.0-optaplanner-sources.zip 34,
12HYM org.optaplanner.optaplanner-8.38.0.Final-redhat-00004/optaplanner-
examples/src/main/java/org/optaplanner/examples B X & & RAEKHE.
4.
EfyERHI, 7£ org.optaplanner.optaplanner-8.38.0.Final-redhat-00004 B3&h, #ijALL
T4 :
I mvn clean install -Dquickly
5.

#EA examples B :

I optaplanner-examples
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B 43 TEHIFHRBIIEHER OPTAPLANNER R4l

Bizfrmhl, HRALL TGRS :

I mvn exec java
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&5 5 & 7t RED HAT BUILD OF QUARKUS & EFi5{# RED HAT BUILD OF OPTAPLANNER

LTigFEM OptaPlanner S4LIEfJEM Quarkus EEER. A THEKBITMNEE (21E
OptaPlanner #&ifi75) 7 materials (BOM)3X#8 Quarkus bill R4Ed, %34
com.redhat.quarkus.platform:quarkus-bom, #EARBEIEEHLKBITRA IR TIE, #HK, &EaTLL
¥+ Quarkus BOM X5 A%l pom.xml BEE XX, HbhKiBiTRAS S <
dependencyManagement> 4/, Hit, EFRFEIHEH pom.xml X#hiEE BOM EMEAHEA
Quarkus KSR A,

HinBR

[ ]
XA Maven #H#7E Quarkus & LAl OptaPlanner B K5iBA, HS6 & 5.2 77
“81f Maven 3&##E Quarkus & EOIELTIEFEM OptaPlanner 5iH”,

A Xf#EH code.quarkus.redhat.com Fi4{E Quarkus F&_E4 B OptaPlanner 5 B #9i5
B, iE£09 58 5.3 1 “ff code.quarkus.redhat.com 7£ Quarkus & L AIBLLIBHI R
OptaPlanner TiB”,

A% CLI £ Quarkus & 4B OptaPlanner TiEHMEA, ESH 55 5.4 177 “E
Quarkus CLI £ Quarkus & _LAIB4IIgHEH OptaPlanner WiB”,

5.1. APACHE MAVEN FIZLig+JE/ QUARKUS

Apache Maven 2 Java NHEFFAhEAMNSHIALEBIMCTE, ATOE. SEAWERRMt
WiH., Maven ffifi& 4 Project Object Model(POM)SZ{4-EuFRAEACIE STH3E E YT H H E BB R,
POM Uk 7 B HRANZH 4H i, {81 XML SOk 4 B9 B T @ ik B IR F B 5. X =]
WRUER., —BNARWEBTIR,

Maven =i E

Maven FiEFEfNE Java . taEEMEbRIH. BRAQAHEMHEERZ Maven 2 Central
Repository, {BEFE#FETLLZHEMALEN, DEFABMNZAXZEATH, BaIME=HRMEME
}z\_éo

EoILURHEZ Maven 7685 Quarkus WiH—i2EH, thalLATFTEHAEHER Quarkus Maven &
B,

Maven $&H#

Maven #H#2 POM CHHE BB, SEH—1N =% 1 BFr. Quarkus N ARRFEFERALLIT Maven &
#
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Quarkus Maven I (quarkus-maven-plugin): j5 i Maven 8/ Quarkus B, i
4B uber-JAR X, FHIRFAER,

Maven Surefire #ff(maven-surefire-plugin) : FE/E 4 i EHARMLARN B, LUEER
RAEF EHETHRT, BEERI MR GRS XML 3X#,

5.1.1. HTEZ{F#EFERCE Maven settings.xml X {4

BT LGB RSB M S settings.xml 3XE, FHEZ Maven 75 S Maven T B i EA. XE2HEN
hik. SHZRESR LNEEEEERNEME —RZEAN Maven HERSHEIFNTIHZHN S EE
Eo

N
o

LRE Maven settings.xm| X kBB F AN, XLBEBUTN ABIFTA Maven
YiH,

Pt =

XA G2 hITFF Maven ~/.m2/settings.xml XK ER T X A5 (IDE),

R ~/.m2/ BXHEA settings.xml X, &5 settings.xml XM
$MAVEN_HOME/.m2/conf/ B &sh & HI%] ~/.m2/ B,

1£ settings.xml 3X#H <profiles > JTtHRPHMLLTFIT :

<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>
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<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>

1£ settings.xml X#H < activeProfiles > JtRHBHRIMU T T HEEXH.

I <activeProfile>red-hat-enterprise-maven-repository</activeProfile>
5.1.2. FT#HAE Quarkus Maven ###/%

MEEFEFEAEL Maven E6EE, EalLLTHIFFACE Quarkus Maven %%, LLEEA Maven i
E Quarkus M A#EFRF. Quarkus Maven FifEAS Java FAAGBERATHERENHAERFNTZE
K, MFERHE T a5 settings.xml X443 E Quarkus Maven fFiEFE,

4l

/ s
=y

L RE Maven settings.xm| X kBB F AN, XLBEBUFN ABIFTA Maven
YiH,

Pk =
1.
MNEZEFTIFNEETEIm (FEEX) TEH 2I8HWEM Quarkus Maven EifE ZIP
Iﬁ:o
2.
B THMNE~,
3.

HBEXESDY ~.m2/ B¥, HEXFKSGHFZPITIF Maven settings.xml SR IF LI
B (IDE).
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FLLTF T4 mE settings.xml XHH & It;profiles > jtRH, Hep
QUARKUS_MAVEN_REPOSITORY 2f&TF## Quarkus Maven 7=fi& &
&, QUARKUS_MAVEN_REPOSITORY B9t&\ a7 2 file://$PATH, N
file:///home/userX/rh-quarkus-2.13.8.GA-maven-repository/maven-repository.

<I-- Configure the Quarkus Maven repository -->
<profile>
<id>red-hat-quarkus-maven-repository</id>
<repositories>
<repository>
<id>red-hat-quarkus-maven-repository</id>
<url>QUARKUS_MAVEN_REPOSITORY</url>
<releases>
<enabled>true</enabled>
</releases>
<snapshots>
<enabled>false</enabled>
</snapshots>
</repository>
</repositories>
<pluginRepositories>
<pluginRepository>
<id>red-hat-quarkus-maven-repository</id>
<url>QUARKUS_MAVEN_REPOSITORY</url>
<releases>
<enabled>true</enabled>
</releases>
<snapshots>
<enabled>false</enabled>
</snapshots>
</pluginRepository>
</pluginRepositories>
</profile>

£ settings.xml X#B < activeProfiles > JtRAPRIMU T 1T R4

I <activeProfile>red-hat-quarkus-maven-repository</activeProfile>
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B

INRIEE Maven FHEFEQAZENNTH, EAEKEHRKNBETAMNERLT
Maven 52522 —, H ARTIFACT_NAME 2T #, PROJECT NAME 2EE
R EBAF -

k2> T PROJECT_NAME

[ERROR] Failed to execute goal on project ARTIFACT_NAME; Could
not resolve dependencies for PROJECT_NAME

BRI G, EMHER ~/.m2/repository B XA EENSEIFRA, Lk
TEHSIM Maven T,

5.2. {1 MAVEN #&#7# QUARKUS & LR TigHER OPTAPLANNER %iH

&eI LA Apache Maven 1 Quarkus Maven {&#KERFFZ1TLLIEF9E OptaPlanner #1 Quarkus
NAERF.

FoRFMH
°

B&E 7T OpendDK 11 KEEIRA. ZIIEfIER Open JDK sl @it 2IHEZ 1 17 Muh s Edy
Software Downloads Tl (FE&X) .

Apache Maven 3.8 B ERAD L3, Maven fii T Apache Maven Project M,

e
1.
EHhS%inh, WMAUTHSEIE Maven 254 JDK 11, 3 H Maven [R&2EH 3.8
HEEMRAE :
I mvn --version
2.
MRFEMNASEARDO JDK 11, 5T JDK 11 MR AT PATH B2, RER
REIABTEM S,
3.
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F 4 ¥ Quarkus OptaPlanner quickstart WiH, iH#M AL T4, He redhat-0000x 2
Quarkus BOM #8924 RiAR A :

mvn com.redhat.quarkus.platform:quarkus-maven-plugin:2.13.8.SP1-redhat-
0000x:create \
-DprojectGroupld=com.example \
-DprojectArtifactld=optaplanner-quickstart \
-DplatformGroupld=com.redhat.quarkus.platform
-DplatformArtifactld=quarkus-bom
-DplatformVersion=2.13.8.SP1-redhat-0000x \
-DnoExamples
-Dextensions="resteasy,resteasy-jackson,optaplanner-quarkus,optaplanner-
quarkus-jackson™ \

45 1E ./Joptaplanner-quickstart BX 8B Ttk :

Maven %519

src/main/dockerfi#) Dockerfile {2l

N 2 - BoiE >4

5% 5.1. mvn io.quarkus:quarkus-maven-plugin:2.13.8.SP1-redhat-0000x:create g%
ERnNEYE

Bt 3T

projectGroupld iE B4 1D,

projectArtifactld TEBIH D,

extensions AT BB Quarkus 7 BEES 2RISR, 107 Quarkus &

EEIR, EEMSITPHE A mvn quarkus:list-extensions,

noExamples BIE— B4, BEFNIHEE,

projectGrouplD 1 projectArtifactiD E¥AERA T AT BRA. BRIATHERAES
1.0.0-SNAPSHOT,

EHEFIEM OptaPlanner 5B, 51 H %N OptaPlanner Quickstarts B3 :
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62

I cd optaplanner-quickstart

#H& pom.xml X, RERRBLLTRA :

<?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>com.example</groupld>
<artifactld>optaplanner-quickstart</artifactld>
<version>1.0.0-SNAPSHOT</version>
<properties>
<compiler-plugin.version>3.8.1</compiler-plugin.version>
<maven.compiler.release>11</maven.compiler.release>
<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>com.redhat.quarkus.platform</quarkus.platform.group-id>
<quarkus.platform.version>2.13.8.SP1-redhat-0000x</quarkus.platform.version>
<skiplTs>true</skiplTs>
<surefire-plugin.version>3.0.0-M7</surefire-plugin.version>
</properties>
<dependencyManagement>
<dependencies>
<dependency>
<groupld>${quarkus.platform.group-id}</groupld>
<artifactld>${quarkus.platform.artifact-id}</artifactld>
<version>${quarkus.platform.version}</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>${quarkus.platform.group-id}</groupld>
<artifactld>quarkus-optaplanner-bom</artifactld>
<version>${quarkus.platform.version}</version>
<type>pom</type>
<scope>import</scope>
</dependency>
</dependencies>
</dependencyManagement>
<dependencies>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus</artifactld>
</dependency>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus-jackson</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy-jackson</artifactld>
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</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-arc</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-junits</artifactld>
<scope>test</scope>
</dependency>
<dependency>
<groupld>io.rest-assured</groupld>
<artifactld>rest-assured</artifactld>
<scope>test</scope>
</dependency>
</dependencies>
<repositories>
<repository>
<releases>
<enabled>true</enabled>
</releases>
<shapshots>
<enabled>false</enabled>
</shapshots>
<id>redhat</id>
<url>https://maven.repository.redhat.com/ga</url>
</repository>
</repositories>
<pluginRepositories>
<pluginRepository>
<releases>
<enabled>true</enabled>
</releases>
<shapshots>
<enabled>false</enabled>
</shapshots>
<id>redhat</id>
<url>https://maven.repository.redhat.com/ga</url>
</pluginRepository>
</pluginRepositories>
<build>
<plugins>
<plugin>
<groupld>${quarkus.platform.group-id}</groupld>
<artifactld>quarkus-maven-plugin</artifactid>
<version>${quarkus.platform.version}</version>
<extensions>true</extensions>
<executions>
<execution>
<goals>
<goal>build</goal>
<goal>generate-code</goal>
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<goal>generate-code-tests</goal>
</goals>
</execution>
</executions>
</plugin>
<plugin>
<artifactld>maven-compiler-plugin</artifactld>
<version>${compiler-plugin.version}</version>
<configuration>
<compilerArgs>
<arg>-parameters</arg>
</compilerArgs>
</configuration>
</plugin>
<plugin>
<artifactld>maven-surefire-plugin</artifactid>
<version>${surefire-plugin.version}</version>
<configuration>
<systemPropertyVariables>

<java.util.logging.manager>org.jboss.logmanager.LogManager</java.util.logging.manager>
<maven.home>${maven.home}</maven.home>
</systemPropertyVariables>
</configuration>
</plugin>
<plugin>
<artifactld>maven-failsafe-plugin</artifactid>
<version>${surefire-plugin.version}</version>
<executions>
<execution>
<goals>
<goal>integration-test</goal>
<goal>verify</goal>
</goals>
<configuration>
<systemPropertyVariables>
<native.image.path>${project.build.directory}/${project.build.finalName}-
runner</native.image.path>

<java.util.logging.manager>org.jboss.logmanager.LogManager</java.util.logging.manager>
<maven.home>${maven.home}</maven.home>
</systemPropertyVariables>
</configuration>
</execution>
</executions>
</plugin>
</plugins>
</build>
<profiles>
<profile>
<id>native</id>
<activation>
<property>
<name>native</name>
</property>
</activation>
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<properties>
<skiplTs>false</skipITs>
<quarkus.package.type>native</quarkus.package.type>
</properties>
</profile>
</profiles>
</project>

5.3. 1/l CODE.QUARKUS.REDHAT.COM 7£ QUARKUS & LA igIE# OPTAPLANNER %
H

BT LAUEA code.quarkus.redhat.com Fih 4 LB FIEER OptaPlanner Quarkus Maven WiH, 3

B EEENARFPERNT R,

ATME T EBL OptaPlanner Maven HiHHSEU T :

BN ARFRERIHE,

R EEASETE PN R,

{5 R ARB9T B ST 4 BRI T AR

EAAE XS HFENEINAER,

SEREM
[ ]
=8 —1 Web %23,
it 3
1.
TEIRBN %5 23531 FF https://code.quarkus.redhat.com :
2.
W B -
3.

WATIENAH T, BHERER Java BEEHERAE, W com.example,
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4.
WMABERTHBPEKR Maven THHEHR, MW code-with-quarkus,
5.
Vi Build Tool > Maven SEfsEEZAIE—4 Maven TWiH, EEFEHNMETRRE T H
B :
[ ]
4 B9 B B9 B kA5
[ ]
&4 R A5 B sh s MBS E g
[ ]
H#ERTAE, 25 FRATHRIFNESE code.quarkus.redhat.com BIE & XA ERIA
e o,
Pz 3=
THEXFE A code.quarkus.redhat.com /& OptaPlanner Maven i
H. JERZRFERK Gradle HiH,
6.

MAZAETBERNTHPERNRE, WPREEINED 1.0.0-SNAPSHOT, BiUHEA i&
MhRA, BMREERE, EERARRRENRE.

7.
BMAMETEAET a5 BN RN T 4RSS L.
RIE Java B AHEAE, BEERHNSATHANAATREER, BETUEERRNE
ﬂ;o
8.

LT RAF KBTI

RESTEasy JAX-RS (quarkus-resteasy)

RESTEasy Jackson (quarkus-resteasy-jackson)

66


https://semver.org/

% 5% £ RED HAT BUILD OF QUARKUS & 144 A RED HAT BUILD OF OPTAPLANNER

OptaPlanner Al 3K solver (optaplanner-quarkus)

OptaPlanner Jackson (optaplanner-quarkus-jackson)

AR NIRRT RZ T FRNRIG, XEJ RASN RAFSHIRER

L

ZIV85E£3<¥F SUPPORTED Y B, WRTA RN N AERF.

£ BORTNThEESZ R F, AR ZRIBSTRFLIE™ M.

NG /LT HZH(#H DEV-SUPPORT # f%, {8 Red Hat XA @EEFF
K FTN BRI % 5 E N THE BB TDBE

DEPRECATED 7 il %l## & Ht Kt R #EIe Z BEHG K FTHIEE R 26 S e,

LNEFSESF L H P ALY s

ZE#E Generate your application il #EBIEFEFH I 7~ 6 5 4 BB B B9 i -0 T 5 7E
7, BB o [ FRERIS SN I E E X 5.

10.
ZEF¥ Download the ZIP f¥i# B 4 Bk B9 T H X B9 7 R 7 B EF B9 R 70 e,
1.
TR EZRIAE,
12.
HA BESEREREGT HX B E R :

I cd <directory_name>

13.
LUFF R B FH I 510 IS -

I ./mvnw compile quarkus:dev
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5.4. &/ QUARKUS CLI £ QUARKUS -F& L /841 IgF &) OPTAPLANNER JiH

B L&/ Quarkus @ 51757 E1(CLI)EYE Quarkus OptaPlanner JiH.,

SEARRY
[ ]
B%Z% Quarkus CLI, WIFEZEH, FS6EH Quarkus 51757 E4E Quarkus b/ /H
2,
T

BB —1 Quarkus N HEESF :

I quarkus create app -P io.quarkus:quarkus-bom:2.13.8.SP1-redhat-0000x

EHETHANY B, WAL TS -
I quarkus ext -i
PR ERELTY B :

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

FALLF o 2 IETTE B pom.xml XY B :

quarkus ext add resteasy-jackson
quarkus ext add optaplanner-quarkus
quarkus ext add optaplanner-quarkus-jackson

XX Gt &P HF pom.xml X, XHBIAENFEBLLF 7B -

<?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>
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<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>2.13.8.SP1-redhat-0000x</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>${quarkus.platform.versionj</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>io.quarkus.platform</groupld>
<artifactld>optaplanner-quarkus</artifactld>
<version>2.2.2.Final</version>
<type>pom</type>
<scope>import</scope>
</dependency>
</dependencies>
</dependencyManagement>
<dependencies>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-arc</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy</artifactld>
</dependency>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus</artifactld>
</dependency>
<dependency>
<groupld>org.optaplanner</groupld>
<artifactld>optaplanner-quarkus-jackson</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-resteasy-jackson</artifactld>
</dependency>
<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-junits</artifactld>
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<scope>test</scope>
</dependency>
<dependency>
<groupld>io.rest-assured</groupld>
<artifactld>rest-assured</artifactld>
<scope>test</scope>
</dependency>
</dependencies>
<build>
<plugins>
<plugin>
<groupld>${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>${maven.homej}</maven.home>
</systemPropertyVariables>
</configuration>
</plugin>
</plugins>
</build>
<profiles>
<profile>
<id>native</id>
<activation>
<property>
<name>native</name>
</property>
</activation>
<build>
<plugins>
<plugin>
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<artifactld>maven-failsafe-plugin</artifactld>
<version>${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}-

run</native.image.path>

<java.util.logging.manager>org.jboss.logmanager.LogManager</java.util.logging.manager>
<maven.home>${maven.home}</maven.home>
</systemPropertyVariables>
</configuration>
</execution>
</executions>
</plugin>
</plugins>
</build>
<properties>
<quarkus.package.type>native</quarkus.package.type>
</properties>
</profile>
</profiles>
</project>
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B84 . 2L#5F4EH) OPTAPLANNER SOLVER

{&/H OptaPlanner SR i1 £Y/H ST EIFLL FA L -

RG] R B Ty A @PlanningSolution EFEHG%E (HV41, NQueens 35) ,

2.

ACiE Solver (#I4l, fffd NQueens S:fIEG5E—1 Fit #] Tabu Search solver) ,
3.

M e Z 55 5% (4 Four Queens S26Y) . X 2HEE,
4.

#1Z Solver .solve (problem)fE2[a[&, X {F&OIREBITE,

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() . i Solution

Each process assigned

[ 6 ] ¥ 1o a computer
e
solve(problem) L J
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£ 6 = FiE/Igf5##9 OPTAPLANNER SOLVER

BT LUERELUT 754 80iE OptaPlanner solver :

& XML 31,

f&fH SolverConfig API,

TEI TS 26 fE A JavaBean & MR,

#£#Y OptaPlanner f5F 1/ ZZ B8 69 75 %

EXHEXBEHE,

6.1. &£/ XML X+ & OPTAPLANNER SOLVER

FPTOITIEEE — 1 T 489B E X . & It;EXAMPLE>SolverConfig.xml XX i F
org.optaplanner.optaplanner-8.38.0.Final-redhat-00004/optaplanner-
examples/src/main/resources/org/optaplanner/examples/<EXAMPLE> HRd#, Hri <EXAMPLE >
A2 OptaPlanner I EHE . 267, #oLU&FH SolverFactory .createFromXmliFile () MXHL/
# SolverFactory, {H:E, HFaBREMHIER, ZiX{#EH classpath 7R,

Solver #] SolverFactory 94 —1% 7 Solution_ BJEHHEE, XECEK I LIGRIBER G FHIE,

it EHAE, OptaPlanner (EL]H (LB A 55,

A
1.
&/ Solver Factory #4# Solver 524,
2.
ACiE solver B0i& XML X1+ :
a.
EXEH,
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74

£ X score HEE,

it : BENIEEE,

LUTFFAI2Z NQueens [5&iH] solver XML X :

<?xml version="1.0" encoding="UTF-8"?>
<solver xmins="htips.//www.optaplanner.org/xsd/solver"
xmins:xsi="http://www.w3.0rg/2001/XMLSchema-instance”
xsi:schemal ocation="htips.//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/optional/nQueensConstraints.drl</sc
oreDrl>
</scoreDirectorFactory>

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

</termination>
<constructionHeuristic>

</constructionHeuristic>
<localSearch>

</localSearch>
</solver>



% 6 = IABZLIgHEM OPTAPLANNER SOLVER

X

ERLEIfi5d, %] OSGi f] JBoss £, #HJ JAR X{FHEJ solver
&, 7% DRLs flE % classpath FR algEL 445 optaplanner-
core JAR X HHIEiA ClassLoader, ZEX2EIE0 T, FFEEHG2ERT
ClassLoader 1y Z&#1edt -

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

& fH solver BZiE XML X A& SolverFactory, %X #fEY class Loader.getResource
() EXBIRBEETRIEH

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

6.2. f£/H JAVA API Ei& OPTAPLANNER SOLVER

£ LU#H SolverConfig APl BCi& solver, XTEa{TH 518 B IETF B, LUTFBIZE NQueens
T ##4# Solver 2 Gl B B FRIB RIS 1T H :

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

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

solver ECiE XML X B T F=4BE Config st &4 2L /H
org.optaplanner.core.config #1#9 Config EBIE HIEH, XLAE X&E XML &89 Java o, E1]
B Em £ Z2FB9 org.optaplanner.core.impl {5 % FEHK —1= 389 Solver,
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X

EFNEFE RS SEE SolverFactory, EHEIS LT BB E2ER
SolverConfig, H{&EHFNH/ 15KHILHEHERME. LUFROIE R T AT TILEE
fE, FHi##H NQueens |78 :

private SolverConfig template;

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

"org/optaplanner/examples/nqueens/optional/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();

6.3. OPTAPLANNER tf#

BTG E AR T gL R B i RS, WL EH LT EE, FALUTFEAZE—1E
OptaPlanner i B #7NIEHE -

TR A K2R JavaBean B/, B EMUHIE getter 4 L, MAELE
setter 5 L, FERERY getter i AR FER L HE, XEHFZHTE,

