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4. id 74 —JL RT endTime EAALZET,

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

7. id startTime & &£ U Type LocalDateTime 2R L T. 71 —JLK&EEBML X,

8. Create 27 v/ LFY,

9. AEtDSave 27wy LT, Timeslot 7—4% 47 /7 baRFELET,

10. BEEDx %2 1) v LT, DataObjects/N\—ART 74 T%FAL. Assets X a2 —ICRY
ER

N ARDOFIRT, UTFTDTF—9FTP I bEZDEBMUEZFEKRLET,

2.1 skill
id 947
name String
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2.2 Employee

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

ift

T—=8F T MOERBIE T a v —EADFERAATA K 28R LTLEIV,

223\ REBDBERT S V=V ITIT VT 1T 1 —DERK

REEHFROFTEMBEEBRT ZITE. TSV I I VT 45 14—& Solver #ERT 2 EHLH
WEd, 75V =VJIT VT 14T 1—I&. RedHatBusiness Optimizer K 7 THIBgE A B % A
L/—C\ F)(’f\/i_“"f’fd'_ :E%L}i?o

UTOFIEICHE> T, RREEDEFKEKRY > TILIC, ShiftAssignment 7—4 4 7P haTS50 =Y
TJIV7474—ELTERELET,

—
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GIErS Jia
o MEBDHEBRY VTN ERTTIICIE. MEEEOHHEXRTOVZI ADT—FETILD
ER] DEIBICHEST, BEETZT—YF TV NETSVZVITIVTaT14—%FERT
IRELAHYET,
Fa
1. AT Y KD Assets X Za1—H 5, ShiftAssignment 7 —49F 7PV MR E T,

2. DataObjects /X\—2RU 54 7T, Al %74 1) v % LT, RedHatBusiness
Optimizer D Ky 7 ZFHAE XY,

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

5. Red Hat Business Optimizer K 4 T Planning Variable Z#iR L £,
Value Range Id AJ17 1 —JU KIC employeeRange # AL £3, Chil&k
Yy, @ValueRangeProvider 7 / T—> 3 VWSS V=V T VT4 74 —IEBMI N, T
1F7—DSource ¥ 7% ) v dBERTINET,

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

6. Ky %KL, Save%#7 )y I LT, =947/ b E2RELET,

2232. MEBODBBRTS =TIV ) 21— a3 v DER

REEHBEROBBIR. EELLTSVv=ZvIY)a—2avilkEzLEYS, 7S5y gy a—
2 3 VId. RedHatBusiness Optimizer Kv 7 CTHIAARELRBEHEZFALTCNAA VY THA F—TES
INEd,

IS 3as

o [REEDHHEXRTOD I MMDT—YETIVOERMR] LV REEDOHBERT V=V
TJITUT 4T 14—DUER] DFIBICHK > T, RREBEOHHERY Y TILERTTHDIINER
F—A XA T NBLVOTS Vv T ITVTF14 T4 —5ERLTWS,

¥
1. #%5F EmployeeRoster T7—4% 472U M E#FRIERLEXT.

2. LTFD74—ILREFERLET,

2.6 EmployeeRoster
id 947
dayOffRequestList employeerostering.employeerostering.Da
yOffRequest[List]
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id 547

shiftAssignmentList employeerostering.employeerostering.Sh
iftAssignment[List]

shiftList employeerostering.employeerostering.Sh
ift[List]

skillList employeerostering.employeerostering.Sk
ill[List]

timeslotList employeerostering.employeerostering.Ti

meslot[List]

3. DataObjects /X\—2RJ 54 7T, Al %74 1) v % LT, RedHatBusiness
Optimizer D Ky V ZFHAEX XY,

4. Planning Solution #3&R L £ 7,

5. Solution Score Type l&. 77 #JL b ® Hard soft score DX FICLFFT., Chil&Y, 947
MY Y a1—23 v ROF7 &% EmployeeRoster 7—4% A4 72 /7 M, score 7 1 —JL KA
HEMICERINE T,

6. ROBHYETH LWIZ 1 —JILREEBMLET,

id 947
employeelList employeerostering.employeerostering.E
mployee[List]

7. employeeList 7 1 —JU K% #IR L 723K T. Red Hat Business Optimizer Kv 2 & [\
T. Planning Value Range Providerhv 7 A %= E R L £ 9,
id 7 1 —JL RIC employeeRange = AW L3, Ry I %ZEHALZET,

8. HETSave V7 )v /oL, 7Yy b ERELZET,

22.4. EEREHHROHN

WEBOBBRII TS v=0 YY) a1—23 0 TY, IRTOGEBEICIE. RBEREFDDITH LS
BRITNERLBRVWEINAZENIT,

Business Central DIEEEDEFERT > T 7OV T 0 MIlE, LTD/N— RIS LY 7 MDY
EFEhnFT,

N— KHlIE
o MEBICHYLETOLHNZYT7MNOEIEZ. 1HB1DFT,

o FHARFREAFIDBERLINTOY T ME, TOXAFINZHORFEICEIYHTLHN
%)Q
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Y 7 MElIE
o IRTDWEEN VT MIEVYHETENTWS,
o MEEMNABARN -/-BZEIE. 7 MDBHIOREEICHEEIYYTING,

N—RERHMB LY 7 MMIKIL. FreeformDRL THA +—, FldHA RAZIL—ILEFALT
Business Central CE&Z L F 9,

2.2.4.1. DRL (Drools Rule Language) JL—JU

DRL (Drools Rule Language) Jb—JLiE, .dilTF AN T7 74 ILICEEER T HETVRXZAI—ILTY, Z
D& S DRL 7 7 1 JLi, Business Central DD T RTDIL—ILT7 v MHAREBICL VF) VT
nNadY—2&EMQYFY, BusinessCentral 1 9 —7 T4 ATDRL 7 74 I EER L TEEY % H\
Red Hat CodeReady Studio * B D#i&BIRIREE (IDE) 2 A L T Maven F/ld Java 7OV T 7 b D
—EBELTHBTERT B ENTEET, DRL 7 71 ILICIE. RIETHIL—ILDEMH (when) & LTV
7493V (then) AE&HT 2/ —I)IL%& 1 DL LEBINTE £, Business Central ® DRL 7H#'4 +—T
i¥. Java. DRL. B&L U XML OBXHEARTINET,

DRL 774k, LFOOAYVR—RY NTEREINZET,

DRL7Z 7AJIARDIAVR—FV b

package
import
function // Optional
query // Optional
declare // Optional
global // Optional
rule "rule name"
/I Attributes
when
// Conditions
then
/I Actions

end

rule "rule2 name"

UTFODDRLIL—ILOBITIZ, O—VEHLAADTYYarv—EXTERBIREZEELET,

HAZEDOERFIPRICET 2)IL—ILDHI

rule "Underage"
salience 15
agenda-group "applicationGroup”

18
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when
$application : LoanApplication()
Applicant( age < 21)
then
$application.setApproved( false );
$application.setExplanation( "Underage" );
end

DRL 7 7 A J)LICIE, Jb—Ib, TV —, BEEN 1 2FLIFEHRSEFNTBY., TOT7 74T, IL—Ib
YOI I)—TEHYYT, FHITZMVER—F 70—, BERED)Y —AEELAERTIET,
DRL/Xy 4 —Jl&, DRL7Z 74 ILD—BLICRKRRIN, IL—IVITEBRERICKRRTINE T, #hd DRL
VA=V MNIEDLORIEBETEEBVNEHA,

W= ZEIT, =Ry T—IRT—EDLRIZBETIRENHYET, Ny IT—IRD DRL
7740 T, ABUI—IEGEEHOFERTIE, =IOV RAILICKBLET, HFICIL—ILEICR

R—2&FATZHBERE. IL—ILRAICIENT ZESI A (rule "rule name™) AL T, 3 v/ 1)L
IZ—DRELBWVEDICLTLETL,

DRLIL=IVICEAET 2T —4 4TV MITART, DRL 7 71 JLER U Business Central 7B Y =

DRy F=DICBBE’HYET, ALy T—YILEFZFNETEY NET T4 MTA VR—K
INFET, TOMONRNYy =Y DBEFET7EY ME. DRLILV—IVEFERALTA YV R—FTEZET,

22.42.DRL 7HA F— %A L XS DHBEROHHEE

Business Central T Free form DRL TH'41 7—% AL T, REEDHEXRY Y TNICHWOEEE/E
MTXET,

DFIEZFEALT, Y7 b RO THS 10 FEULERAGWEREKEZY 7 MIBIYHETLONR
W A— REE ZFRLE T,

FIR

1. Business Central ©. Menu - Design - Projects ICEILC. AV "%V ) v LE
ER

2. AddAsset->DRL 7 7ML DIEICZ Y v I LZET,

3. DRL file&®17 1 —JL KIZ. ComplexScoreRules & A1L 7,
4. employeerostering.employeerostering /X 7 —2 % ZERL F T,
5 +OK%Z 7YV v - LTDRL 774 IV EERKLET,

6. DRL 7H#4 +—®d Model ¥ 7. Employee10HourShiftSpace /L'—JL% DRL 7 7 1 JL.& L
TEHLZXY,

package employeerostering.employeerostering;

rule "Employee10HourShiftSpace"
when
$shiftAssignment : ShiftAssignment( $employee : employee != null, $shiftEndDateTime
shift.timeslot.endTime)

ShiftAssignment( this != $shiftAssignment, $employee == employee, $shiftEndDateTime

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

7. Save x4V )y LT. DRLZ7M4ILEREFELZET,

DRL 7 7 1 ILDEKFEIZ. DRLIL—IEFALETYVa v —ERADER 2SR LTLKEI W,

225 . H4 REEI—IILAFHL TREEDEERICIL—ILDIERK

Business Central THA REZIL—ITHA F—%FHL T, REEDHHERIC/N—RFKWELVY 2
NI A EHZT DI —ILAERTEZT,

2251 14 FEEIL—IL

HA RFZIL—IbiE, IL—ILERRD 7O+ R %1249 5. Business Central D U R—RDH A KT E
W= THFAF—TERTEZEIRRIL—IVTT, HA REZI—IVTHFAF—%2FRTZE. IL—IL
EEBRTDT—IF TV MIEDWT, AIRERA VY Ty MIT74—ILRBLUF TV a v ERHEL
F9, ERELEAS REESIL—ILIE, ZOMRODIRTDIL—ILT7 v b & & HIT Drools Rule Language
(DRL) Jb—JLiCaAvRA LI F T,

HA RHEINN—IICEAETZITRTDT—YF TV ML, HA4 RFEIL—ILERLCTOY Y
Ny G —=J LB MBFrHYET, ALY ITr—JILEFNDZT7EY MIT IV NTA VR—KIH
F9, MEBERTFT—IF TV MNEHA REEZI—=ILEERLIZS, H4 REFEIL—ILTHALF—D
Data Objects ¥ 7H'5, MERT—FF TV IV MIRTYAMNINTWEBRIEEZRIELEY.,
714746 2EBNMLTCEOMDEEET—9 AT I bMaAVR—MNLIZYTEET,

2252. MEBDY T MIDNS Y REWNBDHA RHZI—ILDIERK

#H41 RftE)L—)L BalanceEmployeesShiftNumber (£, TFTEEARRY NSV R &S & D ICREEBICY
TJhEEYHTEY 7 MIWEERLES, Chid, 7 NODEIEETRLABEEZZ2RITR
FIT A =% T DI ETITVWET, L—ILICE>TEEINLZZATHICL Y. Solver B’& Y NS
VADENDZ LI T N EGBIEET,

BalanceEmployeesShiftNumber.rdrl - Guided Rules Save  Delete Rename Copy Validate  LatestVersionv | . X

Editor Overview Source Data Objects

EXTENDS - None -
WHEN &
1.  There is an Employee [$employee] =] @”J &4
There is a Number [$shiftCount]
From Accumulate
All St

[SshiftAssig ] with: 0
2. employee equal to :I $employee :|= =] agdg
Custom Code Function

Function: count($shiftAssignment)
THEN

Soft Score - i i * i i
1 ($shiftCount.intvValue() * $shiftCount.intValue()) H @”’ 54

(show
options...)

Messages Clear & |/ %

FIR

1. Business Central ©. Menu - Design - Projects ICEILC. 7AYoV "%V ) v LE
ER

2. Add Asset » Guided Rule DJEICZ ) v 2 LE T,
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1.

12.
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Guided Rule % IC BalanceEmployeesShiftNumber & AJJ L. Package T
employeerostering.employeerostering = ZR L £ 7,

OKAZYw O LT, =7ty hEERKLZET,

WHEN 74 —JLRTHF 4 Y w4 LT, WHEN &4%8mML £ 7.

. Add a condition to the rule” 1 > K2 T Employee #3ZR L Fd, +OK%=7 ) v I LET,

Employee &4 T2 ) v 7 L THIFAZIBIE L., £ % $Semployee ZEML £,

. WHEN 214 From Accumulate #EL 9,

a. From Accumulate 5:4® £ T click to add patternZ 2 )y 2 L, KOy 742> 1) X b
T77% 5% 4 7 Number 23ZRL 7,

b. Z# 4 $shiftCount = Number &4 ICEML E T,

c. From Accumulate 4 M T click to add pattern%2 2 ) v 2 LT, KAy 74> 1R
N T ShiftAssignment 7 7 7 ¥ 1 T5ZERL T,

d. Z#£& $shiftAssignment % ShiftAssignment 7 7 7 b9 4 FITEML E T,

e. ShiftAssignment &£4%BE V) v 7 L. Addarestrictiononafield KOy 745> 1) R
N T employee %#:&IR L £7,

f. employee HIfIDIEICHZ KOy TH¥ U2 XA MTequalto Z:ZRL T,

g ROvTEIURS VOED & TAAV%EY )y 7 LTEHE%ZEML. Fieldvalue 7 1
v K™) T Boundvariable #7 1) v 2 LE 9,

h. KOw 745> 1) 2 ~T $employee %EIRL £9,

i. Function 7R 2 I count ($shiftAssignment) E AL £ 9,

THEN 74 —JLRTH 24 Y v LT, THEN &E5EBMLES,

. Add a new action 7 1 ~ K7 T Modify SoftScore #EZIR L X9, +OK%E2 Vv LFT,

a. Rw 2 RIT - ($shiftCount.intValue()*$shiftCount.intValue()) S AL £ 9,
FALED Validate 27 ) w7 L, L—ILFEDIITRTEMNTHDIEZHRLETIL—ILDFZ
LMRERICKB LD, T7— Ay E—YICEBHINLBEICHIGL, L—ILDOLIVR—F
VhEREBEL, IZ—DPRARINBLARZETIL—IILOZEHEEREZITVET,

Save 27 )y LT, L—ILZEREFELZXY,

HA REEI—IVDERAERE. T4 FHEL—IZEBLETYaryT—EXDFR 258 L TS

I,

2253. BCHIKEHRDOY 7 b &EY L THEWEDICTEHA REZIL—ILDOER

H41 RftEIL—JL OneEmployeeShiftPerDay (&, FICHDEHD Y 7 MIREXEZEIY HTRWVWED
ICTBN—REINEZERLE T, REEOHHERYT Y TILTIE. ZOFRMIEHA FMESIL—ILTHA
FT—%=FERLTERINE T,
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aOneEmponeeShiftPerDay.rdrI—Guided Rules v Save Delete Rename Copy Validate LatestVersionv | . %

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN &P
$shiftAssignment : ShiftAssignment(employee != null)
ShiftAssignment( this |= $shiftAssignment, employee == $shiftAssignment.employee, shift.timeslot.startTime.toLocalDate() == @ o g4
$shiftAssignment.shift.timeslot.startTime.toLocalDate() ) :
THEN of
scoreHolder.addHardConstraintMatch(kcontext, -1); o
1 Bgkdl4

(show
options...)

Messages Clear (2 || | %

FIR

1. Business Central ©. Menu - Design - Projects ICEILC. AV "%V ) v LE
ER

2. Add Asset » Guided Rule DJEICZ ) v 2 LE T,

3. Guided Rule %I OneEmployeeShiftPerDay & A L. Package T
employeerostering.employeerostering = ER L £ 7,

4, OK&EZYYw o LT, =Tty NEERLZET,

5 WHEN 74 —JLRT 54 1) v - LT, WHEN &#4%538ML %7,
6. Add a conditiontotherule” 1 > KU h 5 Free formDRL##IR L £,

7. Freeform @ DRLARY 2 RIZ. LLTFOLEAADLET,

$shiftAssignment : ShiftAssignment( employee != null )

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

COFEEIE, BLCHICHDY 7 AT TICEIYLTONTWLWBRERICIIY 7 MEERYHTS
CENTERWCEERLTWVWET,

8. THEN 74 —JLRT #41) w4 LT, THEN £#58MLET.
9. Addanewaction” 14 >~ Ko H 5 Add Free form DRLAZ#IR L £7,

10. Freeform @ DRL R Y ¥ R, UTFDOEHEEADLET,

I scoreHolder.addHardConstraintMatch(kcontext, -1);

. HERED Validate 22 ) v I L, W—ILFEEDIITRTENTHB I EZHRALETIL—ILDF
YUMRERICKB LS, T5—AvE—JIKEHEINBEICHIEL, L—ILoE2a Vv R—F
VEhEREBEL, T7—HDRRINGLKABZETIL—ILOZYMERAITVET,

2. Save =27 Y w o LT, I—ILERELZET,

HA RFEI—IVDERFER, HA RS-V EEALETYYa vy —EXDER 28R L TL
I,
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2254. 7 FEHICAF L E—BIEZHM1 FEZIL—ILDOER

74 Rt EIL—JU ShiftReqgiredSkillsAreMet (X, $RTDY 7 bA BEYRAFIEY M ZFEORE
BICEYHETONDZDEHERT 2N\~ FEIKWEZERLE T, REBSOEBRY Y TILTIE. ZOHIKIIE
HA RFEN—ITHAFT—%FEALTERINZE T,

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

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN C%
There is a ShiftAssignment with:
employee is not null :I =]
S [Srequiredskill] :shift.requiredSkill. Choose... :I --- please choose --- :I/ =] el
[not bound]:employee.skills. Choose... :I excludes :I(X)=$requ\red5km =] =]
THEN %
Hard Score 1 e
LY LUR 1
(show
options...)
Messages Clear & |/ %
1. Business Central ©. Menu - Design - Projects ICREILC. AV "%V ) v LE
ER

2. Add Asset - GuidedRule DJEICZ ) v I LE T,

3. Guided Rule %I ShiftReqiredSkillsAreMet & A1 L. Package T
employeerostering.employeerostering = ER L £ 7,

4, OK&EH2YYw o LT, W=7ty NEERLZET,

5 WHEN 74 —JLRTS 5% 1) v 4~ LT, WHEN &445BMLEd.

6. Add a condition to the rule” 1 > K2 T ShiftAssignment #&R L3, +OK% 27 Jv o L
7,

7. ShiftAssignment &% 7 1) v 7 L. Addarestrictiononafield KOy 745> 1) A KT
employee %3&R L £7,

8. TH#4 F+—T, employee D#ED KOy FH¥ IV YR KAV 1) v L., isnotnull %2R L £
_a—o

9. ShiftAssignment &% ') v 7 L. Expressioneditorz? ) v -7 LZEd,

a. #4147+ —T. [notbound] =% ') v ¥ L. Expressioneditor #f X, X&ZH#
$requiredSkill Z/X41 V> KLZEXT, Setzo)v I LZET,

b. TH4 +— $requiredSkill DHEICHZ ROy FH¥ o> X NT shift 28R L. ZDHED
KOw 745> 1) 2 NT requiredSkill %3ER L 9,

10. ShiftAssignment &% 2 ') v 2 L. Expressioneditorz? ') v 2 LXY,

a. Y4 +—7. [notbound] D#ICH B KOy 745> 1) X b T employee 5BRL. Z
DO ROy FH o0 1) 2 NTskills #:8IRL T,

b. ZOBO ROy 4> 1) A NTld Choose #EIRL7-FFICLET,
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c. TOBD ROy T4 9 ViRy U AT, please choose % excludes ICEEL X7,

d. excludes OHEICH % 5? 7A43Av%21) v L, Fieldvalue 7 1 > K7 T New formula
RYVED ) I LET,

e. AR Y 7 ZIC $requiredSkill ZEML £,

0. THEN 74 —JLRTE 54 1) w4 LT, THEN £#£8MLE T,

12. Add a new action ™7 1 > K2 Modify Hard Score %#:&R L £3¥, +OK %22 Yy I LE T,

13. RA779avihRy P RT-1EAALET,

4. HERB®D Validate #7 Jvy 7 L. W—IVFHEDNITRTENTHE I EZ2ERLETIL—ILOH
YUMRERICEKBLEDS, T5—AvE—JIKEHINBEICHIEL, IL—ILoELa Vv R—F
VENERBEBEL, T —DPRRINBLLABLBZEFTIL—ILOFYMEERETVET,

15. Save 22 w7 LT, I—I%EREFELZET,

HA REZIL—ILOERFEE. HA FREL—LEFEALETY Y a v —EXOER 8B LT
I,

2255 HNIBHRFEEEEB I HHM1 KX IL—ILDVERK

4 RftEIL—)L DayOffRequest i&. V7 MHEIFZERLEXT, ZOFTIE., £DY 7 MITAE
YETONTWEREEN TOHICHETE AL A 2LIFGEIC. HOREBICO 7 N2BEIYHTTE
2E£IICTEEY, RREEOHBERT Y T T, ZOHKIEHA RMEEIL—ILTHAF—%FRALT
FERINZ T,

DayOffRequest‘rdrI—Guided Rules v Save Delete Rename Copy Validate | LatestVersion~ " %

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN G
$dayOffRequest : DayOffRequest() o
ShiftAssignment( employee == $dayOffRequest.employee, shift.timeslot.startTime.toLocalDate() == $dayOffRequest.date ) L Ul
THEN &
scoreHolder.addSoftConstraintMatch(kcontext, -100);
L age 4
(show
options...)
Messages Clear S | %
1
1. Business Central ©. Menu - Design - Projects ICEILC. AV "%V ) v LE
ER

2. Add Asset » Guided Rule DJEICYZ ) v 2 LE T,

3. Guided Rule % |C DayOffRequest & A1 L. Package T
employeerostering.employeerostering = ZR L £ 7,

4. OK&AH2YYw o LT, W=7ty NEERLZET,

5 WHEN 74 —JLRTS 24 1) v 4~ LT, WHEN &445BMLE4.
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6. Add a conditionto therule” 1 > Ko h 5 Free formDRL%#:#IRL 7,

7. Freeform @ DRLRY 2 RIZ. LLTFOLEAADLET,

$dayOffRequest : DayOffRequest( )
ShiftAssignment( employee == $dayOffRequest.employee ,
shift.timeslot.startTime.toLocalDate() == $dayOffRequest.date )

CORME, KRIBRFZT2>HREICUV T M 2EIYETTVWEHBAIC. TOREKEZTDAH
D7 MEIYHTHLHEIRTEZZEZRLTWVWET,

8. THEN 74 —JLRTH %4 1) w4 LT, THEN £#58MLET.
9. Addanewaction” 14 >~ Ko H 5 Add Free form DRLAZ#IR L £7,

10. Freeform @ DRL AR Y ¥ R, UTFDEHEEADLET,

I scoreHolder.addSoftConstraintMatch(kcontext, -100);

. ELFED Validate 27 ) v 7 L. L—ILFHEDPITRTENTHE I EZ2HERLETIL—ILDOFE
LMRERRICKBMLAES, TS5 — Xy E—VICRBHEINCEEICHEL, IL—ILOo£aVR—X
VEEREBEL, I5—HIRRINBLALDZETIL—ILOZYMHEREITVET,
12 Save 2 ) v U LT, I—I%REFELET,
HA RHEEI—IDERAEIE. HA REEIL— I EERALETYavyd—EXDER #8BL TL
EEW,
2.2.6. REXE DHEFEFRD Solver & E DIERK
Business Central IC Solver SR E&ER L TIRETXEJ, SolverRET YA F—IF. 7OV v F
7O INBICEITTIT S Solver BEEFER L F 9,
Gl s

® Red Hat Decision Manager #42>O—RKRLTA YA b—=ILLTW3,

o REBOEHBRYVTIVICEHETZT7EY MEITXTERLTERELTWS,

FIR

1. Business Central © Menu - Projects 7 Y w2 L., EA$2 70/ b &0 ) v LTH
XFE7,

2. Assets /N\—2ZA~RY F 1 7T, AddAsset— Solver configuration 22 1) v -7 L%,

3. Create new Solver configuration” 1 > K7 T, Solver DR
EmployeeRosteringSolverConfig * AL, Ok 2 U vV LZET,
INIZ& Y, Solver configuration 7H 4 F—ABHE XY,

4. Score Director Factory 5% Etz 2> 3> T, RAT7 YV ITIL—IEBEZESUKER—AE2EH
LET, REEOHERY I 70OV Y I defaultKieBase R L 7,

a. KER—=RICEZLRZKEEYyYavyOFENAS1DBIRLET, REEDEHERY Y TILY
O x4 biE defaultKieSession #EHA L 7,
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5 ALD Validate #%2') v 2 L. Score Director Factory Z8ENEL W E %2R LET, TY
MHRRICKBLESL, I Ay E—JIKRHEINLBMEICHIGEL, T5—ARRINRA
2FE CHEMEREZITVWET,

6. Save =2 ')w 2 LT, Solver BEXREFLZET,

227. MEEOEHERTOT TV MIT % Solver DIRTHETE

—EHIEA B XS Solver MET TESLDICKRETEE T, 774N NTIE, 5w iToy
VICIE, BEREFIRRAK EEEBATESLDICEBEINTVWET,

REBOHBRY TN TOTV LI M, 3I0MREARTTELIIICEEINTVLIET,

(1} =355
o MEBDHHBERITOVIIMI, BEITZIIRTOT7EY MaEHRL. [HEEDHERD
Solver R EDVER] DFNEIZHE > T, Business Central IZ Solver 5%
EmployeeRosteringSolverConfig % {Ef L T\ %,

FIR

1. Assets /\—2 %Y 7 14 7T EmployeeRosteringSolverConfig =B E £9, Il
Y. Solveri&E 7H4M F+—DRHIFT,

2. Termination 22> 3a>YTAdd &7 ) v LT, BIRLEBEIIL—TFICHLWRTERAE
’ﬁbi’a—o

3. ROy FIIU)AMDS, £TH41 T Timespent #:2RLET., Thid,. BRTFREDAS
74— RELTEMNINET,

4. BEIEROEOXMAZFERAL T, KBERFBE%E 30MICERELET,

5 ALD Validate #% ') v 2 L. Score Director Factory :8ENEL W & %2R LET, T
MRRICKB LS, I5— XAy E—JIKRHEINLBMEICHIEL, T5—ARTINRA
2FE CHEMEREZITVWET,

6. Save =2 ')w - LT, Solver BEXREFLZET,

2.3.RESTAPI #{fAH L 7= SOLVER~ADT7 V7t X

B FID Solver 57 704 B0 BERLIS, RESTAPI 2EHLT7 IV ERATEXET,

RESTAPI #{fH L T Solver 1 YRAY VA& FEEFTHINELHYET, TDREIC, T—F vy NEIETE

LT, xBE=RIETIETd,

ARG

o REDLRIOEI Y a VI, REEDOHFER OV I MEHREL, T7O04LTLES

W, MEEEOHBEXRT Y INTOV Y FOBER] ICEBHOESY, AL7OVII MNE
F704 3 3h. [Business Central NOREEHFBRY IO/ hoF 7O AV
N ICEEEneEbY., 7OV NaBEERTEZET,

