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XFEY, DRL 7 7M1 ILICIE. KR, L—ILDFMH (when) BL U7V a3 (then) ZEHET 5/ —
&1 DL EBINTE Y, Business Central ® DRL TH#'4 +—TIld., Java, DRL. & & U XML D
XA EARRINE T,

DRLIV—IVICEAET BT —49 AT xH METART. DRLIL—ILEFE L Business Central 7O 4
ARy Hr—J LB MELXDHYET, ALy Tr—JICEFNd7EY MIT I MNTAVR—FE
nNEd, TooNRyvs5r—JOBET7EY ME, DRLIL—ILAEFRALTA Y R—NTEET,
22.42.DRL 7HA F— %A L XS DHBEROHNEE

Business Central T Free form DRL TH'4 7—%HA L T, REEDHEXRY Y TNICHWOEEE/E
MTXET,

CDFIFEZFEALT, Y7 b RO THS 10 FEUERAGWERKEZ VAT ALICEIYHTLHH
BWN—FHEE 2R LET,

FIR

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

2. AddAsset> DRLZ 7AW DIEIZV Y vy I LET,

3. DRL file&®17 1 —JL KIZ. ComplexScoreRules & AL 7,
4. employeerostering.employeerostering /X 7 —2 % ERL F T,
5 +OK%Z27 YY) w2 LTDRL 774 IVEEKLET,

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

package employeerostering.employeerostering;

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

14
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<= shift.timeslot.endTime,
$shiftEndDateTime.until(shift.timeslot.startTime,
java.time.temporal.ChronoUnit. HOURS) <10)
then
scoreHolder.addHardConstraintMatch(kcontext, -1);
end

7. Save x4V ) v LT. DRLZ7M4IEREFELZET,

DRL 7 7 A ILDEKRAEIZ DRLIL—IVAGHALET >V a v —EZADER =SB L TL RV,

225 . H4 RHFEI—IILAFRL TREEDEERICIL—ILDIERK

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

2251 44 FEEIL—IL

HA REEZI—ILIE IV—ILERD 7Ot R %R H#9 5. Business Central ® Ul R—XDH A R{FX
W=IUVTHAFT—THERTBESRZAIL—IVTY, HA REFIN—ITHFAF—%2FRTDE -
EEBRTDT—IFTIIMIEDWT, AERA YTy MIT74—ILRBELUVF TV a v ERHEL
F9, ERELEAS REESIL—ILIE, ZOMOIRTDIL—ILT7 v b & & $HIT Drools Rule Language
(DRL) Jb—JLiCaAvRA LI F T,

HA RHEINN—IICEAETZITRTDT—YF TV ML, HA4 RFEIL—ILERLTOY Y K
Ry r—=JICBKRE’HYET, ALy Tr—JIl8 a7y NEFT 74 NTA VR—FSh
F9, MERTFT—IF TV MNEHA REFEZI—=ILEERLIZS, HA4 REFEIL—ILTHAF—D
Data Objects ¥ 7H'5, MERT—FF TV IV MIRTYAMNINTWEBRIEEZRIELEY.,
714746 ZEBNMLTCEOMDEEET—9 AT bMaA VR—MNLIZYTEZT,

2252. WMEBSDY T MIDNS Y REWNBDHA RHZIL—ILDIERK

#H1 RftZ)L—)L BalanceEmployeesShiftNumber (£, FTEEARRY NSV R &S & D ICREBICY
TJhEEYHTEY 7 MIWEERLES, Chid, 7 NODEIEETRL QB EEZ2ZRITR
FIT A —5FRTBIETITVWET, L—ILIZE>TREINAZRATHICLY., Solver & UNS
VADENDZ LI T M EGBIEET,

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

Editor Overview Source Data Objects

EXTENDS - None -
WHEN &
1.  There is an Employee [$employee] =] @”J &4
There is a Number [$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. AV "%V ) v LE
ER
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1.

12.