R FNMEIRHAFR IR, THRIFRIFEELHL,

6.4. #5:Z OPTAPLANNER 155/

1§22 F, OptaPlanner {&/H Ry A0, SFiE#EHEE, REOISE, HEERE, 2tF,
HFTLUFF OptaPlanner D& & /H Gizmo i/ HGtE, XIFERF TG, BEEDHEEFERGY, m
Ik, H:E, WHZEGL TR -

planning RN FRIEFERAINHE getters L,
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io.quarkus.gizmo:gizmo #34ifi F classpath _L,

AE
2 ¥ OptaPlanner 5 Quarkus BEEEN, XLREIFEH, B Gizmo Z8i/
B9 17 )] 2,

TR

ZE#fH Quarkus Z 589 Gizmo, 157E solver BEiEH1%E domainAccessType :

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

6.5. BEHEX B

7 OptaPlanner I, ZaTLUGSNIE E X B HELIBERSOIE R FH BFif1E & B E X B HAIXH,

TERFA
[ ]
EE—THERE,
TR

AIEE X B,

41, HIRHZH EasyScoreCalculator EAZEZ 7RI E, FHHEHZLHE—BAPIENE
7KXW, IEFM myCacheSize B :

<scoreDirectorFactory>
<easyScoreCalculatorClass>...MyEasyScoreCalculator</easyScoreCalculatorClass>
<easyScoreCalculatorCustomProperties>
<property name="myCacheSize" value="1000"/><!-- Override value -->
</easyScoreCalculatorCustomProperties>
</scoreDirectorFactory>

HNETEEXBMHTRMALL setter, ZEMIEREE Solver 15/,
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public class MyEasyScoreCalculator extends EasyScoreCalculator<MySolution,
SimpleScore> {

private int myCacheSize = 500; // Default value
@SuppressWarnings("unused”)
public void setMyCacheSize(int myCacheSize) {

this.myCacheSize = myCacheSize;

}

AZHERTEFLFF, Ei% #/718,int,double,BigDecimal,String & enums,
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% 7 Z &/ OPTAPLANNER SOLVER

BRRE K B o T BN R ERREFRTT K, — T ERE —KHBEBEIR— TR [ FH), solvers
&5 Solver Factory %% fH# :

public interface Solver<Solution_> {

Solution_ solve(Solution_ problem);

— solver WiZRMHANLRRE, BT javadoc #¥7if-k 7 thread-safe 895 %, solve () 7
F B iR, FEMARTEATER T3 REST R0 HTTP &h, EFZEHNBIFCIGFFH TR RS N
B, ERRXLHH, 5 SolverManager,

7.1. SRyl

(E IR R Ty SRR T R[],

TERFA

M solver BCEFIEEHI Solver

ALY oGS AIB9 @PlanningSolution T
74
FELEI Gy solve () FEBIBH, MEAEFIROIHEREBITGF,
LU AR T NQueens [7[8 :

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

HLAPId, solve () FZEfF&[E NQueens %4Y, &1 Queen #EZE/—1 Row,

79



Red Hat Build of OptaPlanner 8.38 { FAZLISFJEEM OptaPlanner F A fRR AR

X

12145 solve (Solution) 75 %BIBER TG LB LIEEH ST LG, XBEEEES
XYBG1E R

& 7.1. F§F 8ms H1 Four Queens Puzzle BIsREAEA T3 (Also a Optimal Solution)
A B C D

g

i

i

W N +H O

g

solve (Solution) 7% 5 BEE B R K 1H, BRI TFHEA N solver BoiE, Solver EZgEM#E &
BERIBER TG RIEEZEN], HiLEHEBR I B ETINRERITF. RIERZAR, BI5EEX
. Solver BEFH#*. BAEHESE, REMILE et dETERE BAGE,

X

TBH8 7% BEA(Solution) BIBER T KB Solver B, (A EfFHRE TR
IR E,

Jik fE A (Solution) 2t getBestSolution () E[EIBIHEAR T FEEHIRE o] E212HL5
Tk B (Solution) BIHIEITEEE, XEE E2— TR,

7.2. SOLVER #H5£&=

solver HEEE A tF AR ML B E L iRk, BRI HERS,

—1* solver E—1BE¥L L0, FLE solver BLEZHFEN LA, EHLRMAT—NLOIEZ, B
41, Simulated Annealing B2 & B FFEHHT, i Tabu Search (X T EFRMBEADIE, H
FEARENTZ BN SLHIH seed,

ol LU solver BB XML X4 di B EER, LUFAIKE 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>

LUFZZ2k 72 af LUEE solver BEiE X & g E iR = -

FULL_ASSERT BARITHATEE S, O, S EBi0H8ilEXEENNES, LIRBIIE
1B, 2. BIEXGEFEAR &N, X MEXTUEY, SHEARH, EYEHEL L
calculateScore () #iFmFHassert B, FULL_ASSERT B FEFE1E, HNEFHKiliFIE

BERHITH,

NON_INTRUSIVE_FULL_ASSERT ERXfFHIS/L NS, HEEZIZLHHPER 2R, 5/
EALGEZHR FIREEI, X MERXTLUEH, EFREHARER, HNETAEE ENHY
M calculateScore () . NON_INTRUSIVE_FULL ASSERT £E=LF#18, e ki1

BERHITH,

FAST _ASSERT EX S5 AZHMS, # undoMove 895357 Move B8 = #6/d,
B, YR, SIEXGEE RN LW, ITMEXTLEY, CHEARH, HAEHEE
B9 calculateScore () #iFEs FIEassert £, FAST_ASSERT ERK1E, 45— NWiHE
B, ©A7E FAST_ASSERT B FEE5 TG £/,

REPRODUCIBLE B Z8ilEX, HAHELEALLERHEREFE, EX XA, B
[E1— OptaPlanner jkZ£:517, #ZRIEIBINTFEAITIEEBITE, XBNEITHEEN L TR
[EIBER, BRIFFLUTEE, X o il E—HMEHHR, TR R L E T E AN,
R BLIRIEGEMAE,
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HA R REPRODCIBLE £z, {8 FLUFIRE, ZEIN B A%
TEAERLH :

{&/H HashSet st Bfb£5 (7 JVM 15172 IHEEF—HBINiFE) H
FHRSAK B i RERIESR, i EIEBRG LR,
LinkedHashSet BH £,

B I THHBEE %, 572 Simated Annealing B £ LI R[4
1k, BBEEY CPU I A BB BABIX FIR &N &2, £/ Late
Acceptance E A& Simulated Annealing 8%, (& fFA I H/EHy

step count termination,

REPRODUCIBLE #= 5752/t NON_REPRODUCIBLE L7818, HWIRLERGL“H 15T M ef
EEMAEN, FHELETHEFLER, X8R, WRFKIEE seed, NIl REPRODUCIBLE #
A EHEABIEELEY seed, [EINZHRLIHLEE, # work stealing,

NON_REPRODUCIBLE # =/t REPRODUCIBLE Xt #REHLTEDEAE, &
K IRRF iR IEE N, WL B EEMTEE, FEL P EH
NON_REPRODUCIBLE £#=, %frt, HIRRBIEE seed, NILEXXT1EHEEREHHT
seed,

7.3. B OPTAPLANNER SOLVER H#&iZREH

B eTL{#E Y OptaPlanner solver FHEJHZER Y, LU BEBAE F5), LU TFIZgH 7 R HZE DR
P :

#iR : HE#HZ, B TfE% RuntimeException Z 745 B CIEHIBR S

IR L £, OptaPlanner BE K%M, EHiHF7# RuntimeException, &5 i/
RBESFEIE S, N ELHEEE, CIFRFRIIRER, BRIEREBCEHEIHEG
7 RuntimeException, Z/l Thread's i/ "ExceptionHandler" &FE il R A EMEER, &
B, CIERERH—# 16 Z MU TR,

EE  HETEER
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info : I REFN A solver X5

debug : I RENERIGEFENEE

trace : il RN BRIGEFNZHHIIFNES)

%{;

#E57E trace H&IL RA EEMEBIEE, 182, Rix HEILREFLZIEFT T,
LUK THRET,

B il HE DR fEE L &% (4 Late Acceptance #] Simated Annealing)
L ATEERBEEMEE, AT EHF Tabu Search FR 184 TG %,

trace #9 #l debug HiEHE 7B Z L FE I X Z HM M THZE,

7£ Eclipse #1, X/1Z#H&E i HERFRERSEH G S i EZEHE T 10000 F#H9
#Z, IntelliJ 58t Maven 5517284 Z UL 15 &IH9 =20,

FFEEILRRSEED) debug HEILR, KUEEH BRI ZGRURATTHRZRIL TK,

LUFFRAIZTT debug HZEIFH :

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-2}).

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).

B 727090 [T BB LU E R 7 i,

ArBEEEICIRE SLF4J, EE—THEMAZEIIREE, BfFEFNHZEEZRS Logback.
Apache Commons Logging. Log4j 3t java.util.logging, [E1Z55E#FHH & D RHEZCT KT,

7.4. {#f LOGBACK i 5k OPTAPLANNER SOLVER ;&3

Logback Z#7#=% OptaPlanner 2B & AHIH & il RHEF. #/ Logback i & OptaPlanner solver
V=778

TERFA

[ ]
#E—1 OptaPlanner JiH.,

TR

FFLUF Maven @@ /1% OptaPlanner ZiEH9 pom.xml X4 :

b33

BT FER BN BTG eRTT,

<dependency>
<groupld>ch.qos.logback</groupld>
<artifactld>logback-classic</artifactld>
<version>1.x</version>

</dependency>

£ logback.xml XX H1H9 org.optaplanner 2 & _LAEHERS, T, R <
LEVEL&gt; 2 % 7.4 77 “1&/H Logback 1% OptaPlanner solver ;Zz)” HZYHBIH ELH,

I <configuration>

84
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& 7% {5l OPTAPLANNER SOLVER

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

</configuration>

Ak : MREH— 1B/ NS, HA1Z1 Solver SEHIAEERIEINELT, 1EHETEH)
B &I RA TFE BB -

5 Bgrgi2 - T3 (MDC)/g[ER solve () 15/ :

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

R H & 1D RASECIE T ${tenant.name)} AT A, BI40, 7
logback.xml X f#H{#&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>

%{;

2 517% 1 solvers sb— 1 BLEEMBAN, XZHMMESF (BIFHH
&) R5FH debug fl trace H&iCR, tIHE) async K izs LuE 58 P 1
[E[ sk K H] v B iR,

1R OptaPlanner & HAFRS, &l Fm%ZE M -Diogback.LEVEL=true #7178
R,

7.5. {#fH LOG4J i ;K OPTAPLANNER SOLVER ;Zz)
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WREBEE Logdd, AETBHEERZNIEIE, WEFTL Logdd A& OptaPlanner i
H.

TERRAE

#E—1 OptaPlanner i

B L& LogdJd HEIZRIESR

TR

TP BT pom.xml XHEH :

<dependency>
<groupld>org.slifdj</groupld>
<artifactld>slf4j-log4j12</artifactld>
<version>1.x</version>
</dependency>

7 log4j.xml XH#FBIHHE org.optaplanner _EECE HZEXS), W TFHIFrT, Hi <
LEVEL&gt; 2 % 7.4 77 “1&/H Logback 1% OptaPlanner solver ;Zz)” H1ZYHBIH ELH,

<log4j:configuration xmins:log4j="htip://jakarta.apache.org/log4j/">
<category name="org.optaplanner">

<priority value="<LEVEL>" />
</category>

</log4j:configuration>

Ak - REF— N Z/ ) NEER, RFZ1 Solver LHIRTEEAR RN ETT, EFEFTE
BIH &I R TFE E AR -

5 Bgrgi2 - T3 (MDC)Jg[ER solve () /8 :

MDC.put("tenant.name",tenantName);
MySolution bestSolution = solver.solve(problem);
MDC.remove("tenant.name");
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R H & 1D RASECIE T ${tenant.name)} AT ERIX 4, G140, 7
logback.xml X f#H{#&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>

%{;

2 517% 1 solvers sb— 1 BLEEMBAN, XZHMMESF (BIFHH
&) RFH debug fl trace H&EiC R, tIHE) async K izs LuE 5% Hi P 1
[E[ sk K H] vt H & o R,

7.6. FEBERTTFE

OptaPlanner 4 Micrometer (Java i/ FAEEFBIIGERte I EE) 2 FFIGFh. 2l LUER T B T i 1R
Z5H9 Micrometer ;12 OptaPlanner solver,

7.6.1. 7 Micrometer ZZi& Quarkus OptaPlanner i /H/E5F

E¥F OptaPlanner Quarkus N/ fEF2FECIE /7€ Micrometer fIF5ER LR S:, 15 FF Micrometer
T ME pom.xml X,

TCRFA

[
A —1 Quarkus OptaPlanner i fHE.

TR

TR FERRFHG pom.xml SCHEHLFIIL FA&RIT, B < MONITORING_SYSTEMS gt; 2
Micrometer fll Quarkus 5891 2R 55 -
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b33

Prometheus HEiZ2M—H Quarkus 5709175,

<dependency>
<groupld>io.quarkus</groupld>
<artifactld>quarkus-micrometer-registry-<MONITORING_SYSTEM></artifactld>

</dependency>
2.
EUIRBH T BT NEERF, FHALUTRS :
I mvn compile quarkus:dev
3.

EEENHRERFEIEL, D PALLT URL :
I http://localhost:8080/q/metrics
7.6.2. 77 Micrometer ACi& Spring Boot OptaPlanner i/ fHEEF

Zf¥ Spring Boot OptaPlanner ;v fHECE J7{&FH Micrometer fI#5ERI LR S, 15FF Micrometer
TR INE pom.xml X,

SERRME
[ ]
#EH—1 Spring Boot OptaPlanner i [HEE/%.,
74

15 LU AR I FAEEFE R pom.xml Xcfteh, Ei < MONITORING_SYSTEMS gt; 2
Micrometer 71 Spring Boot #8911 1t F 5 -

<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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TEN FHEE/FHY application.properties X1 FNEERS. WEFEEE, FSH
Micrometer B,

ELTNBER, HWALUT®RS :
I mvn spring-boot:run
EEENHREEFEIEL, HED P ALLT URL :
http://localhost:8080/actuator/metrics
*E

&L T URL £ Prometheus scraper #5#F :
http://localhost:8080/actuator/prometheus

7.6.3. 7 Micrometer BCi& 28 Java OptaPlanner N HEF

EfFEZE Java OptaPlanner i/ fHACIE 771 H Micrometer i fHEEf, AT IFRI L LR 50
Micrometer &5 HIAC E 1= /S 7 ME T E B POM. XML X,

SERRME
[ ]
BE—1 & Java OptaPlanner v [HFE/%.,
74

FFLL AR MY FEEE/ 09 pom.xml XfEH, B < MONITORING_SYSTEM& gt; 2
— PR, BEECIE Yy Micrometer, <VERSION > ZZ{&HH Micrometer BIiRZK :

<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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90

FF IR ZHI Micrometer BCE S S 7MEITTEH] pom.xml XL, WFEEFZEE,
1HZ % Micrometer pii,

R EREE TR 7T, B &It ;MONITORING _SYSTEM > ZE4£5 7B ERA -
I Metrics.addRegistry(<MONITORING_SYSTEM>);

LUFRPIE T 7 AT 7501 Prometheus 127 %E -

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);

HTHER I FER S, LIE B OptaPlanner Wi B BI#Gr. 2\ FFLL TI5FR -

b33

FEE9E B HIE A registry 5.

OptaPlanner.solver.errors.total : EJJUEFFIELIFEL EBI5T RS K,
OptaPlanner.solver.solve-length.active-count: 24 gifE2H solvers BJ¥E,

OptaPlanner.solver.solve-length.seconds-max: & K15 178924 5i;&£k addressr B
&1,


https://micrometer.io

& 7% {5l OPTAPLANNER SOLVER

OptaPlanner.solver.solve-length.seconds-duration-sum: &1 ZECH9 solver £
solve fFZERT A Hl, BIA, HWIRE T EEBIBER S, WZfT=5F, 75— NME—2D 6
WI /Ei#/*ﬁlb]jyﬂﬁ#o

7.6.4. Hfth#5tr

WMEFEFHBGLFE, LT LIEE solver BB RHACE OptaPlanner, LIMEEERL KRR tb#gFr, LWL TFoBl
&/ BEST _SCORE #]1 SCORE_CALCULATION_COUNT 75§#5 :

<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>

B LUFE M AD B P/ FALL T I8P -

SOLVE_DURATION (&til/5/) (Bil % Micrometer £ ID:
optaplanner.solver.solve.duration) : #EFEH TR KBEEBRE. ZEAEREGIHEE L
R R ] ST B9 R i FZE0 ],

ERROR_COUNT (il /= /89 Micrometer £ ID: optaplanner.solver.errors) : #i=
TERERIN X R iR E,

SCORE_CALCULATION_COUNT (&iA/5/) ., Micrometer if £ ID:
optaplanner.solver.score.calculation.count : #Z2ATHA{THIH ¥ i BHHE,

BEST_SCORE (Micrometer meter ID: optaplanner.solver.best.score mdadm) : #i& H
B OptaPlanner BIREBI TG FED K, FIDHREBEHHPIEZR, I, X F
HardSoftScore, % optaplanner.solver.best.score.hard.score #]
optaplanner.solver.best.score.soft.score £Z.

STEP_SCORE (Micrometer meter ID: optaplanner.solver.step.scoremdadm) : #i=
OptaPlanner HfTHIG N LA, BT ERFIEBEEHBIEZX, O/, 1 F
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92

HardSoftScore, 7% optaplanner.solver.step.score.hard.score #]
optaplanner.solver.step.score.soft.score £z,

BEST_SOLUTION_MUTATION (Micrometer if £ ID:
optaplanner.solver.best.solution.mutation) : ;FZEREMBR T T2 [ BHEIHEI T EHE,

MOVE_COUNT _PER_STEP (Micrometer meter ID:
optaplanner.solver.step.move.count) : #iE 4 E i FEI9B I E,

MEMORY_USE (Micrometer £ ID : jvm.memory.used) : #i& JVM H#{&EHKA 75,
WIEFRTIE solver EHHIAFE ; [A— JVYM _LBIF T solvers FFREILIEEBI1H,

CONSTRAINT_MATCH _TOTAL _BEST_SCORE (Micrometer meter ID:
optaplanner.solver.constraint.match.best.score) : #iZ OptaPlanner _L&Z VRN
0, FPDERFNEBEABHEZR, TR, I, XY FHAE "com.example” HIR
#/ "Minimize Cost" B9 HardSoftScore, ¥ #& "com.example” &
optaplanner.solver.constraint.match.best.score.hard .score #1
optaplanner.solver.constraint.match.best.score &, 5
"constraint.package=com.example" #] "constraint.name=Minimize"’,

CONSTRAINT_MATCH_TOTAL_STEP_SCORE (Micrometer i{ & ID:
optaplanner.solver.constraint.step.step.score ) : #2451 FN LRI D H T, FI
DERFNEPEAMHEZR, FNIRE. GI, XYFHHE "com.example” HIER#F
"Minimize Cost" B9 HardSoftScore, ##&#h= "constraint.package=com
.constraint.step.step.score.hard.score #]
optaplanner.solver.constraint.match.step.score.soft.score &, I&N
"constraint.package=com.example" #] "constraint.name=Minize",

PICKED_MOVE_TYPE_BEST _SCORE_DIFF (Micrometer meter ID:
optaplanner.solver.move.type.best.score.diffmdadm : Ji|E 5 E R o] LIS REB T
£, BIPERGEBEEMAGE, BiRErS. PIH, X F— A&, X F
HardSoftScore #ll ChangeMove, &—1\iHAFr% move.type.
bester.move.type.best.score.diff.hard.score ]
optaplanner.solver.move.type.best.score.diff.soft.score B, 5
move.type=ChangeMove (Process.computer),

PICKED_MOVE_TYPE_STEP_SCORE_DIFF (Micrometer meter ID:
optaplanner.solver.move.type.step.score.diffruby : S EBE L o LIKH REBR T
£, BT ERFNEBEEMBGi 8, BiRERrw. PIH, X F— A&, X F
HardSoftScore #] ChangeMove, &—1\### tag move.type.
solver.move.type.step.score.diff.hard.score #]



& 7% {5l OPTAPLANNER SOLVER

optaplanner.solver.move.type.step.score.diff.soft.score Z(label) move.type=ChangeMove

(Process.computer),

7.7. BEREYIHF L s

% Heuristics ] metaheuristics k7 F EN M FE R ZZF B IR, LIRS EBE BFIT
BESH o gEME, R, BLFBEEENE, LIESENTESH. MEERMA—2
ﬁo

BE#L seed Z— 1N FAIEIE IBERL B L AL 25095 F

T

Bt - EEMBEYLAIRGRES] seed, EH5E—1 randomSeed :

<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>

Bt - EAKIBEHIBLEE LT, 15 LU solver BB XA SHIBG randomType &1
FEE—ME, B < RANDOM_NUMBER _GENERATOR& gt; 22— iBEH B LLZS -

<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>

SFFLUTF OIBERI L FLAS -

JDK (Bil) : FPrEBERL B AL 725 SC 0k (java.util. Random)

MERSENNE_TWISTER: Random number generator implementation by
Commons Math
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WELL512A,WELL1024A,WELL19937A,WELL19937C,WELL44497A #]
WELL44497B: Random number generator implementation by Commons Math

X FAZHAAH, randomType BHAIETEFNIE 2 T BIEE L REMITTFITIE)TE,
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%8 8 & OPTAPLANNER SOLVERMANAGER

Solver Manager 2/ F—1\5t %1 Solver SLAIHIEE, HE T REST HIE b RS HHIH %Y IH]
&,

4 Solver.solve (...) AT [E, SolverManager E&LI FHHE :

SolverManager.solve (...) ZEI& D] : ERVIEAGLIZL MR, ML HF%RE, X8
#58 HTTP FHIREHABIEENT 178,

SolverManager.solve (...) AT FH{THER 61— 895 TN 5],

1E/958, SolverManager EFE—1* solver ZF2HIZCEE M, 446#EVH/H Solver.solve (...), LRI FER
ERR TG EEHFEHIILE,

££ Quarkus #] Spring Boot &1, SolverManager A& Bz EA LRI, WIRZEEH Quarkus
Bt Spring Boot LI#ABIFA, & create (...) Ti5F7E SolverManager 54 :

SolverConfig solverConfig =
SolverConfig.createFromXmlResource(".../cloudBalancingSolverConfig.xml");
SolverManager<CloudBalance, UUID> solverManager = SolverManager.create(solverConfig,
new SolverManagerConfig());

{23 F SolverManager.solve (...) 75BN EiEB e AT 25 W —B9/58 ID, 2 J& v
getSolverStatus (problemlid) 2t terminateEarly (problemid) & /=& ID FX 5 if £j7/3, & ID £
HEF %%, #Long. String 2t java.util.UUID,

SolverManagerConfig 28874 —1* parallelSolverCount E1£, HIFZHHT517% 41 solvers,
410, #IE parallelSolverCount BIEKZE Y 4, HHEIZZE A NS, NP9 EEHETHIBR HEE
B PEEER A — NG R TG, WRXLL o[ GRER DD, WER & EZER 10 2 FEET
B, B EXTF, parallelSolverCount &% AUTO, BT —FB9 CPU ¥, TITZ/E solvers
HJ moveThreadCount,

BREREBIGE, RN EERAEH 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 ...;

}

182, BELHFEILZ, TR HERERTFRIERMUIETE, LR LSRG T HHTE
ﬂj # /*0

245iiR9 SolverManager LA if BHL T m_Lisfr, (HEAFHTEEHEERZHDX solver 17 %,

8.1. HAEERER ]

HEBRIETEHITHRZ TR, HEBRERITIFTIER :

BHBEA L RBIEEN, FLY 5N, G/, £ FREIZEATAH
Hiag K,

solvers JLUS{TE KA A (EEN) , B nobody iIETEF 4R H CPU FriFdEEE
EH,

LA TABF—TIHR, aTLEFBERTGE,

TR

FH{THER IS, 15 parallelSolverCount BIRR#Y, EX/ 1 EH#EE ) solve (...) QI TLUT
x:

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,
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// Called once, when solving ends
this::save);

public TimeTable findByld(Long timeTableld) {...}

public void save(TimeTable timeTable) {...}

8.2. BRI W B E

L EFRERT FENE{TRREN, R asEEES /1041 FEEREGR, TR —
YIEE, B BTREBRGFEHRGRED B D THE,

FU A REBATSTE, 17EH 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);

}

WL E RS Ul B, EREgREF. BRI IREBRR T FEEHXET

Ul E S E5 5,

2 iR E R TG A T RS EA R T FNS, 5

SolverManager.terminateEarly (problemid),

97



Red Hat Build of OptaPlanner 8.38 { FAZLISFJEEM OptaPlanner F A fRR AR

&84 IV. OPTAPLANNER 4 #if &

DEOIFRTGF, REBRTF IR RE TR

—_
H =

KEY, ZHEEUCHTFTEAERRGFEF RS
BTN RE D FIFERGE, XA REFERTGE,

#1* @PlanningSolution E#E—1HH, BEELEHTBERGFEHIB NG %, PEEEIBERT

OptaPlanner 7% B 5IAIE WP TNMER T Fimid GBI 55, B & AT RIEERT 5 1T B 15 E
@PlanningSolution SLHIEIH ¥, WRETILHELLHERHINFLIR, BEABFEATELHL, MTF

Kl :
Optimal with incomplete constraints
The optimal solution for a problem that misses a constraint is probably useless.
Optimal solution Patched solution Optimal solution
with missing constraint for missing constraint with all constraints
Muclear cargo requires
special vehicle 30 30 30 30 30 30
.5 .\
40" ﬁmo . 40" § 100/100
80100, 40 40
T — 4U | --H"--_____ 40
40 - 5P w- @ m
2.5 00 ponoe 2N 000 | //‘/ 100/100
- - —
30 30 30 30

30 30
Highest feasible score

Mot feasible

Note
Pinned entities can sometimes offer a temporary workaround for an end-user.