2.3.1. REST AP| % {#F L 7= Solver D& &k

Solver #{#HT %(1ClE, RESTAPI 2R L T Solver 41 VAV VA5 E85TDINELFHY FT,
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&ZSolver41 VRH VAT, —EILKEBELTE35TEBBEOHIL 1 DEITFTY,

=S ]
L UTFOANYy Y —%FRLTHTTP EXRZEKL T,

authorization: admin:admin
X-KIE-ContentType: xstream
content-type: application/xml

2. LTOEKRAFEAL T Solver &8 L F 9,

PUT

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

BRKRT1—

<solver-instance>

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

2.3.2. REST API %={#F L 7= Solver DU L

Solver 1 Y RH VR &FEEK L7%IC. RESTAPI ZFEARAL T, T—4%t v b% Solver ICEEL T, &@
RERIESTEET,

FIE
L UTFOANYy Y —%FRLTHTTP EXRZEKL T,

authorization: admin:admin
X-KIE-ContentType: xstream
content-type: application/xml

2. LTFoBHDELHIIC, T—9 1y hEEL Solver ICERAEZEELET,

POST

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

ERRT1—

<employeerostering.employeerostering.EmployeeRoster>
<employeelList>
<employeerostering.employeerostering.Employee>
<name>John</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>reading</name>
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</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Mary</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>writing</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Petr</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>speaking</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
</employeelist>
<shiftList>
<employeerostering.employeerostering.Shift>
<timeslot>
<startTime>2017-01-01T00:00:00</startTime>
<endTime>2017-01-01T01:00:00</endTime>
</timeslot>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee/skills/emplo
yeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
<employeerostering.employeerostering.Shift>
<timeslot reference="../../employeerostering.employeerostering.Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee[3]/skills/emg
loyeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
<employeerostering.employeerostering.Shift>
<timeslot reference="../../employeerostering.employeerostering.Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee[2]/skills/emg
loyeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
</shiftList>
<skillList>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee/skills/employe
erostering.employeerostering.Skill"/>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee[3]/skills/emplc
yeerostering.employeerostering.Skill"/>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee[2]/skills/emplc
yeerostering.employeerostering.Skill"/>
</skillList>
<timeslotList>
<employeerostering.employeerostering. Timeslot
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reference="../../shiftList/employeerostering.employeerostering.Shift/timeslot"/>
</timeslotList>
<dayOffRequestList/>
<shiftAssignmentList>
<employeerostering.employeerostering.ShiftAssignment>
<shift reference="../../../shiftList/employeerostering.employeerostering.Shift"/>
</employeerostering.employeerostering.ShiftAssignment>
<employeerostering.employeerostering.ShiftAssignment>
<shift reference="../../../shiftList/employeerostering.employeerostering.Shift[3]"/>
</employeerostering.employeerostering.ShiftAssignment>
<employeerostering.employeerostering.ShiftAssignment>
<shift reference="../../../shiftList/employeerostering.employeerostering.Shift[2]"/>
</employeerostering.employeerostering.ShiftAssignment>
</shiftAssignmentList>
</employeerostering.employeerostering.EmployeeRoster>

. AtEEEICKERZ ) JTAMNLET,

GET

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

ree=s il

<solver-instance>
<container-id>employee-rostering</container-id>
<solver-id>solveri</solver-id>
<solver-config-
filesemployeerostering/employeerostering/EmployeeRosteringSolverConfig.solver.xml</s
olver-config-file>
<status>NOT_SOLVING</status>
<score
scoreClass="org.optaplanner.core.api.score.buildin.hardsoft. HardSoftScore">0hard/0soft<
/score>
<best-solution class="employeerostering.employeerostering.EmployeeRoster">
<employeelList>
<employeerostering.employeerostering.Employee>
<name>John</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>reading</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Mary</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>writing</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Petr</name>
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<skills>
<employeerostering.employeerostering.Skill>
<name>speaking</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
</employeelist>
<shiftList>
<employeerostering.employeerostering.Shift>
<timeslot>
<startTime>2017-01-01T00:00:00</startTime>
<endTime>2017-01-01T01:00:00</endTime>
</timeslot>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee/skills/emplo
yeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
<employeerostering.employeerostering.Shift>
<timeslot reference="../../employeerostering.employeerostering.Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee[3]/skills/emg
loyeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
<employeerostering.employeerostering.Shift>
<timeslot reference="../../employeerostering.employeerostering.Shift/timeslot"/>
<requiredSkill
reference="../../../employeeList/employeerostering.employeerostering.Employee[2]/skills/emg
loyeerostering.employeerostering.Skill"/>
</employeerostering.employeerostering.Shift>
</shiftList>
<skillList>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee/skills/employe
erostering.employeerostering.Skill"/>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee[3]/skills/emplc
yeerostering.employeerostering.Skill"/>
<employeerostering.employeerostering.Skill
reference="../../employeeList/employeerostering.employeerostering.Employee[2]/skills/emplc
yeerostering.employeerostering.Skill"/>
</skillList>
<timeslotList>
<employeerostering.employeerostering. Timeslot
reference="../../shiftList/employeerostering.employeerostering.Shift/timeslot"/>
</timeslotList>
<dayOffRequestList/>
<shiftAssignmentList/>
<score>0hard/0soft</score>
</best-solution>
</solver-instance>



#$3E JAVASOLVERDRAY — b HA K: 259 RISV TDH

3% JAVASOLVER DAY —KNHA R: 9SO KRNSOV TD
Gl

HY IV EFEAL T, Java I— RA&FERA L 7ZEAM % Red Hat Business Optimizer Solver DB % 1A
/\ L/ i’a—o

929 RIAVE1—9—%EBEMRBL. TOIZ U RIAVE1 -9 —THEROTOELREZETT 2%
ENHDERELEFT, AVE1—9—IL&TOCREEYLETIRELNHY £,

UTFDN— RN Z‘LIBE DY XY,

¢ INTPIAVE1—4—T, 7TOLRDEHEELLETIDICBLERN—RY T 7RNEH
EwIcIRENDHY T,

o CPUBRE JvFEa1—4%—IllF. BETH., ZOaAvE1—49—I1Il8YYTSNETOER
TIWEEINDIBETD CPUNBREANNETT,

o XEY—REAVE1—4—IliF. KRETH., TOAVE21—9F—IlEHYETLIETO
EATREESINZEFHDAE) —HFRBETT,

o Ry MI—VFEIVE1—-9—I0IF &ETH, TOAVE1—-F—-EYHTLHNL
TOERATHEEINDEEHORY N7 — U BHEHIBBIYVETT,

LTV 7 bW e&ELT 2RENHY XY,

o 1DFARERDTOLRAAYLTOAEIVE1—F—ICEThZTh, BFIR MAREL
4 (AVE1—FH—TEICEE),

o JAMABFFRFIARMERMRICHMAZET,

Ihid, EVNRy XV T BRBICHIZY T, UTFIC, BELA7ZILIT) ALE2FERLT, /2D
(CPUBLUAEY ) H2avEa1—F—28IC. 4D20TO0ER%EEYH TS &V BEELHE %3

{I\Lli-a—o
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- Computers RAM
Qloud balance D 7 Jx| 6 }
Assign each process to a computer. ﬁ;:; [ 6 ] v [ 6 }
CPU Processes RAM

)x( )
[ ST ST

s s |

[ 4 <8 ) )

4 Je[ 3 ] s
(B 4 x5 [NeE

(2 ])e( 3 ] S s
Notenaugh[ | 2 | 4 }x[ 3 | 3 }

D@ room [‘ 5 }Y[ 5 |]

(2 S - 1)
(2] 4 (3 T 3 )

ZZTHEALTWA 7T XA FFD (First Fit Decreasing) 7)L T XLATY, ZOTILTY XA
Tl FRACAKZITVWTOECREZEYLTTHLL, BYDAR—RINIVWTOCREZEY Y TTVEFE
T, IASLED0NDLDIC. TNIEFEEBVWTOELRADAEYYETEIRENE> TULWAWED, BT
HYFHFA,

Optimal solution

Business Optimizer I&. BN, FYBWZILITY XLEZFRALT, LYBLAB (VY a21—ay)%R
DIFET, F, T—H(FOERRAVELI—Y ) EHW (N—RITEGEREDOFIKN) OmAH %
EBYLTFMmLEYS,

LUTFDFEEDIE, ZDFI». v Y DEEYT (Google ROADEF 2012)] TEHEAINTWS, £U%
COHMNZEERLLEERERICEELET,
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Cloud optimization

Assign processes to machines more efficiently.

— Computers Users
/ = H
Maximum :

. .-"f Processes capacityé V- 't
Cost ]r

_ _Smfhw

N i ae

Needs to run h Same service Safet it
on Linux (failover for each other) ately capacity
(load fragmenatian)
CloudBalancing benchmark Average Min/Max # datasets Biggest dataset
. 0 16% - 1600 computers
C IOUd hOStI I"Ig COSt '1 8 /0 -21% . 4800 processes
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

K315 RONRS Y ABREDOHE

A DR avbEa—49— 70t PR
Jvba—49—28. 7 2 6 64

Ot X264

dvEa—4—38. 7 3 9 1074
Ot X9

Jvb¥a—49—44, 4 12 1077
7Otz 0124

aAYEa1—4—100 100 300 107600

&, 70X 300 #

JvEa1—4—200 200 600 107380
A. 70X 600 #

JvEFa—4—400 400 1200 1013122
A, 7O0tX 1200 #

JvEFa1—4—800 800 2400 1076967
&, 70t X 2400 #
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31 RAA VEFILDEEE

RALAVETIN AFERTRE, EQOIVSAN TSV ITITVTF4T4—7T, EDOFTANRT 4 —NTS
VZVIEROD oMY ET, T HNOBERIE. NXT7r—<TVRADAL INHSD=Z—XIIH/HT
LERHBMEOELEEYR—MNLET,

311 KA1 VEFILOBE

RAAVETIVEERT ZICIE, BEDODANT—YERBITDIA TV I M 2IRTEHELET, D
BlTlE, A7V MITOREOVYELI—9—TT,

RXAYVEFIOERDA TV I M, VYa1—arvBLUOANT—95250, BEORSAT—
Yty NERIRTIVELrHYET, UTDHITIE, COFATV/ MIOvE2—9—D—&& 70O
TAO—EABMLEY, 7OCRZEICAVE2a—49—M1EBEYYE TS h, AVvE21—49—RBDTS
Ot RADEANEERY FT,

FIE
L RAXAYETILDY S AFEERLET,

2. ERIELTHEET S ZHIRLE T,

3. VSATEIWNYYTNAVARI VR BB LET, YV TIAVRIVRIK, TS0 TO
BMICEET 2T VT4 T4 —70/54—T1,

e Computer FEDN— Rz 7HEHIN, FEORTFIARAIMNEET IO E21—4—
=RLET,
ZDBITIE. cpuPower. memory. networkBandwidth, & & U cost »* Computer 7 5
ADYVTINAVRIVATY,

® Process: 7YXV RDHZTOLAAKLET, 2O FOERIE, PlanneriZ&>T
Computer ICEIY HTLHNZET,
Process D> FIL1 > X% > X4 requiredCpuPower. requiredMemory, & & U
requiredNetworkBandwidth T9,

e CloudBalance: v F1—4%—fBD 7Ot ADES%2KLF T, CloudBalance ICI, BE
DF7—4tv D Computer & & U Process "I RTEZENFE T,
FTOTI MDBITRTDT—H Yy hELUVBERTIHBEIE. score 2T 24> TILA
VRAY YV AMNBETT, Business Optimizer IdERZMDRAAT7%#EEL T, B LET,
BEEAdT70@RI’IZEMBELYET, ZD/H,. CloudBalance DY TILA VY RAH VR
I& score IC/RY £ 9,

4. TSV TRICEDBR (FE 71—V R) PET I hHLET,
® Planning entity (X5 Y=Y TV 7 14 7 4 —). fERH(C Business Optimizer H'Z 5 A & 74
V53R, ZOBITIE, IOV E2—49—ILTOEREBENTE 578 Process 7 5 AT
_a—o

o Business Optimizer "B TERWAANT—F2KRIVT2 /7 RE. BEI7I b &
LTHONTWET,

® Planning variable (75 Y =V V&) BABRICELT DS S V=V I IVTF4T4—0 5

2D 7ANRT 14—, ZDFITIE. Process 7 5 XD computer 7 O/XF 4 —HAZhIlH7c
Y ET,
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® Planning solution (72 =2 7 Df). ME~ND#ERILT DIV 7R, DI ZRIE T7Z
VIVUJIVTATA—EIRTCECT Iy NaRITMBENHYET, ZOHIT
i&. CloudBalance 7 2 AN ENICHY £T,

LIFD UML 7 5 ZDBETIE, Business Optimizer DAY F MNITTILT /T—>a v FFThHY
Y9,

Cloud balance class diagram

@PlanningEntity

Computer Process
cpuPower @Flanning Variable requiredCpuPower
memory computer | requiredMemory
networkBandwidth 1 | requiredNetworkBandwidth
cost

@PlanningSolution
CloudBalance
score
computerList processList
@ PlanningEntityCollectionProperty

examples/sources/src/main/java/org/optaplanner/examples/cloudbalancing/domain 7«1 L 7 bk
)—IZ. ZOBIDI S RAEERNEEFNTVWET,

3.1.2. Computer 7 5 X

Computer 7 S X l&, T—H9 %FEFET S Java4 7Y 9 T, POJO (Plain Old Java Object) & L T
MohTWET, BE. AAT—9%2/FDO2Z0EDIZANELLRYET,
private int cpuPower;

$513.1 CloudComputer.java
public class CloudComputer ... {
private int memory;

private int networkBandwidth;
private int cost;

... // getters
}
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3.1.3. Process 7 7 A

Process 7 5 R, fERHICEEINS YV TATY,

Business Optimizer (C. computer 7O/X7 1 —42ZEETE B A2BRTI2VENHYE T, Thi
&, 23 R @PlanningEntity 077 / 7—< 3 V% {F13 T, getComputer() 7w ¥ —IC
@PlanningVariable D7/ 7—> 3 V& {F1H 9,

LBIRIRDY S, Business Optimizer NERAICTO/NRT 1 —2ZEBTE S LI, D computer 7 /X
TA—IKIEEYY—EHETT,

3.2 CloudProcess.java
@PlanningEntity(...)
public class CloudProcess ... {
private int requiredCpuPower;
private int requiredMemory;
private int requiredNetworkBandwidth;
@PlanningVariable(valueRangeProviderRefs = {"computerRange"})

private CloudComputer computer;

... // getters

public CloudComputer getComputer() {
return computer;

fu——

public void setComputer(CloudComputer computer) {
computer = computer;

——

/ FAEAAA A AR AR A A A AR d kA A A A bbbk ddhdddddddddddddddbdddddddbdddddbdtbbdbhrtttt

// Complex methods

/7 FAEAA AR AR AR A A A AR d kA A A A b d sk ddhdddddddddddddddddddhddbbddddddtbbbtdrtttt

}

Business Optimizer (&, computer 7O/37 1 —[CEIY HTBDIC, EDEEZBIRTEZ2DH%EIEEL
THELBELIrHYET, ChOHDEIE. TZ =V T DfED CloudBalance.getComputerList() XV v
RHOSEBL, RMEDT—9tyY MIEFNELIVE21—9—D)VRANERLET,

CloudProcess.getComputer() £IZ4 % @PlanningVariable @ valueRangeProviderRefs /35 X —
4 —Id. CloudBalance.getComputerList() L4 % @ValueRangeProvider @ id IC—2 ¢ 2 HEN
HhYFEd,

- )z 6
" Tyvd—DRHLYIZTA—ILRIZT/T—2avEFERATEEY,
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3.1.4. CloudBalance 7 5 X
CloudBalance 7 5 X ICI& @PlanningSolution 7 / 77— a Y AMFWTWE T,

ZDYSRF, IRTOAVEL—49—L07O0RO—EARZREFLET., TS5V VIOREE.
(FEEINTWBRIGHEIR) 7oV I0ROomAERLET,

CloudBalance 7 5 X3, U TFTOFELRBMEISENE T,

e ZMDYZ AL, Business Optimizer "EE TR TOECRAL VY avERFLET, T
4 — getProcessList() /I @PlanningEntityCollectionProperty 7 / 7— 3 > % {413 T,
Business Optimizer ""ZE T X % 7’0+ X % Business Optimizer TEVSTEX 2 LI ICLE T,
fR%&R1F T B (CIE. Business Optimizer l&. ZELAATOER—ET., /5 RDHHF1 VR4
Y 2HEELE T,

. ZhIlIZ @PlanningScore N7 /57— 3 A DWW score TOANRT 1 —EEFNTH
Y, Z0FONRT 4 —IF, BIEDREDHD Score %15 L £F ., Business Optimizer I,
RDA VY AY Y AMITIC Score 2#5tE T2 EHEMNICIOTONRT 1 —5 BT 57D,
Zo7aOnT 4 —liEtEy Y —HRETT,

2. %IC. Drools TROAT7 D E% ¥ %%H4A. computerList ® 7O0/87 1 — &

@ProblemFactCollectionProperty @77 / 7—< 3 > %41+ T, Business Optimizer A3
YE1—49—DVAN[ETZFIMNERIBL, TV IVIVIVIIRAATESLDIC
@ValueRangeProvider(id = "computerRange")

TEIRENDHYET,
3.3 CloudBalance.java

@PlanningSolution

public class CloudBalance ... {
private List<CloudComputer> computerList;
private List<CloudProcess> processList;
@ProblemFactCollectionProperty
public List<CloudComputer> getComputerList() {

private HardSoftScore score;

return computerList;

fu——

@PlanningEntityCollectionProperty
public List<CloudProcess> getProcessList() {
return processList;

—

@PlanningScore
public HardSoftScore getScore() {
return score;

—

public void setScore(HardSoftScore score) {
this.score = score;

fu——
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32959 RIS 5®HELLO WORLD OE1T

helloworld 7 7Y r—>avHy P AETLT. Solver #BIRLE T,

FIR

. BFEERIDEICIORZESYIA—RLTRELE T, DEANDHYTILDIUrO—-REL
UEREAEIE. TIDE (Intellid, Eclipse. ZF7zI& Netbeans) T® Red Hat Business Optimizer
YU TIVDET] EBRLTLEIV,

2. UTFTOEZEI SR
org.optaplanner.examples.cloudbalancing.app.CloudBalancingHelloWorld TZ2175%%E % /E

BLET,
FI7AILRNTIE, 759 RISV TD HelloWorld (£ 120 PREIEITTDLIICEEINT
WEd,

R
OF7TVr—vaviz, UTOI—RERFLET,

3.4 CloudBalancingHelloWorld.java

public class CloudBalancingHelloWorld {

public static void main(String[] args) {
// Build the Solver
SolverFactory<CloudBalance> solverFactory =
SolverFactory.createFromXmlIResource("org/optaplanner/examples/cloudbalancing/solver/cloudBal
ancingSolverConfig.xml");
Solver<CloudBalance> solver = solverFactory.buildSolver();

// Load a problem with 400 computers and 1200 processes
CloudBalance unsolvedCloudBalance = new
CloudBalancingGenerator().createCloudBalance(400, 1200);

// Solve the problem
CloudBalance solvedCloudBalance = solver.solve(unsolvedCloudBalance);

// Display the result
System.out.printin("\nSolved cloudBalance with 400 computers and 1200 processes:\n" +
toDisplayString(solvedCloudBalance));

}

——

ZOIA—RYYTNICEY, UFHMfTDbhET,
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1. Solver ME&E%E ¥ & IZSolver ZBELEXT (I I TlE. JFRNADXML 774 )b
cloudBalancingSolverConfig.xml Z R L £9),

1)
Solver DEENCDFIRTREEMLRED TY ., FMIL. [Solver DEEE] ZZRLTLE
TN,

SolverFactory<CloudBalance> solverFactory = SolverFactory.createFromXmlIResource(

"org/optaplanner/examples/cloudbalancing/solver/cloudBalancingSolverConfig.xml");
Solver solver<CloudBalance> = solverFactory.buildSolver();

2. BBEHmAAHET,
CloudBalancingGenerator " {E& ICRIEAZER L F T, Ihid, LEAIE T—IR—2%
END, EEOBEEZFHAAL I FRICBEIWMATLLEIW,

CloudBalance unsolvedCloudBalance = new
CloudBalancingGenerator().createCloudBalance(400, 1200);

3 HEEMRLIT,

I CloudBalance solvedCloudBalance = solver.solve(unsolvedCloudBalance);

4. BERERTLIT,

System.out.printin("\nSolved cloudBalance with 400 computers and 1200 processes:\n"
+ toDisplayString(solvedCloudBalance));

3.3.SOLVER D& E

Solver DFEE 7 7 1 Vid. RO TOCZANED LD ICHKEET 20 2EBELE T, D77/ I)Lda—
RO—BREHBRINEY, TDT 74 ILDER

. examples/sources/src/main/resources/org/optaplanner/examples/cloudbalancing/solver/clou
dBalancingSolverConfig.xml (C7:Y) £ 4,

#13.5 cloudBalancingSolverConfig.xml
<?xml version="1.0" encoding="UTF-8"7>
<solver>

<!I-- Domain model configuration -->

<!I-- Score configuration -->
<scoreDirectorFactory>

<scanAnnotatedClasses/>
<easyScoreCalculatorClass>org.optaplanner.examples.cloudbalancing.optional.score.CloudBalanci
ngEasyScoreCalculator</easyScoreCalculatorClass>
<l--
<scoreDrl>org/optaplanner/examples/cloudbalancing/solver/cloudBalancingScoreRules.drl</scoreDr.
>==>
</scoreDirectorFactory>

<!I-- Optimization algorithms configuration -->
<termination>

39



Red Hat Decision Manager 7.9 Red Hat Decision Manager C Red Hat Business Optimizer % {1 L 7= Solver DFA%

</termination>

<secondsSpentLimit>30</secondsSpentLimit>
</solver>

Solver MEBEIF. 3 DDA THREINZT,

1. RAA VETIVEXRE: Business Optimizer AZBEA[HEAREH DI T H ?
Business Optimizer IC KA A VU S AAIBET 2HENHY £, T I Tl
(@PlanningEntity % 7=/& @PlanningSolution 7 / 7—> 3 VIIR L T) 7 ZANZAHDE Y
SAEEFMICZAF YV LET,

I <scanAnnotatedClasses/>

2. A7 DF&FE: Business Optimizer EED &S IC TSV Z v JEH = mdEb L £ H ? BT
TIHh?
ZITEE, N—REIWEY 7 Ml EERY %2728, HardSoftScore # A L £9, =72 L.
Business Optimizer IC, EVRXRABHICE >/ RAAT D EAEEEBET I2HENHYET,
®IFE., ROAT7DEERE% 2 788 (BEAMNKG Java BEODOFEM. F721% Drools DRL DfER) #8
{I\ L/ i_a—o

<scoreDirectorFactory>

<easyScoreCalculatorClass>org.optaplanner.examples.cloudbalancing.optional.score.CloudBal
ancingEasyScoreCalculator</easyScoreCalculatorClass>
<l--
<scoreDrl>org/optaplanner/examples/cloudbalancing/solver/cloudBalancingScoreRules.drl</scc
eDrl>-->
</scoreDirectorFactory>

3. &BIE 7TV XLADKTE: Business Optimizer # & D & 5 ICHEBIL L 95 2 2 DHITIL,
(RBEUETILT) ZLADBARBICEREINTWARWZD)30ME. 774/ MOF#EET7ILTY
ALZzEALET,

<termination>
<secondsSpentLimit>30</secondsSpentLimit>
</termination>

Business Optimizer I&. B#TH (V7Y 1 LETEKREZFEA T 25H1E15 I VRKRBICKR
256 BWMERIIBONZIET TN, BEIF/RC ANIERZIFE, BRIFR<AYET,
BERI-RAT =TI, N— FRIFEGIRUANAIC, BTORGEZFERTZ2IENBELTUVE
_a—o

T7AINMDTIILTY) XALTEH, ANEDFEHEYECIFEAEDHHNEE ZFBEICEL>TW
T, BERRVYFI—IMEAFERL THHREEZEZBEEL. ISIKRWEREZ/Z I ENTE
i’a—o

3.4. 27 DHETE

Business Oprtimizer (£, RA7 iREEVW Y Ya1—3 Yy 2 LET, ZDHITIE. HardSoftScore
Z{EF L. Business Oprtimizer B’/\— RHIFICER L TWARW (FBEN—RD T 7EHZHLT) V
Ja—vave, VI MIWICERTZEDPKREDPBVWA YT F—VAIZXMREBREW) V) 21—
vavaERLEY,
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Processes Computers
CPU Cost

CPU
@0 <[ 6 v e

Score

-2hard [/ -500soft

3 ] X s00s

Y 1000 %

|
N\

Ohard / -1500soft

[ [ 3 ] Y  1000$%
| | x so0s \
Optimal solution ) ) Ohard / -1000soft
N oo Highestscors

LRI D S, Business Optimizer IZId, TNHD RAA VEBDODRAITZHFKICDOWTEIBET 2HEN
HYFET, JavasSiEFE Drools SEEAFRA L THINAEHETZET,

341 Java A FALAIT7EHEDRERTE

ZOAT7EBEEET BHED 1 DI, Plain Java T EasyScoreCalculator 1 4 —7 4 AREHLH
Y ET,

Fa
1. cloudBalancingSolverConfig.xml 7 7 4 L CEREZEBMT A, Z7VAAV KMLET,

<scoreDirectorFactory>
<easyScoreCalculatorClass>org.optaplanner.examples.cloudbalancing.optional.score.CloudBal

ancingEasyScoreCalculator</easyScoreCalculatorClass>
</scoreDirectorFactory>

2. calculateScore (Solution) X ¥V v K% 3% L T HardSoftScore 1 Y A9 YV R %&RL XY,
‘ $13.6 CloudBalancingEasyScoreCalculator.java

EasyScoreCalculator<CloudBalance> {

public class CloudBalancingEasyScoreCalculator implements
* A very simple implementation. The double loop can easily be removed by using
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Maps as shown in
“{@link
CloudBalancingMapBasedEasyScoreCalculator#calculateScore(CloudBalance)).
Y/
public HardSoftScore calculateScore(CloudBalance cloudBalance) {
int hardScore = 0;
int softScore = 0;
for (CloudComputer computer : cloudBalance.getComputerList()) {

int cpuPowerUsage = 0;

int memoryUsage = 0;

int networkBandwidthUsage = 0;
boolean used = false;

// Calculate usage
for (CloudProcess process : cloudBalance.getProcessList()) {
if (computer.equals(process.getComputer())) {
cpuPowerUsage += process.getRequiredCpuPower();
memoryUsage += process.getRequiredMemory();
networkBandwidthUsage += process.getRequiredNetworkBandwidth();
used = true;

}
}

// Hard constraints
int cpuPowerAvailable = computer.getCpuPower() - cpuPowerUsage;
if (cpuPowerAvailable < 0) {
hardScore += cpuPowerAvailable;
}
int memoryAvailable = computer.getMemory() - memoryUsage;
if (memoryAvailable < 0) {
hardScore += memoryAvailable;
}
int networkBandwidthAvailable = computer.getNetworkBandwidth() -
networkBandwidthUsage;
if (networkBandwidthAvailable < 0) {
hardScore += networkBandwidthAvailable;

}

// Soft constraints
if (used) {
softScore -= computer.getCost();

}
}
return HardSoftScore.valueOf(hardScore, softScore);

}
}

rtEEDI—RKEHKEIILL. Map % L T processList # 1A I RELEBETE, 1V UXVH
IWRAT7DHENTHOhAWED, REIBENEXTY,