Add Asset —» Guided Rule DJEICZ ) w7 LEF T,

Guided Rule % |Z BalanceEmployeesShiftNumber & A1 L. Package T
employeerostering.employeerostering = ER L £ 7,

OKAZYYw O LT, W=7ty hEERKLZET,

WHEN 71 —JL KT &4 Y v 2 LT, WHEN REEBMLET,

Add a condition to the rule” 1 > K2 C Employee #®#IRL 9, +OK%=7 ) vV LE T,
Employee &4 T2 ) v 7 L THIFAZIEIE L., £ % $Semployee ZEML £,

WHEN 54 From Accumulate Z3EIL 97,

a. From Accumulate 5:4® £ T click to add patternzZ 2 )y 2 L, KOy 742>V 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 74V 1R
N T ShiftAssignment 7 7 7 ¥ 1 THZERL T,

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

e. ShiftAssignment &% BE 2 ') v 7 L. Addarestrictiononafield KOy 742> X
N T employee %&IR L £7,

f. employee HIfIDIEICHZ KOy TH¥ U)X MTequalto Z:ERL T,

g ROvTEIURS v DOED & TAAV YY)y 7 LTEHE%ZEML. Fieldvalue 7 1
v K2 T Boundvariable #27 1) v 2 LE 9,

h. KOw 745> 1) 2 ~T $employee %EIRL £7,

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

THEN 74 —JLRTH 24 Y w4 LT, THEN &E5EBMLES,

. Add a new action 7 1 ~ K7 T Modify SoftScore # IR L X9, +OK%E2 V) v oI LFT,

a. R 2 RIT - ($shiftCount.intValue()*$shiftCount.intValue()) S AL £ 9,
ALED Validate 227 ) vV L, L—ILFREDIITRTEMNTHD I EZHRLETIL—-ILDF
LMRERICKB LD, T7— Ay E—YICEBHINLBEICHGL, L—ILDLIVR—F
VEEREBEL, IZ—DPRARINBLARZETIL—IIOZLEHEERZITVET,

Save 27 )y I LT, L—ILZEREFELEY,

HA REEIL—ILDERAERIE HA FESIL—IEFERALETYYavyd—EZXDOER 25 L T<

I,

2253. BCHIKEHRDY 7 b &EYLTHEWEDICTEHA REZIL—ILDOER

H41 RftEIL—IL OneEmployeeShiftPerDay (&, FICHDEHD Y 7 MIREXEZEIY HTRWVWED
KT BN—REIHEER L ET. REEOHBERY Y FILTR, ZORMIEHS RMEZSIL—ILTHA
FT—HFEALTERINET,
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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
L LY 2LE

(show
options...)

Messages Clear (2 || | %

FIR

1. Business Central ©. Menu - Design - Projects ICREILC. 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 = ZR L £ 7,

4 OK&EH2Yw o LT, =Tty NEERLZET,

5  WHEN 74 —)LRTo 54 1) v & LT, WHEN &4%538mL %7,
6. Add a condition to therule™” 1 > Ko 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 —JLRTH %4 1) w4 LT, THEN £#58MLET.
9. Addanewaction” 14 >~ KoH 5 Add Free form DRL%#IR L £7,

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

I scoreHolder.addHardConstraintMatch(kcontext, -1);

. AERBD Validate 22 ) v 7 L, W—ILFEEDINITRTENTHE I EZHAELETIL—ILDF
YUMRERICKB LS, T5—AvE—JIKEHEINBEICHIEL, L—ILoE2a Vv R—F
VhERBEL, TZ7—HDRRINGLKABZETIL—ILOZYMERAITVET,

2. Save 27 w7 LT, II—ILERELZET,

HA REEIL—ILDERAERIE HA FESIL—IEFERALETYYavyd—EXDOER 28R L TL
7230,
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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/ =] sl
[not bound]:employee.skills. Choose... :I excludes :I(X)=$requ\red5km =] =]
THEN %
Hard Score R .
eyl
(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 % &R L £7,