98



%5 92 OPTAPLANNER Rl 55BR &l

%8 9 & OPTAPLANNER sl 55 BR#)

(E N 55 BRI BRI BIFR A, LR R TFHEWEEE, FRTHMY. G ThiFsbwEH
W, Z{£ OptaPlanner #15Ef W 525k, WHELYRBAERE 082K, OptaPlanner FIZHHILLT
DB MHER R FHIBERTE :

score signum: {F2FERIEE 1

DENE : FHREKFNTETFLIREE

DEIT (. F) : X —HLIREEBILER

%{;

TRELHIE AN FHAHERFTE LD RS, HLHEE— ML TREEZN. Bk
D EBRE,

9.1. 71 FIIE S #IRF

FrE A BBR PR FLIR, YK TLLE— P HEAER, 2 Maximize the apple harvest in the
solution or a more complex pattern, #JEaJLUE i H9sbiEH, EZFEEZRAIEBIRE, 17127 E
EZRMEBIRT,
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Positive and negative constraints

Pick the solution which maximizes apples and minimizes fuel usage

~E

. P T
Maximize () = () =1 Optimal solution

i
!
A 3 < i ? ? ? 5

Optimal solution

< 1
Maximize .\j and minimize B = (j =1& WB=-1 Optimal solution
5 D \5 @ Kj )
< < |

BRI T iR EBR TG FIGA R BREIINH, TIL2REIELZE N,

AZBHAHLN TR EF R, HUEDEFGH, EXFERT, PHEALIRGNELA, TED
#7 0, 4140, 7 N Queens [Hgida, £FZ T LIEE KT queen X/ HBGGi &, ZFaJLIZA 11 RIIER
#, BRI —5 I 2 AL,

LR E T R LHEE LT, By 01 2R PBTiiEIELIR, EF 2RI,

9.2. HELIFNE

HIFATE D HREEBATFEE, WR—RPUT—1LIR, GZREF7— 2R, XA R

BETRBNE, EIREENILFHEREGH BT,

AT LA B OIS IO AR, DB EHFFFE, EXFERT, ERFHRARL, 7R TR
ABEREZHE, HIFE—ERAREIESFIE,
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2E, HPENELBEEHTORBULR T, O, BERBH—XAFEES I BE9NE, BLIEE
H?@o

LIRPEBCHI T E AT EEIR AR T HRAGiT R, G, =T, BLRBNESFET AR
WEE LT BHBILET A, 1 i BB AT,

IR _ERERIFINEE BRI EREHIRE, B X FRAREML EFERIE, TE697aE
XE BT REBIEEL.

TESLIB TG, TERFALHRIXEN 18, #KR, FM @constraintConfiguration 3F, HATFH#
7 Ul BHEN], THEBLIEL mediocre B4, T EFT :

Score tradeoff in perspective

Picking the right tradeoff is less important than using better algorithms.

(& Profit
Maximize < () Ecology

W Employee happiness

Uniform focus Profit focus Uniform focus Profit focus
with traditional algo's with traditional algo's with OptaPlanner algo's  with OptaPlanner algo's

C e

Profit focus gain -

T ) |USS-[
Algorithms gain -{I

Profit focus gdlr‘l

® O ® O ® o ® @

?® 902 ©0 2 o ¢ o

AZHEOIEEH A int XEKDE, #] HardSoftScore,

9.3. BELIFRLH)

B, DRI F—PRELIR, EiLlaZFET 2D, EXFERT, XELHRHAETREIH
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o BT, BITFHEEFLHIRE, nurse E AN H T XFHE, BILILZIFRRBEMBATA nurse
happiness 2V,

AZEAOIR BRI 2P, B hard fl soft, BNIFLEH T2 EEGI S, BEHLEE—THERK
o HRITDEAE, TRERREGHBRS ., I, B 0 TMELIRA 1000000 FBRFHEI S B #
B 1 B2V A 0 BRI H HE 5.

Score levels

First minimize overloaded truck axles,
then minimize fuel usage

e A
1 overloaded axle is worse PERER
than any number of fuel usages :

- -
- ~— Ty

== "

- N
N\
L
A
=
A A A L_ Optimal solution
LN W &%
<

IR BTN EH T LERBR, WRRBERE, N2 ZE ST{TH,

Sﬂ;

ZUIEXF, OptaPlanner 7if #I{E A AAT A 1T HIZE, WRREATITHIBRTGE,
DEREREBRGFRET TITH, BRERL AR ERDE, 155 ZRETT RIS,
ﬁ o

X FENR, BRTEFE— DI PENEFHDES, OV, -1 soft BIHBIH 7, KEN
1, 5N, HEBINFSHLFET RGBT, EDEAALIRAE, X PEATBERGE (F
DEHTE) TAXEFTIF:

102



%5 92 OPTAPLANNER Rl 55BR &l

Score folding is broken

Don't mix score levels

CPU Folded score Good score
(hard * 1 000 000} + soft hard and soft separated

mEmC e
|' | ¥ 800000 % -1 500 000 -1 hard / -500 000 soft

Highest score

\ | z 800000%
[ [ ] ] Y 800000 $ -2 100 000 [0 hard / -2 100 000 soft

Highest score

Score folding also stimulates overflow

3000 m W 100000 $ 1 294 867 296 3000 hard / -100 000 soft

%{;

BRI 55 BTRER B VR AT B IR A EB B AEIRIBIE, By ENTEL BT, BN EE

RE, XTEIEHL, WRIEEREETFEATTHIBERTGE, 5 aTLU#EHRDE
ERGFEFAGE RGP Z DTN SR, I, H=FEEH, f&aT{TH9FRGFETL
X FEZ DHITE.

TiH, HREBIFBIELIREBEERBIINE, EoJEER I — 12 HIGH . 14, R
i BHERHAERE 7 X% CPU, HhLERTFEEH, WRITENERIES, ST
A715 BRERE—T CPUXY,

OptaPlanner 835 =1%FZHEEH. PV, RAIAEEREEZWALIHEE, RZBH, XK
TERFIZEFY Y EEB LB RRIE

X

EBEA TR0 5T, EFFEREAAESHKS, & OptaPlanner 5] LI EEF
EZ iy e 58
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AZEHOIEBEHEGH 1 st =B #, # HardSoftScore #1 HardMediumSoftScore, #a]
LIABSFTEX LA, BEUTEE :

Score composition

How are the score techniques combined?

Constraint 0 Constraint 0 Constraint 0
Overloaded axle Fuel cost C0O2 emissions

Constraint 1 Constraint 1 Constraint 1
Sleep-deprived driver Happy driver Methane emissions

[ -34 / -170 : -1004

Score for 1 solution
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% 10 & OPTAPLANNER SCORE #[1

2 #Hi Score #[0Zx, EY /ET Comparable L] :

public interface Score<...> extends Comparable<...> {

}

B2 LR AR F ARG, BRSPS HF—1 K 8, OptaPlanner B/ 1TNHED ¥

SO, (HEEH LIS R E X D, XS FER HardSoftScore £#,

Score class diagram

Choose a Score implementation or write a custom one

<<interface>> [ ) ice ]
‘ Score ‘ ‘ Comparable ‘
£
| LSimpIeScore SimpleLongScore ‘ | SirhpleBigDecimaIScore |
| score : int | | score : long | | score : BigDecimal |
N
E HardSoftScore HardSoftLongScore ‘ |HarﬂSoftBigDecimaISc0re|
¢ | hardScore : int hardScore : long hardScore : BigDecimal
+ | softScore : int softScore : long softScore : BigDecimal

HardMediumSoftScore

hardScore : int
mediumScore: int
softScore : int

FIBE D ¥t #8E —1 initScore (int), BT ZHMHFAEBEEF OptaPlanner : EEK G 1EHTT £1Z

BERGH, MAFBIBEXY, XZE0, BRIFFECEBHIBIEATEHLNZESAIERSE, X6
g1, Score .isSolutionlinitialized () &/[d] false,

LENTEATTR, PHSEHE (41 HardSoftScore) w2 4if8E, 2 HELHHRBRT EEPIRIE -

@PlanningSolution
public class CloudBalance {
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@PlanningScore
private HardSoftScore score;
10.1. A Hi EHHIFmS

WG F L float 640 # 1T EHEIRLS, X9 BigDecimal 5t scale long, Zm5E:%
IEffZE T AT, A, W55 EXIEHES 0.05 5, ik, cE53REAAENE, EX, 8%
EmMHAIR L, @FHEERS (FFHEHEE) 2FHAREFER, WTERT :

Score weight type

W=001% Use the correct number type
Fuel usage double BigDecimal
double-precision 64-hit IEEE 754 arbitrary-precision signed
floating point decimal number
Vehicle X EEE 0.03 0.03
Vehicle Y EEE 0.03 0.03
Total 0.06 ' 0.06

Highest score

Wehicle X "\ 0.01 0.01
Vehicle Y FERERE 0.05 0.05
Total ‘:0,0600000000000{30005] ‘ 0.06 |
Highest score Highest score
[ SimpleDoubleScore | [SimpleBigDecimalScore |

‘ score : double | ‘ score : BigDecimal |

TN, FFE BRI XK -
I System.out.printin( ((0.01 + 0.02) + 0.03) == (0.01 + (0.02 + 0.03)) ); // returns false

XA FH B EHT
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+H B F(BigDecimal) ;R X L] &,

X

EZGAHML int. K 3% X EEAERFZ, ARLHEP, HHITEFEE KB
/‘H70

Eilt, ZHRZIERT, HTEFEFHANDEINE B HEFTUA1, EILHHIE
EEYER int 38 K, G0, HWREFAEIEFLL 1000, /I 0.07 9 fuelCost Z#F
fuelCostMillis 77 70, #H T & H#5HIE,

10.2. ZHifEXHE

i FBRTGTFED R AL

T Java i1 E - L Java st E M JVYM 1E S8 A — AL AT AR, XN ELE
TR

AR BHBOTE - FFHFIIRELI Yy Java stRM JYM 15 SHIB LR T, X1 T 5 RE
Hay Ea,

188 Java BEITE (FHE) : #F Java stAM JYM i5 5L Z ARG G2, X5
ZRE,. oY R, BIRVELBRIZEDT

Drools #¥it 8 (EFH) : FFEF12IRIEY DRL FHIHEIS BN LI, X PHEATT
EO

FND i BRI T LT 23 E K, # HardSoftScore 5t HardMediumSoftScore, AFE %
i B BEBERIX R, HolELFFHER Java U5,
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gZ

DETEBA R E, ET LG R F i B FEL, HI, 2EiTET
X BT E R BIHRSAEE setter Tri%,

AR T LT, 75/ T environmentMode Br5#f, OptaPlanner 72 E#7il EF
REEDH, O, LR TEEL TG, Tl B0, B2 aiEcEHUE, Bt
TERUE D B B B IR E ML fr 4 .

B E B BRI, E&EH shadow £,

10.2.1. Implenting the Easy Java % #if S£%

Easy Java 5 #i EXIZH T —FpfE Java 15152 B BRI HE 0%, #EafLUERHE— 7%

Java stEfh JVM 155 ST B RR %,

ﬁli‘\ :

EHZEIH Java, BILREFTHIZ

TRR—TNFH BT B EIEL T BB/ AR I E

RIERTI FEL

TR HIREEELHITE

T

S8 EasyScoreCalculator #/7 :

public interface EasyScoreCalculator<Solution_, Score_ extends Score<Score_>> {
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Score _ calculateScore(Solution _ solution);

LUTFFAITE N Queens /IR SC X PNMEO :

public class NQueensEasyScoreCalculator
implements EasyScoreCalculator<NQueens, SimpleScore> {

@Override

public SimpleScore calculateScore(NQueens nQueens) {
int n = nQueens.getN();
List<Queen> queenList = nQueens.getQueenList();

int score = 0;
for (inti=0;i<n;i++){
for (intj=i+1;j<n;j++){
Queen leftQueen = queenList.get(i);
Queen rightQueen = queenList.get(j);
if (leftQueen.getRow() != null && rightQueen.getRow() != null) {
if (leftQueen.getRowindex() == rightQueen.getRowindex()) {
score--;
}
if (leftQueen.getAscendingDiagonallndex() ==
rightQueen.getAscendingDiagonalindex()) {
score--;
}
if (leftQueen.getDescendingDiagonallndex() ==
rightQueen.getDescendingDiagonalindex()) {
score--;
}
}
}
}

return SimpleScore.valueOf(score);

}

1£ solver BCiEHRACiE EasyScoreCalculator £, L FafEr 7 Aad7E N Queens [A[&iH
SR NEO -
<scoreDirectorFactory>
<easyScoreCalculatorClass>org.optaplanner.examples.nqueens.optional.score.NQueen

sEasyScoreCalculator</easyScoreCalculatorClass>
</scoreDirectorFactory>

F# solver BgE ) A80E EasyScoreCalculator 7 %891, LUEE#L5 ol LI
#, M easyScoreCalculatorCustomProperties st & H EHEEX B :
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<scoreDirectorFactory>
<easyScoreCalculatorClass>...MyEasyScoreCalculator</easyScoreCalculatorClass>
<easyScoreCalculatorCustomProperties>
<property name="myCacheSize" value="1000" />
</easyScoreCalculatorCustomProperties>
</scoreDirectorFactory>

10.2.2. I8 E Java 5 ¥ i ERHE

Incremental Java 51 EXEBIEH T —fHH, BILITE Java HZEZ L0318,

b33
TEXEHXTEE,
[ ]

FEERZEABTY RH, HWIRIEMHLH, X2 HBiREHEE,

RAEB A,

— PN RAILTE, EAXERABS. F51F,

BT TR, %Kil WEH A LEMEENLAL.

A, BEADBIRERNATER F SR R,

T

SZ8 IncrementalScoreCalculator #Z BT B 2 -
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public interface IncrementalScoreCalculator<Solution_, Score_ extends

Score<Score_>> {

void resetWorkingSolution(Solution_ workingSolution);

void beforeEntityAdded(Object entity);

void afterEntityAdded(Object entity);

void beforeVariableChanged(Object entity, String variableName);

void afterVariableChanged(Object entity, String variableName);

void beforeEntityRemoved(Object entity);

void afterEntityRemoved(Object entity);

Score_ calculateScore();

IncrementalScoreCalculator
sequence diagram

A B C D
sy o OptaPlanner Queen \IncrementaIScoreCaIculator
x@: 1 - resetWorkingSolution(...) :
i calculateScore() -~ !
LR
ChangeMove
A B C D doMove...) 1 beforeVariableChanged(queenA, "row”)
[}
- ] - queenA.setRow(3)
i —
> i afterVanableChanged(queenA, "row")
3
i g calculateScore()
SwapMove
doMove(..) ~, | beforeVariableChanged(queent, "row")
< queent.setRow(3)
A B C D 7 ]
@ o K afterVariableChanged(queenc, "row")
]
1 beforeVariableChanged(queenD, “row”) /’_‘_‘
2
“_gueenb.setRow(1)
g 3 —
i afterVariableChanged(queenD, "row")
. calculateScore()
-1

LUTFFAITE N Queens [HEIHESE X NEO :

public class NQueensAdvancedincrementalScoreCalculator
implements IncrementalScoreCalculator<NQueens, SimpleScore> {

private Map<integer, List<Queen>> rowlndexMap;

m
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12

private Map<Integer, List<Queen>> ascendingDiagonallndexMap;
private Map<integer, List<Queen>> descendingDiagonallndexMap;

private int score;

public void resetWorkingSolution(NQueens nQueens) {
int n = nQueens.getN();
rowindexMap = new HashMap<Integer, List<Queen>>(n);
ascendingDiagonallndexMap = new HashMap<Integer, List<Queens>(n * 2);
descendingDiagonallndexMap = new HashMap<integer, List<Queens>(n * 2);
for (inti=0;i<n;i++){
rowindexMap.put(i, new ArrayList<Queens(n));
ascendingDiagonalindexMap.put(i, new ArrayList<Queens(n));
descendingDiagonallndexMap.put(i, new ArrayList<Queen>(n));
if(i!=0){
ascendingDiagonallndexMap.put(n - 1 + i, new ArrayList<Queen>(n));
descendingDiagonallndexMap.put((-i), new ArrayList<Queen>(n));
}
}
score = 0;
for (Queen queen : nQueens.getQueenlList()) {
insert(queen);
}
}

public void beforeEntityAdded(Object entity) {
// Do nothing

}

public void afterEntityAdded(Object entity) {
insert((Queen) entity);

}

public void beforeVariableChanged(Object entity, String variableName) {
retract((Queen) entity);

}

public void afterVariableChanged(Object entity, String variableName) {
insert((Queen) entity);

}

public void beforeEntityRemoved(Object entity) {
retract((Queen) entity);

}

public void afterEntityRemoved(Object entity) {
// Do nothing

}

private void insert(Queen queen) {
Row row = queen.getRow();
if (row I= null) {
int rowindex = queen.getRowindex();
List<Queen> rowindexList = rowIndexMap.get(rowindex);
score -= rowindexList.size();
rowindexList.add(queen);
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List<Queens> ascendingDiagonalindexList =
ascendingDiagonallndexMap.get(queen.getAscendingDiagonalindex());
score -= ascendingDiagonalindexList.size();
ascendingDiagonalindexList.add(queen);
List<Queen> descendingDiagonalindexList =
descendingDiagonallndexMap.get(queen.getDescendingDiagonallndex());
score -= descendingDiagonallndexList.size();
descendingDiagonallndexList.add(queen);
}
}

private void retract(Queen queen) {
Row row = queen.getRow();
if (row I= null) {
List<Queen> rowindexList = rowlndexMap.get(queen.getRowindex());
rowindexList.remove(queen);
score += rowIndexList.size();
List<Queen> ascendingDiagonallndexList =
ascendingDiagonallndexMap.get(queen.getAscendingDiagonalindex());
ascendingDiagonalindexList.remove(queen);
score += ascendingDiagonallndexList.size();
List<Queens> descendingDiagonalindexList =
descendingDiagonallndexMap.get(queen.getDescendingDiagonallndex());
descendingDiagonallndexList.remove(queen);
score += descendingDiagonalindexList.size();
}
}

public SimpleScore calculateScore() {
return SimpleScore.valueOf(score);

}

7£ solver IdiE A7i& incrementalScoreCalculatorClass 25, L FrPEr 7 AHIE N
Queens [HEd S X N EO -

<scoreDirectorFactory>
<incrementalScoreCalculatorClass>org.optaplanner.examples.nqueens.optional.score.N

QueensAdvancediIncrementalScoreCalculator</incrementalScoreCalculatorClass>
</scoreDirectorFactory>

BZ

I EHHF I8 E 7 BT B AT BELL KR, T
EasyScoreCalculator 3%/ environmentMode Mt % B8 E, LURUFE IFH
#,

F7F solver BECiEH5) A& IncrementalScoreCalculator B9{E, LUEER S o] LI L

13
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Z¥, M incrementalScoreCalculProperties JT&H & H EE X B :

<scoreDirectorFactory>

<incrementalScoreCalculatorClass>...MylncrementalScoreCalculator</incrementalScoreCal

culatorClass>
<incrementalScoreCalculatorCustomProperties>
<property name="myCacheSize" value="1000"/>
</incrementalScoreCalculatorCustomProperties>
</scoreDirectorFactory>

gl : L8 ConstraintMatchAwarelncrementalScoreCalculator #00, LUEHLITFH

&5 ScoreExplanation.getConstraintMatchTotalMap () X/FPHELIEH 75
2, LU H,

17 ScoreExplanation.getindictmentMap () SBTFER1 % (L SEHERFE A RYSELK,

HWIE 1 FAST ASSERT 5t FULL_ASSERT environmentMode H1#iitF
IncrementalScoreCalculator, ZFRIKEFHEIH T,

public interface ConstraintMatchAwarelncrementalScoreCalculator<Solution_,
Score_ extends Score<Score_>> {

void resetWorkingSolution(Solution_ workingSolution, boolean
constraintMatchEnabled);

Collection<ConstraintMatchTotal<Score s> getConstraintMatchTotals();