INEBIETZICIE. A2 )XY kJava AATETED. Drools AATFEEA=FERALET, 121
AV NJava AOATEEICOWVWTIX, XETIIfEhFHA,
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3.4.2.Drools ZfEA LR 7ETE DR E

Drools J)—JLEEE (DRL) A L THINAEHRTEZ XY, Drools RATEIEIFA VI ) AV MNetE%E
FALET. COFETIE, 12FARBEHORITI—ILELTIRTORATHMIEBRINE
-a—o

ZATHEDTYVavIVIVEBRATRE, FoYavT—TIb (XLS F7ld Web N—2),
Business Central Z & Ush & L7z R— MR RO#EEL E. Drools DiDFEMEMETETET,

FIR

1. VZ5R/XR (T scoreDrl 1) YV —2&BMLCRATHEEE LTV YavIv I v aERALE
¥, cloudBalancingSolverConfig.xml 7 7 1 L CEREZEBMT 20, 7 AAVMLET,

<scoreDirectorFactory>

<scoreDrl>org/optaplanner/examples/cloudbalancing/solver/cloudBalancingScoreRules.drl</s
coreDrl>
</scoreDirectorFactory>

2. N—REIWZERLET, ITNOHDHEMWT, IANTOIAVYE2LI—F—IC, +08CPU., XE
)—. Ry NT—VBEE,EYETON, 2TO0EANYR-—FINBEIICRYFET,

$513.7 cloudBalancingScoreRules.drl - /x— Kl
import org.optaplanner.examples.cloudbalancing.domain.CloudBalance;
import org.optaplanner.examples.cloudbalancing.domain.CloudComputer;

import org.optaplanner.examples.cloudbalancing.domain.CloudProcess;
global HardSoftScoreHolder scoreHolder;

/
T
it

/I Hard constraints

/
T
it

rule "requiredCpuPowerTotal"
when
$computer : CloudComputer($cpuPower : cpuPower)
accumulate(
CloudProcess(
computer == $computer,
$requiredCpuPower : requiredCpuPower);
$requiredCpuPowerTotal : sum($requiredCpuPower);
$requiredCpuPowerTotal > $cpuPower
)
then
scoreHolder.addHardConstraintMatch(kcontext, $cpuPower -
$requiredCpuPowerTotal);
end
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rule "requwedMemoryTotaI"
rule "reqwredNetworkBandW|dthTotaI"

3 VI MM ZEERLEY, ZORMIE. RFIXNEHENRICMATT., /N— FHERICEET
BGRICOABEBARAINET,

513.8 cloudBalancingScoreRules.drl - ¥V 7 Fl$

/

T
it

/I Soft constraints

/
T
it

rule "computerCost"
when
$computer : CloudComputer($cost : cost)
exists CloudProcess(computer == $computer)
then
scoreHolder.addSoftConstraintMatch(kcontext, - $cost);
end

3.5. SOLVER O D

LEROBINHET 2 &S IS DT. 6[%%%%@(&((E5uoktiﬁ\Fx4>%?w
EHALT. MFOL> BEREENLTHT S

o TRTOD 7OEAMNY—FERICET S, AVE1—9—305v> 1T 2a8EMLAHB-
O, ALY—EREERIFTTZ7O0ERIE. HOIVE1—9—ICEYLTEIRLENH S (FiE
Y BTRIFNRIER SRV,

o ITRTDIAVEA— 49 —NHDN EIICHEINTWS, EILDNKICHD AIREMI’H D=0, [E

CH—EZD7OERIE, BIOENIEREINTWSAVELI—9—IlEYHTIRELRH D
(BEIY HTRIFNIERSRL),
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284% RED HAT BUSINESS OPTIMIZER TR X1 %4

Red Hat Decision Manager ICI&. Red Hat Business Optimizer D% > FIL A EHERINTWE T, &
EAFTI—RREEHERLT. =—XILAE2LBDICEETEET,
# E
Red Hat |&. Red Hat Decision Manager 74 A N Ea—> 3 vIil&Fns 01— RKH Y
TIWDOHR—MILTWEEA,
ALY TINOF T O— RELTET
Red Hat Software Downloads @ Web t 4 h H* 5 Red Hat Business Optimizer DY~ )L &5 > O0—
FLT, ETTEEY,
4.1.1. Red Hat Business Optimizer D4 > )LD ¥ o vO— R

Red Hat Decision Manager D7 KA /Xy r—ID—8E LTH Y T ESY D O—-RTEET,

FIR

1. Software Downloads R—< H 5 rhdm-7.9.1-add-ons.zip 7 71 L= 45 o> O— KL XY,
2. 77AIVERRALEY,

3. rhdm-7.9-planner-engine.zip 7 7 1 L = BRA%XDT 1 L7 M) —ICBRALZE Y,

R

EF L 7= rhdm-7.9-planner-engine 74 L. 7 N ) —DLUTOH TTF4 LV MY —IZ, BV TFILDY—2R
J—RAEEFNTWVWE T, * examples/sources/src/main/java/org/optaplanner/examples *
examples/sources/src/main/resources/org/optaplanner/examples *
webexamples/sources/src/main/java/org/optaplanner/examples *
webexamples/sources/src/main/resources/org/optaplanner/examples

[Business Optimizer %t~ 7L DFE] Tk, &YV IV THEERATZ T LY M) —D&RIZZEH LTV
i-a—o
4.1.2. Business Optimizer > 7L DE1T
Red Hat Business Optimizer ICI&, IEIFRI—RAT—ADTEE LTEZHOY Y TIHEFhTW
i-a—o
([} =355
o ffla¥ Yy O—RLTREBELELL, o O0—-RRBELVCBADAEIE. [Red Hat Business
Optimizer DY Y FILDF I O— K] #SBLTLEIV,
Fa

1. rhdm-7.9.1-planner-engine 7 # JL % — T examples 74 L 7 b ) —%F X, @UARR V1) 7
NEFRALTYY TILERTLET,
Linux ¥ 7zi& Mac Di54&:
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$ cd examples
$ ./runExamples.sh

Windows:

$ cd examples
$ runExamples.bat

GUI TN r—oavo4 v ooy FILERBIRLTEGTLET,

r hl
OptaPlanner examples x

Which example do you want to see?

Basic examples Real examples Difficult examples

|
‘ @G N gueens ‘ ‘ q Course timetabling ‘ ‘ I#? Exam timetabling ‘
[ %tﬁ A cloud balancing ‘ o (._3 Machine reassignment Employee rostering

e A 54 ‘ ‘ ‘

-H::-'

Traveling salesman ‘ ‘ I: Vehicle routing ‘ ‘ \ Traveling tournament ‘

[—1} -
- [=——]
- =

® -
Dinner party === Project job scheduling
‘ o ‘ ‘ =) ‘ ‘
Tennis club scheduling ‘ ‘ h Hospital bed planning ‘ ‘

Cheap time scheduling

~I I
3

+
™M

)

$ Investment asset class allocation

Description

I Show web examples [
AL A

Assign processes to computers.

Each computer must have enough hardware to run all of its processes.
Each used computer inflicts a maintenance cost.

Homepage

vl | Documentation [

pa

Red Hat Business Optimizer B{&Id GUI IIKTE L TWEEA, TRV My TERAL LD
IS U—N—FLEENMILIVM ETHERITTEET,

e

4.1.3. IDE (Intellid, Eclipse. F7cld Netbeans) T® Red Hat Business Optimizer #
TILDET

IntelllJ Eclipse. Netbeans 72 E#i&RRIRIE (IDE) 2EA T 215681k, BHEVORRREICY IV
— K L 7z Red Hat Business Optimizer Dl #R{TTE X7,

AR

o BlAESF Y yO—RLTEBRALELA, ¥orO—RBLUVBHEDAZEIE. [Red Hat Business
Optimizer DY FILDF I vO— K| #BRLTLEIN,

ZFIlE
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1. #_ O £ b & LT Red Hat Business Optimizer > FIL &R X £ 9,

a. IntelliJ ¥ 7| Netbeans DIFZEIE. FRW T O =¥ b & L T examples/sources/pom.xml
EREET., Maven BEBDIERICHK WL, 1 VA KMN—ILEESHTLL LIV, ZOFIETIE.
BYDRATY TIZEKLET,

b. Eclipse ®#%Z&I&. examples/sources 74 LV M) —THIR7OV I MEFAZET,

2. binaries 71 L 7 b 1) —# & U examples/binaries 74 L 7 ) —ICH B TRTD JAR %,
22 Z/RAITEM L % 9 (examples/binaries/optaplanner-examples-*.jar 7 7 1 JL %[k <),

3. Java®VY—RXFT 4 L% M) — src/main/java & Java D)V —ZXAF4 LI KN —
src/main/resources #EIML £,

4. RITREZMFRLET,
e XA 73 X:org.optaplanner.examples.app.OptaPlannerExamplesApp

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

o {F¥7 1L 7 K'Y —: examples/sources

5. RITREZRITLET.

4.1.4.Web O > TILDETT

GUI D> FILLAIZ, Red Hat Decision Manager (I, Red Hat Business Optimizer FfD—3&E®D
Web BV TILDEENET, Web DFIZLITFICRLET,

o [liXiREE: Leaflet F721d Google Maps DR BEEE B oA EFRAL T, IEIFLRERI D
BEIBT7ATLZINRTONT ERKEZF]FELET,

o VSURNSUIVT BRZAKRSLIVIARMNDAVE2—H—IITOEREEYLETET,
([} =355
® Red Hat Decision Manager 7 K7 > /Xy or — I h 5 Red Hat Business Optimizer 4> 7L %
FovO—RLT, BALZF L7, FIEIE [RedHatBusiness Optimizer D4 > FILD 4 ™
vO—FR] Z28RBLTLEIVL,
Web D% > FILid, LUTFD API 2 &, #ED JEEAPI ZETT 2HENHY XT,
® Servlet
e JAX-RS

e CDI

IN 5D API &, Bussiness Optimizer B&ICIZREH Y FH A,

FIR

1. JBoss EAP, WildFly R EDJEE 7 F) =Y av—nN—%4ovO0—-—RLTEBALET,
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2. &M L7z rhdm-7.9.1-planner-engine 7«1 L 7 ~ ') —7C. webexamples/binaries + 77 1 L
7 N)—%BE, JEE 7 Y s — 3 ¥ H—/\—T optaplanner-webexamples-*.war 7 7 1
VWaEF7O4 LET,

A%V R70OYE— KT JIBoss EAP =T %5513, optaplanner-webexamples-*.war
7 71 )L % JBOSS_home/standalone/deployments 7« L 7 ) —ITBIML TERITTEXFE
ER

3. Web 75 2 —T http://localhost:8080/optaplanner-webexamples/ D7 KL R =X £ 7,

4.2. BUSINESS OPTIMIZER 4> 7L DX
Business Optimizer %>~ FILICId, HEBED IV T A M THEBEINBHBEAERTZ2E0EHY F
9, ULTDERD Contest FICIE, CHDLIRAVFTFRAIEBHINTWEY, £/, AVTAMNDOEW
E LT, BEN A, FEREN HOHFNE L TWVWET, BREMNAOAVFTAM & B LAAR VT
AbEBELET,
BREMNLAVTAM &E, UTOREEEAST, MIILAZARIVTRAMNEELET,

o BAMBICEZINALEBOI—AT—ATHDIE

o EREICHKMIHB &

o EEDT—HtY MDEBHDZ &

o BEDN—RI 7 CHEOHEBNICKERABIRTESZE

o HEMESLW FLIILXDERMREII2-T1—HIERICSMLTWVWSE I &

WEMRIAVTRARTIE, MEDY 7 M = 7PHEMRE & Business Optimizer Z ZERMICLLERTE &
ER

RANG Y TIVOBE

FALI MY -

NZJ1— IVFATA—UFR] IVT4T71— =256 B nqueens
v D (RIEDH
& = 256 &g
(Z#12)
BRFR2E[HE < 107616
929K IVTATA—IFR1 IVT47414— <2400 ANV cloudbalancing
/\‘3~/¢/ ) (%*i?b\ﬁ::
vy & < 800 )
(Z#12)
BB [E < 1076967
KE = — IVTATA—UFR] IVv74714— <980 WEMT tsp
WA Y ) TR TSP
& <980 Web

(EHEE1 D)
RI:RZEME < 1072504
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43.N V1 —

IVF14714—«<216 WL Z conferenceschedulin
(BEHAE ¢

E=18 L1 <20 %)

R/ « 107552

IVT4T714— <47 WL R rocktour
(A D TE

& =48 %)

RRZERM < 10759

IVT47414— <4375 ANV flightcrewscheduling
(B D TE

& =750 %)

BR%RZEME < 10M2578

N4 XDFTRAR—KRT, thd I 4 —VICHRLNBWEFRICnBD I 1 —V5EBXET, 66—
Bno4—YRZJ)VIE n=8D8EDY 4 —Y/IRXITT,
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Wir
iy

Wir

%4
o NHIBLYNITFOFTRAR—RKEFEARHLZTT,
o FIRR—KNIInBDYV 1 —VEEZZEY,

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

AETIH, 420914 —VNRIANEERFELTEZHLTVWET,
DT REINSBETY,

Bl417 14— 4 BDONRZXIVDE S =&

W N H O
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EERORRIZ. A1EBO(BLTVTBOEDO) DY 1 —VUHABEWCEHEARNSZOTHEE>TWEYT, BOD

DA4—=VENEIBEBDI 1 —VICERLNRBRWEIICTEEVWDHRIKIEFTEETH., nf@DY 1 —
VEBLEWDHIWIERLET,

UTFIFELWETY,

B4.2 71— 4 ED/RZXIVDIE L \WE

W N +H O

g

TRTCOEWHIBE-INTVWDDT, TNHIERTT,

n74—YNRZ)TR, EFVEREETZHENZ4HYITT., HELLNICHLTEALSNSETA
TORERDIFZDTIEAL, HBEDNICHITZELWEZI DEIHI I LICERZHTET,

RIRE DR

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.

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

43INIT 1 —2VDRAAVETIV
ZDFEITIE, 42DV 14—V DBBEERTDRAAVETILEFERALEY,
o KAAYVETIDER
BYRRAA VETIAGFERATRE, TSV /OREALYERBICIEBRL, fkdss

LR nZ4—VDBPIDRAAVETILTY,
public class Column {

private int index;

// ... getters and setters

}
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public class Row {
private int index;

// ... getters and setters

}

public class Queen {

private Column column;
private Row row;

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

// ... getters and setters

}

o RERZTEDEHE
Queen 1 ~ 24 > Z (Tl Column (f3l: O (&% A, 11E%1 B) & & Row (fl: O 1&4T O, 11&1T1)
NEEFNET,
FlefTad e, RIEONAR. BLPRIEORARETETZIENTEET,

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

private SimpleScore score;

// ... getters and setters

}

1. RokHA
12® NQueens 1 Y A%V ZAITIE Queen 1 Y RAY V AD—BASENTVWET, chd
Solution 2% ¢ L TIRM I M. Solver iR L THRALE L F T,

ez, 494—>DY Y TILTIE, NQueens D getN() XV w RAEIZ4 %#RLZF T,
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B4.3 7 14— 4 BDR

@

W N H O

K42 RAA VETIOBDOFH

columnindex rowlndex ascendingDiagonallndex descendingDiagonalindex

(columnindex + rowlndex)  (columnindex - rowlndex)

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

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

MR ENDEIIC. 74—V 22ARLT. Fl. HAKELET 2HEF. 2O20HIFEVERS T
ENTEET,

4.4. 959 KRNSOV

DY FIVOEFMIE. 3FJava Solver DX Z— A4 RN 250 NS>0 #B5BLTLKE
-SL'\Q

4.5. ¥EtE—J)L ATV (TSP - ¥Et—J)L A<~ REE)

BED—BEL &I, E—IL AT VARIEHEET. SBHE 1ELFHETIIL— NEELET,
CORBEIE 74 FR_RTATICERINTVWET, 2hid, StEHETC RLADICHRINZBED 1

D TY, A, RXBEDOY T M FHRE, TOMOFIME —EICFTEOBED—EE L TERAINE
-a_Q

SEEIOF ]

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

BIEDH#ZE
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TSP DEHIFEMTTN, BEBEOHRIIEBSIFEH LAY EY, CHIENP RE#EBEEEIETN, %<
DEHEORB L %K. BFEOBEDT—49 Yy MINT2RELMEIEZ. TOBREDT -4ty ML
THEFET S &, KBICELTDAEMEL DY £,

TSP optimal solution volatility

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

No effect Side effect Snowball effect

new

new new

N\ LS
TN

46. 74 F—N—FT 41—
RFT—AIADTAFT— =T —%2BERETDIEICLELL,

o SEII, YAMNI44E%5BEL, HEZREAREL. E7—7NVIBEFE2 2FEHELZEL
7=o

o EEFIE. AUMRIDANBERLICALRVEIICLET,
o Ff, DALV Y, BULBKRZIDEDLIICLET,

o BT —TJILICIE, BUAR. EA. ER/A. I—F. #hEh. 2L OIS —%2 24 DORE
L/i-a—o

o BUAR, EE. O1—F. 7OU5v—id. TRZNELERBOANB LT —TILICASWnL
IICLET,

Drools Expert ICH., (4 AR E BTN I V) — BRI AT T —XDH Y FILBEEFIhTHY.,
FHRE1—YRT4 v I ZHRBLTHEEZEEHLTWET, Planner DEEIF, Ea—JRT1v 7Y
ZHEAL CxEE%Z RDIF. DroolsExpert 2B L TREBORX AT Z5ET 2D, A5—3E )
TA—DNEENMIELLBEO>TVWET,

SEEIOF ]
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wedding01 has 18 jobs, 144 guests, 288 hobby practicians, 12 tables and 144 seats with a search
space of 10"310.

47. T=ZRYPZTDRTT 1—)b

TRV ZTTIR, BBEAF—LBHLYTHREZLET T, 4 DOWHREZAFICF—LICEYHT
i’a—o

N— R

o HAF—LRIBICIALFIRENTE S,

o SIAF BREICL>TBMTIAWVWF—LDH 5,
FFEE D HI#Y:

o NERBYLTEF—LAIRAEGZTHEHZ (IFIX)ELICT S,
Y 7 M

o HFEIINE EF— LN, ENPBFENEITZEHZRLICT S,
B DR

munich-7teams has 7 teams, 18 days, 12 unavailabilityPenalties and 72 teamAssignments with a
search space of 10760.
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Bl4.4 RAXAVETIL

Tennis class diagram

[ Day | [ Team ]
1 1 1 1
[ UnavailabilityPenalty | | @FfanningVariable
4 @~PlanningEntity
[ TeamAssignment ]

L

@PlanningEntityCollectionProperty
@PlanningSolution [

[ TennisSolution ]

48. REDAT Y a1—Ib
REIC, HRREACRBEZIVETET, RSEORIBFELR/YIT,
IN— R
e MEDHK:2 DDRFN. BULHEICALRZZEZERATZIEETEARW,
o VWHODOHFEHE FURKBICHEINDIUNEDREZEZ 2 DEIYETEHIEIETIERL,

o RELINSMEDOPNAEAY REOHEEEEZNATERAVHETREEFEZT > TIWITR
LY,

o FEIHHICEHIL TKRT  SEIFERDBICHE>TRY Y a—)ILInBWnWEDICT 3,
hZE D #HIH:

o FENHFELE FAURKBICHAESNZATDORFEZ 2 D2FIYHETHILRETERY, Tk, R
DRFBEVADRFZZR UCEREICEIYETS I EIFTERL,

Y 7 MY
o BN TRIVa—IL: T RTDRFELETIBRITR A YV1—-ILT 3,

o RFERBOBDKERME: REFBELRFBOMICIK, RETHLRHER1D2. KBZANZRBEN
H5b,
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o RFBDER: WTL TITOLNZ2RBOHZF/NRICHZA T, EE5LDNDRBLERLRITNIER
SRR ZERL T,

o HIIKZIWVWEHENSEIYHTS: SMENEHR L TVWAWGETH, TR ITZHDODSNESE
INAT 27012, KEVWEHELAZWTWIBAICIEZFDHENSEY KT TV RBELDH S,

o MEDALM: KEBNEMRL TiThbh, KREOREZRN 2 DL YDRWEEICIE. REIFRL
HMETITOANRL,

SEEIOF ]

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

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

200meetings-640timegrains-5rooms has 200 meetings, 640 timeGrains and 5 rooms with a search
space of 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 1013285.

4.9. J—Z2DHFHEEI (ITC2007 TRACK3 - AY F 1S5 LDRT T a—)L)
BERE%Z, RERBLVBREICEVET TR Y2 - IILzlHET,
N— R
o EEIOHIN: RFBML. FAUBBICEEE 2 OBUROILETEAL,
o ANFXaASLADER: A F1SALICIE, 2D0ODBEABURREICEKET R EIFTEARL,
e MEDHEA:RAULKEDEULHERZEIC. 2 D0DREZENYHTEIERETEAW,
o FRAAADEE (T—Fty hZTEIEE): BEEILIFEYHETONBWERI D S,
Y 7 M

o BEREDNBAK BEZONEARIL, TOREEZZIZIZEDOHRLIVES L ATNITESR
LY,

o FNROMEAE B LI -RDEXDOHEBHRAEIX. HEICHDLIICT 2,

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

o BREEDAEMBALI-—RADRRXIFALBHEEZEYETIVEDDH S,
Z DREAEIE. International Timetabling Competition 2007 track 3 TEHZEINTWET,

SEEIOF ]

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

comp02 has 71 teachers, 70 curricula, 82 courses, 283 lectures, 25 periods, 16 rooms and 513
unavailable period constraints with a search space of 10"736.
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compO03 has 61 teachers, 68 curricula, 72 courses, 251 lectures, 25 periods, 16 rooms and 382
unavailable period constraints with a search space of 10"653.

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

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

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

comp07 has 99 teachers, 77 curricula, 131 courses, 434 lectures, 25 periods, 20 rooms and 667
unavailable period constraints with a search space of 10"1171.

compO08 has 76 teachers, 61 curricula, 86 courses, 324 lectures, 25 periods, 18 rooms and 478
unavailable period constraints with a search space of 101859.

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

comp10 has 88 teachers, 67 curricula, 115 courses, 370 lectures, 25 periods, 18 rooms and 694
unavailable period constraints with a search space of 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 101381.

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.

Bl45 KXA4 VETI

Curriculum course class diagram

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

*

@PlanningEntityCollectionProperty

@PlanningSolution

[ CourseSchedule ]
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4.10. ¥ >V DBEEIH T (GOOGLE ROADEF 2012)

BE7OEAEZTIVICEIYYETET, 270€ICIE. TTIKTO (HRBIEINRTULAW EY YTHH
YEFd, FOERICEERTNR. EYY—X(CPU, XEY—RE)VDND—EEMVETY, Thik, 75
I RONS YV ZDBIDIEETY,

N— R

BRABE VYV VICEIYYETEE) Y —RIEIDEZBA TIEWITAL,
FARCY—ERO7OCRFFIDYY Y TEITTI2BENH S,
S EALCHY—EROTOERIIEBOEFMICHBIE2BENH S,

KERER MO —ERIEKETIH—EROT7OERIE. ZOY—ERDEL TEFTITIHE
»"H o,

—EMARFER )Y —RICL>TF—ENLREDOIHY., TOYIVE, HCEYYETLNT:
ROVOEADRRBEICAT Y MIN3,

Y 7 NI

BREEIIVDEYY —ZADLLABELEBA TITWIFAL,

BEO ATV THATRER) Y - R Z20MIE T, SROFYETIIHIETESLIICH
Bx21 3,

TOECROBHIRA M 7O0CIICIEBEI IR NIRET S,
H—E2OBEIR M Y—ERICIIBREIR NHIRET B,

BBOBEIOZAN IO VANSTYYBICTOERABEITEE. ADD BICEEORED
A RMDBERET B,

Z DAl the Google ROADEF/EURO Challenge 2012 TEZEINTWE T,
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Cloud optimization is like Tetris

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

Metwork Netwaork
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E4.6 flifEiRE

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

Cloud hosting cost “18% 2% 5 i00meceses

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 -EJ?‘?E. <0 5k processes
OptaPlanner versus arbitrary feasible assignments 5 mins Tabu Search vs First Feasible Fit

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

SEEIOF ]

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.

Bl14.7 KXA4VETI

Machine reassignment class diagram

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

4.11. BoiX iR

BHEOEMZHEAL T, SBREORDZLONL. BELZTEVEY, 1 2OEMTHEBDEZL LM
ZERTZ2ZEETEEIN NETEZRERERYDIHYFT,
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11
; 17

!
67 /100 ”
1'll 7

! P 89 /100
{ -
! -
! f,»'
! s 23 15
.ll l" L]
! ’ 28R 2
.|l .—"I - =-a
.'l 1.—"’ __a-‘;
! - -

\2\1 - 67 /100
11 97 /101 m
5 82,100
3 ) .
2
0 iﬁ
= Customer: demand 32 customers 742'69 fUE‘I

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

o BABDEMBNED HRE: BEDEBNEDIAICEMIEET 2TRMENH D, ERFHNTE
ETHELTHOBREICHBT DBENDH D,

o EAENRELLMOIYERE: Eillld, BMENRE LMHMOYFRHITICEET 2H4EN
HB,

Y 7 NI

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

E14.8 filifEi2 R
Assign the delivery order of vehicles more efficiently.
Depot . ~— Delivery locations US'BI'S
Driver wage N
208 ihour 20 \ 1. . Capacity
" <20ton Supermarkets
N & retail stores
o
................. 10 [On .
/ Freight
Optional o RV ey, NEPIT B T 3 ton transportation
Can wait till tommorrow
Time window Buses, taxi's
Deliver between -~ s
8AM and 10 AM & airlines
Armared vehicle " e
mereg rEee ! Technicians
Expensive delivery - on the road
VehicleRouting benchmark (Belgium datasets) Average Min/Max # datasets Biggest dataset
5 2750 deliveries

Driving time -15%

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

55 vehicles

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

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

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

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

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

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

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

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

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

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

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

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

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

10774.

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

107170.

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

10"1168.

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

1072607.
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belgium-road-time-n2750-k55 has 1 depots, 55 vehicles and 2749 customers with a search space of

1078380.

belgium-d2-n50-k10

10774.

belgium-d3-n100-k10

10770.

belgium-d5-n500-k20

10"1168.

belgium-d8-n1000-k20

1072607.

belgium-d10-n2750-k55

1078380.

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

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

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

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

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

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

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

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

10740.
10741,
10742,
10743.
10746.
10748.
10749.
10749.
10751.
10752.
10761.
10762.
10763.
10765.
10768.
10777.
10779.
10782.
10791.
10793.
10794.
10797.
A-n63-k10 has 1 depots, 10 vehicles and 62 customers with a search space of 10798.
A-n64-k9 has 1 depots, 9 vehicles and 63 customers with a search space of 10799.
A-n65-k9 has 1 depots, 9 vehicles and 64 customers with a search space of 10101.
A-n69-k9 has 1 depots, 9 vehicles and 68 customers with a search space of 107108.
A-n80-k10 has 1 depots, 10 vehicles and 79 customers with a search space of 107130.
F-n45-k4 has 1 depots, 4 vehicles and 44 customers with a search space of 10760.
F-n72-k4 has 1 depots, 4 vehicles and 71 customers with a search space of 107108.
F-n135-k7 has 1 depots, 7 vehicles and 134 customers with a search space of 107240.
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68

10774.

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

107170.

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

10"1168.

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

1072607.

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

10"8380.
belgium-tw-n50-k10
10174.
belgium-tw-n100-k10
107170.
belgium-tw-n500-k20
10"1168.
belgium-tw-n1000-k20
1072607.
belgium-tw-n2750-k55
10"8380.