8. TH#4 F+—T. employee D#ED KOy FH¥ IV YR KAV 1) v L., isnotnull ##IRL £
_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 - L. Expressioneditorz7 ') v 2 LXY,

a. Y4 +—7. [notbound] D#ICH B KOy 745> X 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 T, please choose % excludes ICEE L X7,

d. excludes OHEICH % 5? 7A43Av%21) v L, Fieldvalue 7 1 > K7 T New formula
RYVED ) 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
YUMRERICKB LS, T5—AvE—JIREHINBEICHIEL, IL—ILoEa Vv R—3F
VENERBEBEL, T —DPRRINBLLABLBZEFTIL—ILOFYMEERETVET,

15. Save 22 w7 LT, I—I%EREFELZET,

HA REEIL—ILDERAERIE HA FESIL—IEFERALETYYavyd—EZDOER 25 L TL
7230,

2255 HNIBHRFEEEEB I HHM1 KX IL—ILDVERK

4 RftEIL—)L DayOffRequest i&. V7 MHEIFZERLEXT, ZOFTIE., £DY 7 MITAE
YUTONTWAREEDN TORICHETERASLBEIC. ORESICV 7 MEBEIYYTTE
2£DICTEFT, REEDOHBFRY Y TILTIE, ZOFRMIEHA REZIL—ILTHAF—%FRHLT
ERINZE 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 BgedL 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 £#5BMLET.
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);

. AERBD Validate 22 ) v 7 L, W—ILFEEDINITRTENTHB I EZHAELETIL—ILDF
YUMRERICKBLEDS, T5—AvE—JIKEHEINBEICHIEL, IL—ILoELa Vv R—3F
VENERBEL, IS5—HIRRIINBLABBZFTIL—ILOZYMHREITVET,

2. Save 7 Y w o LT, II—ILERELZET,

HA RFEI—ILDEREEIT HA REZIL—IEFEHALET>Ya v —EXDER #5R L TL
R,
2.2.6. EEDENFEERD Solver R E DIERK

Business Central IC Solver SR E&ER L TIRETXEJ, SolverRETHA F—IF. 7OV vHF
7O INBICEITTIT S Solver BEEFER L F 9,

AR 4

Red Hat Decision Manager 4 7> O—RKLTA YA =)L LTW3, REBEDOHHERY Y FIVICEE
57y MadARTHERLTERELTWS,

FIE

1. Business Central © Menu - Projects 7 Y w7 L, EA$2 70/ b 20 )y LTH
XFEd,

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

3. Create new Solver configuration” 1 > K7 T, Solver DR
EmployeeRosteringSolverConfig * AL, Ok%22 Uy Y LZET,
ZNIZ& Y., Solver configuration 7H 4 F—ABHE £ Y,

4. Score Director Factory 5% Etz/ > 3> T, RAT7 YV ITIL—IEBEEZESCKER—AE2EH
LET., REEOHERY )70V Y I defaultKieBase R L 7,

a. KER—=RICEZLRZKEEYyYavOFEIAS1DBIRLET, REEDEHERY Y TILS
O x4 biE defaultKieSession #fEHA L 7,

— 1 o e e e e s PR - - —_ = S — — v L = [ —_ s
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5. AL Validate 27 ') v 7 L. Score Director Factory i8S EMIE LW & 2R L X T, ¥
MRESRICKB LD, I57—AvE—VICRBHINLBEICHBL, T7—DRRFINQLA
2ETHYEMRERZITVWET,

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

227. MEBEOEHERTOT TV MIXT % Solver DIRTHETE

—EHIEA B XS Solver MET TEZLHICKRETEET, 774N NTIE, To5v=viToy
Ik, BEFREFIRAC BEEFBRTIALDICEBEINTVWET,

REBOHBRY TN TOTV LI ME, 3I0MREARTTEZLIIICEKEINTVLIET,

HIiR S

MEBOHHBERIOD I M. EETZIRTOT7EY MEER L. [HEEEDHHFRD Solver 5%
EDVER] DFIEICHE > T, Business Central IZ Solver 5% EmployeeRosteringSolverConfig % /F
L TW3,