Map<Object, Indictment<Score_>> getindictmentMap();
}

ol Y EF AR, HEFENIRERGE—1 ConstraintMatchTotal, FH/7&F
PNYFE LA addConstraintMatch ()

public class MachineReassignmentincrementalScoreCalculator

implements
ConstraintMatchAwarelncrementalScoreCalculator<MachineReassignment,

HardSoftLongScore> {

@Override
public void resetWorkingSolution(MachineReassignment workingSolution,

14
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boolean constraintMatchEnabled) {
resetWorkingSolution(workingSolution);
// ignore constraintMatchEnabled, it is always presumed enabled

}

@Override
public Collection<ConstraintMatchTotal<HardSoftLongScore>>
getConstraintMatchTotals() {
ConstraintMatchTotal<HardSoftLongScore> maximumCapacityMatchTotal =
new DefaultConstraintMatchTotal<>(CONSTRAINT_PACKAGE,
"maximumcCapacity", HardSoftLongScore.ZERO);

for (MrMachineScorePart machineScorePart : machineScorePartMap.values())
{
for (MrMachineCapacityScorePart machineCapacityScorePart :
machineScorePart.machineCapacityScorePartList) {
if (machineCapacityScorePart.maximumAvailable < OL) {
maximumCapacityMatchTotal.addConstraintMatch(
Arrays.asList(machineCapacityScorePart.machineCapacity),

HardSoftLongScore.valueOf(machineCapacityScorePart.maximumAvailable, 0));
}
}
}

List<ConstraintMatchTotal<HardSoftLongScore>> constraintMatchTotalList =
new ArrayList<>(4);
constraintMatchTotalList.add(maximumCapacityMatchTotal);

return constraintMatchTotalList;

}

@Override
public Map<Object, Indictment<HardSoftLongScore>> getindictmentMap() {
return null; // Calculate it non-incrementally from getConstraintMatchTotals()
}
}

getConstraintMatchTotals () fCig18%K£#/ normal
IncrementalScoreCalculator 75 48—, 2% 741 Drools Score Calculation &%
XAk, FENTET = EEHiN 6910 2 H 5Pt AL,
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% 11 Z INITIALIZINGSCORETREND 2%

T LUfF InitializingScoreTrend EFMEBILIEE AR, LUEELEH MZTETEIEN 2 #E9ZE, HA
BB IEHTEFAHT, REMIEESL, HW4EH Heuristics 71 Exhaustive Search, fEiX245 /8 al/H

0 FIR 51T,
BRI LUy H BB F T D BB D HNTEE L FEF & — :

ANY (BCiA) : #GIEHIS 8 RTEE A LUE BB 01 EIHY o A DB, S FEZ T IEAMEE
&t

ONLY _UP (rare) : HIIG1IEETHN B E HEELUFRIEFH S, ONLY UP EHFELITHR
1 -

HEIERH,
HIEME F— 1 FE LA ILBZ FitJia 1892 S PLADHG IE 2R,
ONLY_DOWN : G LN B9 B REEE XS, ONLY _DOWN FELITRHA -
REGRE,
HIEME F— 1 FE L L ILEZ FitJIa 1892 S PLADHG 11 2R,

AZHAOIRE L BRH, 772 ABIEBE(XEHLEY InitializingScoreTrend 3§, 21 FHIfFT :

<scoreDirectorFactory>
<constraintProviderClass>org.optaplanner.examples.cloudbalancing.score.CloudBalancingCon
straintProvider</constraintProviderClass>

<initializingScore Trend>ONLY_DOWN</initializingScore Trend>
</scoreDirectorFactory>

TiHt, LA LI IEE T 1A I IB9ES, W TFOIR T -
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<scoreDirectorFactory>

<constraintProviderClass>org.optaplanner.examples.cloudbalancing.score.CloudBalancingCon
straintProvider</constraintProviderClass>
<initializingScoreTrend>ONLY_DOWN/ONLY_DOWNC</initializingScore Trend>
</scoreDirectorFactory>

17



Red Hat Build of OptaPlanner 8.38 { FAZLISFJEEM OptaPlanner F A fRR AR
E 12 & ZHB95 0

HIREZ(#E environmentMode £, FH¥F(E75E % FULL_ASSERT 3¢ FAST_ASSERT, J* 5=
RUIEE T R W5 B

162, XHMIFRE IR DI Fised L T ERH HRH, A, —NIReTER S RERT
B, BERIEW IR, i5ACE assertionScoreDirectorFactory 2% :

<environmentMode>FAST_ASSERT</environmentMode>
<scoreDirectorFactory>

<constraintProviderClass>org.optaplanner.examples.nqueens.optional.score.NQueensConstrai
ntProvider</constraintProviderClass>
<assertionScoreDirectorFactory>

<easyScoreCalculatorClass>org.optaplanner.examples.nqueens.optional.score.NQueensEasyS
coreCalculator</easyScoreCalculatorClass>
</assertionScoreDirectorFactory>
</scoreDirectorFactory>

7£Z&BIH1, NQueensConstraintProvider S8# EasyScoreCalculator %71,

X

DXFBER FE B E BB P AR, (B T2 R S 7L 5E K, EERIFEH
ConstraintVerifier T80,
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# 13 & JHiTEMEERT

EREBIKEER AT 3B Ris T2 ¥ 8, %il 81t solver BIREBH H1fH. FRIGHHITE
LUEIRBGE B D B9 [H& OGBS R TG 5, X285 Tl —h A iE B B AP HIER T3, REFLUFHRAR
BEH i M.

13.1. 2 i EZE

LB AR, FXERAEDE T ERE, MTERARESDH, PEIFHZEXHNE
W Al BERBATHA, OIS LM FA M L/G optima Hiif, WREIELFLHiTEZEE, WHHiTEH
HEFEMET YL,

BRI EZEEE A EN 2T EMEE, AT SRR i EATTI BN, 25 R AT &
BIEER Y 1R, EE, AMEEAHE G, GRSHE2EST 1000, BRIFELEGERH
EasyScoreCalculator 3£,

BIYEET R, EeTLUERamIA HIRE, HIFRHTH FRE SR EEEA T,

%{;

FRED G FEREDBHATIEEE S, ES apples fil oranges H{TH .,

13.2. BEHHIIF

BENHITEBFHHETF delta BIBHITE, HBXRGTFELLETIEN, 18808 BB SR E
12 Gk B2 IH B BRI REFTBIA L, T BRI T TGP EHT i EZE N2, 6/d, £ N
Queens /78I, % queen A M7T 1 #5)F) 2 {7/, incrementalScoreCalculation EF &£ & queen
B #ll C E&ALUHE K H;, HNENTEEH T (iiE, WL TP :

19
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Incremental score calculation

Incremental score calculation is much more scalable because only the delta is calculated.

A B C D A B C D
o ] o [Ew
1 N 1;1{/\
2|k \\ 2‘@_‘_

3 LT i

LUFFAEZ T3 T X B8 8 5 HiT 5 -

120

The rule engine
(with forward chaining)
only recalculates dirty tuples.

gqueens dirty

4 3
8 7
16 15
32 31
64 63
n n-1

total
of 6
of 28
of 120
of 496
of 2016

of n*n-1)/2

speedup
time/ 2
time/ 4
time/ 8
time/ 16
time/ 32
time / (n/2)
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Incremental score calculation

Calcuting delta's is much faster than calculating the entire's solution's score.

Mon Tue Wed
€ 14 22 & 14 22 6 1 2 BigO for n shifts
1 1 1 1 | 1 | | |
g - S e Constraint From scratch Incremental
- Ohard Ohard Ohard RequiI'Ed skill D(T'I) D(l)
R S = At most 1 shiftday O(n?) o(n)
Ohard 1hard 1hard ':':
e a= g= h
ara
Check every shift:
0+0+0+0-1-1+0+0 Mon Tue Wed
Required skill score: -2hard 6 14 22| 68 14 23| & 14 22
| | | | | | | | |
Calculation from scratch (easy java) Incremental calculation (java, CS)
+ . . . -
o Fam = - = Fam = -
Ohard Ohard Ohard
- -
- C o Y = E o=
Ohard 1hard 'j': +1h.—1r[i
Ohard Ohard Ohard Ohard
Check every shift again: Check one shift (old & new)
0+0+0+0-1+0+0+0 2+1-0
Required skill score: -1hard Required skill score: -1hard

EEHH I Bl T EENIMEERATT B, 2% 55 Drools ¥ i Fiett 7oy it Wat, mr
R EE S BIEE S B B %, RFE 52T T,

FAR, 1R KA FEBGHLEBIA D (BB n) . XREFIEELHITHEATT [,

13.3. EBBIRSS

BRFESF EasyScoreCalculculator BHFEFIHRLZE, SHWTFEELHI D il Eh i ERS. %
HERR BEFEER D BT EMEE, MR, ZrXLaiZRF5EI%AR,

HWRLIRBGRLEEE R T LT H—K, 2 solver j750if, HXZFEABIRIERNE, FfFRIEH
Fy I EFE L,

13.4. TR AR

HWIREHE I ELTRTEEB WL, E L EHBL, T ENRBEASHLIR, A4, £ N Queens
(e[, BETEFRREEZ 1T queens occupy f6/E%Y, H77 queen F=X i FREHK, HAFNER
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T REMFEF_LEIFT queen FFLE.,

%{;

TELERERESHBAR, WRRLEHEERBREBFFENZIR, ARMEE RELT
LITABHZIR, T % BRIERIEES S EX DI,

13.5. HEREH R

ELRBN AT LI TER, TITELPELTHR, B, £ school timetabling =64, #IR Lecture
A T #HE325 Room X, {HE#fH Solution L9 ValueRangeProvider 3£, Solver 185 &2 fFE 70
%8 Room X, LUAXHERBHELIR, HEHLSMETIEREFEFREE ValueRangeProvider, LUE X
Lecture A )/ iZR4B5 X F/a69 Room A,

XA E— LGSR K ITRIFEIMRE, TP H i FREEFR, EXZHIACELIFEADE
W ST REIBER TR, 182, SBETETHER, EHXGEBIIFL 7R KRB =,

FFZ AL B2 AR T B T BT XS BT EEIR %, i1 2Ff8 41 optima,

XL 7 LB RE, WDEEFR B MR E5IEGELAL.

13.6. 2 HPELF

RGBT S IR FIEBT 2 F D BIGH . BE5FE score 2YFX 2R ICEC L fEHEIRBIINE, 1F
X PHALRIEETE—E, FHHAZLIROE—T flatlined score B, X aJEF MR EKE, B
STHILTRB 5] F BEMER SR 1% — 2 RBIIE, LU FTOlFET 759G

FMEEXIBZEN X, BE—RXRBI—1 X, solver REBMIMIFX AL BE
REXHEARBGZS, BEEX T, FHESHEHFPE—T doctors LILAIZ,

BPZ XS T, BE—RREBS—1EiR, BRECGHETBSIRA—TBIER
F, HF—TZABES— TG, BRI, Fam— T EaETE, BN BsIM1E
iio

FHEZa 75 G -
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Score trap

There are degrees of infeasibility

CPU Trapped score Good score

5 -lhard if any missing CPU  -1hard per missing CPU

[ [ 3 ] Y 1000 -lhard / -1500soft -Shard / -1500soft

f~

1000 &

3 ] Y 1000 -lhard / -2500so0ft -2hard / -2500s0ft
" Highestscore

A\ V

Z 10003

| v 10008 [ -lhard / -1500so0ft ] -Shard / -1500so0ft

Highest score

5
V4
I
J

™

3 ] Z 1000%

WREEBTEMLE T FHBEZEEH, WEDEN ZiEE, 82, BHREDIIEBEAMEX—
o solver RN ZRBEIX TGS, BRTEHAXEL S, WHEELEITE LAEEZSHEN, HXR
RIEZ I, LEp L el FFE 2 BN BB R 5 BHA, ESHMREIX,

Sﬂ;

WD BPESIH T EGRE EH2 BDREN A B B ERE, LA optima, tREEHIE
1L E L LI EE A optima,

5 5 BIG I E aT LU S 1 TR,

23

BKIGETHERE, WHEERT "WRERGFEAT(T, WIHTEE", HBASA W
FiE AU, NAEITBMSHTEE, EHWMTEERGFET RIS E =4,
L, HIRFEFELEATGTAAITIIRIE, X R 2 FEERGITHET— 148,
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A LI Z f00 AL 5 BE S -

M score ZE, LIXADRBINE, P, HENRLPEI CPU iFE -1hard (HIRREF
o CPU ) #47 penalize -1hard.,

WRMN AT R EBRDHLIE, FRM— BB, DHLTR, Gl AR
CPU, ZE#H1N#4HI CPU _E penalize -1 subsoft, V552 BBEFH 2K,

R FEE B BIAIR BB 5 IR BB s HICE A EN T, R EBIIBRAANTERBE), B
T E—BEER T BEES . I, HFZ1TME— BB 5IE7— 1 &bt

13.7. STEPLIMIT &/#

T ZATE D IR BEIEIRIIEEER L, B, —TPERAGERL U D FHEE, FREZR
HIT—2 51T, REaEIFEATA S ERANER F— BRI, RESH T EEERERH.

13.8. FFEDHRH

BFLFOIFEEM 5 FIE RN TFIE, BEEIKPELIE, OV :

FEREHLE, R T HRFIDL TG o

tEE AISEY, RIS T

LI ELIR ATEEE LA, KB BT GEFIER (ERF, (585 LURERE 52 L =
TG i, W FENATRHET, HIFEREIEEY w, MBEHKZE w zFCP,
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Fairness score constraint

Distribute the shift workload fairly across all employees by squaring the number of their shifts.

Employee X Employee ¥ Employee Z Score Ul visualization
score += entities2ivalues

ABICDE (FIGHT
<« sc0re += 33

5 shifts 4 shifts 1 shift
52 = - 25 soft 42 = - 16 soft 12 =- 1 soft 25-16-1=-42 soft 42+33=-9
5 shifts 3 shifts 2 shifts
52 = - 25 soft 3¢ =-9soft 22 = - 4 soft 25-9-4=-38 soft 38+33=-5
ABICE E[FGH O3 A A
4 shifts 4 shifts 2 shifts
42 = - 16 soft 42 = - 16 soft 22 =- 4 soft 16 - 16 - 4 = - 36 soft 36+33=-3
(A[BJC|D] (HIT[3] A A
4 shifts 3 shifts 3 shifts
42 = - 16 soft 32 = - 9 soft 32 = - 9 soft [ 16 -9 -9 = - 34 soft | [ 34+33=-1 |

Highest score Highest scaore

F75 TIEG 2 LR, WREMEEBRIGEPAFNNAL, HESXHTREALRFEDH, E

BRBIFTAE R T FfF BB BIF D H, TEREAS TGN EZHITRE, BX R FHTRE,

W FER -
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Fairness score constraint pitfall

Don't use the deviation from the mean. Use the workload squared, variance or standard deviation.
15 shifts for 5 employees: average workload is 3
Employee Employee Employee Employee Employee Bad score Better score
v w X Y Z - sum{deviationMean) - sum{waorkload?)

= =sumf(|workload - 3[)

6 shifts = 5shiftsi™ 2 shiftsit 1 shiftsit 1 shiftix 3-2-1-2-2=-10 36-25-4-1-1=-67

AN A\

Highest score

5shifts ) 5shifts(® 2 shifts’* 2 shifts® 1 shift 2 2-2-1-1-2=-8 25-25-4-4-1=-59 ]

. | | Highest scaore Highest score

6 shifts(=) 3 shifts® 3 shifts 2shifts & 1 shift (& 3-0-0-1-2 G]| 9-9-4-1 -39]
2=

BT G155 TG LM, tBaTllifEfTeE (FIAERZER) sitr# deviation
(square root of the variance), XX/ D EILER BN, Bl B FEFRHT, E
RELHBEZTE, BN FEHFECHAGTHE BHYil 85 EEKH90H,

5T #ﬁﬁmf—?@ﬁf FFra@EsLE7 0 2¥, MA~2 distracting -34soft, X/ZAERIBIHIEE
g, BRpJl FEZLIGEHIRIG — TMER TR, BN, 1FESBATNTIERLSAAH, HEE Ul
¢Eﬁf§§§fﬁﬁﬁﬁf§

13.9. Bfth ¥ i EMEEIETR

AL T riHt— 2 iemHn B FHEE -

By 5 i B IE BRI FR I, fId, HWREEFMERY int B9E, FFEFEEE
# double (i8) BZEE,
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NRFFREMEE, FREMARHITH Java ikE, B, ETLLEIM Java 11 (IHE) 17 KieE
A7 10 % BIMEE,

BBHKICE, FEZERALEHET eI ER, HRER) I EERE, LUEHTETFEEN
Y,

13.10. BERH

REFNIRIIEHNERNR I HFE S, CBELRIEIEE REMERK. R, EEHLTE
B B 5 EEEIFTR S, B FE BASHIENF ARG, T BESMEX—m, 5
H @ConstraintConfiguration £ &27# weights FIZ#, Zia, L UI, LUE S ETELS o LIRS
HE, HYwIEERPIERTGTE, WTFERT :

Parameterize the score weights

Give the user a Ul to change the score weights. He/she tweaks weights by evaluating the impact on the solution,

Focus on load Compromise Focus on cost

|' | x 1008 -:] X 100 & | | x1008

2 . ]YSEGS [ 4 ] ]Y3505 [ 4 .YSEGS
[ 4 ] ] zaoos | |zaoos | | za00
950 $ 650 $ 550 $
O
Quality stakeholders A Financial stakeholders

the user
(not the developer)

oI, ERWEEGH, RNEFEYREFGLRINE, BthE—1 constraint £#, HFEXA—
speaker BIRT TN G2 BRI KB, EREKERRTFRX : ERLEXR NGB, 20 HHREEGH HF
M—PEBIHHA—ZEH, EDBIRIX 10 B AT FE BRI H, EfEKEELREEERH—1TF
B, R# @ConstraintWeight 7%,

FIYREBE—TLIRUAHBRLIRER, TITAHELIEK ID, 2IHK ID fFIRNE SR LI FE, *f
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FHNR weight, SAEFEERZ A ERIEBEREZTR LD,

@ConstraintConfiguration 2% —1* constraintPackage E 1, Zil #2IKEERL
UHa, HERRHIERBETEEISEE.

@ConstraintWeight FELEE—1 (6, HIZKEH (FIHI"REGION H%E") , B4R TH
E @ConstraintConfiguration B9 constraint Z#&, HEoLIZZEE, B4
@ConstraintWeight (constraintPackage = "...region.france", ...) fFfHF A F A I ELILTH
HHE,

B, FMIRUEBUIRAUBHIREER, FPIIRUEHETHLIRLT, CIHELIR

e :

public final class ConferenceSchedulingConstraintProvider implements ConstraintProvider {

@Override
public Constraint[] defineConstraints(ConstraintFactory factory) {
return new Constraint[] {
speakerConflict(factory),
themeTrackConflict(factory),
contentConflict(factory),

1A
}

protected Constraint speakerConflict(ConstraintFactory factory) {
return factory.forEachUniquePair(...)

.penalizeConfigurable("'Speaker conflict", ...);

}

protected Constraint themeTrackConflict(ConstraintFactory factory) {
return factory.forEachUniquePair(...)

.penalizeConfigurable("'Theme track conflict", ...);

}

protected Constraint contentConflict(ConstraintFactory factory) {
return factory.forEachUniquePair(...)

.penalizeConfigurable("'Content conflict”, ...);

FLIHK weights E X RAIFRBIH I HIHI D BN E, 2JHKLB)H rewardConfigurable () 3t
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penalizeConfigurable () , #YERIERE5INVFE.,

WIRLHLILEGE T PLACHIIE, JPLE weight FeLIZYFINE, HIAI, PIBHFE 2RI ES L
100soft, ZYRLIUREHZABFr B9 ERIF T 1B 15 09E B FF5E0] K 5 B0 TN -

@ConstraintWeight("'Content conflict")
private HardMediumSoftScore contentConflict = HardMediumSoftScore.ofSoft(100);

Constraint contentConflict(ConstraintFactory factory) {
return factory.forEachUniquePair(Talk.class,
overlapping(t -> t.getTimeslot().getStartDateTime(),
t -> t.getTimeslot().getEndDateTime()),
filtering((talk1, talk2) -> talk1.overlappingContentCount(talk2) > 0))
.penalizeConfigurable("Content conflict",
(talk1, talk2) -> talk1.overlappingContentCount(talk2)
* talk1.overlappingDurationinMinutes(talk2));

G, 252 BENEG 1 TABISHT3ER, HHST 60 FHEESN, HEEZF -6000soft B,
162, 242 EBZS5HE 3 AFIZEGEH, FEERED 180, HILHHZEF -18000s0ft BT,

%
1.
BIE— TR 72T weight FIEM2YEKZ#, U4 Conversation
ConstraintConfiguration,
2.
&/ @ConstraintConfiguration ZAEILE :
@ConstraintConfiguration
public class ConferenceConstraintConfiguration {
}
3.
TEFRIE AR TG 7w RECE, FH#& M @ConstraintConfigurationProvider 32 fE1%FER
BT -
@PlanningSolution

public class ConferenceSolution {

@ConstraintConfigurationProvider
private ConferenceConstraintConfiguration constraintConfiguration;
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4,
LI REGER S, NENFRM—T @ConstraintWeight B, H 9 NIFIF—1
Bille -
@ConstraintConfiguration(constraintPackage = "...conferencescheduling.score”)
public class ConferenceConstraintConfiguration {
@ConstraintWeight("Speaker conflict")
private HardMediumSoftScore speakerConflict = HardMediumSoftScore.ofHard(10);
@ConstraintWeight("Theme track conflict")
private HardMediumSoftScore themeTrackConflict =
HardMediumSoftScore.ofSoft(10);
@ConstraintWeight("'Content conflict")
private HardMediumSoftScore contentConflict = HardMediumSoftScore.ofSoft(100);
}
@ConstraintConfigurationProvider F X B 572V RECEE V0 TE LR, T BEH
1 @ProblemFactProperty 35, #JHRNEFEENZ,
5.
1E Ul PRFFLRIE, LUEWS e LR e, FiEagAIE A ofHard () . $Medium
() #Soft () HZEHTUIEIE, TR, EHHT FFHBEHIE RN KEN 115, TTE
FIREAFE LR, BE, FYRNERFEH—NDEIH, EFTLUERZNERT (LUEDNE
MEERE)
13.11. BEDH

B/LFG % E7 T OptaPlanner 5 BE AT REL), XFEFER I -

#THI getSummary () BYR[EIE, XEHEFFLRITBERED BOGRE E %, 18IS %
BTFZHER,

TEN HEESF3E Web Ul H1{#fF ScoreManager AP,

B EFNIREIHE, LUK EREHEI
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Score visualization

Explain the score of a solution by breaking it down.