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

Solomon_025 RC201
10740.
Solomon_100_C101
10"85.
Solomon_100_C201
10"85.
Solomon_100_R101
10"85.
Solomon_100_R201
10"185.
Solomon_100_RC101
10"85.
Solomon_100_RC201
10"85.

Homberger_0200_C1_2_1 has 1 depots,

107429.

Homberger_0200_C2_2_1 has 1 depots,

107429.

Homberger_0200_R1_2_1 has 1 depots,

107429.

Homberger_0200_R2_2_1 has 1 depots,

107429.

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

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

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

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

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

50 vehicles and 200 customers with a search space of

50 vehicles and 200 customers with a search space of

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

107429.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ANLEEREBORXA VETIL
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Vehicle routing class diagram

@~PlanningSolution

[ VehicleRoutingSolution ]
@PlanningEntityCollectionProperty
@PlanningEntity
[ Standstill ]<} Customer
RN - . ,
@PlanningVariable read:,lleme Shadow variables
[ ousStandsiil dueTime
previousstandsi serviceDuration | E'"“'a!T"“;Z -
. 0.1 . i previousS.departureTime
nextCustomer arrivalTime - + travelTime
e departureTime -
vehicle ... ... departureTime =
. max(arrivalTime, readyTime)
1 + serviceDuration
‘ Vehicle |
- B EONINOT nextCustomer =
readyTime e inverse of previousStandstill
dueTime T, .
" T, .ureh|c|e =
(this instanceof Vehicle)
1 1 1 ? this : previousS.vehicle
[ Depot ] [ Location ]

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

E#RERRE Tl < BB DR

Bk, ERERMZBHTLIOTERL, EBVEREREZERATIVNENHYITT, EVRADERD
5FBHE, INIFFEBICEETY,
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Vehicle routing distance type

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

Optimized for ... ... air distance
™ . =
. road distance | @ :
m 1M} 125 .
N - ™
- o Tw ™
BT T © . ¢ 2327.32km 118 632 sec
... driving time EaTAYES 3.8% worse 4.0% worse
T © ™. 224315km 115516 sec
™ g* H , \z ) best 1.2% worse
& y 2 300.32 km 114 105 sec
el 2.5% worse best

REETINTY ZLTIE, 2E50EHARRETEITWVWS (TEhIE, FFIICETEINTWS) BEICIE.
CNIFRFICEETIELY FHA, BEIOOZ MIDOWTIE, BEEORKDY ICREISE. AV U VUK. £
T INODEHEAHER—RICT B EEHABETYT, GraphHopper ((B&AARIREMRT 754 > Java
I > V), OpenMapQuest (web H—ERX)., Google Maps Client APl (web #—EX) %2 &, BEIR
NEERIICEIE T 2 RMidHY X7,
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Integration with real maps

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

Locations Fetch distance matrix
with latitude and longitude for every pair of locations

C o® ABCD

0 50 80 90 50
50 0 30 30 60
8030 0 3030
90 32 30 0 40 -
50 60 30 40 0 o S

=2 OptaPlanner

Render in browser Optimize trips
under hard and soft constraints

Google Maps
REST Client

B D

o

K
=
Y

GraphHopper
REST or local

Dowm> 4(F

Google Maps| w|® A B CD
JavaScript b 50
A 30
B 30
Leaflet.js c 30
JavaScript D |50

F 7. Leaflet ¥ Google Maps for developers 72, BEBIOAR N EL VF Y VT 2EMMEHY F
¥, optaplanner-webexamples-*.war (Cld, CDLIRL VY YV ITDTEFNEFTNTVWET,
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Leaflet.js Google Maps

7 LﬂN!EGEM i "-'_.I""'I-.I

y Map | Satellite I'
'- - ooseTTaEal

Denain

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

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

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

Beriﬁgen
L }
Aarsézhot :

W o

aubou;dlnﬁ]

: b=, Carvin — ! - _ \ hleide
ruay-la-3uissieres - 3 5EII'Il sAmand-Tes=Eaux i b = : : s Malmedy

e W B 9
= b {
, ._“\}E"Ei“ Mﬂ‘;‘;c’.?" Lot ; i - ! ;

a
Eambral Le Quesnoy .
Caudry Aulnoye-Aymeries

-
¥

Gi

Luxembourg

(77 Tergnier
fg City..

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

2 REIDBEIZ M, Planner CHERA LD LA URBELCLFGEZFERT I IRITERLTLEIN, £
& ZIE. GraphHopper &7 7 #JL T, RETIFARL., REORBERLET, mED GPS RO
km (F7E< 1)) OFEREZFERA L T, Planner CTREDHBEI Z&EILLAWVWEIICLTLEI W, BL
TOLIIC, ERBERBHABIHEINDIATREELIHY X7,
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Road distance triangle inequality

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

Shortest GPS routes Goal: shortest trip

using shortest GPS routes

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

optima

Goal: shortest trip
using fastest GPS routes

Goal: fastest trip
using shortest GPS routes

C
| 4 0min
30|" I'IIB D
. 50min

* 30mi

F ...l
N By
50min
* A » B ¥ C * D *
50 + 30 + 30 + 40 + 50 = 200min

suboptimal

Goal: fastest trip
using fastest GPS routes

C 60km Klulgtus triargle i'l-’lULl..L.Ialﬁ}" C 60km C
. oA A i+ Bl I
Omin 90 £ 20+ 30 304“‘.“? l]
D B D 30|" n 'HB D
t'. 40km \-1 40km 30min _J;_\i\
2] " A5 0min 0k A5 0min
oo gy .
A 60km A B0km
50min 50min

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

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

suboptimal

I-A )C rB -D *
50 + 30 + 30 + 30 + 50 = 190min

optima

— MR EZHFERERY, ZL DAY -RFREDRETIIRL, REORBZEALLVWEEZZE
Y, BEDERLYEEEREBOERAZFHAT T, SHEINTVWRVWELY BHEINTVWEERZIF
HET, ERICIF, REDREE, RAORBIABLTHEIEIRIFEAEDHY THA,

412. 700z M a TRy a—)b

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

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

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

( Design
Cover

Pages (400/book)

Book 1 <

L Assembly
( Design
Cover

Pages (500/book)

Book 2 <

Assembly
e
1(3_9.":185!

Resources =< 1@’;@

g 1 % fday

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

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

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

FRFZE DHIH:

o FOVIVNDAEERME &7OV Y FOFERE (X125 R/ AREICT B,
Y 7

o XA UANVEFHEBOTOY Y MRV 21— VOB ERBEREICT 5,
ZDRE&EIE. the MISTA 2013 challenge TEZEINTWE T,

SEEIOF ]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

413. 9 R DE|Y) KT

REEDF1—DRARY MIEIRVEEYHTET, YRITEIL. REBDT7 74 =ZT14—LRIL
MhoREEZT2HEE. YRVDBEEIEEFNET,

N— R

¢ XXIHRVTEIWTIDULEDRAFILDNRETH D, EBICIE., TDEIBRIAFILATART
WETY,

Y7 MLV O DOEIHY:

o BMOTEELRIRV . TBRIRIPIAT I AIDHEINC, BMOTEERIRVZTTT
%)O

V7 MLARILTOEIR:

o X—JZANVDHE/ME: YRV T T25FTTOREREZERT %,

PN FhIAEE M E 1 42 LD NIIESZ I — M vk =71 v I\ STTbH- > LYt =s.,>. N, A+ = 7
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O EITHMEVWIRVVAESRKRE AV DIEE ICIENW CVE, DNHNEVHT DNNT /2 7 XTERX 9 Do
V7 ML AL 2 DI
o FEQIRY . RAFT—IRIRIDANC. EFBBRIRVETEDBRITRLETT %,
V7 hLAIL 3 OFIHY:

o YAF—HIRY TEXBRUIRIRAF—RIRIERT T 3,

B44.9 fiifE 2R
Optimize the task queue of every employee by reassigning and reordering tasks.
P Employees Users
f 800 900 10:00 000 1200 1300 1400 1500 1600 1700 1800
N I I S IS YT T AN T I M T E N Payroll services
1 XL = ch [C= 2=
@ (&2 X &t T [E1 X &L T
S _ _ Call centers
- Critical priority w- Medium priority
Db [‘!'* g ][Q.'.'T 2 ]Lu"u:" Ul = Tax auditers
=i .

= Requires French skill faimess

= - Recruitement
@7 [‘-zol-$ i"][‘?? ‘?]L'-""““ [@:T i’]{‘o- 4 ] interviewing

“--..Has health care affinity

{
F

Maximize throughput

P Mortgage
g 3E 4 - ] , [ 3= ]
9 [{. * - Yl JH e G 4 approval
Lacks affinity, takes longer = .. Starts between 12:00 and 13:30
B DR

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

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

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

500tasks-20employees has 500 tasks, 6 skills, 20 employees, 100 task types and 60 customers with
a search space of 101168.
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B14.10 KXA VETIL

Task assigning class diagram

[ Skill ]

* *

| TaskType |

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

*

@PlanningEntityCollectionProperty

@PlanningSolution

[ TaskAssigningSolution

4.14. RERDBSRIE] (ITC 2007 TRACK 1 - KER)

IARTOARIC, KECHEZEYHTIY, BUKEFICALCHMET. EHORERZTI I &HT

2H5DELET,

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

o HROHEIK: RUEENZITZ 2 ODHERIE. RAUKEHICERTILVEDET S,

HEDNBANE BEOEFHIZ. BICEREFHRLIYES L QTNIERSAW,

HARE: #EIE. IRTORRICHISTE DRI TRITINIERS AL,

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

BE)o
o FRHMBFED2 DDA ZR UREFICERET IR,

o Lk HENHRZ, BDORKEDHBRDRICITILELH S,

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

o HETFONM AUEENZITS 2 DDHEERIE. KEZHI2EEH T2,
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o ERZAROEI . HEAHEITZ2O00EBROEIE. BELICT 3,
o FHIIL:FREDOKXKZIVWHERIE, RTTV1—ILERDITRET %,

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

o MEDRFIVT 4 —(T—Fty NTEIEE)BMEICL>TIE, FRAINDERFILT 4 =B
LT 2,

ERICKENSIME LAAARELHART —S Yy M2ERALEY,

Z O, International Timetabling Competition 2007 track T TEZINTWE T, Geoffrey De
Smet Kid&. T MHEARFED Planner Z@AL T, ZDAYRT 42 a VT4 2EBLILL, ZD
AVRT4 Y avHE Z<OBRBRRDPMESNTVET,

RBIRE DR

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

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

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

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

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

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

exam_comp_set7 has 13795 students, 1096 exams, 80 periods, 15 rooms, 28 period constraints and
0 room constraints with a search space of 1073374.

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.

4141 ABROBEEID KA A VETIL
UTOETIE. FARBORAA VIS AEBNLTVWETS,
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BlIANEEBRD KX A VIS5 ADHA

<<interface>>
Solution

7AN

<<singleton==>

<<singleton==
InstitutionParametrization

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

Examination |———>1 . periodSpreadPenality : int
1 - mixedDurationPenality : int
- frontLoadLargeTopicSize : int
1 - examlist - frontLoadlLastPeriodSize . int
- frontLoadPenality : int
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 S
Calculated before solving % 0.4 || 0.*
T 1 s/ \“\\\
! n = Room
- - Period 1
TopicConflict -id : long
T -id :long - capacity : int
- studentSize : int - startDateTimeString : String 3 peEaltyy: int
- periodindex : int
0. - daylndex : int
" - leftTopic 0.% - duration : int
- rightTopic - penalty : int
- frontLoadLast : boolean
1 1
1 RoomHardConstraint
Topic K ———————
P - - topic | -id: long
-id : long ,é————r""' PeriodHardConstraint
- duration : int - leftTopic | _ id : 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

HBOIVEFM%, Exam 7 5 R & Topic 7 5 AT T RISER
TONRT 1 —5EBL, B(TVZVIIVTAT1—0ZRA) %2KkHDDE. Exam (1 VRV ADE
fELET, TDEX, TopicA VR VR, Period 1 VR VR, 8LV Room 1 VA5V RIIEA
LEFA MBDISREBRKR. ThOHEBMETI 77 KTT),

4.15. EFERI D ENFFZR (INRC 2010)

BV MCEBEMZEEYYHTET,
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Employee shift rostering

Populate each work shift with a nurse.

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

Basic nurses ‘

H | Hue mllse
Largest staff first OptaPlanner

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

Maternity

nurses

Emergency

nurses

Any

nurses

N— R

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

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

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

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

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

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

o BROBBEELZRUICT 2 IMFRIZ, BROWMBZEHHT 2. ILBROCLELND
%)O

o BRDVI M A T2RLICT S BMEET, ALERDY 7 M9 14T BALIKCT 2%
ENH 2,
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o RERNRY—Y -TICRAERY I NYA TOHEAEDE, Bl BNV TN, BWI T N E
W7k,

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

o BHBLAVWY I MDY IIAMPERERFTEDY 7 MIEIYHTOHNBWVWELDICHFETE
%o

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

Z DAL International Nurse Rostering Competition 2010 TEZINTWE T,

B14.12 &R

Employee rostering

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

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

(enough time to sleep)

guard firms

:E = - - Free Free l
“..... Requires nurse skill " Day off request Call centers
&) g Free Free q= .
- . Reaut o o Police and
et equires engineering ski . 3
4 9 g = 48 hours rest fire department
G_Q == == = = == Free Free
A , No weekend work
— Shifts
NurseRostering benchmark Average Min/Max # datasets Biggest dataset
. 0/ +19% . 752 assignments
E m p onee WEI |'be N g +53 0 +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: https://www.optaplanner.org/code/benchmarks.html
EIRE DR

UFD&EHIC, T8ty NOERIFE3ID2HY FT,
e sprintt MW THEZMRRT 2RENHY XY,
o medium: B THEZMRRT Z2BENDHY ET,
o long: HEFE CRIEZMRT ZLENHYIT,
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toy1 has 1 skills, 3 shiftTypes, 2 patterns, 1 contracts, 6 employees, 7 shiftDates, 35
shiftAssignments and 0 requests with a search space of 10"27.
toy2 has 1 skills, 3 shiftTypes, 3 patterns, 2 contracts, 20 employees, 28 shiftDates, 180

shiftAssignments and 140 requests with a search space of 10234.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

medium_hint01 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 428
shiftAssignments and 390 requests with a search space of 10"632.

medium_hint02 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 428
shiftAssignments and 390 requests with a search space of 10"632.

medium_hint03 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 428
shiftAssignments and 390 requests with a search space of 10"632.

medium_late01 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 424
shiftAssignments and 390 requests with a search space of 10"626.

medium_late02 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 428
shiftAssignments and 390 requests with a search space of 10"632.

medium_late03 has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 30 employees, 28 shiftDates, 428
shiftAssignments and 390 requests with a search space of 10"632.

medium_late04 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 416
shiftAssignments and 390 requests with a search space of 10"614.

medium_late05 has 2 skills, 5 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 452
shiftAssignments and 390 requests with a search space of 10"667.

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

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

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

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

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

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

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

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

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

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

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

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

long_late05 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 740
shiftAssignments and 0 requests with a search space of 10"1257.
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Bl413 RKXA VETI

Nurse rostering class diagram

| 1 ShiftType ]<1 —| SkillRequirement | 1>[ smu1 |

&

[ ShiftDate | [ SkillProficiency |
1 . | &
£ & -I

| Shift | | Employee ]ﬁ[ Contract ]

1 1
@~PlanningVariable
, @~PlanningEntity :
[ ShiftAssignment ] .
: [ NRParametrization |
@PlanningEntityCollectionProperty 1
@PlanningSolution .
[ NurseRoster ]

416. B b —F X > NERE (TTP)
nF—LBDOREGEZRATY2a—-ILLET,
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Philadephia Phillies . Traveling tournament Montréal Expos

Schedule each match in a day.

(1 awayto . ~|[1[MON]vs
[ 2 away to m 380 No consecutive [2 [MON]VS m
[3 [ PHI J ; reverse match \ [3 [MON]VS s
< 3 consecutive "
[4 [ PHI J 0 home matches MON [4 away to 665
5| PHI VS A 5 awayto
(5 [PHIJVS[MON] [ yto [PHI|
(6 away to [
665 337
Total team distance: 2.127 Total team distance: 2.011
Atlanta Braves
929
(1
337 0
80 /e 337
665 ATL < 3 consecutive 380
0 ?E away matches 665
0 745
0 “ Minimize total 0
Total team distance: 2.011 distance: 8.276 Total team distance: 2.127

N— RH#:
o BF—LIE, BOF—LETRETN2E (F—LETYITA)RAEET 5,
o BF—LIE BEEARICIAESEIFTITD
o J3EEHRT. R—LZFLIEFT7TV A TOHAEBIETEIARL,
e RYURLAL: FAUNEHEFE 2 O&ERTHETI A,
Y 7 M
o £F—LNBET HEEHEREZR/AIRICHIA 2,
Z DI Michael Trick D Web 4 b (HREHFE I ENET) TERINTWVET,

SEEIOF ]

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

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

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

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

417. AA N ZMZ B R T a—)b

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

N— R4
o FABEERBEODEIR: &9 XV, REEZREDOHIKIEEOHIERNIC,. RKBT2HENH S,
BRABE YU VICEHYYTEEN)Y A ZDEEBATITWIFAWL,

BB LT M, 927D YYTONTVWIRBEIEHREL TWBERENH D, KDY
2V FTOM., EFSSLVCRTIRNEZEITE2HD, WHBAET7A RILICTRBZEDNTES,

HAZRE D HI#Y:
[ ]

BEK 227V 1—LOAFBRAERMRICNAS,

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

o FRVDBEIMKN. BIRIVEEIZHEL., EXNRIRLET % (RFBIFFEAROESNKIC
o TENLS),
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o WMDEESIVKRT IZAMMBEESHELIZKRTIBLVIC, BMOIR MNEET
%)O

V7 MK (BRBICTABREINTWSERITEN):
o BRI BEIRKEDICHY RV ERIBETELIICT B,

Z DE&EIE. ICON challenge TEHEINTWET,

B D
sample01 has 3 resources, 2 machines, 288 periods and 25 tasks with a search space of
10753.
sample02 has 3 resources, 2 machines, 288 periods and 50 tasks with a search space of
10M14.
sample03 has 3 resources, 2 machines, 288 periods and 100 tasks with a search space of
107226.
sample04 has 3 resources, 5 machines, 288 periods and 100 tasks with a search space of
107266.
sample05 has 3 resources, 2 machines, 288 periods and 250 tasks with a search space of
107584.
sample06 has 3 resources, 5 machines, 288 periods and 250 tasks with a search space of
107673.
sample07 has 3 resources, 2 machines, 288 periods and 1000 tasks with a search space of
1072388.
sample08 has 3 resources, 5 machines, 288 periods and 1000 tasks with a search space of
1072748.
sample09 has 4 resources, 20 machines, 288 periods and 2000 tasks with a search space of
10"6668.
instance00 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107595.
instance01 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107599.
instance02 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107599.
instance03 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107591.
instance04 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107590.
instance05 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
10"667.
instance06 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
107660.
instance07 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
10"662.
instance08 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
107651.
instance09 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
107659.
instance10 has 2 resources, 20 machines, 288 periods and 500 tasks with a search space of
107 657.
instance11 has 2 resources, 20 machines, 288 periods and 500 tasks with a search space of
1071644.
instance12 has 2 resources, 20 machines, 288 periods and 500 tasks with a search space of
107637.

90

instance13 has 2 resources,

20 machines, 288 periods and

500 tasks with a search space of


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

107 659.

instance14 has 2 resources,
1071643.

instance15 has 3 resources,
107M782.

instance16 has 3 resources,
10M778.

instance17 has 3 resources,
107M764.

instance18 has 3 resources,
107769.

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,
10°3744.

instance28 has 3 resources,
1073731.

instance29 has 3 resources,
1073746.

instance30 has 4 resources,
10°7718.

instance31 has 4 resources,
10°7740.

instance32 has 4 resources,
10"7686.

instance33 has 4 resources,
10°7672.

instance34 has 4 resources,
1077695.

instance35 has 4 resources,
10°7807.

instance36 has 4 resources,
10°7814.

instance37 has 4 resources,
10°7764.

instance38 has 4 resources,
10°7736.

instance39 has 4 resources,
10°7783.

instance40 has 4 resources,
10715976.

instance41 has 4 resources,
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20 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
40 machines, 288 periods and 500 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
50 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
60 machines, 288 periods and 1000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
70 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
80 machines, 288 periods and 2000 tasks with a search space of
90 machines, 288 periods and 4000 tasks with a search space of

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

418. BEEEV S ADE|Y KT (R— b7+ )+ DEEIL)
REEV ZRAIRET2HENEZRELET,
N— R

o JRUDHEKXNE BREREGEIE. BEREOZKEZBA TIERSRL,

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

o HMFDBRAME: Hilf T & ICHEORKENH S,

o LIVH—DRAEELII—IIBEORKENH D,
Y 7

o HARFNZEZRKILT 2,
B DR

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

YA IDNKEIWT =Yty MIER/BRIEINTWEEAD, BBEAWNEITTE, T—YICETE
RERREE LT, 207y MEED Web 44 h BB LTIV,
419. REBATV 31—l

RECBETEMBICHYYTTVWEEY, BEFTIIEEI TR IENTEET, *Xisx 771 JLIC
W BFHmAY PEZIAADERET., DT 71L& LibreOffice & 721 Microsof Excel TIRETE X
-a—c
N— RH$9:

o BETHDREBIA T RBOIYA T, HEFTOREBI A TE—RITI2LENH S,
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https://en.wikipedia.org/wiki/Modern_portfolio_theory
https://www.portfoliovisualizer.com/asset-correlations
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HENMEAPORET: ZORBORETIC. REAOBENMFATIRTRE RSV,
HEDHEE: 2 2OREN. ELKEICALCRBEZZERATSIEETERL,
BEEDNZVWTVWAVWKET #BEFEEIYT. REORBATICEVWTULRITIIER SN,
BEEOHA: RCHETD 2 DORXFHICALHEREZINY B TEIENTERY,
NAOKETES L UHEDY 7

o BRENEKRYZ2KEFTY 7V BEEIC. BVARETY IOMMTITONTWSRIGEE, BRERED
RFBITEDY TN VWTWREEICEIY B TI2REDH B,

o FEREORIKEFES 7 RMEEBIC, RIERBETI INEVETOLRATVLRERIE. TDY
TOMWEERAFICEREDRBLENTEIYETEIENTERL,

o REERETILEDHDIKEFTY V: RFBICWHEAFRETY /NMMTVWTVWBREEIE. £0D%
TDRHWEERAFICEYETI2VELH D,

o RFMDBEILEMTES 7 2FIC. BIEKEFES I/HNEYLETONATWSRIEEIR. TDITD
ﬁb#ﬁ#?'ﬂﬁh%@%%%*ﬂ”)J:'i'Cé EDTER,

o BEENEKRTIMEDY V HEEIC. HWADHESY INMTIFOLNTVWEIHE, #HEED
RFBIIEZDY TNV TWEIERICEIY L TIRELDH B,

o EBEENZRILTEZHEDY VEBEEIC. BIEEDY IHNTIT SN TWBIBE, BEED
nmm%®&9#ﬁu1mé%§hﬂUét ENTERL,

o REERETIVLEDHDIEEY V: RBICWERESY INMMTVWTVWBHEIEF. TDITD
HWEEICEIVETI2VELH D,

o nuﬁd)i*"fﬂ:ﬁﬁl_%ﬁﬁ REIC, BUEBREY IDEVETONATWBHEERIE, TDY DML
BE;R%@%E%%*UUé’C% EBTERL,

DB ER UCKRETICRELBWS 7. 208 IRV TWEREIE. BUREGICERLT
ATT 2= LTREWIFAW,

REFMIMWICRE RBREMVACRFBEIANTET LTI O TRV ENROEEEZRYT
Ta—LLTIEWIFARL,

Y 7 NI

T—YDEMHES: A UEEHT. BLT—<D8 VBTV AEREON ZR/NRICINA 5,
5 -DHEE RLKEETCTRALEI Y -9 TOMWAKRBOR ZR/NRICHIZA S,

AVFIUYDZERELANILODIIO—ER. IRTOIAVFUVYITICH LT, EREFROELEZD
BICAFILRIVDREBEBERT Y 2—ILT 5,

REELANLDOSHKRE: IRTORFEFICEWVWT, ER2ZFELNILOSE R ZRKRICHE P
EE

SROEHKME: IRNTOREFICEWT, ELS5EDRBHERARZETT,

NADOKEFE L CHREDS 7

o BEENFEYIRMEFTY VT BREIL. FLEORETES INMTITSNTVWEIEE, BEE
DERBREEDY ITNMIVWTWBEREICEIYE TS LDICT S,
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o EBEENFLELLVWHE®Y V EBEEIC. FELAVEB®Y VDTSR TWBIEA.
FOHEBEEZEDERZIZZFDOY AWV TWBERBICEY Y THRWEDICT B,

o RENDHEDKMETY V' REBICHFLORETS I/IMTVWTWBEIEEIEF. 05 DNV
RETICEIVETSELDICT 2,

o RBDREZFLLLBVKETES 7 2FIC. FELLBRVERBTESY I7RTVTWSIEEIE.
ZDY TONWIEREHICEIY HTRWELDICT 2,

o EBEENFLITIHEDY V. EBEEIL. FEOLEY INMTIFSNTWBIFE, EBEED
REBIXZTODYITHFTVTWBEEICEIYHTELIICT S,

o BEENFLELAWVWVHEDY V7 EHEAIC, FLELARVWVEHESY INMMTIFoNTWBIHE, B
EBEDRBIZFDY ITNMTVWTWBEHEICEIY Y THWVWELDICT S,

o0 REBEAFEDHEY V:  REBICHFEDEEY I NMMTVWTWBIGEEIX. ZTOY TDFW-EE
ICEIYYETEHELIICT B,

o RETHDFEARAEAFELAVIEY V&I, FELAWVWEREY FDRMMTVWTWBIGE, TD
HITDRWEERICEIY B TRWEDIZT S,

e ALEDAH ALT—< 9/ ERAVFUYI IRRVELZENT. BESNRICEHK
EEELTHRALCE) KRV 1—LT3E510F 3,

Ba4.14 iR

Conference scheduling

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

_— Rooms Used by
rd
| 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 .
N I N Y T S TN A T I T N TR N T N Voxxed Zurich
o] o~ G .
sreakout 1 [ 3 | (@ ] woer O Vi) (S ) Red Hat Summit
Shared theme: Large room
" Artificial Intelligence -  for speaker

Breakout 2 [ é‘ ] [ (A ] Lunch [ O I ] [h‘]

normal room

~ Same
" speaker

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

- Same technology —

— Talks

RIRE DR
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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 1064.
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.

420.0vy 77T —
RO a—~OHBEIOY VN ZFHAL, ZOWTWEHDOAY 3 —%2AT721—I)LT 5,
N— R
o NELEINDYI—EITRTRTYV21—IVT 5,
o TXBRWIZLDYa—%RTVa—I)IT3,
FRFZEE D HIl#Y:
o NFEDWRERAILT B,
o EEFEZR/NRICHNA S,
o TIXZLRIFTRKEET S,
Y 7
o REFFEDELRILEE T B,

REIRE DR

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

421 fiEiEHE DRy a—) T
NRAOy NEBRBEEHFEICTSM MERIYYTET,
N— REI$Y:

o WHAXIL: 754 PDENYHTIZIEFZENTN, REBEEINDZAFIDGHYET, ExIE 7
Z4 N ABOOOI TII/NM1 Ay h2& &, BERHKEILHINVETT,

o 75 MDA ZMXEIXFEUCEEICEHTESZ 7514 MI1DEIFICT 5,

e 2D0M751 MNEITDRE:2 DD 7514 FDEIT, MEBRFEFLDEEE, HETDESIC
BETXZ2MEIH D, &AL, PUVIX10BICT) 2y EILICEIEFL, 5EICTLRTIVLY
LEHRETBRETT,

o MEEDHBETEARVHRERIZT7ZM4 FOYHIREWTWLWRIThIEASRWL, LEAIE 7
VIE2BTHICKIBRZER > TWa R,

Y 7 NI
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o FUDEENBEHNSHET 5,
o REDEEHNBEEBILFIEFT %,
o 7S MNFREIZREERNICTEHMICOET B,

SEEIOF ]

96

175flights-7days-Europe has 2 skills, 50 airports, 150 employees, 175 flights and 875 flight
assignments with a search space of 10"1904.