FIR

1. Assets /\—2 %Y 7 14 7T EmployeeRosteringSolverConfig #fE £9, Ik
Y. Solveri&E 7H4M F—DRHTFT,

2. Termination 22> 3> TAdd &7 ) v LT, BIRLEBEIIL—TICHLWRTERAE
’ﬁbi_a—o

3. ROy T ZAMDS, TH4 T Timespent #:2RLET., Thid. BRTREDAS
74— RELTEMNINET,

4. BEIEROEOXMAZFERAL T, KBERFBEE 30MICERELET,

5 ALD Validate #%') v 2 L. Score Director Factory :8ENEL W & %2R LET, T
MREERICKB LD, I57—AvE—YICRBHINLBEICHBL, T7—DRRFINQRLA
2E CHEMEREZITVWET,

6. Save =2 ') w7 LT, Solver BEXREFLZET,

2.3.RESTAPI #{ffH L 7= SOLVER~D 7 7t X
B TIVD Solver 57 T 0OA4 T HHMBIERM LD, RESTAPI 2#EHLT7 I ERATEFT,

RESTAPI #{fH L T Solver 1 YRAY VA& FEFTH2NELHYE T, TDREIC, T—Ftvy NEIETE

LT, XEMRENETEET,

IS 3as

o AEDLRIOEI Y a VI, REEDEHFER OV I MAHREL, T7O04LTLES

W, MEEEOHBEXRT Y INTOV Y FOBER] ICEBHEOESY, LoV MNE
F704 93 3h. [Business Central NOREEHFRY )70/ hoF7Oq4 AV
N ICEEEnesEbY., 7OV NaBEERTEZT,

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

Solver #{#H T %1llE, RESTAPI 2R L T Solver 41 Y AY VA5 E8TDINELFHY ET,
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&ZSolver41 VRH VAT, —EILKEBELELTEZ5TEBREOHIL1DEITFTY,

=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. UTDBIDESIC, 7=ty h%EET Solver ICEKRZEFLET,

POST

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

ERRT1—

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

3 FtEMEEICKERZ ) IJTAMNLET,

GET

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

ree=3 7l

<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">
<employeeList>
<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>
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3% JAVASOLVER DAY —KNHA R: 9SO KRNSOV TD
Gl

HY IV EFEAL T, Java I— RA&FERA L ZEAM % 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 N HY XY,

o INTPIAVE1—4—T, 7OLRDEHBELLETIDICBLER/N—RY T 7R/NEH
EwIcIRENDHY T,

o CPUBRE JvFEa1—4%—IllF. BETH., ZOavEE1—49—IlqYYTSNAETOER
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 BHEHBBIYVETT,

LTV 7 bW e&ELT 2REN DY XY,

o 1DFARERDTOLRAAYLTOAEIVE1—F—IClEThZTh, EFIRMAREL
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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Qloud balance D 7 Jx| 6 }
Assign each process to a computer. ﬁ;[; [ 6 ] v [ 6 }
CPU Processes RAM

|
D S e G

[ L4 s | )

L4 Js[ 3 ] s
(B2 7 x5 S

20 - S S s

Mot enough [ | 2 | 4 }x[ 3 | 3 }

D@ room [‘ 5 }Y[ 5 |]

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

ZZTERALTWA 7T XL FFD (First Fit Decreasing) 7L JY XL TY, TDT7IVTY XA
T, BHICKEVWTOEREZEYHTTHS, BYDAR—ZIT/NIVWTOEREZEY HTTVWEZE
T, IALED0NDLIIC. TNIFEBVWTOELRADAEYYETEIRELNE>TULWAWED, ETIE
HYFHFA,

Optimal solution

Business Optimizer I&. BN, FYBWZILITY XLEZFRALT, LYBLAB (VY a21—ay)%R
DFET, T T (FOECRPIVELI—F ) EHW (N—RKITEHLEDOHIK) OmA %
BYLTI@ELFS,

DUTFDFEEDIE, ZDFIw. v Y DEEYT (Google ROADEF 2012)] TEHEAINTWS, £U%
KOHMZEFERALAEEELERICEELET,
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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 ABEDOHE