2 CPU Cost

- X Score
| | D J v uoos -2hard/-190soft

| Z 200%

Break down per constraint type Impact per planning entity

CPU capacity: -2hard ——— -2hard 7 A —— -2hard/-90soft

o -90soft == >~ B —— -2hard/-90soft

Maintenance cost: -190soft ==
T 100s0ft — C -100soft

\— D -100soft

[ConstraintMatchTotal]ﬁ[ ConstraintMatch Indictment

)

o1,
JustificationList Justification

TR

LT — A -

#THI getSummary () B9&[EE :
I System.out.printin(scoreManager.getSummary(solution));
LU TR FETROIET, 5 S51 8150 i tkF LR :

Explanation of score (-1hard/-806soft):
Constraint match totals:
-1hard: constraint (Speaker required room tag) has 1 matches:
-1hard: justifications ([S51])
-340soft: constraint (Theme track conflict) has 32 matches:
-20soft: justifications ([S68, S66])
-20soft: justifications ([S61, S44])

Indictments (top 5 of 72):
-1hard/-22soft: justification (S51) has 12 matches:
-1hard: constraint (Speaker required room tag)
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-10soft: constraint (Theme track conflict)

gZ

FEZ I FE, stEE Ul ERFHIRSEPEAE, ke, #EF
ConstraintMatch API,

TEN HEESF3E Web Ul H1{#f ScoreManager AP,

FIALBLL T BIBICH -

ScorelManager<CloudBalance, HardSoftScore> scoreManager =
ScoreManager.create(solverFactory);
ScoreExplanation<CloudBalance, HardSoftScore> scoreExplanation =
scoreManager.explainScore(cloudBalance);

i B ERR T F BT UL AT -

I HardSoftScore score = scoreExplanation.getScore();

LRGP HH -

M ScoreExplanation #17¢EX ConstraintMatchTotal {4 :

Collection<ConstraintMatchTotal<HardSoftScore>> constraintMatchTotals =
scoreExplanation.getConstraintMatchTotalMap().values();
for (ConstraintMatchTotal<HardSoftScore> constraintMatchTotal :
constraintMatchTotals) {

String constraintName = constraintMatchTotal.getConstraintName();

// The score impact of that constraint

HardSoftScore totalScore = constraintMatchTotal.getScore();

for (ConstraintMatch<HardSoftScore> constraintMatch :
constraintMatchTotal.getConstraintMatchSet()) {
List<Objects justificationList = constraintMatch.getJustificationList();
HardSoftScore score = constraintMatch.getScore();
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#&1* ConstraintMatchTotal ftZx— 12K, EBEFZHL K. AT
ConstraintMatchTotal.getScore () HISHIEFENHDHK,

A=
2YF Al Drools £ #i1 B 2R E IR, {188 Java HEilEF
EL RN B9,

13.12. i EH Bk

7 Ul 1/ heat BeG, EZ2HIEa T X/ 5 BB L KR EFL,

TRE

[
M ScoreExplanation #Z¢HX Indictment %57 :

Map<Object, Indictment<HardSoftScore>> indictmentMap =
scoreExplanation.getindictmentMap();
for (CloudProcess process : cloudBalance.getProcessList()) {
Indictment<HardSoftScore> indictment = indictmentMap.get(process);
if (indictment == null) {
continue;
}
// The score impact of that planning entity
HardSoftScore totalScore = indictment.getScore();

for (ConstraintMatch<HardSoftScore> constraintMatch :
indictment.getConstraintMatchSet()) {

String constraintName = constraintMatch.getConstraintName();
HardSoftScore score = constraintMatch.getScore();

F1NFH BE L RSN REFTER S, ArA Indictment.getScoreTotal () HIE#]
SRR, K% FHLH LI Z /A ConstraintMatch,

b33

2yl Drools 2 ¥ B 12K 5D, {HIgE Java 5 il EFEL
TN,
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13.13. 2 ERH Wi

T lEBH B BB EHIWA TR, EWFN BRI T TR, LUREEH{TEEIE
@0
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R4 V. ZLIEF9 R OPTAPLANNER tREE5hisE

B85 V. ZLIEFEH) OPTAPLANNER 1%/ 51155

ZIIE4 I OptaPlanner 12t 7 LU FIRZEA [ 155, LUE A FF OptaPlanner 51 /a189
techologies %4k :

Red Hat build of Quarkus F&Hj Red Hat build of OptaPlanner: —4* medium timetable
BIRE IG5 R

Red Hat build of Quarkus F&#J Red Hat build of OptaPlanner: vaccination
appointment 7iE EEfF1RZ /= 51 R

ZIIEHIERY Quarkus FE5_LBY OptaPlanner f4# : i T iHERFRES 115/

Red Hat build of OptaPlanner on Spring Boot: a tutorial timeable quick start #5857

IIEHEERGiH#7 & Java solvers B9 OptaPlanner : — A BE T 415 R
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%8 14 & RED HAT BUILD OF QUARKUS F&#j RED HAT BUILD OF OPTAPLANNER: —1*

MEDIUM TIMETABLE HyBZ FF 1515 R

AIERITE 4/ Red Hat Build of OptaPlanner 25K B2 IEFIERI Quarkus i fHEEF K EEBIEfE
AATEEE(AI), EfFHE—T REST NAER, FBITRBITIEAL— 10T

Refresh | EGITEN Score: Ohardi18soft m By teacher By student group
Timeslot Room A W RoomB W RoomC W

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

10th grade 27 8th grade 22

Physics L] Spanish L]
Monday 09:30 - 10:30 W by M. Curie by P. C

Sth grade 16 10th grade 33
B - -
e - -
Monday 14:30 - 15:30

IR {5 Al H501F lesson £ 225 Timeslot ] Room 3261, LUBELL THERIE 15 ERE

BIH&RZaLUE—/ ],

H A7 AT LA Z BRI HTHEFo

F A2 AR M TR,

HAFENEE—FIHXE,
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B 7 2R W ZE IR BRI RRE & I BIZE S o

LIBZH AU, PR EEEZE—1T NP-hard B/H&, XEHET BILEEME, HABEAHTETH
brute #EFIBIATEA R, RIEEEXITEH, NEEHETENH, SrioviBNetwork, Al 2JRMERZE
(HIZLIE2 89 OptaPlanner) BB &R [ Hie HET iR EBER TG FEHIERE %, N 2R
18], IR RTF LRSI E Fro

TCRFA

BZ# 7 OpendDK 11 sk ES/kAK, ZIIEFHERT Open JDK el ZIIEE [ 17 Mg
Software Downloads i E (FEEER) .

Apache Maven 3.8 st ES k& B %%, Maven fii F Apache Maven Project pHi,

#2447 IDE, #1IntelliJ IDEA, VSCode 5t Eclipse.,

#8247 Red Hat build of OptaPlanner Red Hat build of Quarkus JiH, AX0/Z Red Hat
build of OptaPlanner Red Hat build of Quarkus TiE BB, 1H5Z05d" FFia&
OptaPlanner"58%'#9 OptaPlanner 84

14.1. X/ 15X/ REELE

ZL¥E4#HJ OptaPlanner timetable 5 5 HJ B trie &1 7 EE 2 Boh I B B 1, EMEIX —m,
HRM=1%, Timeslot,lesson , #il Room, I TF&Em7 :
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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 51C& 7 7 LFEEHTB9/E/KE, #U%4T Monday 10:30 - 11:30 5t Tuesday 13:30 - 14:30, X1
I, FrEN e EB ARG IRIBGFFZENT ], 1E lunch BER b/ R EH [H/ 151,

HHERREHA, EhEil HEEHREL, TEE H44%, —1 timeslot i [H&, B{E
BRI FEHRE Timeslot S4B, MEEFFZLFI OptaPlanner f5ELH,

BlH

Room £ Fx—NREZEEAI/iE, #I4] Room A 3 Room B, ZEX T FAI, ArBEEIHEREEES
BR#, e BEYAE i~ EE.

Bl LOIERRN FR2HZT, EIH E—1 83,

lesson

TESGITE, Hi Lesson £z, Hdm—F GieHEH, A1 Math by A.Turing for 9th grade
5¢ Chemistry by M.Curie for 10th grade, HIR&/EHRI—4£4ZRF > —1LE, WEZMGES id
X589 lesson 54, B4, % 9 T iFREEE 6 781

TEAE A A, OptaPlanner E3{ T Lesson ZEH9 timeslot #] room FER, 11 iEEEL BN I IH1E ]
B, B9 OptaPlanner BiXLLFE, Akl lesson &@—1 HAISEAE -
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Time table class diagram

The timeslot and room fields are

normally null before solving ) . .
and non-null after solving @P"d”m”gEﬂmj‘;

Timeslot Lesson
dayOfweek : DayOfWeek
startTime : LocalTime
endTime : LocalTime

subject : String
teacher : String
studentGroup : String

@PlanningVariable
timeslot
0.1 *

@PlanningVariable
room
0.1 *

‘ Room
name : String

LA EE S FREESWA N, H orange FEERH. —1 lesson B timeslot #] room FERTE
FABEREDE () , HEHHBIERSE (FE null) , OptaPlanner ZEfE 2T B BEM X LEE
B, ILEFR# Vil #IZE, # T il OptaPlanner ii7E1], timeslot #ll room FEREFE
@PlanningVariable 7, ©&35 % lesson FZ—1* @PlanningEntity ;7.

TR

BY# 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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140

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 ok

// Getters and setters

A/********************************

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}

H2&Z toString () FHEERFFwLE, LUEEZLHPE OptaPlanner #9 DEBUG 3t
TRACE HZE, #WEEATT.

BY# src/main/java/com/example/domain/Room.java 3£ :

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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BY# 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 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

// 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 X8 #&—1* @PlanningEntity %, UL OptaPlanner MBI X EBRTEEFLE
TEE, BHEBE—1skZNHTE.

timeslot FEREH—1 @PlanningVariable F#, &It OptaPlanner HI:& & eI EHHE
g, 7 7 HEEZERT Timeslot LAk 2B ILFER, OptaPlanner (&7
valueRangeProviderRefs B FEFI2HE List<Timeslot&gt; BIEEFHEN A, HX(EBHEEE
NERER, 1550 F 14.3 T “TEHRIER T F I E B R,

room FB4E A @PlanningVariable 37, [EH1E/E.,

14.2. E X R#FH i1 EH#
TERRE, D X EMATENTE, PHEE, IIEHER OptaPlanner 7Kz EMAT
£, XEHETBNERKERS D EEIBERGE, X TR REBIGTE,

B timetable 7~ GIfF A2 G HERIABRE, ATLUEEF HardSoftScore KFCFHH -

TELIR T BEWRIE I, OV - — 1 ZEIHRZ T LU B —1
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HRENT LB, BV - B3 B F1 5 —E I HTE T,

ELIRAIRIERMBER BTN, HRFZ L B RFIBIINE, BERAIGLZEIHKLIR, bR
XN BIXEZ AT 4o

Eif B85 H, oL EasyScoreCalculator £ :

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);

T EHIE, X THERGFELLRIFBYT |’ ENEHREZIE | BXIFREDE T RN S
B, ArE R E B EHT L LU FHH9 5 #s

BRI T A2 B — 1 src/main/java/com/example/solver/TimeTableConstraintProvider.java
X, LIAfTIEEH i1 8, It OptaPlanner £9 ConstraintStream API, % APl # Java 8
Streams ] SQL #:#, ConstraintProvider It EasyScoreCalculator 3211 7 — 1\t
EasyScoreCalculator &7 magnitude NifF : O(n)ifa4=2 O(nbusybox),
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TR

BIELLTF 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.

// Select a lesson ...
return constraintFactory.forEach(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(HardSoftScore. ONE_HARD)
.asConstraint("Room conflict"”);

}

private Constraint teacherConflict(ConstraintFactory constraintFactory) {
// A teacher can teach at most one lesson at the same time.
return constraintFactory.forEach(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getTeacher),
Joiners.lessThan(Lesson::getld))
.penalize(HardSoftScore. ONE_HARD)
.asConstraint("'"Teacher conflict”);
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private Constraint studentGroupConflict(ConstraintFactory constraintFactory) {
// A student can attend at most one lesson at the same time.
return constraintFactory.forEach(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getStudentGroup),
Joiners.lessThan(Lesson::getld))
.penalize(HardSoftScore. ONE_HARD)
.asConstraint("'Student group conflict");

14.3. HEARYBER TG FEPIRELLNS R

TimeTable SEHIR 4T EH 1 HiE%E B9FTA TimeTable. Room 7] lesson 26, FH, BNEESAT
FifEE, BT FEHEHENHHTERSE, ATUEE—1 HAHBERGE, SHHUTF :

NREHXADEIRE, WEE—T KHIEILH) ARG E, B, HH 7 -4init/Ohard/0soft £
#/* ﬁ %o

WREHMr TR, WEE—1 T al#as BAGE, GIHHE) -2hard/-3soft BIFER
VE A

NREEBEATEERE, NEE—T1a{ThIMRGE, HIHHH ) Ohard/-7soft BIERTT
%0

TimeTable 26274 @PlanningSolution 4, BILZIIEFEEI OptaPlanner A& I X B EATEHA
s H B,

FHE, X REHEGHIFA -

S ATBN H151E69 timeslotList FEZ

XEEFELIZ, EHENTERIIEITRHET,

HBATBEK roomList £E2
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XEEELIZ, EHENTERIIBEITRHT,

BEHAB R lessonList FEZ

XEMRNEEINZE, BHENTIERIRLEPLLE THE,

&1 lesson :

timeslot ] room FEREGEEZE A Yy null, EILESE, E1T245H%E,

BB (#1 /3, sonr fl studentGroup ) BEE, XEFREGEM.

182, XPEEEMERTFEIIFH -

LRRABRE, 1 Lesson SLHIEBAFEnull i1/ slot ] room FE2H lessonList FEZ

CXHHIE AT TS score FEZ, HI4] Ohard/-5soft

TR

BY& 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")
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@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 S ok ok

// Getters and setters

// % %k 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 A

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

}

public List<Room> getRoomlList() {
return roomlList;

}

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

}

public HardSoftScore getScore() {
return score;

}

(B E AR

timeslotList FERRE—NMEEFHENE, ER4F OptaPlanner aTLIM HEFEH) Timeslot 24, LI%
B2%5 lesson SC4IHY timeslot FEZ, timeslotList FEREE —1 @ValueRangeProvider %, HF##
id & lesson #1 @PlanningVariable #9 @PlanningVariable £9 id &g,

BEEEZHEE, roomList FE 15274 @ValueRangeProvider %,
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A E LRI

YA, OptaPlanner FZEHIE & o LIE X YFLELBISLLY, LUR AT 3 H FEH
TimeTableConstraintProvider 5#i &89 Timeslot 1 Room 24,

timeslotList #] roomList FERE%E—1 @ProblemFactCollectionProperty 7, BUtHZH
TimeTableConstraintProvider el LIMiX LBt FE,

lessonList H—1* @PlanningEntityCollectionProperty 7%, &It OptaPlanner o] LIZEERHEH
BHEN], %89 TimeTableConstraintProvider th el LIM &1 TH1EFE,

14.4. BJZ SOLVER R

ER REST 272 ERGHIHEIARZ B HTTP /5, &it, Quarkus # BEA—1
SolverManager, E7EHBHIZFEMHZ/T solvers, FAIFHITAERS PNHIEE,

TR

L& src/main/java/org/acme/optaplanner/rest/TimeTableResource.java 3£ :

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
@Path("/solve")
public TimeTable solve(TimeTable problem) {
UUID problemlid = UUID.randomUUID();
// Submit the problem to start solving
SolverdJob<TimeTable, UUID> solverdJob = solverManager.solve(problemld, problem);
TimeTable solution;

try {
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// Wait until the solving ends
solution = solverJob.getFinalBestSolution();

} catch (InterruptedException | ExecutionException e) {
throw new lllegalStateException("Solving failed.", e);

}

return solution;

}

X IE LR FHF solver T, XLAR-FH HTTP @B, STREISEI el LIS HTTP iR %,

14.5. i%i& SOLVER & iFif/a]

WIREBG I R FAEEFREAX U KB I FH, WEEL FRAKXELT, L tRARFH HTTP &
TR, BRI S RA94 4, 5/ optaplanner.solver.termination.spent-limit Z##5E 2
AR KE, EXZHNAEFS, FFHEZENED A E(5m), 8, 7 Timetable 76
Hi, fFLEERTIHRE Yy 5 #, XEL##%E HTTP &,

TR

AL FAZELIEE src/main/resources/application.properties X1 :

I quarkus.optaplanner.solver.termination.spent-limit=5s
14.6. 1577 AMP TIMETABLE i/ /572

B8 T school timetable i G, fFRLUFAXERE1T, TEALXERH, EoJLIFEN BEFZE{TH
BN HEFRAIEE, £0E KT H I IE s TR AR,

TERRIF

[
BB 0T amp timetable TiH.

TR

EhiEN HEERF 77 development B2, 1FMITTHERHAWALIF % -

I ./mvnw compile quarkus:dev
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150

Wi REST RS, HFalLUEME{ET REST &k, L TFAAIEHRH Linux % curl X%

POST 153K :

$ 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"}]}’

IF AR5 EB9AT [E[#8iT application.properties XHFHE X BTG, MRS AELIZEMILL

FrBIEg5H -

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"}

HAR, BN BEFRIAT AT RES I TN T EE —, BRI EE—1T 77

HREE, BHFEFEEZHE, I, M. Curie BB 1N FEELL FF EIBIN IH1EEH,

EEEMBRIITA OptaPlanner Zi{THIERIF, 15 & ERS arimbiiE/E Hi&, LUTZ info

HEwH 76 -

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

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

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

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

RIFHIN IS S50 Z R, Wi EH timetable JiH #HIBR#I#] solver,

14.7.1. Jii education i 5 ZBR#%]

BELUEE M timetable TiHHJEFENTHK, iH1E Al H ConstraintVerifier, XA &F
PMNIRKIE DGR S E MG, X a2 ETHIZ R BB,

R E UF S TE A — B 45 H = N FFERT, XN R%HEF constraint
TimeTableConstraintProvider::roomConflict, # 1 ifEELE1E/EHIN] Hslot, FHHPLAIE 1 77
&, [, HWRZIFE weight 77 10hard, 1745 # K4 -10hard,

T

LI 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;

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");
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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);

172, ConstraintVerifier 7E30i1d EE AU BHE L K INE, RAMEX L2 HINE L
ConstraintProvider @ 4i5, XEENTEHAA L FIEHERLIENE, X, 2JH weight
tweaking ML o,

14.7.2. Jix Central timetable solver

ZAOVELTIEIEER) Quarkus F& LW ZIIEFER) OptaPlanner education timetable JiH, Ef#
A JUnit i £ BRI i B E H FF R % X F) TimeTableController LUBER,

T

& LL T A GEE 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;

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;
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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"));

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);
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WA R U TERRE, AR REEDELS — T G ERIEN, EXRRIEESEX I —
A{THIBR T FE (EERE) .

££ src/main/resources/application.properties X7 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

B, R 200 ERARHEETITHIBR TR, F& application.properties X 7£1i EEH A
&z solver K1, LUEHHFGT{THIMER T (OhardAttrsoft) B T BIZL1E, X el @ ai@4ia s, &
KBTI o ERTEAF B L1517, XG5 RIS 1T B EK, LB aT{THIBARGE, A
EIEZE BRI EtBEU, HE, TERERIIH, BEXRSITH™ G444 millisecond,

14.8. H&E iR

526k Red Hat Build of OptaPlanner education timetable JiH &, #° o] L& HZE S
ConstraintProvider FEIR#, Z& info HEX MBI S H i ERE, LTS #4REE KB,
LU B ST R, LUBTNBAEFATRBIEN LT, 2 trace logging Fil R EF N2 5HH
F1 50,

TRE

LIBIERTIE] (BV#1 5 £ 8f) 21T amp time,

BEEHEXAHE2H T EEE, W TFHIFT

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

EHR, BJE{T planning b fEFERFLUERIBIRS ], FE 2 HE XA REGH BT %
go
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4,
LU debug B iZ{TI FHFEFLUL RN FIEEFFATMBGEZ 5 -
[}
FEMpa s T, FEAE-D RIBEH,
[}
FExk X5 debug £={, F7E application.properties X {FHLZMLL 1T :
I quarkus.log.category."org.optaplanner”.level=debug
LUTFAER T HEXHHH debug Ba9%5H] -
... 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 Z &N BHHIFE L,

14.9. f58#E/=5#H QUARKUS OPTAPLANNER RESEARCH TIMETABLE i/ /55K

B Quarkus OptaPlanner PROFILE timetable /fAfE/F/iE, #oLUFRSHE/FEMK, HOBER
F Web B9/ SREHZ i A 1 11,

TERFA

[}
#A—1 Quarkus OptaPlanner school timetable /7 /A,

TR

& /H Hibernate #1 Panache {¥ Timeslot. Room 7] lesson LA EtEHiE/EH, WEE
258, EZLIH Panache /71t Hibernate ORM,

it REST RFFSLH, WEES(EE, HE] 45 JSON REST R,
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F#7 TimeTableResource 3, fE#HMNEFZHERAIZEA TimeTable 54 :

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);

}

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

}
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@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());

}
}

ZAIESZ—1 TimeTable 561, {HZ, #FHaLIy#{T% 1 ultra /5 /8% # P HILEZE
TimeTable <24,

getTimeTable () J5ZREOIEIEFHI=FTIH, EEH ScoreManager 7% (B)3#A)
il E ol g2 8, FHERTHTF Ul

solve () BZEsI—MEW, LUBEREEIBGaIR]HZ, HIFh IHEEHIE 5 B # e
#EFEH, ©fH SolverManager.solveAndListen () &bl AR T FE, HiGrHhE
S, Ul ZEEin AR e B,

B TimeTableResourceTest 25, LUk solve () FZEAIKRDE, HiLiHEETHBERS
£, BIEAETHRBIRITIE

package org.acme.optaplanner.rest;
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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 {

@lInject
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.
TEX 2 REST 7542 L& Web Ul, LB AT [H/BG el L Ze .
6.

BE REA R,

14.10. &5 MICROMETER #] PROMETHEUS 15 #2£#:# PROFILE OPTAPLANNER QUARKUS i f5#
F

OptaPlanner #&1 Micrometer (Java i fHEEFHIIEI R IE) RN F#5Fn. #EaJLLfF Micrometer &
Prometheus B fEH, LUGEEHEN W HESF #H) OptaPlanner solver.,
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TERRE

[}
HZE6/E T Quarkus OptaPlanner school timetable i/ /2.,

BZ % Prometheus, B XZ% Prometheus B9i#1lE, i5&Z Prometheus s,
Tk
£¥ Micrometer Prometheus #7577 %) Central timetable pom.xml XX f#H1 :

<dependency>

<groupld>io.quarkus</groupld>
<artifactld>quarkus-micrometer-registry-prometheus</artifactld>
</dependency>

JE5) amp timetable i/ FHEES :

I mvn compile quarkus:dev

7 Web iz 88d8#TFF http://localhost:8080/q/metric,
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£ 15 & Z[I5#H9 QUARKUS _L# OPTAPLANNER 79 : VACCINATION APPOINTMENT JiE#E
Vg o5 =t/ -1 ]

LT L@ OptaPlanner vaccination appointment 5B/ %5 51 FF X a3 M T8
vaccination 7/, vaccination appointment JiEEE/FEAA T EEE(A)FILELEFEN T HIRIES TR

FIFIESER 5 00T [ 11,

TERRIF

BZ# 7 OpendDK 11 sk ES/kAK, ZIIEFHERT Open JDK el ZIIEE [ 17 M HEg
Software Downloads i E (FZEEER) .