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

875flights-7days-Europe has 2 skills, 50 airports, 750 employees, 875 flights and 4375 flight
assignments with a search space of 1012578.

175flights-7days-US  has 2 skills, 48 airports, 150 employees, 175 flights and 875 flight
assignments with a search space of 10"1904.



+ Il. RED HAT BUSINESS OPTIMIZER B OEERE TS V=V TRY—9—TF TV 5r—>a o577 04 8L UEH

/X— N II. RED HAT BUSINESS OPTIMIZER [ |7 DB ERIE TS5 >~
VPRI —TFT T )V =3O 8L OMER

FFEE L. OptaWeb BBERBRY—9—F7 ) r—>av%aFERALT. EACTOEZEZHZBELTEX
—g_o

=55

® OpendDK (JDK)8 ' Y X h—JLINTW3B, RedHat EJL KD Open JDK & Red Hat 1 R
I—R=4)1L@ATAVHIREYD VI I zT7H I O—RR=INLAFTEET,

® Apache Maven 3.6 LIBEA 1 Y A h—)LENT W3, Maven IE Apache Maven Project M Web
Y4 MDOLAFTEET,

97


https://access.redhat.com/jbossnetwork/restricted/listSoftware.html
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5555 OPTAWEB Bd %R &

ZLDEYRRIE, BEEYERET S EZERENELTVWEY, CNH6DEY XA TIXERDIM
RS EMEF TEYEEZEL, REMENAFETCERAFATICEZBBLTVWEY, EAEH
D12E, BEFAIEHEOWINATIEINZEBRIRXNEF/NRICINAZZETT,

ZDEBEORBELEEIL. EHRZIERBZE (VRP: Vehicle Routing Problem) &M IERTH Y, IFIFA
N)yIT—=avrhHyzxErd,

Red Hat Business Optimizer |&, EOERBON) I -3 Vv ASHERL T, YD) a—>3 v 0fl%EiR
# LU £ 9, RedHatBusiness Optimizer 295 &, BAEHITFNWITIOI/ZI v/ Bwa¥Ed s
DT, EVRAN—IVPEHDETIVEICERZEH TR I ENTEXY, OptaWeb ERERERT
. UTFD&L D RBEMICRE T 2SREELIRMT 2 2 & T Red Hat Business Optimizer D Eo & iR BE##
BEANAR L £,

o IR REFFEIXEIHLEIGLETH?
o V)1—vavaEIyTETREMATZICEEI ThIEEIWTTN?
o VSURTEFTIZT ) r—2avaEERTZIEEIThIELVWTTN?

OptaWeb BEiE#RE&I& OpenStreetMap (OSM) 7—4% 7 7 1 L&A L 9, OpenStreetMap DF¥HH
l&. OpenStreetMap @ Web #4 FA2SHIRL T REI W,

OptaWeb BB %= AT 25813, ROEZEZHEAL TILIL,

i OSM 7 7 A L TRIEI N3, Mk EOMRDERT 7, Higid, B, &, KE ERICTE
OTHEAINZERDOERETY, & xiE. DACH OHUSICIE KA Y (DE). #—ZX MY 7 (AT). &
UL R (CH)PEEFNZET,

E— K:ISO-3166 REICLYEIY B TONA2XFOI—F, BI—RZFERL THERROERZ
BRYRAAHFET, EROERICELH 2 (F: DACH i) 2 AT 2H5E5H1H 57H. OptaWeb EtiE
BERIE D& D LIS THIEBERZRORYIAADTESZ LI I, BEaA—RFO—EBEtFATEEY, EO—
RD—EIZDWTIE, 1SO 3166 Country Codes =SB L T 72X LY,

WEBIRFER: RBF—7— P& L THIBOEMPIZEAMEZIEEL T, GPS DIGFESZHRE L TRITE

5271 —DEF, REF—T7—RFO—BMHICLY., RINDIZMOBIIERY T, KIEDIZFE. 15
FRDERIE—RBTIZRW2D, FERMIED (BHD) BDOBMEIT 2265 2 & T, BEDLDWERZR
HLET.
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https://en.wikipedia.org/wiki/Constraint_programming
https://wiki.openstreetmap.org/wiki/About_OpenStreetMap
https://www.iso.org/iso-3166-country-codes.html

F6= OPTAWEBERERK T TOM AV N 774 LDF 9 O— RKBLTEI K

F6E=E OPTAWEBREZERIE T 7OAMA Y N T 74 IO DY O—
KELTEI R

FTTOAAY NI 74 ILEY 2 vO— KL, EHELTH S, OptaWeb ELERIBOEE, 7704 %17
IMEIHY FT,

FIR

. RedHat 1A% ¥ —7R—% )LD Software Downloads R—JICHBEL (O A4 v HRE), K
Oy 790 0AToavhboBRELUN—Ua VA RBIRLET,

o B Red Hat Decision Manager
® \/ersion:7.9

2. Red Hat Decision Manager 7.9 88323 (rhdm-7.9.1-reference-implementation.zip) %= 47 >
I:] - I\“ L/ i _a—o

O

3. Red Hat Decision Manager 7.9 Maven Y /R kY —(rhdm-7.9.1-maven-repository.zip) % 4
'7 vAa— I\“ L/ i _a—o

4. rhdm-7.9.1-maven-repository.zip 7 7 1 L ZEBRAL £ 7,

5. rhdm-7.9.1-maven-repository/maven-repository Y 774 L7 N —DIVF VY %&
~l.m2/repository 74 L/ K —ICaE—LZF T,

6. rhdm-7.9.1-reference-implementation.zip 7 7 1 LV ZBEL XY, CDO7—H41 7ICiE. SR
REDZP 774D 3 DEEFNET,

7. rhdm-7.9.1-optaweb-vehicle-routing.zip 7 7 1 L ZBRAL £ 9,

8. optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-00006/sources 5 1 L 2 h ') —|C
BEaLEY,

9. LTy RE AL T OptaWeb EgEREAEI KL ZE T,

I mvn clean package -DskipTests
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87Z RUNLOCALLYSH RV ) 7 hAFEHLTCO—AHIL T
OPTAWEB B0 xR Z= 21T L XY,

Linux 2 A9 535 &1&. runLocally.sh @ Bash 27 ') 7’ M % {FF L T OptaWeb B iR % {7 TX
i—g_c

pa 3]
runLocally.sh 27 ') 77 M &, MacOS TIEFETINFt A, runLocally.sh 27 ') 7k

EEATERVEAL, 8B Optaleb BEBBEDFE TORES &+ VET BRBL T
I,

runLocally.sh 27 ) 7 Md., UTOREFIEEZEEELEFTHA. ORI Y T ME2FERLAWVEGS
iE. COREZFETEITTILEDNDHY T,

o FT—9T4LIN)—ZFERLET,

® Geofabrik 7*53i#3R L 7= OpenStreetMap (OSM) 7 7/ L& ¥ o> O— KL 9,
e YU O—RLAEZEOSM 7 74 VMICEI— RZ2BEMICEEMITTHET,

e 29V RTAYVIAR 7 7AUDFELRWEEIE, 7OV MEEILRLET,

® OptaWeb ECXRRIRZEENT 2 ICIE, HIBOEIE%Z 1 DEET 20 WEEAICHEZRRL X
-g_o

runLocally.sh 27 ') 7 N DETICET 251X, UTOEI2avESRLTLEIW,
o [J4vy YU RH¥—FME—RT OptaWeb EEIERREED runLocally.sh 22 ) T hEETLET, |
e [OptaWeb EZZEREED runLocally.sh 7 Y 7' N #5535 E— K TE1T)
e [OptaWeb EZE#REE D runLocally.sh 27 ) 7 N % FEXFEEE— K TEIT)

e [OptaWeb EiE#REE D runLocally.sh 27 1) 7" N DR EEREE — N7

7.4 v 9 A9 —KNE— KT OPTAWEB fig %422 D RUNLOCALLY.SH
A0 TNERITLET,

BEHBEELGET OptaWeb EEE IR A FWAD 5 ICIX, BIEEIEEE T IC runLocally.sh 27 1) 7 +
HRITLET,

AR

e OptaWeb BEiERRERHY 6Z OptaWeb FLEARE T 7O 4 X N7 74 IDET > O0— KB L E
JL N DERBAEY IC, IEFEIC Maven TEIL RXhTW3,

e (VY —XRy  NeFATES,

FIR

1. optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-00006/sources 7 1 L 7 k) —T
UFoaxY RZABDLET,
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%573 RUNLOCALLY.SHR Y F hafEAHLTO—HILT OPTAWEB EBERBERITLZX T,

I JrunLocally.sh

2. .optaweb-vehicle-routing 71 L' 7 h Y — %R T2 L5 IOV T IHBRRINALL, y &
AALET, RV Y T MNOHEIRTEIC. ZDTA4 LI M) —2EXRTZELIICTOYTIH
RKRINZET,

3.OSM 774Dy vO0—ROF7OY T MPRRINKLFEIFZ. yEAADLES, TDRYY
7 N D¥EIERTEFIC, OptaWeb EE R A Belgium OSM 7 7 A )L &S o >vO—RKLE T,
TF)r—avik, OSM 774D 70— REICEBEILE T,

4. OptaWeb BERBEDI—H'—( V¥ —T 24 A% KRRT BICIE. Web TS5 H—IZLUTFD
URLZABDLZET,

I http://localhost:8080

pa 3]
DRV ) T NEMEIRITT 2B EIE. GraphHopper TOSM 7 7 1 L&A ViR— b L

TEBHED IS 7E LTRETZVENSHDH, BENUCHEDMHY FT, REHS
runlocally.sh 27 ') 7 N 2 E179 2HE. HirdHBEITIEINMICERINE T,

RDRTY S
10E OptaWeb A #EH D& H

7.2. OPTAWEB Bt R D RUNLOCALLYSH RV ) T N AWEEE— KT
21T
WEEE—RAEFALT, ¥ovO—KRL7EZOSM 7 7ML e, HFICEIY Y TOhAZEI—RO—E

ZREILET, WEEE—RZFERATDE Web T MIBEILTY UV O— REZRRETIC
Geofabrik A 5BIID OSM 7 7 ()& ¥ O—RTEXYT,

AR

® OptaWeb BEiXRRER DY 6Z OptaWeb FEARHE T 7O 4 X2 N7 74 IDET > O0— RNELVE
JL N DERBAEY IC, EEEIC Maven TEJI REIhTW3,

o (VY —XRy  NeFATES,

FIR

1. optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-00006/sources 7 1 L - ¥ ) —I(C
BEBLET,

2. LTFOIT Y REAALTHEE-—RTRIY TR EERITLET,

I JrunLocally.sh -i

3. Yourchoice 7OV T, dEAALTH Y yO—RXZa—%KRRLFT, LEIICY D
vO—RLEMBO—&E, Z0%ICY I yO0— RAfELQBEO—EIARTIINET,

4. FR:UENCY D yO— R LEO—EH 5igz &R L F 7,
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a. o va—RKLitBo—&ETitEICEAEMITONABZESE*ADLET,
b. Enter ¥—%#L X9,
5 EE: A Sy yO0—-—RLET,

a. ¥ rvO—ReBMFICAENITONTVWEESZAANLEY, LEAE I—Ov/D
% ERT BHICIE. 5EADLET,

b. A4 >O—K§3I1C1FE, dEAALT, Enterx—%HLFT,

c. MEARDEEDOHIEAESY I O— KT 3ICIF,. e AALT, ¥ r0O— K9 5 ibisICEEE
FFIonhTWBEESEAALT, Enter¥F—%#LZFT,

AL ZDKEIWVOSM 774 IILDEH
A FRINDE < DEY. 7 XY ADMAE, NMNIWihigZFRT 5 &, &

BRI—F—TIVARYVIVANELNET, 1GBLLED OSM 7 7
1IVAEFRTBICIE. DMRYDXEY) —H A4 X HpnEE L, FHENE
ICEFEA DD Y T (FRATIFEEFRAE),

FTI)Vr—oa3viE, OSM 774 )LD vO— REBICEELZF T,

6. OptaWeb BECERBEDI—H'—A V¥ —T 21 A% KRRT BICIE. Web TS5 H—IZLUTD
URLZABDLZET,

I http://localhost:8080

RDODRATy S
10E OptaWeb A #EH D& H

7.3. OPTAWEB F2iERR D RUNLOCALLY.SH X7 ) 7 N AFEREEE— R
T3E1T
FEXFEEE— KT OptaWeb BB A MR LT, OAY¥ Y K1 DT OptaWeb FeERE AL, KIFE

’5"7/|:l— FLZZOSM 774 IL%EMLET, Ihid, HhigFZzREKPYEZZHBEPY. TEEZT
BICEHTY,

AR

® OptaWeb BEiX#RREEHY 6Z OptaWeb FEARHE T 7O 4 X2 N7 74 I DET > O0— NELE
JL N DERBAEY IC, IEEIC Maven TEJI REhTW3,

o FATAMIFOOSM 774D Y I vO0—-—RINTWS, OSM 7 71 ILDF o >rO—RIZE
T BEMIE. TOptaWeb BLERRER D runLocallysh 27 ) 7 N & XiEE— KN TEIT] 2#2RL
TLEIW,

o (VH—Fy NEFHETES,

o0 W&
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%573 RUNLOCALLY.SHR Y F hafEAHLTO—HILT OPTAWEB EBERBERITLZX T,

=)

1. optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-00006/sources 7 1 L - 7 ') —I(C
BEBLET,

2. UWTFOOXY Y RERITLEYT, T I TIE. <OSM_FILE_NAME> (F41F &4 v yO— KLk
OSM 774 ILICEZHZ T,

I JrunLocally.sh <OSM_FILE_NAME>

RDAT Y S
10ZE OptaWeb HfEAREE DI

7.4. OPTAWEB 2288 D RUNLOCALLY.SH X9 ) 7 NDZEHh IR E —
N34T

OptaWeb BEERRE& I, ZEHEHME—NCTHEATEEZ YT, TOE—NIE 2 DODEEBOER~ZH &
I, BB AESEL 9., OptaWeb ELiEREZ TX 22 ITR B L. OSM (OpenStreetMap)

774N EFRALABAVWGEIFIDE—REFERLTKEZIV, EFRERHET— NiE, OptaWeb BLiXiRE
HRAE—VTANTIUENHZHBEY. ERELABHREIVDERWVGEICEZTENTY,

AR

® OptaWeb BEiE#RRERHY 6Z OptaWeb FEARHE T 7O 4 X2 N7 74 IDET > O0— NELE
JL N DERBAEY IC, IEFEIC Maven TEIL RXhTW3,

e [V —XRy  NFATES,

FIR

1. optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-00006/sources 7 1 L 7 b ) —I(C
BEBLET,

2. -air 5| % #EE L T runLocally.sh 27 ) 7 M &#E{T L. ZHEEREE— KT OptaWeb iR
BEESLFT,

I runLocally.sh --air

RDAT Y S

10ZE OptaWeb FiEAEEE D&

75.7—9T74 LY N)—DFEH

MOTF—8F4 LI MN)—%FERAT 25EIE. OptaWeb BERENMERTE2T L7 M) —EIXER

27—89T4LIVMN)—ILEHTEEY, 774N DbDT—9T 1LY MY —I& $SHOME/.optaweb-
vehicle-routing TY,

AR

® OptaWeb BEiX#RREEHY 6Z OptaWeb FEARHE T 7O 4 X N7 74 IDET > O0— NELE
JL K DERBAEY IC, IEFEIC Maven TEIL RXhTW3,
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FIR

e MDT—89T4LIMN)—%FEATZICIE. REDOT—9T4LI M) —
.. .DATA_DIR_LAST ~NDiftxd /N 2A ZEE L X7,

o HMFHICEAEMITONTVWAEI—REZEETZILE, BEDT—9T4LIKM)—D
country codes 74 L7 M) —ICHBZRIED T 7ML ERELE T,
EZWE, RAY NS YROOSM 7745 yO— KL, A2 ) 7R TEI— K& H#A
TN >7IFAEIC. country_codes/scotland-latest D>V 7 > % GBIEREL F T,

o J—UavEHIRYTZICEK., T—9T14 LT N)—Dopenstreetmap T4 LV M) —IlH D

XD OSM 7 7 1 )L %HIER L. graphhopper 71 L 2 ) —TH#usio T4 L 7 M) —%HIER
L/i-g_o
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8% OPTAWEB BB R ODFE CORED L UE1T

558%Z OPTAWEB EEERIEDFEH TDEHRES L UET

OptaWeb Bl XA R EEAHETEITT 5I1C1E. runlocally.sh 27 ) N AFRLET, <72
L. BEVOYRAFATNY Y2 %5FHATERVEEIE runlocally.sh 27 ) 7 N H'ETT 2 FIE%
FEITRTLTLEIW,

=S5

e OptaWeb BEiE#RERHY 6 OptaWeb FEARE T 7O 4 X N7 74 I DET > O0— KB L VE
JL N DERBAEY IC, EEEIC Maven TEJI REIhTW3,

e (VY —Xv  NaFATES,

FIR

1L BEBT—9%E5oO0—RFNLET,
BRI VI VTR, EE’BABEOBHICHDI ZEREEFETZ2OICHET -9 P BETT,
A—AILD7 74 I AT LI OpenStreetMap (OSM) T—4 7 74 L&Y o> O— KL TR
FLTH S, OptaWeb EEiERIR A RITT 2RENHY X7,

pa

OSMFT—4 774 IILDHY A X BEEIOOMB IS IGBDEERY, ForO—
RICEEREIAN DD D78, OptaWeb EEERE 7 TV r—> a3 v A EIL RFEEE
BT ARIICINOD T 7ML EY DY O—RTEIE5HEOLET,

a. Web 75 7 #—T http://download.geofabrik.de/ B X £ 7,

b. SubRegion ) R Tl (A—Oy R ALY E Y v I LET, Y THER—IDEIF
-3—0

c. SubRegions DERT, EH (RNILF—RE)YDOSM 774 )L (.osm.pbf) x5 O0—RKLZ
ER

2. T=9DT4 LU M) —EEEFHRLET,
OptaWeb EERE T, 77 MY AT LALOEROBEDT—9 2 Y. EXAHFE
¥, openstreetmap 71 L b —H5 OSM (OpenStreetMap) 7 7 1 L & FHEY . BB
2 7 % graphhopper 714 L 7 h) —ILEZA#H, dbT 1 LI N)—Ta1—H—F—F %Kk
WELET, COT—95FRTEMTZ2EADT 4 LI M) —ZFHITERL T, S&kEE
ICHT L W= 3 D OptaWeb EEERIRICT v 7L — KL T, LEICER LT —9 %%
DEFFERATEELIICLET,

a. $SHOME/{VRP-DATA-DIR} ¥« L ¥ N —%&{ER L £ 7,

b. $SHOME/{VRP-DATA-DIR} 71 L~ b 1) —IC openstreetmap 71 L 7 b —%/ERK L £
-a—o

$HOME/{VRP-DATA-DIR}
L openstreetmap

c. ¥ >O—KL7%OSM 77 4L (osm.pbf DILFFEFHIFWNLT 74I) T RT
openstreetmap 71 L 7 M) —ICRBEIL X T,
BYUDT4 LY MN)—#8EIE. OptaWeb BEEEREE 7 ) r—oavitd ). #MIEIETHEIC
ERRINET, EREDT ALV M) —BEIFIUTOEHYTY,
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$HOME/{VRP-DATA-DIR}

— db
| L—vrp.mv.db
— graphhopper
| L— belgium-latest
L— openstreetmap
L belgium-latest.osm.pbf

3. optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-00006/sources/optaweb-vehicle-
routing-standalone/target 7« L 7 b 1) —ICREBEIL £ 7,

4. OptaWeb BoERRAERITT2ITIE. UTFOITY REERITLET,

java -jar optaweb-vehicle-routing-standalone-7.44.0.Final-redhat-00006.jar \
--app.persistence.h2-dir=$HOME/{VRP-DATA-DIR}/db \
--app.routing.gh-dir=SHOME/{VRP-DATA-DIR}/graphhopper \
--app.routing.osm-dir=HOME/{VRP-DATA-DIR}/openstreetmap \
--app.routing.osm-file=<OSM_FILE_NAME> \
--app.region.country-codes=<COUNTRY_CODE_LIST>\

DAYV RTIE, UTOEHZBEISHMZA TSIV,

® <OSM_FILE_NAME>: giIc¥ o> O— N L7#ugi T, FHRFEDHIKD OSM 7 7 1
o

® <COUNTRY_CODE_LIST>: #2837 L") —DRYIAAICERT IV XYY OEI—
F—E, BEOd— RD—EICDWTIE, ISO 3166 Country Codes =S8 L T 23 L,

=Znn

FTTI)Vr—oaviE, OSM 774 )LD rO— REBICEELZF T,

LT DOBITIE. OptaWeb BEiERRE& IFHRT X 1) A D OSM DO (central-america-

latest.osm.pbf) 247> O0— KL T, R)—=X(BZ) &£V 7775 (GT) DETHREAEZITWV
i’a—o

java -jar optaweb-vehicle-routing-standalone-7.44.0.Final-redhat-00006.jar \
--app.persistence.h2-dir=/home/user/.optaweb-vehicle-routing/db \
--app.routing.osm-dir=/home/user/.optaweb-vehicle-routing/openstreetmap \
--app.routing.gh-dir=/home/user/.optaweb-vehicle-routing/graphhopper \
--app.routing.osm-file=central-america-latest.osm.pbf \
--app.region.country-codes=BZ,GT

5. OptaWeb BOERED I —H'—A v H—T 24 RERRT BITIE. Web TV H—ICULTD
URLZABLZET,

I http://localhost:8080

RDAT Y S
10ZE OptaWeb FiEAREE D&
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592 RED HAT OPENSHIFT CONTAINER PLATFORM T®
OPTAWEB Foi X R DEIT

Linux 2EA 9 5B & (1IE. Bash 2 Y 7k runOnOpenShift.sh =& H L T, Red Hat OpenShift
Container Platform I OptaWeb Bl A1 VA M—ILTEXF T,

y 13!
a MacOS Tld runOnOpenShift.sh X 7 ) 7 MMIRTIhF A,

AR E A
® OpenShift 7 S AH—ICT7 VAN TE, OpenShift ARV K415 —T x4 R (oc) B
4 VA PM=)LEINTWB, RedHat OpenShift Container Platform M1&#RI&, OpenShift
Container Platform @4 YA h—JL 2B L TL X,

e OptaWeb BEiE#RRERHY 6 OptaWeb FEARE T 704 X2 N7 74 IDET > O0— NELUE
JL N DERBAEYIC, IEFEIC Maven TEIL RXIhTW3,

o (VY —Fv NeFIHTES,

FIR

1. Red Hat OpenShift Container Platform 7 S X4 —ICOJ A4 v §2h, DY 5 RAY—%iLH
LET,

a. LTFOOAYY RE AN LET, <PROJECT NAME> (37O ) MRICEIHA T,

I oc new-project <PROJECT_NAME>

b. HEIZIS L T optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-00006/sources 7 1
LMY —ICBELET,

c. UMTFma< Y K&EAALT. runOnOpenShift.sh 27 ') 7 #3247 L. OpenStreetMap
(OSM) 7 74 L& va—KLET,

/runOnOpenShift.sh <OSM_FILE_NAME> <COUNTRY_CODE_LIST>
<OSM_FILE_DOWNLOAD_URL>

DAYV RTIE, UTOEHZBEIMA TLEIL,

e <OSM_FILE_NAME>: <OSM_FILE_DOWNLOAD_URL> #"54% Y HO—RKLE7 7LD
#Bl.

® <COUNTRY_CODE_LIST>: #iI##&3%& 7 T —DRYAAIFERATZIVIXYPY ODEI—
K—8, Ed— RD—EICDWTIL, I1SO 3166 Country Codes IR L T XL,

e <OSM_FILE_DOWNLOAD_URL>: OpenShift N5 7 2 Z X a[gE4k, PBF XD OSM 57—
HYDURL, D7 74IIE, Ny I TV RORBEFRICY I O—RX
1. /deployments/local/<OSM_FILE NAME> & L TIREINZE T,
LR DOHITIE, OptaWeb BoE iR AN HIBMRFTRIER & NILF — TR WA A, Geofabrik 25
BHONILF—DOSMMHET7 74 IV EF¥ 20— RKRLET,
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LTFDOFITIE. OptaWeb BEiERZE&IFHRT X 1) A D OSM DO (central-america-
latest.osm.pbf) #4947 >O0— KL T, R)—=X(BZ) &£V 7775 (GT) DETHREAEZITWV
i -3—0

./runOnOpenShift.sh central-america-latest.osm.pbf BZ,GT
http://download.geofabrik.de/europe/central-america-latest.osm.pbf

p= T
runOnOpenShift.sh 27 Y 7 kDAL F%SH8RY 51C1E. /runOnOpenShift.sh --help
EAALFET,

9.1. 7704 XN/ OPTAWEB BRI 7 T r—>av=0—hIER
TEH

Red Hat OpenShift Container Platform (Z OptaWeb B R 7 ) r—>a v &7 704 L1&IC,
Ny VTV RETJOVMNIVREBHTEET,

([} =355
e OptaWeb BLEEEE A Maven TIEEICEIL KX N, OpenShift ICTF 7OA IR TW3,

FIE
o Ny IIVRAEEFTBICIK., ROFIEEETLET,
. V=RO—RAEZHL, Maven TNy I IV REYV2—-JILEEIRLET,

2. optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-00006/sources/optaweb-
vehicle-routing-backend 71 L 7 b U —ICBEL X7,

3. LFOOv Y R&EAAL T, OpenShift EJL KEREIL T,

I oc start-build backend --from-dir=. --follow

e JOVINIVREZEHFITZICIK. RODFIEEETLET,

1L VYV—RO—KREZBLT. npm21—T4YF74—T7OY NIV RKEYV2—-ILEEIRL
7,

2. sources/optaweb-vehicle-routing-frontend 71 L 7 ) —ICBEIL £ 7,

3. LFOOv Y R&EAAL T, OpenShift EJL KEREIL XY,

I oc start-build frontend --from-dir=docker --follow

RDRTY S
10E OptaWeb B #EH D& H
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F10= OPTAWEB 22 B D H
OptaWeb BLERIKR 7 7 o —> a v Tk, RGO EY—I TEXET, RAODIGATIET R (EiE
W) THAHZEEFHRELEF T, ERIEZDTRNS, I— 7 DWIMDT R TOIGATICER%E
ETEIDHEIHY X,
EHEEREOH., BLUVLEROBHIELZRTETCIFIT TN, BRIETIXLERMEZERTZRIIEIHY FHA,
7= L. FDI— MDA ITRTCOEMICHFRAINZEIFEYITEA, 77V 5r— 3 vk, 2@RI)— N
B ZTEREZFERLE I,
WEDODN—I 3 Illd,. —EDOFHIRELHY £,

o 1DDIFMICEET 27U, EHOBRBEN1RA Y MEEINE T, L&A BEHE N
10 DEMEIF, TRICESETICRKRIOEMITHBTEET,

o BEMPIFEAMICARY LAREZRESHILIETETIEA,

10.1. R E& DVERK

BRIERIRER A ERR T 2 ICI&. OptaWeb BB 1 —H'—a1 49 —T 24 AD Demo ¥ 75 ERAL &
-a—o

=S5

o OptaWeb BLERBEARITINTHY, 1 —HF—A V9 —T (1 RAICTFIVEATES,

¥
1. OptaWeb EgiX#ZE& Tl&. Demo %2 ') vV LT Demo ¥ 72T XY,

2. M EOBWTSR/IAFTRARY VAFERLCEMBERELEFT, 774/ MNTIE, EEI
EDEBHEIFI0ER>TWVWET,

3 MEILHBLT, HEHEOMADHICHZ TSRARY Vv EFERLT. HhRKLET,

-

pa )

WRDEIEKRICTTILI )y V%2 ERLBVWTKREIW, §TIULI0)vIT3E,
GRDMER SN E T,

4. TROGMEI Vv I LET,
5. BBERA Y MIDOWTI, ROMmDBZHRES Y vy LET,
6. BANEHIIRT 2156
a. BT 2BAADOLDY DR EDNI LT, BFDLZRIZRTLET,
BEOLERICHZ—ETTDHEMEERELET.
c. ARIDEICHBXTAIAVEI Y I LET,
SR BI/HIBRLZY ., EEBEZEBRLLY T2UIK. 77— a vidH LV RisEReg % fEK

LTHRRLEY, ZOV ) 1—Ya vy TRBOEREZHEAYTZHA. 77V r—Yavid, 2EAOR
BZRNDBTRRLET,
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10.2. ZDMMDIBHRDFR R EERTE
OptaWeb ECEREDMD Y TAFEHL., BMOEHRERRLTERETZET,

CIE= Jia
e OptaWeb BLERBEARITINTHY, 1 —HF—A V9 —T (1 RAICTFIVEATES,

FIR

® Vehicles# 7% 7 ") vV LT, EEOXRT. B, BIFRY. SEHORHBEDORENAET
-3—0

e Visits9T7%20 ) v L, BAZRTLTHIRLE T,
® Route¥ 727 vo LT, EEMZERL T, ERLAEHORBERTLET,

10.3. OPTAWEB L ERETOHR I LT —F v NDIERK

RIVF—HOBEHOKREBHAESOTET Yty FHHEAAFNTWE T, Loaddemo X =1 —THh
DTEEFATIHEIE. CBEODT—9tEy V2AEBELET,

FIE
ZhiclE, LTOFIEEZEITLET,

1. OptaWeb EE#ZEE T, WMZ2 ) v o L THEBMRFEZFERAL T, TRE, AR ZE Vv L
i’a—o

2. Export #0 )y O LT, 7T—9EYMTALIMN)—IZT7 74NV EREFELET,

pa )

T—8tvy T 1LY M) —I& app.demo.data-set-dir 7’O0/37 1 —TIEEL
74 LU MN)—TY,

77U 4r— 3 vh runLocally.sh 27 ) 7 MEHTRERITIN TV RIHEIL.
T—4ty kT4 L2 K~)—1H $HOME/{VRP-DATA-DIR}/dataset |IZEXE X1
9,

ZThUADFEIE. T 0O/3F7 1 — application.properties H* 5 ES

L. optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-
00006/sources/optaweb-vehicle-routing-standalone/target/local/dataset (5
7N PIREINET,

app.demo.data-set-dir 7O0/37 1 —%i{{REL T, HOTFT—9%T4L I N —%
IBETEET,

3. YAML7 74 ILAwRELT, T—9% Yy hO—ZBE&%ERLET,
4. N\wH )TV RE=HBEELFT,

Ny IV REBERELEEIC. Loaddemo X =2 —ICTF—49 Y hTFTA4 LI MN)—DT7 74 ILHKR
RINFT,
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10.4. OPTAWEB BB ERBEDO NS TN a—FT a4 VY

OptaWeb BB R CFHEREMEEZ T 55EIE. UTOFIRICEWN., ST a—FT1 v T%&TW
i—a—o

EIE= Jia
o OptaWeb BLERERIEEITIND D, FHEHLEEA T 5,

FI7
L BEERETZICE. Ny VIV ROmRHEAOVARELET,
2. MEEBRTBICIE. NI IV RTF—IR—EHIBRLET,
a. N\v Y IV RDmEKT 14> KRITkbd[Ctr+C] ZIL T, Ny VTV R&EEFELELET,

b. optaweb-vehicle-routing/optaweb-vehicle-routing-backend/local/db 71 L 7 b ') —%
HIBRL X7,

c. OptaWeb Feix#iRk = BiEEI L £ 9,
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5B11E= OPTAWEB BeiX R DOBRFE T A K

AtooavTik,. BEE—RTNRNYIIVREZ2—IUBLVCT7TAYVIMNIVREY2-IILERELT
T BHAEERBALET,

11.1. OPTAWEB B2 7O = 7 MDEE
OptaWeb BEEERE 7OV TV MME, JILFEYV 21 —I/ILD Maven 7OV T Y N TY,

ENM1EY 2 —IkEBE®RY Y —0DH

distribution

docs @mdalo -

Ny T REZOVNIVREY2—)LIE, EVa2—MWY)—D—FTFICHYET, IhhHDE
Ja—J)LIlik, PV —23 DY —ROA—RKHAEEFNET,

A R7OVEY 2a—J)bidk. Ny Ty REZ7AOYIMNIYV RAET1DDETHBER JAR 7 74 LIS
TE7ETY—FEY21—I)LTT,

FAAMN)E2—YaVvEYV2I-ILE, BRALTEYT)—DOFEERLFT, TOEY 1—ILIL,
2 R7AQVFI)r—vave, R¥axXvhaZFeEY, BELYTWVWEIICT—HA4TELT
SvEVILETY,

Ny Ty REZ7OYMIV R BlICELRETFTOq4 P TER, BED OV 2 hTY, ERIC
i3, @< BERZEETHERIN, BRBY—ITEILRINTVWET, E550709 27 T,
O—ROZEENMST ) r—2avDRITETORISHBZEL L. RFORARERATEDLIICT
3Y—IDBEEFNTVWET,

ROEIav TR, Ry oIy RETJOYVRANIVRD7OYV TV VAR E—RTEITTEIHEA
BALZ .,

11.2. OPTAWEB e EREDONY VTV REY 2 —)L

Ny T REYa—)LIZIE, Red Hat Business Optimizer #{#fH L TEERK %= KRBT 50—/ —
BOT7 ) r—oavhAEFEFnTWEYT, &EbIE CPUZERMICFERT25ETHY . ZRARICEE
NERETZITIE/OBREEZLOET 2HMENHY T, BEITIR b (BFHE X/ ITEERH) Z&/IRICINZ S
ZEDNERBHDIDTH 7D, OptaWeb FiERZEE TIE RAM X E ) —ICHREIORX NDIBEHRZFRFL
F 9, RedHatBusiness Optimizer |&, f@ZHTEFIC. I—HF—DAANLLBHMEOHE IR N %1B
BLTBRENHY T, ZOFERIE. BRETH EMITh2@BEICREINET,

FLWIBRZ ANT 5 &, OptaWeb FERERERIEHT L WBATE., TRLUATINETICAAI LT
TOHBMEDEDHRIH AR N EFEL T, BEHTIICZOBEBIAR N 2RELE T, BHIX NDOFE
l&. GraphHopper DRIV I Y TEITINET,

Ny TV RETVa—)LiE, UTFOELDBYR— MERZBIMTEELE T,
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o kGt
e JOY NIV R®D WebSocket 5
o Tty NDFHEHAH, TV RAR—b, BLUVA VER—Fb

Ny DTV RA—ROT7—F 70 F v —OFMIE. 12FEOptaWeb BIEFLED/NY O T N FP—F72
F+—aEBRLTIIEIW,

ROV aVTIlE, ARE—RTNNYIIVREZRELTEITI S ALE28BALET,
11.2.1. Spring Boot Maven 75 7' > % (& L /= OptaWeb E2E R /NNy VTV R E
Va1—ILDET

Spring Boot 75 74 » %A L T. OptaWeb BLiERE /Ny VTV REYV 21— )L AR E— NTEITT
XE9,

AR
e OptaWeb BRI A 8F OptaWeb AIEAFEDFE) TDRES & VE/T DA EB Y ICRES
nTtwa,
FIR

1. optaweb-vehicle-routing-distribution-7.44.0.Final-redhat-00006/sources/optaweb-vehicle-
routing-backend 71 L 7 M) —ICRBEIL T,

2. AEE-—RTNRY IV RZRTTBHICE ROATY RZAALET,

I mvn spring-boot:run

11.2.2. IntelliJ IDEA 5 5 D OptaWeb EEiERER/Nv VTV RED 2 —ILDEST

IntelliJ IDEA %M L T OptaWeb BlER/NNv VTV REYVa2a—I%ERTL., 7OV Y NORAKX%
BELETEET,

¥

1. IntelliJ IDEA T org.optaweb.vehiclerouting.OptaWebVehicleRoutingApplication & A1 L
FT, ThICELY., ETHREMERIN, ROFIETIhziwmmELZET,

a. Editor 7 1 ~ K2 T OptaWebVehicleRoutingApplication 7 S R ZFH X £ 7,

b. TF49—74 Y RKIDHY—THFDEE%27")v2 LT, Run
OptaWebVehicleRoutingApplication ##IRL £9, FET«4 LI M) —DATFOY /b
Droot IKEEINTWT, ZDTALI M) —IKR@ENY I IV REV2—IDEBEINT
WBMEBENHBOHETICKBMLET,

R

Intellid IDEA CTOD7 ) 7r—> 3 VDOERITICDOWTIE, IntelliJ IDEA D Web
4 M ® Run Applications R—Y A SR L T REI W,
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2. Run—Edit Configurations. Spring Boot-»OptaWebVehicleRoutingApplication DJIgICER L
x7,

3. Program arguments % --spring.profiles.active=local IZ5%7%E L T. local &M(EN % Spring
TO77ANETIT4R—MLET, T, 77— 3>l application-
local.properties 7 7 1 IV DEREZFEAT 2L DICERLET,

4. fEFA LY M) — %Ny VTV REY 21—/l (optaweb-vehicle-routing-backend) ([CZE L
7,

5. On Update action % Hot swap classes and update trigger file if failediC3 8 EL £9, <N T
Update 77> a v aFERAL., 77UV 5—>av a9 CIlBRETEDLDIICRYET,
F£#llE. Spring and Spring Boot in IntelliJ IDEA 2018.1% B8R L T 12X W\,
11.2.3. Spring Boot M HENFHIZE)

Automatic restart (&, Spring Boot DevTools TE{TIN & ¥, Spring Boot Maven 7374 T
OptaWeb BEERRER/Ny V TV RERITLEBEIF. ISANRADT7AIDEREINDZ LTI, 77
Vr—a v EENICBESINE T, BEFERETR. 73ANRNRDI7AIVERF v T2k
O, EBEBFBIVNRAILNTREFTT TV r—>av0BEReEs N H—TZ£9, IDEDREIHE
HY)FHA,

IDE ICRFFRFDBEIT > /X1 )L (compile-on-save) HEEN B 515G (Eclipse. NetBeans % &) 12, &%
IKaAVRAILLTHSEENIMASLNE T 7AILDIHERETZIHELHY T,

IntelliJ IDEA TIZBEINICEBEINMREFEI NS 78, Build[Recompile] (BARY 707 74 IV ABI Y
/XA JL) F7<|d Build[Build Project] (§ RTDEEZB IV /I IL) DWIT NI ZBIRT 2HENDHY
9, FFMilE. Compile and build applications with IntelliJ IDEA ZZHBB L T I W,

11.2.4. OptaWeb BEERE/NNy VTV REV 2 —ILDBRETONRT 1 —DHRE

OptaWeb BBy VTV REV 2 —ILDRETONT 4 —%[RET D2 HEIEHHY £,
OptaWeb ER#ERHE A O—AHITRITLTWBRHBEIC. 2OV a3V THIAT 2 HENENTT,

AR

o OptaWeb BELERIDSBELEZ S 7 O—RNL, #HIHLTWS, FMlld. 6ZOptalVeb Al
RBEFTO4X N T 7 ANDI T O0—RELVEL N ESBLTLEIWL,

FIa
1. application.properties 7 7 1 L DFRETO/NT 1 —%FREL X T,

2. rhdm-7.44.0.Final-redhat-00006-optaweb-vehicle-routing/sources/optaweb-vehicle-
routing-backend/src/main/resources 71 L 7 b ) —ICBEEL £ 7,

3. ¥ A NI T 14— application.properties 7 7 1 L ZFAZX X7,
4. TONT 4 —EREFLIFEMLT. 771V ERELET,
o Ny —IUF7F)r—oaVvDERTEHICIR Y RSA VOBIEEFERALET. UTOFHD

<PROPERTY> (£ 7'O0/37 1 —D&FIC., <VALUE> EZD7O/NXT 4 —DEICEESHZ F
ER

I java -jar optaweb-vehicle-routing-backend.jar --app.<PROPERTY>=<VALUE>
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e spring-boot:run T7 74— 3 v AERITT RIGAIIREEHAEFALE Y,

I <PROPERTY>=<VALUE> ./mvnw spring-boot:run

pa 3

ZDHETIE, relaxed binding A E T A, @ConfigurationProperties
EFEALTTONRT A —DAERINTVIHBEDOHEREL X T,

Spring Boot Maven 73 7’4 > (./mvnw spring-boot:run -D<PROPERTY) 2 L C7 ) s —> 3
VERTTBRIC-DEEEL. TONRTA—ERETEFERA, OO T7 ) r—2avaETY
3274—7VINfcJava TOERIC, TSTAVTORATALATONRT 1 —%BET DHEIC

l&. systemPropertiesVariables Bz R L T. pom.xml 7 7 1 JLICEET 2BENHYFT, Z
DEMEDFEMIL. Spring D Web H4 kD Using System Properties 28R L T XL,

Spring Boot 7 YU 4 — 3 V DREDEEMIL. Spring Boot Externalized Configuration R—3J % 288
LTI,
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src/main/resources/application-local.properties £/ L T. Git DfEEY ) —ICEEEA5 AT ICE
ADBREERELET,

OptaWeb BB R DRE T O/NT 4 — I 2552 — 8L, 13ZEOptaWeb FlEEED/N Y 0T > Fig
FE7O0/N7 1 —&BRLTEIW,

Spring Boot THIAERER T T r—> 3 v 7ONRTF 4 —DEL—EIX. Spring Web %14 h®D
Common Application Properties R—J A SB L T EI L,

11.2.5. OptaWeb EBX#RED/Nvy /T KO Y

OptaWeb Bi#E#fRE&IE. SLF4JAPI & Logback #OF¥ Y7 7L —AL7—2 & LTEALE Y, Spring
BRI, LR, XY=y, O 7740 RE, OF Y TOREOMEEEMDERE T O/RF 1 — & B
ICBRETEEY, OF /70714 —%%ET &6 —MMWAHEIE application.properties 7 7
1 I DiRE. F7I& <PROPERTY>=<VALUE> 2 ED3IHDFEHRT 5 & TY, <PROPERTY> (70O
NT 4 —DHFIT, <VALUE> EZD7O/XF7 4 —DETY, FMlE. Spring Boot Logging ® K¥F 2
AV MNESRBLTLEIY,

UFoFIE, 7)) r—oavo—8oaxy LRIV EHET 20ICHARERTO/ 714 —T1,

e logging.level.org.optaweb.vehiclerouting=debug: /XY 2V T KRO—RDF NNy JL X)L % H
MCLET,

e logging.level.org.optaplanner.core=warn: Red Hat Business Optimizer Q¥ > 7 &F 5 L £
ER

e logging.level.org.springframework.web.socket=trace: WebSocket & CORBEAHET %
EXICHBICT VA LET,
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NEBEINTH, OTF Y MIEEEL’HY ZHA,

*View.java: KX V472V NEEDYI SR, HOBBHISHETZEDOEY MEER
LET. V547V bN7TYr— 3 vk, RESTAPIRBRATINSDEEFHAIRY FT
N EZAHITITEHA,

*Service.java:  —EZR/NNy F—IJICBRBEINSD A V9 —T7 21 A CTRESTAPI 2 E&HL £

T Y—NRN—=E9S5ATFNT TV r—arvondhntg, ThoDA V9 —TT4ARAD
ERABAICERLETT,
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BI7E REBEBERRAY—HY—TT)r—avDER
REEHERRAY—Y—TTI)Vr—2a3va—XAHETCLEETZICE,. RBELTOCRABIET
DIN—IEEBSTEIRENMHYET, T, T—IVBEIIDERT—YE2EH. L—ILIIBLEREEN
REINDLIICTIRENMHYEY, RERT—HIPI—HF—A 29 —T 14 AILHFEELARWVIEGE
X, A—H—A VY —T A RELEETIRELNHY T,

LTOFIETIE, REEBHERRAI—I—TTV5r—2aV0ZEBRICEATZ—KRNAT7 7O0—F %58
LTWET,
AR EH

o 7= a3 VEERICEIRTBEI REELNH D,

e Java d— NDFHEAMY EEEATE S,

FIR
|l BERERETSVZVILET, UTOERICEATIRIW,
o ChEtY 2 MEEHNHZEMDYFT)AIIMTETH, IhHDYF)FIE N—FHEIE TY,

o TREMIGHE(L. Optimizer AN B LA HIE A 5QWVEMD Y F ) A I[TI A, Ihb
DF) A& V7 MK TY,

L %TL%TL@“/T U 7.]-7'3“\/ U 11— 3 ‘/'C‘%’T'S:néj_)\ta 73\7&%1-%:3—6@‘:%\%@7_“—&
XA TY D,

o BHEDN—=YaVTANLEBRIOMBARAT —F I EENTI D,
o N—RIO—RATELT—FIZENTTH,

o 1—H—AANPRERT—FE, BEDN—Ja Yy TAAINTVWRWT—FEENTT
D

2. WEBT—HEREDT—IDSEETZH, N—RI—NILTEZHEIE. 5HEH. N—RK
dA—REBEFEOE1—FLEF2—FT1 VT4 —0ZRAIEBMLES, T—9 %5 —/N—fIT5t
BIEZUNEAHBESIE. RESTAPITY KBS Y M&EBIML THEAMAHTT,

3. A—H—HIUBT—9 % ANTE2RENrHZHEIE. T—IDITVMN)—%2RIET B35 RIC
TDT—4 %ENM (fl: Employee 7 2 2) L. T—49 DFHmHEY . HFLVEZIAAHAIC REST
APITY RRA Y hEEBMLT, =9 AR —A V=T AEETBLTLEX
L\,

4. 2T —IDNFIHTEZHER. V- ZEBELFET, TEEORF¥EF. FRIL—ILEZEMT 20
ENHYET, INS5DIL—ILIL, optaweb-employee-rostering-backend €2 21— )LD
src/main/resources/org/optaweb/employeerostering/service/solver/employeeRosteringSc
oreRules.drl 7 7 1 LICEBE I N FE T,

JL—JLICIE, Drools E&% A L ¥, Drools L—ILEEICET 25E1EHIZ. DRLIL—IL %
FEALETYYa vy —ERDRKE #5R L T ZX W, optaweb-employee-rostering-
backend €YV 21—/ TEHLLV SR, 72YVavIVv I UTHRATEZY,

5 77— avDZEERIC. EINLTERITLET,
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M T®D RED HAT BUSINESS OPTIMIZER B R EHHBRAY—Y—TF TV r—>arorTaq A N L UERE

/X— K IV. RED HAT OPENSHIFT CONTAINER PLATFORM T®
RED HAT BUSINESS OPTIMIZER R TR EEHFRRAY—F —T
TV —oarvpF7a4 Ay NBLMER

EYRXZIL—ILDIEHRZEIE. Red Hat Decision Manager 74 A k) Ea— 3 v ILEF N % optaweb-
employee-rostering 2 ¥ —4% — 70O £ ¥ M % OpenShift ICEEICT 704 L T. Red Hat Business

Optimizer #gE52 7 A M L TIRETE XY,
CIE= Jia

e F7OA L OpenShift BEICT 2 £ TE 5, 2Mlid. AT 3 OpenShift BGE®D K ¥ 2 X
vr—2aveESRLTILEIWY,
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BIBEMXEIMBERARY—Y—T TV 5r—a3 v 0BE

MEEBBHBRRY—9—TT)r—vavid, HEROIZIIEIWBMIREELZIVETIT, k&
ZE TTVT—2avEFERLT, RRTOEERMDY 7 b, IFTITWIGHTOEREHS 7 b,
ERBOMAITSA VDY T M 2EIYETET,

MEEHHREZRBELT B, ZLOEREZERTILENHYIET, X EBVELNII,
RKOLNDBAFIVHNERY XT, o REXEDOHICIF. FEDOKETICHB TIRWVEEY., HED
AT COBFERETIHE’HY TT, IHIC. KREICEL>TE, 1EICHET E SEMEICHIR
DH2ENERXHL L TWBAEENHY FT,

DAY —4H—TFFYr— 3 2 ® Red Hat Business Optimizer JL—JLIE. N— REIHE LY 7 Ml
WEFERALET, BEEEIC. REEPEHETEIAWN (FLIFBRD)HFEP. HH 1207 MAD 2
DOARY NTECZENTERVWEERE, TSV VIIT VIV IEN—RENIGERT 22 ENT
TFEtA, T3V ITIVIVIE, VIR EEDY 7 NTEHHELAVWE WS REBDHFERY)
WKIBSF L&D ELETHA, REARYV Y 2a—Y 3 VILIERDPBEL S LALBEIE. ERTZIEN
TEET,
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$519% OPENSHIFT COREBHBFERAI—Y—TFT TV 5r—>a >4 VA M= LUiRE

3B19ZE OPENSHIFT TOWRRXEEMHBRAY—9—T7 T ) r—> 3
YDAV AN=ILE LVERE
WMEBHHBERRAY—S—T ) r—>3vid, OpenShift 7> FL—bFEIFY T 7L VY RAEEDT «
AN E2—>a Y TREINTWLS provisionsh > =)L R 2 Y 7 M %{FERB L T, Red Hat OpenShift

Container Platform IC7 7’04 T £ 9,

OpenShift 7> 7L — N & @EA 3 %354, Red Hat OpenShift Container Platform (& Red Hat ) 7R b+
)—MOA A=V EHFHAATTIOA LET, COTTOM XY NOAEK, 72/00—TL
Ea—#EsR>TWET,

AU T N EFERTEBAICIE. 7TVr—2a vV —R3—R&EOQ—ALTELRLTRy 5=
b L. OpenShift IRIZEICT7 vy 7O— KL TF7 704 LET, JavaBIRY —IL (JavaFEEF v bB LV
Maven) &Ny a2z )AR VY RSA VHFIATEZHEI}. COFEE2FEATEET,
PILREHEINTWERI ) T 2FRALAET 7Y r—Yaryo7 704
MEEBHHERAY—Y—T TV r—ravid, BEHEINTWE RS FM%FERL T Red Hat
OpenShift Container Platform IC7 704 TX &9, CORV YT NI 7TV r—>avny—2
O—RZO—ALTEILRLTRy S —I{L, OpenShift RIEIC7 Yy 7O—KLTF7A14LET,
AR

e ocAX Y RSAVUY—ILEFEEALT, TRD OpenShift REICOVS Y LTWE, TDV—I
ICRES 28I, CLIV 7L YA #BBLTLEIL,

o Maven BLWJavaFlE XY A O—HILDIYI VICA VAR =ILEINTWS,

e bash VT IVBREIAO—HILDOI I VICAHEINTWDS,

FIR

1. RedHat h A% ¥ —R—# LD Software Downloads _*— < H 5 rhdm-7.9.1-maven-
repository.zip 7 71 L&Y >O—KLZET,

2. 9ovO0—RLE7—HM4T72RBEALET,

3. jboss-rhba-7.9.1.GA-maven-repository/maven-repository # 7571 L 7 M) —DARB %
~l.m2/repository 74 L 7 M) —ICOE—L XY,

4. RedHat h# A% ¥ —R—% JLD Software Downloads R— H 5 rhdm-7.9.1-reference-
implementation.zip 7 7 1 L& ¥ O—RKLET,

5. #ovO—RLE7—H4T72BEALET,

6. BIRELET—H41 7H 5EH L7 rhdm-7.9.1-optaweb-employee-rostering.zip 7 7 1 L % &
ALEY.

7. A% Y K54 » T, optaweb-employee-rostering-distribution-7.44.0.Final-redhat-
00006/sources 74 L 7 M) —ICHBIL X7,

8. MEEHHBRT SV r—rava)LRT3ICE. UTFToav Y REEFLET,

I mvn clean install -DskipTests -DskiplTs
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9. OpenShift 7717 > b £721% Red Hat Code Ready Container 1 Y X4 > ZiIcOJ4 v L%,
LUFDBITIE. <account-url> % OpenShift 7717 > k % 7213 Red Hat Code Ready Container
4RV RIT, <logintoken> ZZDF7 ATV hDOAJA Y M= VICBEEHBAZET,

I oc login <account-url> --token <login-token>

10. REEHHRERAMNTZHR O bR LE T,

I oc new-project optaweb-employee-rostering

N 7O az=vJ29 ) FhaRFL. 7V 5—avEELRLTT O LET,
I /provision.sh

AVNRAINERY T —=JIEPARTTBIEFERI0DMHMNY ET, IhdD7OtRi, #HikM
WA Y RSA VHEAIGETREERLE T,

BELTTLEL, LTOXAyE—IHRTRIINET, <URL>IE 704 XY RO URL ICE
X2 FET,

I You can access the application at <URL> once the deployment is done.