Apache Maven 3.8 st #ESik& B %%, Maven fii F Apache Maven Project PHih,
#2447 IDE, #1IntelliJ IDEA, VSCode 5t Eclipse.,

BBHEIIEHER Quarkus FE&ETH-LG)E 7—1 OptaPlanner WiH, #1% 5 % 7 Red
Hat build of Quarkus F&_LF#31&/H Red Hat Build of OptaPlanner Arzh,

15.1. OPTAPLANNER VACCINATION APPOINTMENT BB LEAS =

VERFI 5 EEGH . RATLULPALFE— AR (AP EFEEE) , & RE00—
NEE, FHEMTASHBIN A E (FZEH5)08) . OptaPlanner vaccination appointment &
EFFEf system-automatically-assigns 7%, #17 OptaPlanner vaccination appointment JiE#2

F, Ba LT NEER, RPANGHRRTEBES, REPET—1 =¥,
X TEBIIFEE -

Appointment JEERIRIELSE X A B,

RGARKE B & BI AR BR 1 BO AR A AL 1] Rl i,

=

ZRGHTBA B A HEBRAEN ZF,
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X Fa T T RREN & A QIS B, MiTER T R aTEEZHIN K, AB9H R EMRNS K
3 appointment, ABIHEES, MITRKGFHIHILE B9 EELF,

15.1.1. Z[#E14#EH9 OptaPlanner vaccination appointment 35E 7R %/

Red Hat build of OptaPlanner vaccination appointment 5E /5 R#2 hard, medium, 5 soft:

LRI LB, HIRAEATREL R, Wil BT R, EEALT -

BE : I EHTELRINEE.,

Vaccine &R KHIBR : #1E vaccine H&= KR, T FEEEELSE XA{T vaccination
BIA d R vaccine RKHIBR, RN THEELE & HFRHI vaccine £EE, HIHl,
1 vaccine 282 7 FHIIAN 7, BERKHRRH 65 4,

wZE vaccine B - (AT vaccine 52, #I4ll, vaccine BIFE — TNRIES A2
5 E—1 dose #6/7H9 vaccine F£#,

B AY - EFFIEEH S ER vaccine, I, W-ERAMEE—NNEF, TELE
FFE vaccine BB IR A al5E vaccination HHIZ Gixf A {TEFE, HlHl, B.XcHE
B 26 X,

FIHAH : 115 E HHstZ GisTE vaccine, G, HWI-BRAMEE—NMEEF, FHEE
ZE vaccine HJ21k vaccine EHFHHZ Gix/ HATEEE, M, HEEXRATTZIE 3 TNA.

BREFIRAIFITEEE : FFF A id 2 EEERFEVTH] vaccination BIEHIDG —, XBEZ
=G —, IBRHEE T ZE R i 285 i 81, Rt FRNEEBINMAEELL
LW STt E AR BEEE ),

HAERFAE L RE BB BEEF I/ FNMNAELE appointments I, EFRRFRF— A,
Xy Z R :

schedule second dose vaccinations : RIFEEEKIHAFE T BIEOZ H, ZIF
E@{FE 1 dose vaccination appointments R & # 5,
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RIFEESCITFI T FIA R : BPABE—TMELTR, ZBEECTTHIER, EHR
ENTE2REH) worker, NEFEERE R, RERARBEMLLIITRIIAN AREH S, T—
KBTI FZEETT, X TLIRELIBTEIZIRA, B 5E = TREIEE S FIEE KT,

IR F T Lr B -

B vaccination Center : ZIENMA EHE 76 vaccination Center, 1F25 A THEZ
R FEHEEE LN,

BE : RIMETABAIER S BRI D BB R,

BEHAR : &8 vaccine on Bt 575E HAfENT, 1A, WRREANMEIE—MEE, T
RIEHFE vaccine BIEEE HHIXN R HATEEE, OV, BEXAIT 28 X, XPEJHIM distance
R, LUBREES/HX AL ZEFEE, E—XBETREENHE.,

IEHFR : ViR BITEH R E O RE ESRILAR TR, X TIREL
distance 2JRBGHE, LIEBAEES/MEXFTLEARBI—F, XTLIRELERIEEZIR
BAE, BXB=TRIFILETFULIEFR,

LR ARIRIE R MERAF NI, HBRHAE AT R RABIINE, (HE, ERH S EMLETFHEH
HBREY, HIREELIHBHE, Wil IR aTfT, 162, WRREELIFAE, NHAFBZLIRREEELUH
EMHER, EHEFEELETHRE RIS E S, ATLUEBAI . B =X H DI IEAD IS
K, LU OIS TR BRI, ZhE, RBRIELETTFRFEDIA R, FPAEBLULE
T FRFFL, RBIRFER, SHMARIAMMELFEEIA, Za, TFEEMLERAMAGKE, G, /I
PN B R, XEHBIEERTZ. PV, nurses BIEERIKEIHIAAT 1000 155, XH, EEHI nurses
HZEF AN, TZH T XTESR -

Z 15.1. (LR RZE

71

52

ek (job) RSP HR
nurse 1060

nurse 1033

FH 71
NRETEE 52

15.1.2. £T#E4EEH OptaPlanner solver
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1£ OptaPlanner B9#%/1 & solver, 5IZERIKIRIAFHIEEHBE=ZALIRIFEE, [FHEEESH
XA id. vaccines fi] vaccination H#EHDHDHITIEIE S, BARE BT EMEEASTE, RAHET R

EHD A B4 vaccination appointments BIA [GBILAETE . THLZx T solver BIEERIIHE :

Vaccination scheduling

Assign people to vaccination appointments.

Modema i _’ 2 gl = a
Priority rating Al Ty 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 JgFah  SIRRILOM] [EHRYC. g
M T W T T W TI/IF S S| M
09:00 Ann | amy |uma| Ed qu | mia | una | qira [uma| voe'
09:10 Eeth | Flo Nina | Roe | val | Viv | Jo
09:20 Carl | Gus Wu | Kia
09:30 Ban | Hugo 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 >

15.1.3. FFEEHAY

FFEEA R Z [ EEE— 1 26 % PN HE L BTN ETRIRI A, HEEX L EEA. BR. BX &

I B EFIEMER LT, HAEOLIEEREEL S, THRET T EXEHEH AL EO :
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Vaccination scheduling: continuous planning

In this example, the schedule is published every day, 7 days in advance.

Opean
ed History Published Finaldrait ~ Dratft Unplanned
3 Feb 8 Feb 15 Feb 22 Feb
W T F S| SIM T W T F S M T W T F S S|TM T W
09:00 | wa  Moe Qu |Uma| Yoe | Ann | Ed | va | Moe | Qu | Uma | Yun | Amy | Ednal vy | Mia | Qira | Una
10:00 | Jo MNona Rye | Viw|| Zac | Beth | Flo | Jo |Nona| Rye | Wiv | Zoe | Bo | Finn | Jack | Nina | Roe | Val
11:00 | Kia | Oz | Sue | Wul|l Ali | Carl | Gus | Kia | Oz | Sus | Wu | Al JCoco|Gwen| Kai | Ol | Sara | Woe
12:00 | Lee | Poe | Tius J(aq Ben | Dan |Hugo| Lee | Poe | Tiws | Xan | Bo | Dee |Hope| Lara| Pi | Thea| Xun
NOW publish notice draft length
publish E;Jhlish (send invites)
deadline -
Published Dratft
3 Feb & Feb 5 Feb 22 Feb
W T F S S|)IM T W T F S5 S|M T W T F S S|IM T W
09:00 | a | Moe Qu  Uma \'04 Ann | Ed | iva | Moe | Qu | Uma| Yun | Amy | Ednal vy | Mia | Qira | Una
10:00 | Jo  Mona Rye M Zac | Beth | Flo | Jo |Nonal Rye | Wiv | Zoe | Bo | Finn | Jack | Nina | Roe | Val
11:00 | Kia Oz  Sue  Wu | alij]| Carl Kia | Oz | Sue | Wu | Al |Coco|Gwen| Kai | O | Sara | Woe
12:00 | Lee | Poe Tius Xan | Ben | Dan Lee Poe.:tan Bo | Dee |Hope| Lara| Pi | Thea| xun
I
now
W T F S S)IM T W T F S SIM T W T F S S|IM T W
09:00 | wa | Moe Qu  Uma 'rmi Ann | Ed | wa | Moe | Qu | Uma| vun f[Gus]fHugo| vy | qira | una | Jim | van
10:00 | Jo [ Mona Rye Mw Zac | Beth | Flo | Jo |Monal Rye | Viv | Zoe | Bo | Finn | Jack | Nina | Roe | Val | Zara
11:00 | Kia | Oz | Sue | Wu | Ali}| Carl | amy | Kia | Oz | Sug | Wu | Al | CocolGwen| Kai | Ol | Sara | Woe | Apu
12:00 |lee i PosTiius|an | Bem | Dan ) Edna fiLeeT| PO Mia | Xan | Bo | Dee JHope| Lara| Pi | Theo| Xun | Boris
I
now

BB CIFF 85—, E—/E4F published £, /4 FEEQLE, ANTEHLEOR
HIRFIE R D PRI T — Y. 182, REXH T il #IE 050 BIA G F R THIE L 8
A, £ F—XizfTH, Rt appoints (B TLLZHE, XM AT OptaPlanner B RE{TRER G FE
i, REMEREEFH R TEBD. OIA, WRFEZEE_XBIPAA A HAY Monday, #HEEREIHA
77 Wednesday, OptaPlanner T2 5fteiTEH —, HWIREATLLIEA OptaPlanner e/ LU R ELUG
AL FRINEE,

B LUAE planning EOOBIA ), {HR 7 EGIZEEBIA D, [HEZEIHE CIEE T HHg 5 frtk, &
TR ZIBI A BB, 7822 X,

15.1.4. [EE I £ISE4E

W REFXEBETBTHLY, ILIEBZEDE T ABIHEE, fFE58, FfHR appointments &
BFXF, OptaPlanner fFHAH] appointments Fric A E 1A H2EH. BlERTFHE—1 %2 NMFE
SAC, FHi#E# OptaPlanner 1RIEX LEED BIATTIE, BIE£S4 (4 appointment) 7EAERTEE
¢$£ ﬂi‘o

SEGEEER, £ZH appointment KA RE, Appointment T LUEH KA -
Open. Invited. Accepted. Rejected 2t Rescheduled,
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A

B E R R RE S ) FE U BB B L RKA, K7 OptaPlanner 5/Z(0xf
appointment & & [ZE 2 & 2%,

BEEEHLB i —1EH, BEIETA Invited 2t Accepted K489 appointment, A
Open. Reschedule fi] Rejected KB HImBFLMKIEE, HalHFE,

HEZXBIP, 24 solver Z{TETEX HIBEFSEHPIBIZNREHLIE OIN], BR TRl BIGABIEN, &
BFEDEIE TEIKEERIEA, LR TR EHHH stIE2 RSB EIE LA, LUHE R EMRR
IE, WRFGH#FXLTT, BFHEZTT solver BiEEamME i £I89%7 HH.

IHEE, AR CHSE, HHZFEALEOZEFESE) Amy f Edna 1HEZZE ORI 4 158
B XEEF Gus fl Hugo 15 KEFT1HE, XPRE/KERE, K Amy f] Edna K F2IKEFIREEH
9@, HE, EAENEIHEORNN RIS HESR, BILETTR#FEHEKRES LR
Appointments, BI{E#HEE.

15.2. F#;7:i217 OPTAPLANNER VACCINATION APPOINTMENT JiE SR

F#; OptaPlanner vaccination appointment /5B EFH#/E 507, L Quarkus FFXERE5)
B, HENEHEREENAERF. Quarkus FFX B FELEN AR5 T AT B I E .

TR

HALLIEZF ] F i di69 Software Downloads Tl (FZEE&R) , ZAEM FlrEHdisk

f%/f': R FIRZK :

J7eda : ZIIEFEEH9 OptaPlanner

Version: 8.38

T# Z1#EF 2R OptaPlanner 8.38 HRZA [ ],

#Z8X rhbop-8.38.0-optaplanner-quickstarts-sources.zip X1t
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#2HRBY org.optaplanner.optaplanner-quickstarts-8.38.0.Final-redhat-00004/use-
cases/vaccination-scheduling H-R &3 rHlEH,

4,
Z#1F org.optaplanner.optaplanner-quickstarts-8.38.0.Final-redhat-00004/use-
cases/vaccination-scheduling H%,
5.
AL Fip w1 F 4 B /5 5) OptaPlanner vaccination appointment JE 72/ :
I $ mvn quarkus:dev
6.
E&E OptaPlanner vaccination appointment JEEESF, HHEM NG EHHALLT
URL -
I http://localhost:8080/
7.
Z,517 OptaPlanner vaccination appointment /iEE, 154 Solve,
8.

XBEIHTER, AE’K F5 @BIFN L, 78 B EIE ok,

15.3. ###E7:21T OPTAPLANNER VACCINATION APPOINTMENT JHEEESR

b 45 7F quarkus:dev 15256 %] OptaPlanner vaccination appointment JEEEBFHIFL T F
&, FFNBEFEETE jar XHE1T.

SRR
[}
B2 F#; 7 OptaPlanner vaccination appointment JiE /5 #%E/5 57,
A
1.
E#1% /Juse-cases/vaccination-scheduling H%,
2.

FE44iF OptaPlanner vaccination appointment 1HEREE, FHALU TR :
I $ mvn package
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’ FE{T4i1EH9 OptaPlanner vaccination appointment 1HEER, HHALUTF®RS :
I $ java -jar ./target/quarkus-app/quarkus-run.jar
*E
Efrin] 8081 _LinfTi BEES:, 15#% -Dquarkus.http.port=8081 FH1Z/_L
— 5o
4.

55 OptaPlanner vaccination appointment VEEEE, HHERITNIEaHEALLT
URL :

I http://localhost:8080/
15.4. At IFR

[ ]
Vaccination appointment scheduling video
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16 & Z[I5#H9 QUARKUS _L#J OPTAPLANNER FJ : [ T ViEFEFRE S 51188

13 TR R I RIS 7 A T A B R I i EFARA9 R T, BIA, ZEefLUEENE
FFIE nurses. (RIS S M EF T TR IBIRATTZ DX Fe s

REATHEBHEIESIZE, OIH, T RELEBRETETRRE, 7, —LAdTaEE
TEHFREH] HiatE, 2 eI E R AT ERIN 1, WH, AT LTLUFE—1 &R, R#ET
TEHA—I (| R TAEBG I,

WA I AEEFBIZIIEFEEHT OptaPlanner #N{&E FAREHIEBRH, ZELIEIEES, Planner 5/%o]gE
T RERYY, G0, WIRETF T (sick), 26E 7T EAEHE—FHAPLEER 1 =, Planner 5/
RIEABELRE, WIATLEFEXNFLTEFERY, AUNREEBIGEZFEE, WNaLlEREN,

TR

BZ# 7 OpendDK 11 St ES/kAK, ZIIEFERT Open JDK el ZIIEE [ 17 M g
Software Downloads i E (FEEER) .

Apache Maven 3.8 St EE A B Z ¥, Maven fiiF Apache Maven Project fi,

#2447 IDE, #1IntelliJ IDEA, VSCode st Eclipse.,

16.1. F#: #5717 OPTAPLANNER 3 TiHERE/F

T#; OptaPlanner i3 T )i EF %5517+, L Quarkus FXEXENE, HIEN G EETN
B, Quarkus FFL AN A5 1T 178 R E .

TR

HALLIEZF ] F i di89 Software Downloads HiE (FZEER) , AEM FFEHG5E

:h%/f': R FIRZK :

J7eda : ZIIEFEEH OptaPlanner

Version: 8.38
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% 16 = IIgHEM QUARKUS A OPTAPLANNER {92 : R THHEREREESISE

2.
T # ZIIEHIEHI OptaPlanner 8.38 H#A [T,
3.
125X rhbop-8.38.0-optaplanner-quickstarts-sources.zip X1t
4,
Z /17 org.optaplanner.optaplanner-quickstarts-8.38.0.Final-redhat-00004/use-
cases/employee-scheduling H%,
5.

AL Fip B FAL R F/E5) OptaPlanner employee WHEEES :

I $ mvn quarkus:dev

Z&E OptaPlanner [ TIEFERF, MG & PMALLT URL :

I http://localhost:8080/

Z,517 OptaPlanner 3 THEFE, 54 Solve,

XBREIHTER, RE’K F5 @BIFNiEa. 718, A EIE o,

16.2. ¥4 E7#:21T OPTAPLANNER A T1iEERF

ST AT A4 T FE( quarkus:dev #20) 189 OptaPlanner i3 THEE/FE, SN AEAFSH] jar X
#‘Lf‘- ﬁo

SERF
[ ]
B F#; 7 OptaPlanner i THEHE,
R

E#1% /Juse-cases/vaccination-scheduling H%,
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Z4yiF OptaPlanner i THEES, HWALITRS :
I $ mvn package
FEZ{T441FH9 OptaPlanner employee VB, EWALUF@RS :

I $ java -jar ./target/quarkus-app/quarkus-run.jar
*E

E7rin] 8081 _LinfTiBESF, 15 #¥ -Dquarkus.http.port=8081 F=/1Z L
— 8 Fo

FE55) OptaPlanner 7 TERESE, EEMTNEZHBHALT URL,

I http://localhost:8080/
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%8 17 & RED HAT BUILD OF OPTAPLANNER ON SPRING BOOT: A TUTORIAL TIMEABLE QUICK

START 7555

XI55 G T #H OptaPlanner 925 B& Spring Boot /v fHFE/FHIT 72, HTFRBEAAN T EEE
(Al), ZfF5E#—1 REST MABESR, HHEAGHB DAL — N EFH,

Refresh | EGITEN Score: Ohardi18soft m By teacher By student group
Timeslot Room A W RoomB W RoomC W
Physics L] Spanish L]
Monday 08:30 - 09:30 W by M. Curie by P. Cruz
10th grade 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 W

IR {5 EH Al H501F lesson 6149 B2%5 Timeslot ] Room 3261, LUBHELL THERIE 1 ERE

Monday 13:30 - 14:30 &

Monday 14:30 - 15:30

BIH&RZaLUE—/ ],

H A7 AT LA ZHORE R HTH5Fo

F Az AR S TR,

HAFENEE—BIHXS,
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B 7 R W e ZE IR EERIRRE & IF] BIZE S o

LEE G v, RN TEERE—T NP-hard B9/H&, XEBKEY BILEE, HHABETETH
brute #FIBIETEEA R, AMEEERKITEH, WEEHGHENE, satisfy, Al 2Rz (A
OptaPlanner) &SR IR BB R ERITT EHIERESL, N NEEEERINTE, X RFE
B1E&I89 B Fho

TERRF

[ ]
BZ# 7 OpendDK 11 Bt ES/kAE, ZIIEFHERT Open JDK el ZIIEE [ 17 My g
Software Downloads i E (FEEER) .

Apache Maven 3.8 st &S5 ikEX B %%, Maven fii F Apache Maven Project PHih,

#2447 IDE, #1IntelliJ IDEA, VSCode 5t Eclipse.,

17.1. FT#F#7& SPRING BOOT SCHOOL TIMETABLE 1%/ 5)

WREZEEFTIEIGER)# A Spring Boot /~dai OptaPlanner B el sE R I Bl, EMIIEE 1]
P FEAFE N AER.

T

HALLIEZF ] F i d169 Software Downloads Tl (FZEE&R) , ZAEM FlrEHdisk
;7%/_*": n‘lj:lﬁ]ﬁf#c -

J7eda : ZIIEREEH9 OptaPlanner

Version: 8.38

T# Z1#EF 2R OptaPlanner 8.38 HRZA [ ],

#Z28X rhbop-8.38.0-optaplanner-quickstarts-sources.zip X1#.,
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#2HAY org.optaplanner.optaplanner-quickstarts-8.38.0.Final-redhat-00004/use-
cases/school-timetabling H-R &3 rHEH,

4,
Z /17 org.optaplanner.optaplanner-quickstarts-8.38.0.Final-redhat-00004/use-
cases/school-timetabling H%,
5.
T# L5/ OptaPlanner 8.38.0 Maven Repositroy (rhbop-8.38.0-optaplanner-
maven-repository.zip).
6.
125X rhbop-8.38.0-optaplanner-maven-repository.zip X,
7.
f¥ rhbop-8.38.0-optaplanner/maven-repository F H-RBIANZL #E) ~/.m2/repository H
R,
8.
2817 org.optaplanner.optaplanner-quickstarts-8.38.0.Final-redhat-00004/
technical/java-spring-boot 5%,
9.
AL T ep#FJ# Spring Boot school timetabling g :
I mvn clean install -DskipTests
10.
Ef# Spring Boot CLASS timetabling TiH, EFWAL Fa% :
I mvn spring-boot:run -DskipTests
1.
EHETH, wHHER I iEaEPHALLT URL :
I http.//localhost:8080/
17.2. X/ X/ R

ZI#EFER9 OptaPlanner timetable 77 HHJ B 72 77 &1 R EE 0 Bl IH 145 FIEE 17, EMEIX —sm,
HRM=1%, Timeslot,lesson , fil Room, I TFHEm7 :
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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 51C& 7 75 LFFEHTB9/E/KE, #U4T Monday 10:30 - 11:30 5t Tuesday 13:30 - 14:30, X1
I, FrEN e EB ARG IRIBGFFZENT ], 1E lunch BER b/ R EH [H/ 151,

HHERREHA, EhEil HEEHREL, TEE H44%, —1 timeslot i [H&, B{E
BRI FEHRE Timeslot S4B, MEEFFZLFI OptaPlanner f5ELH,

BlH

Room ZEftZx—NREIFEEHI/IE, #I%] Room A 588 Room B, ZEXTNTHIH, ArBEEHZREES
BR#, e BEYAE i~ EE.

Bl LOIERRN FR2HZT, EIH E—1 83,

lesson

TESGITE, Hi Lesson £z, Hdm—F GAieHEH, A1 Math by A.Turing for 9th grade
5¢ Chemistry by M.Curie for 10th grade, HIR&/EHRI—44ZRF>T— L&, NEZMGES id
X589 lesson 5B, GV, % 9 T iFREEE 6 T

TEAE A A, OptaPlanner E2{ T Lesson ZEH9 timeslot #] room FER, 1 EEEL AT I 1H1E /]
B, B9 OptaPlanner B XLLFE, ALl lesson &@—1 HAISEAE -
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Time table class diagram

Timeslot

dayOfweek : DayOfWeek
startTime : LocalTime

Th

e timeslot and room fields are
normally null before solving
and non-null after solving

@PlanningVariable

@~PlanningEntity

Lesson

subject : String
teacher : String

endTime : LocalTime timeslot studentGroup : String
0.1 n
‘ Room @PlanningVariable
name : String room
0.1 .

LA EE S FRESWAN, H orange FEERH. —1 lesson B timeslot ] room FERTE
AR EILE (F) , HEHHBIERDE (FE null) , OptaPlanner ZEfE 2T B BEM X LEE
B, ILEFR# Vit #IZE, # T il OptaPlanner ii7E1], timeslot #ll room FREFE
@PlanningVariable 7, ©&35 % lesson FZ—1 @PlanningEntity ;7.