12. BIFEDFIETHEA L 7= OpenShift 7 1 >~ b £ 7 1% Red Hat Code Ready Container 1 -~ X %
YVADURLEAALT, F7AALETZ I r—2avIil7 oA LEY, AEREDGES
&, OpenShift 7S5 v N7 A —LTODEIMDEI RARTINDLH, FRRTIDEINY F
ER

pa

Vo0&V LTS I9RBLTETTY r—Y a yARRINAWES
. T30 —R=TZBHFBICEHRFL TIEIW,
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BOEREBBBRRAI—Y—TF TV r—>avoER

H20E MXBEBRAY—I—T TV r—rarvnEA

Web A V9 —T A RT, REEEHKERT SV r—>avaERIZIENTEET, TOM V59—
T4 RAld. ReactJSSTHFELFT, T/, RESTAPIICT7Z IV EALT. BREICWHLTHRY LDI—
P V=T A A %EERITDIEETEZET,

20.1. RS 7 B LU LFHAR

BEOEAT, 77)5—yavaFALT, RS7MBRBEMEN S BHBOEHEREERTETET,
FI7AIMTIE, RS 7 MNEARIE 3 BREITY,

KZ 7 NABD 1 EB ICEHBRIREMRE SNFEIC, 875K E AR TXEY, COBRT, BE
DORZ7 NEIEO 1BEOEFHFRIEZ. 2R BABICAY 9, AREBETIEIEFRIIEEIN. BEMIC
ZETEQRLLAYET (L. BROFHLERFLTRETY), COHHFRIRESICEGIN, 2
DHHERICHDOETCFELHMO I ENTEET, N7 MEIR, 1 BERICEEINE T,

EZE. RS 7 MNEAOB1ANMS 9O A2NBIKREINTWSELET, TOHEICIZIEETHR
FXEHBREFNTITET, BHBREZARALELS, OB 7HETOHEANIARINI T, HMROKNS 7
NABIX OB 8HNS528HTY,

HHFROLFICEAT B5BIF. 07 FEBROLFE] Z2ZRLTIEI WL,

202. 0—5F— 3Ny —
REBEHBRT TV r—yavik, Y7 bheREEOOQO—FT—Ya vy Ry —r 2HR—KLET,

O—F—>avRy—rid, 2 BULOHEARRETZ2ETIVHEBTY., 20RY—Vidk HEDR
MFFICRBAFIhEE A

O—7—>avO2BICH L TEBEBNT Yy NEEKRTEET, BEANT Y MIEITART, 7 NORRE
BRETCEFT, HEICHLT, FYTL—HMI, Y7 MIEIYYNTAREELET I4ILNTED S
ZENTEET,

HERONREEIC, 77U r—o a3 vIic&Y RS7 MIBICHFLWE N BINSNhE Y, TOBET, ¥
ThNBLVEZLETIHRIET 74 NOREELD. FHILWLWKRS T MEICO—F7—Y 3y nN4d—Uh
‘5: l:o_-éni-a—o

A—7—2avnRNy—VDORRFICEETDE. BEMICRINSRBINET,

BROS T MNNS—UNEHERLRZIHRIF. HAROO—T—Y 3 vy —rh EHERE (H:14
H. 21IHF/4IE28H, 774/ MDRIE28H) 0A—FT—>a Ry —VAEFRALTCEIWL, &
KA CERICIERAL/NRNS —r % YR LT, HIOFRIRHEDY 7 N2 ETETET,

O—F—Ya vy —VOREICETZHAIF. O—FT—2a v/ 9 —VDRFELVRE] 28R
LTI,

20.3. 7+ M DBEIRF 72 IEERK
CDT7TN)r—2avidBRO 7Y M 2 R—NLET, ET TV NI ADBLUCEHEROEA
BRE, BRICHILAT—9EY MNTT, 1D2DT7F VY MNODT—9E2ZEELTHEMDT TV MADEE

BHYFEA, 7TV EPUYEBXT, BMIULET -9y FeBERERTIEY, &2 H#ROD
HFEMAICREEDHHREERFENTETEY,
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AV A M=IVRICIE, I5VRmbka s, BERERSI A T2RY, YV TUTF YV M EREELE
T, INSDTFYFDOVWITNDEERL T, =—XICEDLETEETEIEY, k. HFRTF UM%
E LT, BEORENST—FZANTEET,

20.3.1. 71 bDER

WOTHETFT Y MERBIRTEFTY, 7TV M BRULARIC, RRLEERHBDCOT TV 2SR
L. ZEEZMABEIDTTY MDOADNHEEZRITET,

FIE

REEHBERT TV —avDWeb A V9 —TTARATT TV NEBRTZICIE,. 7595 —9+«
VRODALETTenant YA RNE )y LTTHFY MNERBIRLET,

20.3.2. 7+~ NDYERK

HIRT TV M EER LT, BIEODRENST—9EANTETET, 7T MOEREICIE, EHD/NS

A—=H—%BEL, INLDNRFA—=Y—ILLY, PTTV5r—2a3vRTDTHFY MOEAZEDE D
ICERT ZNDNRFEY X,

BF
THYRRSGA=8—F TTYVFDERRBRICEETEEEA,

FIE
. REEHERT TV —23 2 Web A V9 —T T ARATHLWTFY MEERT ZICIE. 75

JHF—D 4 VRO DALBTEE(F7)7AAVE Yy I L THALAAdEY ) v LE
-3—0

2. UTFTOEAZELET,
o RALFIRT TV bMDEZF, ZDRAFIE, TFHFY MNOD—BICRRINET,
o FHMHDATYa1—Ib. Z¥WD KRS 7 MNEBDORIEH, 85X/ MTdE. ZORMHKA
BHIEOBBRICRY 9, SROBMTEHDHZEIEZTDEE., K57 NIBE DB
H. HFEOAMEM™. O—F7—>aryy—VoyLERA M AINT T, FDoH.
BE. FBEIGEDD (HEMNBIE) ICRET 2 EREEMTT,

e K37 MIRORYE (AH): K7 MABEODOERE, FZ7 MR, 77 bOBWHEIRD
RIEALTY,

o BB (AR): AHEMBEORY, REENY T MOREEZ S SICEADEFEEZ S
SVZVITEDRLIIC, RETHHEEODHHAICHBROKHERZELFTELIICEL
FY, WMEDN—Y 3 VTIRIDEERIEUNTIEHY TEA,

o NHHBEORY (HR): X ARAT-CICAR (BE) ShaHBEORY, BIED/NN—
Ja3vTi., ZOHRFEIX7BHICAEINRTWVWET,

e O—7F—YavORXT(HB) O—F7—Y3v9—VDRY,

o HALY—V HERNBERINIBREDY I LY =V, TDIALY—VF, 12— —41
VA =T A RIRRIINZBEEORANZRETDDICHERALEY,

3. Save&® 7w LET,
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F0EMRXEBBRRAY—Y—T7 ) r—>a oM
TV MEEAT S THERLET,

20.4. AxXILD AN
HERADEEGRICHEE RS AFI EAITRTERETEFEzT, LExlE LRAMNS VYO 248827

MIIE, BFEABCLRANS VEELRED—MRBARIFIVICMA, A, B, X, "AT71V7
Y—EXADRAFILAREICRY FT,

FIR

. REEHBERT TSI —230DWeb A VI —T A ATRAFINEAANFLIZERETSIC
&, Skills ¥ 7% 2 1) v o LET,
TS5 —014 2 RODALIC, 1-150f34 28, RAERTAELRAFILOEARTIINE
T, <RIVBELUV>RYVEFEALT, YAMDMODRAFILERRTEET,

Search Ry J RIS, AFNBAD—EHZAALTRAFILZRRTEET,
2. UTOFIRZXRITLT, FBMAFILZEMLES,

a. Addz2 vy I LZET,

b. Name DT F A M7 4 —JL RTHERAFILEZZAALZET,

c. REVAAVZEV Yy I LET,

3. AXNELAERETBHITIE. AFILOMICHS EditSkil 74 2 BAEOW) A0 ) v o LE
-3—0

4. AFI)VEHBIRT ZICIE. AFILDREICH B Delete Skill 744 2> (TIFEOW) #0)v 2 LE
-3—0

pz -1o)
BT TV RDAFIICII—BDEEA2EETIVNELIHYE T, AFILHIREEFLIT
2Ry MCEAEMITONTWBIBEIX, AFILEHIBRTEEHA,
20.5. R R v N DiR&E
EYRARNDIFIFZREEREEZRT ARYMNDYRNEAANTEINEL,rHYET, LANSTVDBE
TlE, ARy MIEN—, BEFHITAD VY — ZFHO VS — EBEXFYFO I T, BT
7. A T4 RABRENZENTT,
ARy T &S, Skills # TTAALIZY AMDOSRERAFILE 1 DFLIFEBRIRTEET, 2O
TT)Vr—2avTik, ARy NOEREBEIAF I AFOREEDHE, WROARY MIEIYLTE

T ARy MIBEBERIAFILALBWEGEE, PV —2aVIdZORARY MIEDREETHEIY YT
B5ZEDNTEET,

FIR

| REEHBERT TV —230DWeb A VI —T A RATRARY N AANFIEEERET SIC
&, Spots ¥ 7%V Y v U LEJ, Search Ry 7RI, ARy NED—EEAALTRAKRY k
EREBETEET,

2. LTOFIEZRGTLT, HHEIRY hZEBMLEY,
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a. AddSpot =27 Yy o LZEY,
b. Name DT F A M7 1 —ILRIZHILWARARY hDOEZRIZEADLF T,

c. BEITH LT, Requiredskillset D KOy T4 IV YA MMS 1 DFIFEHDRAFIL%E
BIRLET,

d RE743%0 )y o LZEYd,

3. BEIEMEARFIERET 2I01E. R Ky FOREICH S Edit Spot 74 2 BAEDR) 5 ¥
Dy o LZEd,

4. ARy MEHIBRT BIC1E. ARy NDREIZH B DeleteSpot 744 AV (TIFDOW) &2V Y v Y
L/i_a—o

R

ZETFTVMATIE, —BDOARY NEEFERTIVEIMHYET, ARy MIFLTY
T hNEERLTWEIBEIF. TORRY NE2HIBRTEFEA,

20.6. &) A NDAA

EVXRADMMERBICHERT 2EBBOEZNEANTI2HENDHY T,

ZilE, 1 BORAMERE. BB, BR. FLEBEFEZRELIT,

ZRDEMEFIC, FIRRLICTSHIEH, FINZIBETDIEEHETY. LEXE RN—FS1LD
MEXBITBEIC 20 B ERETEAQV, I8 M LADOHREEDFEERREIE 1 BIZ 10 BFE. 14121800
REREILRICHIR T 578 TY, BIDE MNE LT, AERFEDOHBRALRELZBMTEIXY,

ZHDOAREEDFIRIEL, DPEUTANTE2LEIHYTT,

FIR

. EEHERT VI —23 VD Web A V9 —T 24 ATEHN—EBEEANTLIIEET SIC
¥, Contracts ¥ 7% ) v LET,

TS5 =014 RODALIC, 1-150f34 72 E, RAERTAELEZNHEHIRRTINE T, <K
HYBLVT>HRY Vv EFRLT, YAMNDMBDEHNAERRTETEY,

Search Ry 7 (T, BHBD—EZE AN L TN EZRRTEIY,
2. UTFOFIEZEITLT, FILWEWZEMLET,
a. Addz/o )y o LZEY,
b. Name D7 F X h 7 4 —JL NICEMWDEZRIZAALE T,
c. Maximum minutes T, BB EINZFEDHBRZAALET,
o MEEBMNIBHICIEEDREULFEL TXWITARWEEIE, PerDayDF v IRy Y
AEAMLT, TOFv IRy VADBEICHZD T 14 —I)L MICHERE B TAND
LEY.
o REXEENBERICIEEDRBULEMEL TEWITRWEEIE, PerWeekDF v ¥

RYVRAEBRHICLT, TDFTVvIRY I RADEICH BT 14 —IL RICEBEE %= DA
TAALEY,
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BOEREBBBRRAI—Y—TF TV r—>avoER

o WMEEM »AICIEEDEBLULEMEL TTWITAWESIZ., PerMonth®DF v ¥
Ry DAEBMILT, TOFzv IRy I ADWEICH ST 1 —IU RICHBEE %= D84
TABNLEY,

o MEEMIFICEEDHBLULMEL TEWIFARWESIZ., PerYearDF v IRy
J2AEFMICLT, TDFzvIRYIRADEILHDZ T 14 —IL NICHEBREEDBEMATA
ALFT,

d RE743%0 )y o LZEYd,

3. BHDERIE HIRFREZRET 2IC1E. ZHWOARIDREICH 5 Edit Contract 74 OV (SAFED
Myso)v o LEY,

4. BHEHIRT BICIE. ZBRHDREICH % Delete Contract 74 IV (TIFEOW) 20V v I LE

ER

pa )

ET7TTVIMAT, —BOIAV IS M RZERTIREN DY EY, ZHHIRREICE
YHTHNTWBIGAIE, BIlRTEIEA,

207.*EB VA MNDAS

ZDEVRADEMREE, AT 2A¥I. BRATIENO-—BEZANTILENHYEY, ZOTT
Vr—vavid, AFVPENTEESNAAERERFRICEDETARY eI 5DREEREICEIY

%Ti’a—o

FIR

| EEBBBRT TV T—2avDWeb A V9 —T 1A ATREE—ELEANTLRBEETSIC

(=N

Employees ¥ 7% 7YY v LEY,

TS —9 4V RODALEIC, 1-150f34 i E, WERTARALAKEEDHNIRRIINSE
T, <RI VELV>HRYVAFERALT, VAMDBORFXEEZRRITIZET,

Search Ry 7 RIC, REERD—PLE AN L TREEEZRRTEET,

2. UTOFIEZRTL T, HFREXEZEMLET,

a.

b.

C.

d.

e.

AddE2 ) v o LET,
Name DT7FF AN 74 —ILRICHILWIREXBEDRZBIZAANLET,

MEICH LT, SkilsetdD KOy THFI VY Z MDD 1 DELIFEHDORIFILEERL F
-a—o

Contract D ROy 74UV ) A MO LA RIRLET,

®ET7AAVEI) v I LET,

3 MEEDHRBMERATIVZHEET 2ICIE. REEDZAIDHEICH % Edit Employee 74 IV (88
E0oW)EV) v I LET,

4, REBFBIKRT BICI1E. RREEDLRIDREICH B Delete Employee 74 AV (T IFEDF) %
2)v I LET,
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R

BETTYVIMATHE, " BORKXELRZHERIILE’HY T, REXBICHHANEY
HTHONTWBIGRIE, TOREEZHIRTETEEA,

208. REEEDTARASEY T4 —DETE
REDRBRICHITAREEDTEIRBZHZRELET,

REBEIRHTEDRFERIC $FE T XAV (Unavailable) 5513, TOBBMRICHTIEEZ S 7 MIEEY
HTONBWEDIICTZIENTEET (L&A, MRYARBARE), HELARLV (Undesired) 5 & T

¥ (Desired) 1. HEDRKERICHIT2HEBOFETY, 7V r—2avaFERALT. JRELE
BICZDFZICHIGLFT,

FIR

| HEBHBERT TIVIT—>3VDWeb M V9 —T 14 ATHEBOEEIHH—EBEL2RRELIE
W& 9 B ITIX. Availability Roster ¥ 7% 2 Yy o LE T,
T4V RIDELEERDT, BFRERTT2HMNZHRETEIET, WOBERRTBIC
. Weekof 74 —JIL RDIEICH D <RIV E>RIVEFRALTLSEIN, L& B
74— K%EVY vy LTHFZZEL, ZORMPEFNZBEERRLET,

2. REEOHEAIREEAI Y M) —A{ERRT DICIE. ATV 21—ILODZEADAR—R AT )Yy oL
THHS, REEEZRBIRLEFT, B4k, 2H2O0EB AT TV M) —HIERINZET,

3 AAMIVINI—ZEETSICE. TVMN) %20 )y I LEY, UTOREZEET DL

e HBEF(From&B LU To): BIFFAIETY M) —ICERE T 2 BFRE#R
e 2F—4R: KOy F¥H 1) X MH 5 Unavailable. Desired. Z 73 Undesired M R
T—HRAERIRTEET,
IVN)—%RETDICEApply 22 )y I LET,
4. BFEAEEDOIY N —%ZHIRRT 2ICE. TV M) —% 2 ) v o LTHS Delete availability %
g9)w I LET,

IVMN)—DLEICYOREBRELTHADL, TV N —IIRERINDZTZAIVD1ID25I v
LT, DI N — 2B B XLIFHIRTEZIEHETEET,

. . 7A4AAVE Yy O LT, TV MY —DRFT—% A% Unavailable ICEREL £,
° A 7A4AAV %)y o LT, TN —DRT—%4 X% Undesired ICEREL T,
. .74:!‘/7537 Vw2 LT, TVKMY)—DRAT—%4 X% Desired ICREL T,

e Wr avesyvoLT TV RY—EHBLET.

BF

REBICTTICV 7 MDEYHTOENTEY, COY7 NORKBEICEHETETZ Y M) —
EERFLIIEZELLBAICIE,. CORYIEENICEEEINITEA, REEDY T
NEBEREBEFEYEIRWVWE, FIRFIAEFTELZHHEIEETY M) —IZEAINE
A,
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BOEREBBBRRAI—Y—TF TV r—>avoER

209. 7 NHBROIRTRE L TIRE
V7 MNEERIE. 2RARY MBLY, ZEAONSEERERTT—TILTT,

B D1 ARy M1 BORFEZEY L TE2UEN’HZHAIEE. TORARY MIHLT T b 21
DEAEIELIBENHYIT, ARy MIRAKICERORESEZEY L TI2LENH BT AL
Ry b EFERICERDOY 7 NEERTEET,

BT NI ARy b (17) SHE B B’RETE2RAWTRINET,

HLWEBA RS 7 NERBICEBIMINIBEIE., 7T Ur—ravic&y, o—5—yavnRd—uh
S5V T7 N (BELU. T74NNDOREENHZBEICIEREE) N RNZ 7 NEBEOHF L LWESMICOIE—X
nEd, k., FSTMNIBEDOY 7 MA2FHTEBMLTRETEET,

FIa

. REEHBERT TS —230DWeb A VI —T 24 ATHHERERTELIIRET DI
&, Shift¥ 7%20) v o L%,
T4V RUDELEA T, BFFREFRTIT 2EMHZHETEET, MOBEEZRRT SIC
&, Weekof 714 —IL RDIEICH B < KRIY >V E>HRYVAEFRHLTLLEIW, FiE, B
74—I)VREVYy L TCHNZZEL.,. COBMAP’EFNZBEEZRRLET,

2. Y7 MEBMYBICIE. ATV 1—ILOEVWTWEI 7AYo LES, 7)) r—> 3
Vido 7Yy 7 LEBMMACEEMICZROY b ERERZHEIL, 7 MZEMLET,

3. VI MNERETBICE. Y7 EIY YO LET, YT MIEUTOEEZERETEET,
o HEF (From B &V To): &7 b DIERERBSR & HARE
e Employee: > 7 MIEIY HTRHRES
® Pinned: EENY T MIBEEBXhTWS NEID, REEHIEEINTWBIHEIE. B
BOMEEHHBRIEHM T, OV T MIFHTEHIIOREEDEIVETEZEETIE A,
BIEINTWBRESIL, D> 7 MIT L THEMNICERINIHA.
TEERETBICIEApply 57 Y v I LET,

4. 7 MNEHIBRTBICIE. Y7 8E221) vy LTHS Deleteshift=2 ) v LEFT,

20.10. [ EEZE DY 7 MEIFBRDIER S L VKRR
FI)Vr—2avaERALT. 2REEBICREELYEREZFERLTRRITIZET,

FIE
. REEHERT TV T—23aVDWeb A V9 — T 24 ATEHERERTELIIRET 51
&, Shift¥ 7521y o LEd,
2. BREARY T NEERAENRT BICIE, Schedule 2 )y LEY, 77Ur—>avik, 30
MEFETHRERERDOIFHLET,
BE

BIENZT LS, ShiftRoster Ea—ICHEEAY 7 MNEERIESEFNTVWET, NS 7 NIBO#FH L
WEIFBERMER I, ZORETIXARBBIIZEEIhEFHA,
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D4V RODELERPT, BFRERTIHAMNZHREATETET., HDOBZRTY 5ICIE. Week of
74—l RDHEICHD <RIV E >RV EFRBLTLLEIY, FE BFZ74—ILRZIYv oL
THNZZEL. CORAM’EENZBEZRTLET,

K27 MARITIE, Y7 hERTRY J ADREFIRIE, RIBCTRIINFI T, LFBETIE. ZOER
RITERICAY T T,

SINERTRYIZADRBIZ. 27 NOFIMRAT—49 25K LET,
o Fik—BIT DYV T MM, Bl 7 NHREED Desired (FE) BERICHTIEE 5,
o RIF: HIMITERD L,

o JL— V7T MIMDER, ffl: > 7 MHRFEED undesired (FL L 7AW FFEARICHTIEE
60

o F AEDHEIIER, Fl: 27 MIEEENEY BTSN TR,

o f:N—REHDER, Bl RESICF LT, ABUEEIC2 DD 7 MHEIYHTSERTWS,

201.EX£ED> 7 NDRT

REEBR—ZADT—TITHEDREEICEIY Y TOLNAY I NAERRTEET, ZOBERIF. 7K
FEREBLUTIN, FYHTOHNAEY 7 NZ2REEBICENT2DICL Y EHLARIEAICA>TVWE
_a—o

Fa
WEEBBBRT SV r—2a VD Web A V9 —T A ATRHEES I VYT NOKRERRT ZIC
i&. Availability Roster ¥ 7% 2 Y v L%Y,

D4V RODELERRPT, BFRERTIHAMNZHREATETET., tHDOBEZRTY 5ICIE. Week of
74—l RDOHEICHD <RIV E >RV EFRBLTLLEIY, FE BFZ74—ILRZI v oL
THNZZEL. ZOBMIEIFNIBEZRTLET,

T2 =04V RODALIC, 1-100f34 72 &, WAERTARBRKKESEDHNARTINE T, BFD
BMICHB<RIVELV>RIVZFERALT, VAMDRDRERELZRTTEIT,

KRS 7 NEEREIClE,. Y7 M ERTRY IV RADERRIE. S TRRIINE T, ARERBTIE. ZDER
BIFEBICRY F,

20.12. ¥ 7 NENFERDAFH

IO MNEERERNRELES, RS7 NIBORVOBEIMN NEINTE T, KEEOEHBFBROBENMENKT

lZ. AHEBEOY 7 MEIHEFEZEBEINEFEAD, BROBEIFIFHTEETIZET, cnitLY., KS

7 NARM 1 BE®RAICTNET, N7 MRS A ARBEICET 25 MIE. N5 7 MEL U
Bl ZZRLTILEIW,

FIR

| REBHBRT TV 7—23avDWeb M V9 —T7 x4 ATEHRERTILIBFEERT 3IC
. Shift¥ 7o) v o LET,

2. RS 7 MNABDTRAMOBICEIVETONAEY T MBRZLE2— LT, FHBHEETH 2D %
HERLET,
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F20E REXBBBRRY—I—T TV r—>a ol
3. Publishz2 1)y LEY,

2013. 0—F—>a vy NY—VDRRE L VIRE

A—7—2avR\y9—VaERT2E. 7 MBI B8, BLTHIRTE 2720, RKREDY YV —
AEPEMICEETET Y, Thid, BENT Y MEERICL>TEREINTT,

Rotation Q

Anaesthetics

& Employee Stub: . D l . . . . l Edit Employee Stub List &

6:00 AM

(A ][A] ? (8] (B [e] e Pe| P PEY BBVl ] [8] @ Edit Time Bucket W Delete Time Bucket
Bl (RE G||G G G L{|[L||L||L|[L]|G||G

1 -7 8 - @ 1521

9:00 AM-5:00 PM

FI|lF FIIF FIIEIIFIIF]|F|IE||E FIIE[[A[[A|[A]|F]|]F]| & EditTimeBucket W Delete Time Bucket
PP pllp| [PllP(fL|lc|lL([rP|Ir| [P|lP|lc|lc||c|[r]||P

N -7 8 4 15 2t

2:00 PM-10:00 PM

B||B E|J|E[|E||E B||B|[{B||E||E|[E]||E B(IB|[B|[E|[E]|E|]E| & EditTimeBucket W Delete Time Bucket
G||G L{|LfJL||L G||G||G||L||L|JL|IL G||G||G||L||L||IL|IL

1 -7 8 4 5 2

10:00 PM-6:00 AM

EIIFIIF([F|IF||F|[F E||A||A[IA]|A[|A[lA E [ Edit Time Bucket W Delete Time Bucket
LifL|{fL ||| L|jL||L L{|[C||C||C||C|[|C||C L

1 -7 8 @& 15 21

Q=

<+ Add New Time Bucket
o BFE/NT v M, FEDARY b FTIFIFAT (A) (T2 & 21 HERE) D 2 BUL EICH 7= 2 BFE#7
(FEZAEFRIOBDNOFESE), BILUBBERIAFIL (&, HEIIRR) 25HAL 7,
o [EfE (B) I&. HFEDRKE/NT Y NADKEDOBMICHT 2REEEIYHTTY,

o MEBDRH T, BENT Yy MIEIYLTEZIENTEZHEEART 71OV TY, HEE
DR 4 7%, Employee Stub List D—EILRRINTVWET,

O—F—2avRy—VICEATREMIE. O—FT—Yaviv—r] 28BLTLES

FIR

. REEHERT SV —2a3avDWebA V9 —T A ATA—FT—YavNRyY—VaRRE:
I2iRET B ICIE. Rotation ¥ 7540w LFET,

2. Rotation X =2 —h5RKRy hERBIRLZE T,

3. BfE/N vy M %&EMY B1CIE. Add New Time Bucket %2 ') v 2 L& 9, Creating Working
Time Bucket ¥4 7 A/ HAKRRINZE T,

4, BRI R THEEAZIEEL. VEARBMOIFILAERL., OBy NOBAEEIRL
TSavex2vy o LEd, FOBRMNTY MIEY Y TONTWAWER X, BEFREAEEERIIC
WA I N7z Rotation R—JICRR-INF T,

5. REBDRY T—EEO—T— 3 VIBMT %ICIE, EditstubList=2 ) v 2 LET,
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6. Edit Employee Stub List¥ 4 704 T AddEmployee %2 ') v 7 L. —Eh LH{EEE % EIR
LEd.