TR

BY# 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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176

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;

}

ZZ toString () FHEERFFwLE, LUEEZLHP]E OptaPlanner #9 DEBUG 3t
TRACE H&E, #WEEATT.

BY# 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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BY# 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 ok ok ok ok ok ok o ok ok o ok ok ok ok ok o ok ok ok ok ok ok o o ok

// 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 X8 #&—1* @PlanningEntity %, UL OptaPlanner MBI X EBRTEEFLE
T, BAEEBE—1TEHZNHEE,

timeslot FEREH—1 @PlanningVariable F#, EUt OptaPlanner HI:& & LI EH A
g5, 7 7 HEEZERT Timeslot LAk A BZG ILFER, OptaPlanner &/
valueRangeProviderRefs B F {24 List<Timeslot&gt; BIEB BNV, BHHXEBEE
NEHIEE, 1556 E 17.4 77 “TEAHLIER T FHIREBTR,

room FB4E A @PlanningVariable ;t7, [EHfE/E,

17.3. E X R#FH i1 EH#

LRGN, DB AXIFEBRIGELGTE, 5EES, IEfEH) OptaPlanner 7Kz tEERT

K, JEBHABI ARG REDEBIBERGF, Xaie REBRF,

B timetable 7~ GG A2 G HERIARE, ATLUEEF HardSoftScore KR CF D -

ELIR T BEWRIE I, OV - — 1 ZEIHRZ e LR B —1
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KRBT LM, BV - B B F1 5 —E I IHTE T,

LR AIRIER MBER TN TN, HRFZ L R RFABIINE, BRAIGLZE SRR, bR
XN BIXEZ AT 4o

Eif B85 H, oL EasyScoreCalculator £ :

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);

T EHIE, X TERGFELLERIFBYT B’ ENEHREZIE | BXIFRED I T RN S s
B, ArBREAEREN AL LT BHTH95 .

BRI R T 52 B — 1 src/main/java/com/example/solver/TimeTableConstraintProvider.java
X, LIAfTIEEH i1 8, It OptaPlanner £9 ConstraintStream API, % APl # Java 8
Streams ] SQL #:#, ConstraintProvider It EasyScoreCalculator 3811 7 — 1\t
EasyScoreCalculator &7 magnitude NifF : O(n)ifa4=2 O(nbusybox),
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TR

BIZLLT 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.

// Select a lesson ...
return constraintFactory.forEach(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(HardSoftScore. ONE_HARD)
.asConstraint("Room conflict"”);

}

private Constraint teacherConflict(ConstraintFactory constraintFactory) {
// A teacher can teach at most one lesson at the same time.
return constraintFactory.forEach(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getTeacher),
Joiners.lessThan(Lesson::getld))
.penalize(HardSoftScore. ONE_HARD)
.asConstraint("'"Teacher conflict”);
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private Constraint studentGroupConflict(ConstraintFactory constraintFactory) {
// A student can attend at most one lesson at the same time.
return constraintFactory.forEach(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getStudentGroup),
Joiners.lessThan(Lesson::getld))
.penalize(HardSoftScore. ONE_HARD)
.asConstraint("’'Student group conflict”);

17.4. TEAE XIS T R E 1ot 5%

TimeTable SEHIAITEH 1 HIEE #IFTA TimeTable. Room #l lesson 26, F4., B ANEESAT
FifEE, FMFEHERENHNTELS, ATLUEE—1 HHBEAGE, SHHUT -

WMREFXDEIRE, WER—T KEIEH) BARTGE, GIH, £y -4init/Ohard/0soft £
BRI,

HIREF M TERE, WEZE—1 T aT#BE BRGE, OIS ET) -2hard/-3soft BIFFR
B,

WREEBATEERE, NEE— T eT{THIFERGE, BIAH 7 Ohard/-7soft BIFERT
%0

TimeTable 26274 @PlanningSolution 4, BILZIIEF &I OptaPlanner A& I % B EATHHA
s,

BHE, XTEEZFEBIHA -

S ATBN H151E6) timeslotList R

XElEFELIZ, EHENTERIIBEITRHET,

HBAAEINR roomList FE
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REEELIZ, EHENTTERIIBEITRHET,

BEATA R lessonList FEE

XEMRNEEINZE, BHENTIERIRLEPLLE THE,

&1 lesson :

timeslot ] room FEREGEEZE A Yy null, EILESE, E1T2H5HZE,

HhFE (#1 /3, sonr fl studentGroup ) BEE, XEFREGEM.

182, XPEEMERTGFEIIGH -

LRRABRE, 1 Lesson SLHIEBAFEnull if/Eslot ] room FEEH lessonList FEZ

CXEFHIE AT KT S score FEZ, HI4] Ohard/-5soft

TR

BY& 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")
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@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 3k 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 ok b

// Getters and setters

// %3k ok o 9k ok ok 9k ok ok ok ok ok ok ok ok o ok ok ok ok ok o ok ok ok ok ok ok o ok ok

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

}

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

}

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

}

public HardSoftScore getScore() {
return score;

}

(B E R R

timeslotList FEE—MEEHALNV R, E1R#F OptaPlanner sl LIMAi£EEH) Timeslot 554, L%
BA2%5 lesson SC4IH timeslot FEZ, timeslotList FEREE—1 @ValueRangeProvider 3, ¥
id & lesson #1 @PlanningVariable #9 @PlanningVariable #9 id PLAL,

BEEEZHEE, roomList FE 15274 @ValueRangeProvider %,
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I EIE LRI RN A

YA, OptaPlanner FZEHIE & o LIE X YFLELBISLLY, LUR AT 3 H FEH
TimeTableConstraintProvider 5# i/ E£J Timeslot #1 Room 24,

timeslotList ] roomList FEE#%—1 @ProblemFactCollectionProperty 75, BILHEH]
TimeTableConstraintProvider ETLIM X L HitFE,

lessonList F—1* @PlanningEntityCollectionProperty ;£#, Bt OptaPlanner o] LI7EfERH/H]
BHEN], %89 TimeTableConstraintProvider th el LIM 1141,

17.5. & TIMETABLE R

HRTE, BT BN B —EFH O REST RS, 1R REST 272 EHIHLY /&R F
HTTP i a[&, BFUt, Spring Boot #1#Z& A SolverManager, E1fHBHZFE AT solvers,
FH AT FH TR % PN HIELE,

T

B# src/main/java/com/example/solver/TimeTableController.java 3% :

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;

@PostMapping('/solve")

public TimeTable solve(@RequestBody TimeTable problem) {
UUID problemlid = UUID.randomUUID();
// Submit the problem to start solving
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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;

XV, HIELIEAS#F solver STk, X{BAATLLFH HTTP &Y, T2 LHaTLi## 5% HTTP
BHRZ,

17.6. i%i& SOLVER 2Ll a]

IR RN FIFEfE R AU R IES K I FEH, TEETL L RARXETT, L tRARFH HTTP &
IR, BRIEXFE R 4L, 5@ optaplanner.solver.termination.spent-limit Z3#5E e
AR A/ K, TEAZEN RSP, FERENELBRH(5m), {HZ, 7£ Timetable 74
H1, fHAEEI RN 5 #, XELUESE HTTP &Y,

TRE

&AL E G src/main/resources/application.properties X :

I quarkus.optaplanner.solver.termination.spent-limit=5s

17.7. (&N HEES a1

52/ Red Hat Build of OptaPlanner Spring Boot timetable T H /&, fFArEAZEIT SR # Java
main () ZHZWIBENTHIT JAR X,

SERRM
[ ]
BEH—1 B 55K OptaPlanner Spring Boot timetable JiH.,
A

LU T ZLEE TimeTableSpringBootApp.java % :
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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.
fFHi Spring Initializr 2/##9 src/main/java/com/example/DemoApplication.java & & #t
77 TimeTableSpringBootApp.java 3%,
3.

f% TimeTableSpringBootApp.java EfE 75 Java N fHEE/FHIE KiE1T.

17.7.1. 221 timetable i/ fHEE/F

J53) Red Hat Build of OptaPlanner Spring Boot timetable i fHEE/F /G, 5ol LU{E A48 Eag T
REST & Fimilliz{ REST fR%5. ZBfEH Linux curl i85 %% POST 153K,

STERFM
[}
OptaPlanner Spring Boot timetable /7 fHEE/F IEH£i51T,
R
FEHLU TS -

$ 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}'

A2 5 BlE, KIERTEFEE application.properties F1E X 8901 H], RS A& BIZELILL T2~ HIT5
Mo
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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"}

FEE, NAEBFAFAENRESILE T HEEE—, F— 12T EH. 7FFEE EfF
EATEBELIR, BV, M. Curie BB 1 iFFEELL T RIBIHS /1545,

B

TR #50%, info HEZ 7 OptaPlanner 7£ 5 BRI FTHILRE -

... 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).

17.7.2. Wil i

RIEFEGN RS S50 Z ., X776V Timetable Red Hat Build of OptaPlanner Spring
Boot WEER. E&MH JUnit i3 4E Wi BHEEHFFH % ZF) TimeTableController LIEX,

T

LU FAZLEE src/test/java/com/example/solver/TimeTableControllerTest.java % :

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;
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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<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"));
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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);

WAL U R, AT RS — T I ERE N, EXR%uEEL Y — e {To95F
RBE (CEERE) .

BE, LHFEE 200 ERAHBATTHIBRGE, F3EE, @SpringBootTest FF KB WfIZE =z
solver Zut, LUEFE el {THIME* 753 (0hard8:0:1: :soft)if L AIL 1F, X B dtsEi@ 4 fCrs, BINHgil
H R TEAF B L1517, X E RIS T K, LIHEBIaI{THIBRGE, AEEEE
BRI LU, 182, AFEFERERGH, IR HEOAEE1T milli #,

17.7.3. HZ&EidF

528k Red Hat Build of OptaPlanner Spring Boot timetable /v fHfe/F /i, o LU&H HZE 1SS0
ConstraintProvider FHHIR#, ZE info HZEX BTN BT EZE, LUTLEX LK E KBz,
LU B ST R, LUBTNBAEFATRBIEN L, 2 trace logging il R EF N2 5HH
F1 B0,

TR

51T timetable K HLUEER ], HIH1A B #,

BEEHEXAHE2HiTE2E, W TFHIFT

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

EXIR, BIE{T planning A FEEERFLIREIRIEGET ], FH 122 HiEX AL RIS BT H
Eg o

LUl debug BTN FEREFFLUC RN LI

B S frintfrifiidEZd. EFfEH -D L EM.
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PSRN S E A PN PG ET Z EER  E  R R T S

FE B application.properties X FHBIHZEICR, BEZXHFHFFMLTAT :
I logging.level.org.optaplanner=debug
LUTFAETR T HEXHFE] debug B A5 -

... 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 B &N BHIFE L,

17.8. FIMEHE/EH] Ul £58

&5 Spring Boot 1& Red Hat Build of OptaPlanner AR G, FIEHE/FEH/ Ul £,

FirlER
[}
HE6/# T OptaPlanner Spring Boot timetable 7,
TFE

7 Timeslot. Room #] lesson B Java Persistence APl (zFCP)#&1%/%, BX/Z JPA
FHEFERGIETE, 155Z Spring K5 (&/F JPA 1/ #4E,

2.
11 REST R FF JPA Ft#fF. BARFFEIEEREIE, 155% Spring Mih LA &/ REST
iiH JPA 15,
3.

14# TimeTableRepository facade, f£# FEXHERAEA TimeTable,
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LU F AR 152 TimeTableController :

package com.example.solver;

import com.example.domain.TimeTable;

import com.example.persistence.TimeTableRepository;

import org.optaplanner.core.api.score.ScorelManager;

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);

}

@PostMapping('/stopSolving")
public void stopSolving() {
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192

solverManager.terminateEarly(TimeTableRepository.SINGLETON_TIME_TABLE_ID);
}

N T HHEEE, WAHERLE—1 TimeTable 524y, {HaLlfTH S HZ#, HHTUE
FlEEFEHKZT TimeTable 524,

getTimeTable () JZ&ROIEEFRIRFTIE, E&H ScoreManager (Hz3):EA) ¥if
B i B2 ¥, LUE Ul T LLZ 0¥,

solve () TAEsi—MEW, LUBERZEIBGETRTIHZ, HIFH HiEE R D e
#BFER, S SolverManager.solveAndListen () T il /5B RTGE, HiEHE
BB FE, XAl Ul ZEEGalh AR B A E,

HitE, solve () A ZAARITAIE[E, 1HZZ TimeTableControllerTest, #0TFAIF :

package com.example.solver;

import com.example.domain.Lesson;

import com.example.domain.TimeTable;

import org.junit.jupiter.api.Test;

import org.junit.jupiter.api.Timeout;

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

import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.boot.test.context.SpringBootTest;

import static org.junit.jupiter.api.Assertions.assertFalse;
import static org.junit.jupiter.api.Assertions.assertNotNull;
import static org.junit.jupiter.api.Assertions.assertTrue;

@SpringBootTest(properties = {
"optaplanner.solver.termination.spent-limit=1h", // Effectively disable this

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

public class TimeTableControllerTest {

@Autowired
private TimeTableController timeTableController;

@Test
@Timeout(600_000)
public void solveDemoDataUntilFeasible() throws InterruptedException {
timeTableController.solve();
TimeTable timeTable = timeTableController.getTimeTable();
while (timeTable.getSolverStatus() != SolverStatus.NOT_SOLVING) {
// Quick polling (not a Test Thread Sleep anti-pattern)
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// 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.
IRTHIER TG, BEIFRE TR E,
7.

FH AR A2, THTEXYE REST K42 L85 5789 Web Ul,

17.9. #/5 MICROMETER #] PROMETHEUS ;#2489 CENTRAL TIMETABLE OPTAPLANNER
SPRING BOOT WS

OptaPlanner #81 Micrometer (Java A fHEEFBIIE R IE) N FF 15 Fn. #EeJLLfF Micrometer &
Prometheus ERCE, LULTEEHEN bS89 OptaPlanner solver,

SERF
[ ]
BB 6/E T Spring Boot OptaPlanner school timetable ;i fH#2/%.,
[ ]
B%%# Prometheus, BAXZ% Prometheus BJi¥fs, i#& & Prometheus Mk,
A
1.
Z#1 % technology/java-spring-boot H%,
2.

f¥ Micrometer Prometheus #&#i7MZ) school timetable pom.xml X :

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

<groupld>io.micrometer</groupld>
<artifactld>micrometer-registry-prometheus</artifactld>
</dependency>

{£ application.properties XML FEHE -

I management.endpoints.web.exposure.include=metrics,prometheus

JE5) amp timetable i/ FHEES :
I mvn spring-boot:run

7F Web Jig88d8#TFF http://localhost:8080/actuator/prometheus,
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http://localhost:8080/actuator/prometheus

& 18 = ZIIgHHEAI OPTAPLANNER Hl JAVA : rhZ5H A AR E A 456
% 18 Z Z[IEf# 9 OPTAPLANNER 7] JAVA : 1201 [HBGHEA | TH5 5

ZIERHE FESTE @ OptaPlanner 2K G # Java W HEEFHIT R, HTRERIATEEAI),
OB — 1 R TNAERF, HEEAGRB G T BB :

INFO Solving ended: time spent (5000), best score (Ohard/9soft), ...

INFO

INFO | | RoomA [RoomB |RoomC |
INFO | / / / /
INFO | MON 08:30 | English | Math / /
INFO | [ I. Jones | A. Turing | /
INFO | | 9th grade | 10th grade | /
INFO | / / / /
INFO | MON 09:30 | History | Physics | /
INFO | | 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 | / / / /

BN R fHEE Al H50fF lesson 3261428045 Timeslot #] Room 5541, #4140 -

BIHRZaLUE— ],

H A7 AT LA ZHORE R HTHEFo

F A2 AR S TR,

BN EE T o] — 5 ] [~ T A LR Ao

B 75 221 W e ZE IR BRI RRE & I BIZE S o

A —ZB_EBYZ 7T RIS R EE.
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UEFHA v, PN EEERE—T NP-hard B9/A&, XEHET BRI, oHi w5
AT A BERHEH TN, FEHETFN I FHENTFEIBNEE, AEEER S -LEEAL,
satisfy, Al 25 fE#T45 (41 OptaPlanner) B&H1E&EEBINT H/NIEHIEVT IR EBRR TG RIS REZL,

TCRFA

B%% OpenJDK (JDK) 11, ZIIEF/EEHT Open JDK ol L 215 E /7 1/ Mk Hagg Software
Downloads ii# (FZER) .

BZ % Apache Maven 3.6 st &5 hik%, Maven {iiF Apache Maven Project Fii,

IDE, #7 IntelliJ IDEA, VSCode 2t Eclipse

18.1. B MAVEN 2t GRADLE FZEX f#F 75tk /i i

T LLfF Maven ¢ Gradle /53 OptaPlanner school timetable /v /H#EfF, GIBHEX G, ML
RGN -

OptaPlanner-core (4#iFEEH) LIBEAR A HE

Xf JUnit B9 OptaPlanner -test (Ji(5E/E) Wi CLASS timetabling 2%

logback-classic (GZ{THERE) F5£8, LIZEZE OptaPlanner RERBIELLE

TR

B Maven =t Gradle fEZX L,

TELEBIFIEE X (4 /07500 optaplanner-core, Optaplanner-test fi] logback-classic ##i97 :

XIF Maven, FFLLTF&HTFME pom.xml XA :

<dependency>
<groupld>org.optaplanner</groupld>
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<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>

LUFaBliZr 752289 pom.xml XX,

<?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>8.38.0.Final-redhat-00004</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>${version.org.optaplannerj</version>
<type>pom</type>
<scope>import</scope>
</dependency>
<dependency>
<groupld>ch.qos.logback</groupld>
<artifactld>logback-classic</artifactld>
<version>${version.org.logback}</version>
</dependency>
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</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</artifactld>
<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>
</releases>
<snapshots>
<enabled>true</enabled>
</snapshots>
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</repository>
</repositories>
</project>

X/F Gradle, &7 gradle.build X {77 ARG :

dependencies {
implementation platform("org.optaplanner:optaplanner-bom:${optaplannerVersion}")
implementation "org.optaplanner:optaplanner-core”
testimplementation "org.optaplanner:optaplanner-test”

runtimeOnly "ch.qos.logback:logback-classic:${logbackVersion}"

/

LUFanBliZa 7 B5EaEY gradle.build X 14,

plugins {
id "java”
id "application"

}

def optaplannerVersion = "{optaplanner-version}"”
def logbackVersion = "1.2.9"

group = "org.acme"”
version = "1.0-SNAPSHOT"

repositories {
mavenCentral()

}

dependencies {
implementation platform("org.optaplanner:optaplanner-
bom:${optaplannerVersion}")
implementation "org.optaplanner:optaplanner-core"
testimplementation "org.optaplanner:optaplanner-test”

runtimeOnly "ch.qos.logback:logback-classic:${logbackVersion}"

}

java {
sourceCompatibility = JavaVersion.VERSION_11
targetCompatibility = JavaVersion.VERSION_11

}

compiledJava {
options.encoding = "UTF-8"
options.compilerArgs << "-parameters"”

}

compileTestJava {
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options.encoding = "UTF-8"
}

application {
mainClass = "org.acme.schooltimetabling.TimeTableApp"

}

test {
// Log the test execution results.
testLogging {

events "passed", "skipped", "failed"”

}

}

18.2. X/ X/ REME

ZI¥EF4#EH9 OptaPlanner timetable JiH I B ¥rE o #1 7EE 2 B I 5B HIE 1, BB —m,
HRM=1%, Timeslot,lesson , fil Room, #ITF&Emi7 :

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 51C& 7 75 LFEEHTB9/E/KE, #U#T Monday 10:30 - 11:30 5t Tuesday 13:30 - 14:30, X1
O, FrEN e EB A A IRIBGFFZERT ], 1E lunch BER b/ R E ] [H 151,

HIHERE A, HhE&HWEFPRER, TFZE 544, —1 timeslot ##/ 78, KHTE
BRI EFRRE Timeslot SLHIKZ, UEEFFZELFI OptaPlanner #E 3.,

BlH
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Room £ F&x—NREFEEAI/iE, #I4] Room A 3 Room B, ZEIX T FAI, ArBEEIHEREE S
BR#, ST FEHA5ERE,

Bl LOIERRN FR2HZ, EIH E—1 183,

lesson

TESGITEA, Hi Lesson £z, Hdm—5F GieHtEH, B Math by A.Turing for 9th grade
3¢ Chemistry by M.Curie for 10th grade, ZIR&ZEHE—EHZRE>]—1ES, WEZMGE id
X489 lesson 36, 1A, % 9 T iFRERE 6 T H 1

TERHE, OptaPlanner E{ T Lesson 5K timeslot #] room FER, F7#F TN FEED AT IH/ 1515 /]
B, B9 OptaPlanner B XLLFE, ALl lesson & —1 HAISEAE -

Time table class diagram

The timeslot and room fields are
normally null before solving
and non-null after solving

@~PlanningEntity

Timeslot Lesson
dayOMeek : DayQM‘eek @PlanningVariable subject : Strl_ng
startTime : LocalTime , I teacher : String
endTime : LocalTime =il studentGroup : String

0.1 *

@PlanningVariable

‘ Room
room

name : String

LHEBAZD FREBEWMAMEE, {H orange FEREEH. —1 lesson HJ timeslot #] room FE{E
AR ELE () , HEHHBIERLE (FE null) , OptaPlanner ZEfE 2T BB BEM X LEE
B, WLEFR#H il #ZE, T il OptaPlanner iR#E1], timeslot 7l room FREEE
@PlanningVariable 7, ©&35 % lesson FZ—1 @PlanningEntity 7,

TR

BY# src/main/java/com/example/domain/Timeslot.java £ :
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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 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 ok b

// 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 ok

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}

FEtoString () HZERIFHHIAE, LUEEZHMYE OptaPlanner #9 DEBUG 3t
TRACE HZE, #WfEEATT.