7. DRI TN RAMIMDEBERHEETRTENML, Save%#7 )y I LEd, CDHE
I&. Rotation R—I DEEE/NT Yy FDEICKRRIINE T,

8. MEXET7AIV%EV )y I LT, REERY TV AMDOLREXREZERLIET.

9. KENT Y NDEFEDEICYIR%ZI )y I LTRI v T L, BIRULAREKEEZ TN DERF
IKEIYETEY, EFICIEERET7AAVIRTIINIT,

P
BNy MM TEICTOREELAEIVEHTEIENTEI I A, BHOH

E%ZR UCKE/N 7y MIBMYT 21, BEAT Y bZdE—L, BEICHLT
MEEDRFZEELE Y,

10. R 22— )70 3 =79 3I0E, Scheduling%z2 )y o L, O—F7—> 3 Y &EK
L7ZZRy NEBRLF T,

1. Provision %2 v o L., BfH&EHE%HEELE T,
2. ZORTIV1—IVICEFRWARY NOBIREMEBRLET,

13. BRUARARY hOBEICHBRENZY ) v I L. AT T 2—)LTHERALABVWERE/NT v b OE
ReMRLEIT,

14. ProvisionShifts =2 1) w27 LEd, AL V¥ —ITIE. BENNTY RHSERINEY T MR
Hg%-éni—g_o

5. BENZEETSHICE, ALY —TERINLEYTNEY Y ILET,
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/X— b V. RED HAT BUSINESS OPTIMIZER SPRING BOOT % {#H L /= 1Z2 DB REIE D /e

/N— V. RED HAT BUSINESS OPTIMIZER SPRING BOOT % f&
A L 7= ZZEDBFEEI D ERK

AE TlE. Red Hat Business Optimizer D Hll#f#:R A THIEE (Al) % L T Spring Boot 7 7'1) 7 —
v avEEFERTZ2 7O EHBALET., 2ES LUCHEA T ORES % &K#ELd 2 REST 7 7Y
T—2aveEBELTVWEIY,

Refresh Score: Ohard1Bsoft m By teacher By student group
Timeslot Room A W RoomB W RoomC W
Physics L] Spanish L]
Monday 08:30 - 09:30 W by M. Curie by P. Cruz
10th grade T Sth grade 22
Physics L] Spanish L]
Monday 09:30 - 10:30 W by M. Curie by P. Cruz
Sth grade 16 10th grade 33

YH—ERE, AIEZFRALT, UTON—KELTY I MO RTTa— LR ICER L, Lesson 1~
248 X% Timeslot 1 VA%V RX& Room A VAY VAICEHBMICEIY L TET,

Monday 13:30 - 14:30 &

Monday 14:30 - 15:30 W

o 1HMEICAMICEYYETAIENTEXZEEIZ, FA12YTY,

o HEMAEBII—EILTIZENTELREIFAKIOTT,

o HFIIFABICHECEIRENIEZEKR1IIAYTT,

o HEMX, 1 DDWETHRELFLELZET,

o HEMIX, EHL/-IZEETH, REBICHEIELDEHRVET,
HEMICEZ D E, FROBEEEE NP R OBRETHY ET, 2FY, RAT—Y v IrRE#TT,
LYK ETEZIONDHAEOLEZBEMICTIRTRETSE, R—/X—OvF1—-4%9—%FHLE
LTH., IEEENART -9ty 2B TH3DICHBEINIY £, =\, Red Hat Business

Optimizer 72 &M Al HlIfIV ILAN— (T, ZHLRFERICFERERY ) 1—Ya v 2 RBHII2EELT
WINXLDHY FY, ZFHLHEE LTERINZIATE., BMEOBEMICL>TERYET,

AR
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® OpenJDK 8 LAFEA M X h—JILINTWB, RedHat EJL K® Open JDK | Red Hat 1 R
T—R—=HIL (ATAVIBEYD VI h Iz T7FIvO0—-RR—IDNSAFTEET,

® Apache Maven 3.2 LIBEA 1 Y 2 =)L I N TW3, Maven I& Apache Maven Project M Web
Y4 MDOLAFTETEY,

e |IntelliJ IDEA. VSCode. Eclipse. NetBeans 7 & ® IDE AFIETX %,
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BNE REOKESREEDSY Y O0—-FELTELF

0d

FNEFREOEEISBEEXEDI Y O-RBLTEIR

Spring Boot & & % {#& A 7= Red Hat Business Optimizer [} DIZEDREE 7O 7 hDRL2AH %
RARTBICIE, RedHat h R —R—FIIUDSLRIY—4—TFFYsr—avua¥ovO0—KLET,

7z

FIR

. RedHat 1A% ¥ —7R—% )LD Software Downloads R—JICHBEL (O A4 v HRE), K
Ay 790 0AToavhoBRELUN—Ya VvERIRLET,

o #H T Red Hat Decision Manager
® \/ersion:7.9

2. Red Hat Decision Manager 7.9 £8&5%2% (rhdm-7.9.1-reference-implementation.zip) %= 47 >~
I:] - I\“ L/ i -a—o

3. Red Hat Decision Manager 7.9 Maven Y /R kY —(rhdm-7.9.1-maven-repository.zip) % %'
'7 vAa— I\“ L/ i -a—o

4. rhdm-7.9.1-maven-repository.zip 7 7 1 L ZEBRAL £ 7,

5. rhdm-7.9.1-maven-repository/maven-repository Y 774 L 7 N —DIVF VY %&
~l.m2/repository 74 L/ K —IZOE—LZF T,

6. rhdm-7.9.1-reference-implementation.zip 7 7 {1 LV ZRBEL XY, COT7—H41 7ICiE. SR
EEDZIP 774 ILDNEEFNET,

7. rhdm-7.9.1-reference-implementation/rhdm-7.9.1-optaplanner-spring-boot-school-
timetabling.zip 7 7 1 IV ZRBRAL 7,

8. optaplanner-spring-boot-school-timetabling-7.44.0.Final-redhat-00006 = 1 L- 7 k |) —|C#
ELET,

9. LTFOOY Y KEAA LT, SpringBoot DIFEDEEEI 7Oz & EIRLZET,
I mvn clean install -DskipTests
10. Spring Boot DIFXDBEE 7OV I M2 EI KT BITIE. UTFOITXY REAALET,
I mvn spring-boot:run -DskipTests
N 7Oz MNE2RRTBITIE. Web 759 —TUTOURLEZAALET,

I http://localhost:8080/
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B2R2F KA VAT MDETIVEE
Red Hat Business Optimizer OBEZEI 7O =V FOBEIE, Ly AV TEICEBBREEEICEIY YT

52 ETT, IhIClE, ROBICTT £ HIC. Timeslot. Lesson. 8L U Room D3 DNDY 5 A %&E
mLEd,

Time table class diagram

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

‘ Room
name : String room
0.1 *

Timeslot

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

BRDAT Y 1a—)LidEE (A CHBEM BYRINZLZFROT, BERICIEEA DY FHA, F
feo MRHT S =0T BREHY T A, BRIREFIC Timeslot 1 V29 VY ADEE LRV

&, Timeslot i BE7 77 b &EMIENFE T, TDL DAY S RITIE Red Hat Business Optimizer EH
DT )TF—aviInEHY FHA,

Room

Room 7 5 Xl&. Room A. RoomB 7% &, BEDBMERLE T, UTOHITIX. EOBEL EEH
RO, TRTOBEICHBTETET,

Room 1 VA% ¥ RIIEREFICEIL LA W0, RoomIZBEEZ7 72V b THEHY FT,

Lesson

$¥rh (Lesson 7 5 A TRIE). HEHIFEEDELEIC Math by A.Turing for 9th grade. Chemistry by
M.Curie for 10th grade % EDHERZIEBE L £9, H2HEBHIIDOWT, BEEHKE. R CHEHIRE C4E
HIN—THIEET ZHEIE. Lesson 1 Y RY VY ANEHFERINEITA. Thoid id THBTET
T, & zE. OFEDHZEIE. 1 BRI 6 MBEDERENHY £,

iR IC, Red Hat Business Optimizer (£, Lesson 7 5 A ® timeslot 7 1 —JL K& room 7 4 —JL K

ZEBELT, FFFEZ. FER1D, BE1DICEIY HTEX Y, RedHat Business Optimizer (&It 5
DNDT4—IVREEEGTZH, Lessonld TSV JIITVF4714—ERYET,
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F22F RAAVATS NOETIE

Time table class diagram

Timeslot

dayOfweek : DayOfWeek
startTime : LocalTime
endTime : LocalTime

Th

e timeslot and room fields are
normally null before solving
and non-null after solving

@PlanningVariable

@~PlanningEntity

Lesson

‘ Room

name : String

timeslot
0.1 *
@PlanningVariable
room
0.1 *

subject : String
teacher : String
studentGroup : String

AT, ALY IDT7 14 —ILRUADIFIEITARTOT 4 —ILRIZ, ABT—IHEEFAhTVET, &
%0 timeslot 7 1 —JL K& room 7 1 —J)L KiE, AAT—4ICEYHTSATEST (null), HAO7—
ZIZEIY HTHNT (null TIERWLW) WE F, Red Hat Business Optimizer (&, fREFICINOD T 1 —

IWRAEZBELET, CDLEOIRTA—IRIEZTSVZUIEHERIENET, DT 14 —JL K% Red

Hat Business Optimizer ICERF S B % (I, timeslot 7 1 —JL K& room D7 1 —JL RIC
@PlanningVariable 7 / 7—> 3 VAWM ETY, 2D 714 —ILRIZEEN S Lesson 7 5 RIC
i&. @PlanningEntity 7/ 7—> 3 VW ETY,

FIR

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

package com.example.domain;

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

public class Timeslot {

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

private Timeslot() {

}

public Timeslot(DayOfWeek dayOfWeek, LocalTime startTime, LocalTime endTime) {

this.dayOfWeek = dayOfWeek;
this.startTime = startTime;
this.endTime = endTime;

}

@Override

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

/7 FAEAA A A A A AR ARk A A A A A A A A A A dhokohok

// Getters and setters

/7 FARAA A A A A AR ARk A A A A A A A A A dhokokok

public DayOfWeek getDayOfWeek() {
return dayOfWeek;

}

public LocalTime getStartTime() {
return startTime;

}

public LocalTime getEndTime() {
return endTime;

}
}

BIBLTWBEDIT, toString() XV v RTHAN%Z5E < § 57/, RedHat Business Optimizer
@ DEBUG O 7 £71Z TRACE O 7 D&M Y AMBEEICA>TWET,

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

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

private Room() {

}

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

}

@Override
public String toString() {
return name;

}

/ FAFAA A A A A AR ARk A A A A bk A A A ddhokohok

// Getters and setters

/ FAFAA A A A A A ARk A A A A Ak A A dddhokohok

public String getName() {
return name;

}

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

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

@PlanningEntity
public class Lesson {

private Long id;

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

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

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

private Lesson() {

}

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

}

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

}

/ FAKAA A A A A AR Rk kA A A A d A d A ddkokohok

// Getters and setters

// FAFAAAA A A A AR ARk A A A A A A A A A ddhokohok

public Long getld() {
return id;

}

public String getSubject() {
return subject;

}

public String getTeacher() {
return teacher;

}

public String getStudentGroup() {
return studentGroup;

}

public Timeslot getTimeslot() {
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return timeslot;

}

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

}

public Room getRoom() {
return room;

}

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

}
}

Lesson 7 5 ZIZI& @PlanningEntity 7 / 7—> 3 VA& FEFNTH Y., TOHRITTSZv =T
EHMNM 1 DULEEFNTWSB 28, RedHat Business Optimizer &2 DY 5 AW FREIFICELT
52 EERHLET,

timeslot 7 1+ —JL K(ZId @PlanningVariable 77 / 7— 3 V5% % 7=%. Red Hat Business
Optimizer (. TD7 1 =L ROEHIEERLTZIEZRHILTVET, D71 —JLRIZEY
HTBZEDTES Timeslot 1 VXYV A2 RDIFH T 72®IC, Red Hat Business Optimizer
\d valueRangeProviderRefs 7 0/37 1 —%ffif L TEDEHE 7O/ ¥ — & &%

L. List<Timeslot> #12Mt L TRIRTXZLDICLET, EO&EATO/NS ¥ —ICET Z5EH
W 248752 =20V a2 =230 TDORX A >F T2 0 fOREESRLTLEIW,

room 7 4 —J)L RIZH, ELCEHT @PlanningVariable 7 / 77— a v A&Fh Z 9,
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BREHHOEES LTCRA7 DR

FEREHWNWOERPLVRAITDEE

BEOHRRFIC RA7 TEINALBOBEEZRLET, RAT7HFBEVEEENECAY £9., Red Hat
Business Optimizer (&, FIAAEREABBATRON > BOHRASHEBRAITDEDEFELELET,
INDRERETHLAEELHY T,

BEZIDFDI—RAT—ATlE, N—K&V 7 MMAEFERLTW57<8&. HardSoftScore 7 5 A TR
a7%%kLEY,

o N—REHIE, BHERLABVWTLLEIW, LEAE BEICERKICRIYHTEIENTE
PEEE. XK1V TY,

o VIMHKIE, ERLAVWEIICLTLKEIWN, L&A HEE. 1 DOMETCOREXERE
LEd,

N— RHERIE, BDON— RERELERT, BEAHIFZTVEY, V7 MM, oY 7 Ml E R
T, BAMIFZTVET, N— R, ThThOoEAICERAC, BIZV I MIKELYEERY
i-g_o

EasyScoreCalculator 7 S X %#XR&E LT, ROT7 %25 ETEZXT,

public class TimeTableEasyScoreCalculator implements EasyScoreCalculator<TimeTable> {

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

}
}
}
}

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

}

BRLAD, ZORITHEHIENTIEARWVWDT, BUICRT—) v IINEHA, BEINBOBREZLECHE
ICEIY HBTHND-UIC, EREFBIMIN, HILLWRATHEEINZET,
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src/main/java/com/example/solver/TimeTableConstraintProvider.java 7 5 X %= {Ef L T. #ERR
O7E5BEA2ERTIT2E. BALYBNAEEDIZRYET, TDVFRIE, Java 8 Streams & SQL & &
IC L 7= Red Hat Business Optimizer M ConstraintStream API Z#{#F L £ 9, ConstraintProvider

I&. EasyScoreCalculator &b R, 24— VT DBEABMIKEZ L R>TWVET (O(n) TlEAL
O(n))o

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

package com.example.solver;

import com.example.domain.Lesson;

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

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

public class TimeTableConstraintProvider implements ConstraintProvider {

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

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

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

}

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

private Constraint studentGroupConflict(ConstraintFactory constraintFactory) {
// A student can attend at most one lesson at the same time.
return constraintFactory.from(Lesson.class)
Jjoin(Lesson.class,
Joiners.equal(Lesson::getTimeslot),
Joiners.equal(Lesson::getStudentGroup),
Joiners.lessThan(Lesson::getld))
.penalize("Student group conflict", HardSoftScore. ONE_HARD);
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F248 TS a— a3V TDRAA VYA TIT I MND
IR&

TimeTable 1 VX% >V RlF, BE—F—4%+v D Timeslot1 VX% VX, RoomA VAY VR, &

ULlessonf YA VRAESYy TLET, ILIC, TDAVARIVRAIR, BEDTS Vv TEHDORK

RRABOEBENIARTEFNTVWELED, TODAVRIVARR TSv=vIYYa—vay &Y,
THEYETOSNET,

o BENFFEY Y THATWAWESIE., XTI 7D -4init/Ohard/Osoft DY ') 21— 3 V74
E. eI hcwinwy ) a—>arvERYET,

o N—REMIGERT BFEE. A7 1 -2hard/-3soft DY) 12— 3 VY, AT Y
')J—DH/tﬁl’Jij—o

o D//N— REIMICHEI L TWBIHEEIE. RO7H Ohard/-7soft 72 &, EfFalge Y )1 —> 3V
ERYET,

TimeTable ¥ 5 X IZ{& @PlanningSolution 7 / 77— 3 Y& F N TW S 7. Red Hat Business
Optimizer (FZ DV S RICEAHAT—IDNEFNATVWE L Z2RBHELET,

BHBICIE. 2075 RIEEBDOANTY,

o 2EFEMMNEF N S timeslotList 7 1 —JL K
o ZhiE, FEREFICEBEINARVAED, BEZ7 77 MY —ZX KT,

o 2IENEXN S roomList 7 1 —JL K
o Zhid, BEREFICEREINAGWES, BEIZ7 7 M) —Z T,

o 2IRENEFN D lessonList 7 1 —JL K
o IhiE, MREFICEEINDO, TZV=VIJIVTA4T4—T9,
o #& Lesson:

m timeslot 71 =)L KB LUV room 7 1 —J)L NOEIZEE. null TREIYHTTY, &
noDfEIR. TSV IEHTT,

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

2L, SOV ZREY)a—2avDOHEHATEHY FT,

e Lesson M VAH VAT ED lessonList 7 1+ —JU RITIE, #R%ZIE null TlEZA Ly timeslot
74—l KEroom7 14 —ILRKHAEEFNFET,

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

FI7

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

package com.example.domain;

import java.util.List;
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import org.optaplanner.core.api.domain.solution.PlanningEntityCollectionProperty;
import org.optaplanner.core.api.domain.solution.PlanningScore;

import org.optaplanner.core.api.domain.solution.PlanningSolution;

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

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

@PlanningSolution
public class TimeTable {

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

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

@PlanningEntityCollectionProperty
private List<Lesson> lessonList;

@PlanningScore
private HardSoftScore score;

private TimeTable() {
}

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

}

/ FAEAAA A AR A A A A A AR Ak A A A A A A Ak A A h ok

// Getters and setters

/ FAEAAAA AR A A A A A AR AR A A A A A A Ak d A d ok

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

}

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

}

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

}

public HardSoftScore getScore() {
return score;

}
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EOHEEDTO/NA F—

timeslotList 7 1 —JL Nid, [EQEHE T O/ ¥ —TF, Zhid Timeslot1 V25 Y X &FRFL.

Red Hat Business Optimizer N2 DA Y 24 » A %ER L T, Lesson 1 VX% >~ A D timeslot 7 1 —
IWRICEIYH TR ZENTEET, timeslotList 7 1 —JL KIZIE& @ValueRangeProvider 77 / 7— 3
HhHY. id Z, Lesson ® @PlanningVariable @ valueRangeProviderRefs (C—EXH# Z 7,

BLOYy ZICHLV, roomList 7 1 —JL KIZH @ValueRangeProvider 7 / 7—> a vAgFhTW
9,

MEI7IMNETSVZVTIVTAT4—DTOANRT 4 —

I 5(Z Red Hat Business Optimizer I, ZHEAIEE%: Lesson 1 Y A VR, I 5|
TimeTableConstraintProvider IC & 2 X I 7EtEICFEAT % Timeslot 1 Y X% >~ X & Room {1 VR %
VAERRBIEAEEIBEL TS MDELIrHY T,

timeslotList 7 1+ —JL K & roomList 7 1 —JL K IZIE @ProblemFactCollectionProperty 7/ 75— 3
vHEENTWS <, TimeTableConstraintProvider (NS0 1 VA YV AN SBIRTE LT,

lessonList |Z (& @PlanningEntityCollectionProperty 7 / 7—2 a VA& F N TW3 7, Red Hat
Business Optimizer (X f#REFICEE T X, TimeTableConstraintProvider (3 DFH N 5BIRTE XY,
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%25% TIMETABLE % —E X DERK

INTIXRTHAEDE, RESTH—EREERT 2EENITEE L, LHL, RESTRL v RT&
EfEERRTZE, HTTPYA LT NOBEIRELE T, TD7/H. SpringBoot A9 —4—T
I% SolverManager #3¥ A9 252 & T, BRDALY RT—=ILTYIN—RTLTERDODT—9EY
NadiTL CTRRTEE T,

FI7

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

package com.example.solver;

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

import com.example.domain.TimeTable;

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

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

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

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

@Autowired
private SolverManager<TimeTable, UUID> solverManager;

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

}

return solution;

}

ZDHEITIE, HRERIIVILN—DPRETTE2DEFDODDT, HTTPYA LTI MDELEFEELE
9, complete EE%ZFEATSHI & T, LYBLNICHTTP YA LTV M40 TE XY,
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B26E VILN—R T IRE DR E

TIvZv T TN r—oa VIR TREF LB T AARY M RVEE, ERIICIEAKIICETS
haZ &y, ZRICIEHTTP YA LTI RIS —HDHEELE T, INPRELABVWELDICTSIC
i&. optaplanner.solver.termination.spent-limit /XS X —4%—%FEHAL T, 77UV —>a v ETL
THLDEBEERELET, Z<OT7FUS—2arTlE, CORBEZRETESD GmM) ICKRELFE
¥, L. KEBOHITIE, BRKEEZ S DICHRT 3 &, AN ISR WEO HTTP 414 LT
NEEETEET,

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

I optaplanner.solver.termination.spent-limit=5s
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Red Hat Business Optimizer Spring Boot DBFEZEI 7O =¥ M &% T § % &, 1Z# Java main() X
Yy RTERENT B 1 DDETABRIAR 7 7 A IMICTRTENRy F—JLLET,
AR H

® N T Red Hat Business Optimizer Spring Boot MEFEEI 7O = 7 bA5ER L & L7,

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

package com.example;

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

@SpringBootApplication
public class TimeTableSpringBootApp {

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

}
}

2. Spring Initializr TYERX X 117z src/main/java/com/example/DemoApplication.java 7 5 X (&
TimeTableSpringBootApp.java 7 S A ICE XA £ 7,

3 BEDJava7 TN r—>avd x4 %952 & LT TimeTableSpringBootApp.java 7 5 2
ZEITLEY,

27N BB 7 S y—2 3 v ORTT

Red Hat Business Optimizer Spring Boot BfEZ| 7 1) r—> 3 v D&% IC. FEDREST V54 7
YMNCRESTH—ER%EFRANTEEYT, ZOBITIE Linuxcurl ¥ > R&EA L T POST R % %15
L9,

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

FIR
UFoavy RZ2ERITLET,

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

HTTP/1.1 200
Content-Type: application/json

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

TTYr—oavicdkyY, 4 DDFBENAITRT2DOOEEBR., FLT2O20HZ3BEDIED1DICEY
UTOHONTWLWEIRIGEBLTLEIWY, Fo, IRTON—REIWICENTZZEICERELTLES
W, 72EZIE. M.Curie D2 DDIREIFZELZBEBEROY MIHY T,

H—/N—f@ITinfo O7IC., Z® 5T Red Hat Business Optimizer BT 2 7 ABN BRI N FE T,

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

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

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

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

272. 77— 3 VDT R M

WURT ) r—oa VIl T AMEEFNET, LTFOHITIE. Red Hat Business Optimizer Spring
Boot BfEEI 7 S r—>avETARNLET, TOF7FUr—vavid, JUunt7AMNEFEALTTR
NDF—4%+tv Ma4R L. TimeTableController IS:3XE L TR L E T,

FI7

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

package com.example.solver;

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

import com.example.domain.Lesson;
import com.example.domain.Room;
import com.example.domain.TimeTable;
import com.example.domain.Timeslot;
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import org.junit.jupiter.api.Test;

import org.junit.jupiter.api.Timeout;

import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.boot.test.context.SpringBootTest;

import static org.junit.jupiter.api.Assertions.assertFalse;
import static org.junit.jupiter.api.Assertions.assertNotNull;
import static org.junit.jupiter.api.Assertions.assertTrue;

@SpringBootTest(properties = {

"optaplanner.solver.termination.spent-limit=1h", // Effectively disable this termination in favor of
the best-score-limit

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

@Autowired
private TimeTableController timeTableController;

@Test
@Timeout(600_000)
public void solve() {
TimeTable problem = generateProblem();
TimeTable solution = timeTableController.solve(problem);
assertFalse(solution.getLessonList().isEmpty());
for (Lesson lesson : solution.getLessonList()) {
assertNotNull(lesson.getTimeslot());
assertNotNull(lesson.getRoom());

}

assertTrue(solution.getScore().isFeasible());

}

private TimeTable generateProblem() {

List<Timeslot> timeslotList = new ArrayList<>();

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(8, 30), LocalTime.of(9,
30)));
timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(9, 30), LocalTime.of(10,
30)));
timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(10, 30), LocalTime.of(11,
30)));

timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(13, 30), LocalTime.of(14,
30)));
timeslotList.add(new Timeslot(DayOfWeek.MONDAY, LocalTime.of(14, 30), LocalTime.of(15,
30)));

List<Room> roomList = new ArrayList<>();
roomList.add(new Room("Room A"));
roomList.add(new Room("Room B"));
roomList.add(new Room("Room C"));

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

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

Py
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new Lesson
new Lesson

lessonList.add
lessonList.add

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

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

Py
P ———

}

DT RAME FERBICTNTOERDN YA LZAOY FEREICEANYHTOLNTVWS I EZHALE
Yo Tl RTTRMR (N FHNOERZL) BEELI T,

BE. VILNN—(F3200 I YMRBTETARREZRFEL X T, @SpringBootTest 7./ 77— 3D
properties A°, E{TAIEEARY 1) 2 — 3 ~ (Ohard/*soft) R DOMN B EERFIC, VILNN—DRT % L&
ELET, TIF2IET, AZY M T RAMEEDN—RI T TEITINZIAREELGH DD, VY
WNR—DBFE%EN—RI— Nt 20%0&ELET, CO7FO—F42FEATEIET, BINEVNT
SUTH>TH, ETARABY ) 1—23aVaRRTHIDICHRABFEALITTAIDEITINET, &
L. BEYYVYTEH, BBBILBDEEINZEFELVEIVMNBEMTRETINZ I EEHYEE
A’O
27.3. 0% 7%
Red Hat Business Optimizer Spring Boot DBEEI 7 ) r—>a v 7 U r—oavas7HICOF
v JE®R%ZFEAT 5 &, ConstraintProvider THIMIMHEAZE L P T KRV ZET, inffol 77 74T
ZATEEOREE=RR LT, fINICMALEEORELTMLET, 7Ny TE—RTT7 Y 5—
Y avERITLT, 7V r—2a v aiFIBEIRTRRT 20, BHfOJ2FEA L TC2FIES &
VvEIXAOX VI LET,
¥

L BEET ) r—>avaE—EORRE Bl 59) ZETLET,

2. UTOBIDESIC, log 7 7 A IIVDRIATEEOEEAHIRALE T,

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

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

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

o OXVRSAVUDLTNYITE—RERITTDICE, -DYRFL7ONRT—%FHALE
E

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

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

... Solving started: time spent (67), best score (-20init/Ohard/0soft), environment mode
(REPRODUCIBLE), random (JDK with seed 0).
CH step (0), time spent (128), score (-18init/Ohard/0soft), selected move count (15),
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picked move ([Math(101) {null -> Room A}, Math(101) {null -> MONDAY 08:30}]).
CH step (1), time spent (145), score (-16init/Ohard/0soft), selected move count (15),
picked move ([Physics(102) {null -> Room A}, Physics(102) {null -> MONDAY 09:30}]).

5. trace A¥ /AL T, £2FIE. B8LUVFIRIEDLEETEZRRLET,
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F28F T —AIANR—E UIFHEADEN

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

[IE=SEVE Il E S

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

FIR

1. Timeslot. Room. & & U Lesson M Java Persistence API (JPA) YRY M) —%4ERR L &
o JPAURY M) —DERICEAY 2153k (IZ. Spring @ Web #4 ~® Accessing Data with
JPAEZSRLTLEIW,

2. RESTTJPAYRI N)—%RBELET, VRIY M) —DRRICEAT 21E®RIE. Spring D
Web #4 k® Accessing JPA Data with RESTAZR L T 23 L,

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

4. LTFDHFID & S IC TimeTableController 5% L £,
package com.example.solver;

import com.example.domain.TimeTable;

import com.example.persistence.TimeTableRepository;

import org.optaplanner.core.api.score.ScoreManager;

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

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

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

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

@Autowired

private TimeTableRepository timeTableRepository;
@Autowired

private SolverManager<TimeTable, Long> solverManager;
@Autowired

private ScoreManager<TimeTable> scoreManager;

// To try, GET http.//localhost:8080/time Table
@GetMapping()
public TimeTable getTimeTable() {
// Get the solver status before loading the solution
// to avoid the race condition that the solver terminates between them
SolverStatus solverStatus = getSolverStatus();
TimeTable solution =
timeTableRepository.findByld(TimeTableRepository.SINGLETON_TIME_TABLE_ID);
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scoreManager.updateScore(solution); // Sets the score
solution.setSolverStatus(solverStatus);
return solution;

}

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

}

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

}

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

}
}

BRI DI, 2OO—KIE TimeTable 1 YR VA& 1DREIFREBLETH, VILFT
FTUMNEAEMILT, ELRZ2ERKOD TimeTable f VA9 VR %=EH, ETLTCTUEBTZZEE
BEICTEET,

getTimeTable() X Vv RKiZ, T—IR—ADSRFOEB[EN AR LET, DAYV YR
I%. ScoreManager (BENEA) #FRAL T, UTRATARRTES LI, WROBFEE D
Z2AT7EEHELET,

solve() XV v Nk, a7 %BAL T, REOEKEE Z#MAL., BEREHMEOEIY L TE
T—IR—IREFELET, DAY v RiE. SolverManager.solveAndListen() XV v K%
FALT. PRADOREREZ) Yy AV L, ThILADETT—IR—RAEEHFLET, THF3
ZET, Ny JITY RTRRLANS, U TEBEZRTTEET,

. solve() XV v RHABIEIGRIND LI ICA272DT, UTDOHIDL S IC
TimeTableControllerTest #:FZ L £,

package com.example.solver;

import com.example.domain.Lesson;

import com.example.domain.TimeTable;

import org.junit.jupiter.api.Test;

import org.junit.jupiter.api.Timeout;

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

import org.springframework.beans.factory.annotation.Autowired;
import org.springframework.boot.test.context.SpringBootTest;

import static org.junit.jupiter.api.Assertions.assertFalse;
import static org.junit.jupiter.api.Assertions.assertNotNull;

import static org.junit.jupiter.api.Assertions.assertTrue;

@SpringBootTest(properties = {
"optaplanner.solver.termination.spent-limit=1h", // Effectively disable this termination in
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favor of the best-score-limit
"optaplanner.solver.termination.best-score-limit=0hard/*soft"})
public class TimeTableControllerTest {

@Autowired
private TimeTableController timeTableController;

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

}

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

6. YVILIN—DBRANTETITHET. RFDOY)a—2avaER—-)VILET,

7. BREEARENLTDICIE. TNODREST AV Y RO LICETIZR Web Ul ZHEL X T,
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