BY# src/main/java/com/example/domain/Room.java 3§ :

package com.example.domain;

public class Room {
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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 ok ok ok ok ok ok ok ok ok ok o o ok

// 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 ok

public String getName() {
return name;

}

BY# 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;
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204

}

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

}

/ %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 ok

// Getters and setters

// %3k 3k o 9k ok ok 9k ok ok ok ok ok ok ok ok o ok ok o 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() {
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 X82&—1 @PlanningEntity 7, &t OptaPlanner HE Lt LIRS EFRLE
T, BAEEBS—1HZNHEE,

timeslot FERE7%—1 @PlanningVariable 3%, Bt OptaPlanner #& & al LA FHHE
fd, 7 7 HEEER) Timeslot LA EGIEFER, OptaPlanner &/
valueRangeProviderRefs /&t F#EIfe## List<Timeslot&gt; BIEE H BN, HXIEEEHH#
WEHIHESE, 1556 5 18.4 T “TEAHRIER T EHIKEBNR,
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room FB4E A @PlanningVariable ;t7, [EHR1E/H.,

18.3. E X REFH i FHH

TR TGN, P AXIEBRRGFELIGTE, HEEE, IEfEH) OptaPlanner 7Kz tEMERT
K, XEHABIHRKGREDBHOBIBERGF, Xaie REBRGF,

B timetable 7~ (G2 G HERARE, ATLUEG#EF HardSoftScore K CFHH -

TELR T BEWRIE I, O - — 1 ZEIHRZ T LR B —1

HIRENT LB, BV - B3 B F1 5 —E I IHTE T,

LR EARIE R MBERFIF I, TR BRI E, ERAIGLHEEL AR, bR
X BIXEZ AT 4o

EilEHH, ALl EasyScoreCalculator 3 :

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--;
}
}
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}
}

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

T EHIE, X TERGFELLERIFBYT ’, ENEHREZIE | BXIFREDE T RN iS5
B, ArE REEA R EHT L LT FHH9 5 #s

BRI R T A2 0 — 1 src/main/java/com/example/solver/TimeTableConstraintProvider.java
%, LIHITIREHHiTE, ILEH OptaPlanner B9 ConstraintStream API, % APl # Java 8
Streams ] SQL #:#, ConstraintProvider It EasyScoreCalculator 3811 7 — 1\t
EasyScoreCalculator &7 magnitude IifF : O(n)ii4& O(nbusybox),

TR

BIELLT 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.

// Select a lesson ...

return constraintFactory.forEach(Lesson.class)
// ... and pair it with another lesson ...
Jjoin(Lesson.class,
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// ... 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(HardSoftScore. ONE_HARD)
.asConstraint("Room conflict"”);

}

private Constraint teacherConflict(ConstraintFactory constraintFactory) {
// A teacher can teach at most one lesson at the same time.
return constraintFactory.forEach(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getTeacher),
Joiners.lessThan(Lesson::getld))
.penalize(HardSoftScore. ONE_HARD)
.asConstraint(""Teacher conflict”);

}

private Constraint studentGroupConflict(ConstraintFactory constraintFactory) {
// A student can attend at most one lesson at the same time.
return constraintFactory.forEach(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getStudentGroup),
Joiners.lessThan(Lesson::getld))
.penalize(HardSoftScore. ONE_HARD)
.asConstraint("'Student group conflict");

18.4. TN ZIE R T K E XS 5

TimeTable SLBIAFT B 51 HiE%E BIFTA TimeTable. Room #] lesson 326, B4, BN EEZAT
HIRE, FMFEHBERHENHLHTERE, TUEE—1 HUBERATE, SHHUT :

NREHXADEIRE, WEE—T KHEIEH) ARG E, B, HH 7 -4init/Ohard/0soft £
BRI,

HIREFH T HERE, WEZ—1 T aT#RH BRGE, OIS E) -2hard/-3soft BISFR
A

WMREEBATEERE, NEE— N eT{THIFERGE, BIAH 7 Ohard/-7soft BIFERT
¥0
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TimeTable 827 @PlanningSolution F, HILLTIEFHIER) OptaPlanner &I X B S AT EHA
A5 H B,

BHE, XTEEFEBIHA -

S ATBN [H/151269 timeslotList F£EZ

XEEELIZ, EHENTERIRIBEITRHET,

HBEATBE roomList £

X FFELIZ, BHENERITIEFFRHZE,

BEAHRER lessonList ¥

XEMRNEEINZE, BHETIERILEPLLE THE,

&1 lesson :

timeslot # room FERAJEZEZE DA null, EILKXSE, E1TEHHZEE.

BB (#1 /3, sonr fl studentGroup ) BEE, XEFREGEM.,

182, XPEEMRTGFEIIGH -

LRRABRE, 1 Lesson SLHIEBAFEnull i/ slot ] room FE2H lessonList FEZ

CXHHBEA T R T E R score £, #I4 Ohard/-5soft
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TRE

BY& 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;

}

/ % 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

/ % 5 5k 3k ok 5k ok ok o ok ok ok ok ok ok ok ok ok ok ok ok o ok ok o ok ok ok ok b A

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

}

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

}
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public List<Lesson> getLessonList() {
return lessonlList;

}

public HardSoftScore getScore() {
return score;

}

(B E R

timeslotList FERRE—NMEEFHENE, ER7F OptaPlanner aTLIM HEFEE) Timeslot 24, LI%
B2%5 lesson SC4IHY timeslot FEZ, timeslotList FEREE —1 @ValueRangeProvider %, ¥
id & lesson #1 @PlanningVariable #9 @PlanningVariable £9 id PL&g,

BEEEZHEE, roomList FE 15274 @ValueRangeProvider 7%,

[ B FE LRI S B

U, OptaPlanner FZEHIE & o LIE X FLELHISLLY, LUR AT 3 H FEH
TimeTableConstraintProvider £ #i1 &89 Timeslot ] Room 4,

timeslotList ] roomList FEE#%—1 @ProblemFactCollectionProperty 375, B
TimeTableConstraintProvider ETLIM XL HitE,

lessonList 5—1* @PlanningEntityCollectionProperty 7, Bt OptaPlanner o] LI{EEAH /5]
BHEN], %89 TimeTableConstraintProvider th el LIM & 1141,

18.5. THE TIMETABLEAPP.JAVA CLASS
TEBYE T school timetable N HEEFHIATE IS, ZFF1E TimeTableApp.java K fFE £
7 TimeTableApp.java £,

main () JFBZERITUTES :

0% SolverFactory, L #&F1 HIEEME Solver,
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2.

MEHIEE,
3.

#17 Solver .solve () AR/,
4.

HHAC Z BT EBIE R T s

BE, NABFEE—T SolverFactory F4E A F1N S IEEE— 189 Solver 5
#l, SolverFactory /2 thread-safe, {H Solver &, X/F tutorial timetable N /HFEfF, RE—1TH#E
%, HHHE—1 Solver 54,

LUTF 2526689 TimeTableApp.java % :

package org.acme.schooltimetabling;

import java.time.DayOfWeek;
import java.time.Duration;

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

import java.util.Collections;
import java.util.List;

import java.util.Map;

import java.util.stream.Collectors;

import org.acme.schooltimetabling.domain.Lesson;

import org.acme.schooltimetabling.domain.Room;

import org.acme.schooltimetabling.domain.TimeTable;

import org.acme.schooltimetabling.domain. Timeslot;

import org.acme.schooltimetabling.solver.TimeTableConstraintProvider;
import org.optaplanner.core.api.solver.Solver;

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

import org.optaplanner.core.config.solver.SolverConfig;

import org.slf4j.Logger;

import org.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(5)));
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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 () J%4EisE6/& 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 G/& M @PlanningSolution 3£, @PlanningEntity Z£#] ConstraintProvider %,
B2 Rt A K.

WIRR B K ESE terminationEarly () Ff#, W solver RKXi&1T, FEXFEN, BRE
A FF BRI TH R 5 .

£ 5 Bla, main () FBZEMEIVE, BRIVE, FHITHBERGFE :

// 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 () ZHZEFRTALRE, EHEREIREMRR:FEEITS#.

OptaPlanner &[o] o] AL IERT B BIREMBRTGFE, HITF NP-hard [E[HIMENE, RIFBIBER T K ATGE
TEREN), 15HEN FRABEIEE, BMALENE, LA EEHEIE IR E,

generateDemoData () JFAR/=4—1 el LIBEREI o] £ /1,

printTimetable () 75%77#2EHGBIaIHIEYE, BHUL BT LU E B2 &2 4P I8 2,

18.6. /#7217 PROFILE TIMETABLE N A/

BitE, #B5EHK T kutable Java N HFEFHIATE I, #HBEGIFIFENLE KT
TimeTableApp.java EHFHiZ(TE,

TERFA

B L)E amp timetable ;v /HE/FATEBIAT B,

T

BY& src/main/java/org/acme/acmetimetabling/TimeTableApp.java £ :

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(5)));

// 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);
roomlList.add(new Room("Room A"));
roomlList.add(new Room("Room B"));
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roomlList.add(new Room("Room C"));

List<Lessons> 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.getTimeslot() != null && lesson.getRoom() != null)
.collect(Collectors.groupingBy(Lesson::getTimeslot,

LOGGER.info("|

Collectors.groupingBy(Lesson::getRoom)));
| "+ roomList.stream()

.map(room -> String.format(’'%-10s",

room.getName())).collect(Collectors.joining(" | ”')) + " |");

LOGGER.info("|" + "'======mmn=== |".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(" | "))
" ");
LOGGER.info("|" + "=m=mmmmmmn== |".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());
}
}
}

f% TimeTableApp #fE%ZiE Java i IFEFHIE R LT, LUTRIHBIZER -

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 | /
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BurE#E i, T iFaArEtERY ? MEL 1 TimeTableConstraintProvider g7
#2 roomConflict 25K, R ALIER ?

info HE/Z7 OptaPlanner £iX 5 B fTHIERIFE -

... 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).

18.7. Wil S

RIFHIN RS B150iH Z R, Wi EH timetable JiH#HIR#I#] solver,

18.7.1. Jix education /5 ZRE]

ZELUEE 5 2 timetable TIEBIFZNIR, 151E A& ConstraintVerifier, X&WilEF
PNIEBIRBZIE RS E MG, X ol 7ER BT R BT,

MW RE U S 1 A — BB E45 H =N FEN, XN R % UF constraint
TimeTableConstraintProvider::roomConflict, B iFfEEEHFRI [Hslot, FHHPLEIE 1 77
&, [, HRZIFE weight 77 10hard, 1745 # K4 -10hard,

TR

LI 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);

172, ConstraintVerifier ZEJii i e AT RIS IR IXNE, XL FRINELE
ConstraintProvider FA# @ H15, XEEINTEHA L FIEHBRLIRIXE, XfF, 2YH weight
tweaking ML H T,

18.7.2. Jix Central timetable solver

ZAOVELTIEIEER) Quarkus F& LW ZIIEFER) OptaPlanner education timetable JiH., E1f#
H JUnit I £ B it B E H 7R % X F) TimeTableController LUSER,

TRE

EHLU T ZLIEE src/test/java/com/example/rest/TimeTableResourceTest.java % :
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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<>();

R RIHE A TH5 7

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 U TR RE, AT REEDELS — T G ERIEN, EXRRIEEEL I —
A{TRIBR R (EERE) .

££ src/main/resources/application.properties X7 EHE -

# 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

B, R 200 ERARHEETITHIBR TR, F& application.properties X4 7£i EEH A
&z solver K1, LUEHH T {THIER TS (OhardAttrsoft) B T BIZLE, X el #ai@4ia s, &
BT Al BE R TEAE BB L5 1T, X2 AR (T I B, LB o TR TG E, A
FIERERIEHRI L BENIE, B2, ERERIH, EFRRSITH™1ES4K#9 millisecond,

18.8. H&E iR

526k Red Hat Build of OptaPlanner education timetable JiH &, #° o] L& HZEE S
ConstraintProvider FEIR#, Z& info HEX MBI S H i ERE, LT #4REE KB,
LU B STV R, LUBTNAEFATRBIEN L, 2 trace logging Fil RE N2 5HH
F1 B0,

TR
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LIBIERTIE] (BV#1 5 £ 8f) 24T amp time,

BEHEXAHE2 8T EEE, W TFHIFT

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

3.
BHR, FBXELT planning N AEFLERIBINH, HiEEHEXAHIDREGSHiTHE
E,
4,
LU debug B iZ{TI FHFEFLUL RN FHEEFFATMBGEZ T2 5 -
[}
FEMp o s T, FEAE -D RIBEH,
[}
Fxk X5 H debug £, iF7E application.properties XML 1T :
I quarkus.log.category."org.optaplanner”.level=debug
LU FFROIEF 7 HEXHHHE debug EXAI%GH -
... 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 Z &N BHHIEF L,

18.9. & fF MICROMETER #] PROMETHEUS 31 12t #=p9e ¢4 5l OPTAPLANNER JAVA i/ HERF

OptaPlanner #&1 Micrometer (Java N fHEEFHIIE R IE) N FF#5Fn. ZafLIfF Micrometer &
Prometheus BBECE, LULGEEHEN W HESF #H) OptaPlanner solver.,

STERFA
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BB 1 T # A Java B9 OptaPlanner school timetable ;v fH#E/%.,

BZ % Prometheus, B X%Z% Prometheus BIi¥lE, i#&Z Prometheus fis,

TR

#¥ Micrometer Prometheus #5317 M1%/ school timetable pom.xml X5, Hh &
It; MICROMETER_VERSION > Z# 2% Micrometer Bk -

<dependency>

<groupld>io.micrometer</groupld>
<artifactld>micrometer-registry-prometheus</artifactld>
<version><MICROMETER _VERSION></version>
</dependency>

b33

HFZE micrometer-core kI, 1HE, XMEHIHIESTE optaplanner-
core kIR, BILEFFEZFFEZNE pom.xml X,

FFLUF 2 A 415007 TimeTableApp.java £,

import io.micrometer.core.instrument.Metrics;
import io.micrometer.prometheus. PrometheusConfig;
import io.micrometer.prometheus. PrometheusMeterRegistry;

FFLURfTa5M0F) TimeTableApp.java ZE89EZ 5 L0 IIEE, LUE Prometheus alLITEAER
B FIE5IEIM com.sun.net.httpserver.HttpServer &1 scrap 45 :

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();

SN F B AT HFE IR 1], BT VREERIT I, o] LIRS 5 B R BI [] e 2r EFEF

Z1E,

I with TerminationSpentLimit(Duration.ofMinutes(5)));

JE ) tutorial i [HZEA FHEEFE,

7 Web g #8d8#TFF http://localhost:8080/prometheus, # Prometheus H1Z & HZ&
M.

HTHERG RS, WUE B OptaPlanner i B H91§ o

RIFLLTFIEER -
optaplanner_solver_errors_total : EJEFFIELIFEL EBI5 iR,

optaplanner_solver_solve_duration_seconds_active_count : 4G RZ 198

b

optaplanner_solver_solve_duration_seconds_max: & Kiz1TH94 5i;& BT 2589

/_ﬂfo

(¥

optaplanner_solver_solve_duration_seconds_duration_sum : F1ZEEHTE5H9
solve FFZEMT A S /1, AV, HIRBEH 1 EHIBRITE, WhEfT=20 FH—PNE—DH
A, SRR TP 0,

225


http://localhost:8080/prometheus

Red Hat Build of OptaPlanner 8.38 { FAZLISFJEEM OptaPlanner F A fRR AR

B A. JRZES

XERIEF 2023 F£7 H 14 HEHEEL,

226



	目录
	前言
	使开源包含更多
	部分 I. RED HAT BUILD OF OPTAPLANNER 8.38 发行注记
	第 1 章 从 OPTAPLANNER 8.13 升级到 RED HAT BUILD OF OPTAPLANNER 8.38
	第 2 章 红帽构建的 OPTAPLANNER 8.38 新功能
	2.1. PILLAR MOVE 和 NEARBY 选择的性能改进
	2.2. OPTAPLANNER 配置改进
	2.3. 对 K-OPT MOVES 的 PLANNINGLISTVARIABLE 支持
	2.4. SOLUTIONMANAGER 支持更新 SHADOW 变量
	2.5. 值范围自动检测

	部分 II. 红帽构建的 OPTAPLANNER 入门
	第 3 章 红帽构建的 OPTAPLANNER 简介
	3.1. 后向兼容性
	3.2. 规划问题
	3.3. 规划问题中的 NP-COMPLETENESS
	3.4. 规划问题的解决方案
	3.5. 规划问题的约束
	3.6. RED HAT BUILD OF OPTAPLANNER 提供的示例
	3.7. N QUEENS
	3.7.1. N queens 的域模型

	3.8. 云平衡
	3.9. 旅行销售人(TSP - TRAVELING SALESMAN 问题)
	3.10. TENNIS CLUB 调度
	3.11. 满足调度
	3.12. 课程时间选项卡(ITC 2007 跟踪 3 - CURRICULUM COURSE 计划)
	3.13. 机器重新分配(GOOGLE ROADEF 2012)
	3.14. 项目作业调度
	3.15. 任务分配
	3.16. 考试时间选项卡(ITC 2007 年跟踪 1 - 考核)
	3.16.1. 用于测试时间建立的域模型

	3.17. NURSE ROSTERING (INRC 2010)
	3.18. 追踪准入调度
	3.19. TRAVELING TOURNAMENT 问题(TTP)
	3.20. 更便宜的时间调度
	3.21. 投资资产类分配(PORTFOLIO OPTIMIZATION)
	3.22. 会议调度
	3.23. ROCKUR
	3.24. 飞行人员的调度

	第 4 章 下载并构建红帽构建的 OPTAPLANNER 示例
	第 5 章 在 RED HAT BUILD OF QUARKUS 平台上开始使用 RED HAT BUILD OF OPTAPLANNER
	5.1. APACHE MAVEN 和红帽构建的 QUARKUS
	5.1.1. 为在线存储库配置 Maven settings.xml 文件
	5.1.2. 下载并配置 Quarkus Maven 存储库

	5.2. 使用 MAVEN 插件在 QUARKUS 平台上创建红帽构建的 OPTAPLANNER 项目
	5.3. 使用 CODE.QUARKUS.REDHAT.COM 在 QUARKUS 平台上创建红帽构建的 OPTAPLANNER 项目
	5.4. 使用 QUARKUS CLI 在 QUARKUS 平台上创建红帽构建的 OPTAPLANNER 项目

	部分 III. 红帽构建的 OPTAPLANNER SOLVER
	第 6 章 配置红帽构建的 OPTAPLANNER SOLVER
	6.1. 使用 XML 文件配置 OPTAPLANNER SOLVER
	6.2. 使用 JAVA API 配置 OPTAPLANNER SOLVER
	6.3. OPTAPLANNER 注解
	6.4. 指定 OPTAPLANNER 域访问
	6.5. 配置自定义属性

	第 7 章 使用 OPTAPLANNER SOLVER
	7.1. 解决问题
	7.2. SOLVER 环境模式
	7.3. 更改 OPTAPLANNER SOLVER 日志记录级别
	7.4. 使用 LOGBACK 记录 OPTAPLANNER SOLVER 活动
	7.5. 使用 LOG4J 记录 OPTAPLANNER SOLVER 活动
	7.6. 监控解决方案
	7.6.1. 为 Micrometer 配置 Quarkus OptaPlanner 应用程序
	7.6.2. 为 Micrometer 配置 Spring Boot OptaPlanner 应用程序
	7.6.3. 为 Micrometer 配置普通 Java OptaPlanner 应用程序
	7.6.4. 其他指标

	7.7. 配置随机数字生成器

	第 8 章 OPTAPLANNER SOLVERMANAGER
	8.1. 批处理解决问题
	8.2. 解决并侦听显示进度

	部分 IV. OPTAPLANNER 分数计算
	第 9 章 OPTAPLANNER 中的业务限制
	9.1. 负和正分数限制
	9.2. 分数约束权重
	9.3. 分数约束级别

	第 10 章 OPTAPLANNER SCORE 接口
	10.1. 分数计算中的浮点号
	10.2. 分数计算类型
	10.2.1. Implenting the Easy Java 分数计算类型
	10.2.2. 实施增量 Java 分数计算类型


	第 11 章 INITIALIZINGSCORETREND 类
	第 12 章 无效的分数检测
	第 13 章 分数计算性能技巧
	13.1. 分数计算速度
	13.2. 增量分数计算
	13.3. 远程服务
	13.4. 无状态限制
	13.5. 内置硬性限制
	13.6. 分数陷阱
	13.7. STEPLIMIT 基准
	13.8. 平等分数限制
	13.9. 其他分数计算性能提示
	13.10. 配置限制
	13.11. 解释分数
	13.12. 视觉化热计划实体
	13.13. 分数限制测试

	部分 V. 红帽构建的 OPTAPLANNER 快速启动指南
	第 14 章 RED HAT BUILD OF QUARKUS 平台的 RED HAT BUILD OF OPTAPLANNER: 一个 MEDIUM TIMETABLE 的快速开始指南
	14.1. 对域对象建模
	14.2. 定义限制并计算分数
	14.3. 在规划解决方案中收集域对象
	14.4. 创建 SOLVER 服务
	14.5. 设置 SOLVER 终止时间
	14.6. 运行 AMP TIMETABLE 应用程序
	14.7. 测试应用程序
	14.7.1. 测试 education 时间表限制
	14.7.2. 测试 Central timetable solver

	14.8. 日志记录
	14.9. 将数据库与您的 QUARKUS OPTAPLANNER RESEARCH TIMETABLE 应用程序集成
	14.10. 使用 MICROMETER 和 PROMETHEUS 监控您的 PROFILE OPTAPLANNER QUARKUS 应用程序

	第 15 章 红帽构建的 QUARKUS 上的 OPTAPLANNER 构建： VACCINATION APPOINTMENT 调度程序快速启动指南
	15.1. OPTAPLANNER VACCINATION APPOINTMENT 调度程序的工作方式
	15.1.1. 红帽构建的 OptaPlanner vaccination appointment 调度程序限制
	15.1.2. 红帽构建的 OptaPlanner solver
	15.1.3. 持续规划
	15.1.4. 固定计划实体

	15.2. 下载并运行 OPTAPLANNER VACCINATION APPOINTMENT 调度程序
	15.3. 软件包并运行 OPTAPLANNER VACCINATION APPOINTMENT 调度程序
	15.4. 其他资源

	第 16 章 红帽构建的 QUARKUS 上的 OPTAPLANNER 构建：员工调度程序快速启动指南
	16.1. 下载并运行 OPTAPLANNER 员工调度程序
	16.2. 软件包并运行 OPTAPLANNER 员工调度程序

	第 17 章 RED HAT BUILD OF OPTAPLANNER ON SPRING BOOT: A TUTORIAL TIMEABLE QUICK START 指南
	17.1. 下载并构建 SPRING BOOT SCHOOL TIMETABLE 快速启动
	17.2. 对域对象建模
	17.3. 定义限制并计算分数
	17.4. 在规划解决方案中收集域对象
	17.5. 创建 TIMETABLE 服务
	17.6. 设置 SOLVER 终止时间
	17.7. 使应用程序可执行
	17.7.1. 尝试 timetable 应用程序
	17.7.2. 测试应用
	17.7.3. 日志记录

	17.8. 添加数据库和 UI 集成
	17.9. 使用 MICROMETER 和 PROMETHEUS 监控您的 CENTRAL TIMETABLE OPTAPLANNER SPRING BOOT 应用程序

	第 18 章 红帽构建的 OPTAPLANNER 和 JAVA：中等时间的快速入门指南
	18.1. 创建 MAVEN 或 GRADLE 构建文件并添加依赖项
	18.2. 对域对象建模
	18.3. 定义限制并计算分数
	18.4. 在规划解决方案中收集域对象
	18.5. THE TIMETABLEAPP.JAVA CLASS
	18.6. 创建并运行 PROFILE TIMETABLE 应用程序
	18.7. 测试应用程序
	18.7.1. 测试 education 时间表限制
	18.7.2. 测试 Central timetable solver

	18.8. 日志记录
	18.9. 使用 MICROMETER 和 PROMETHEUS 来监控您的中级时间 OPTAPLANNER JAVA 应用程序

	附录 A. 版本信息