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

Ot X264

dvEa—4—38. 7 3 9 1074
Ot 9

Jvb¥a—49—44, 4 12 1077
7Otx 0124

aAYEa1—4—100 100 300 107600

&, 70X 300 #

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

JvEFa1—4—400 400 1200 1013122
A, 7O0tX 1200 #

JvEFa1—4—800 800 2400 1076967
B, 70t X 2400 #
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31 RXA VEFILDEEET

RALAVETIN AFERTRE, EOIVSAN TSV ITITVTFAT4—T, EDTANRT 4 —NTS
VZVIEHOD DY ET, T HNOBRIE. XT3 —<VADAEL, IhHS5O=Z—XITRKA
EE;EoEmLEE Y R—MNLE T,

311 KA1 VEFILOBE

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

RXAYVEFILOERDA TV o M, VYa1—arvBLUOANT—95250, BEORSAT—
Yty NERIRTIVELIFHYET, UTDHITIE, COFTV/ MIavEa2—49—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
BHICEET 2T VT4 T4 —70O/5F4—T1,

e Computer FEDN— Rz 7HEHIN, FEORTFIARAIMNEET IO E21—4—
=RLET,
ZDOBITIE. cpuPower. memory. networkBandwidth, & & U cost #* Computer 7 5
ADYVTINAVREI VAT,

® Process: 7YXV RDHZTOLAAKLET, 2OFOERIE 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
DTF—4tv D Computer & & U Process "I RTEZENFE T,
FTOTI MDBITRTDT—H Yy hELUVBERTIHBEIE. score 2T 24> TILA
VRY YV ZANBETT, Business Optimizer IFERZMDRAAT7%#EEL T, B LET,
BEEAdT70BRI’IZEMBELYET, ZD/H,. CloudBalance DY Y TILAf VY AH VR
I& score IC/RY £ 9,

4. TSV TRICEDEKR (FLET 1 —IL R) BELT 2HHIETLE T,

® Planning entity (X5 Y=Y TV 7 14 7 4 —). fERH(C Business Optimizer H'Z 5 A & 74
V53R, ZOBITIE, BIOIAYE2—49—IlTOER%EBENTE 578 Process 7 5 AT
ERS

o Business Optimizer "B TERWAANT—F2KRIAT2 /7 RiE. 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

VZVTIVTATA—EIRTCECT Yty hEaRIVEIHYET, ZOHT
lIZ. CloudBalance 7 2 AN ZENITHY £,

LIFD UML 7 5 ZDETIE, Business Optimizer DAY F MITTILT /T—>a v FFTHY

i’a—o

Cloud balance class diagram

Computer

cpuPower
memory

@PlanningEntity

Process

@PlanningVariable requiredCpuPower

computer | requiredMemory

networkBandwidth
cost

w

computerList

| requiredNetworkBandwidth

W

@PlanningSolution
CloudBalance
score

processList
@ PlanningEntityCollectionProperty

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

3.1.2. Computer 7 5 X

Computer 7 S X l&, T—H9 %R HEFET S Java4 7Y 9 T, POJO (Plain Old Java Object) & L T

MONTWET, BE. ANT—9%2KFD2IDBDIIANELRYIT,

private int memory;

private int networkBandwidth;

private int cost;

... // getters
}

30

$513.1 CloudComputer.java
public class CloudComputer ... {
private int cpuPower;
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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 A2BRTI2BENHYE 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;

——

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, REDT—9tyY MIEFNhELIVE21—9—D)VRANERLET,

CloudProcess.getComputer() £IZ4 % @PlanningVariable @ valueRangeProviderRefs /33 X —
4 —Id. CloudBalance.getComputerList() L4 % @ValueRangeProvider @ id IC—2 ¢ 2 HEN
HhYFEd,

pa 3]
A T8 —DRHOYIZT1—ILNIZT /7= aVvEFERTEEY,
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3.1.4. CloudBalance 7 5 X
CloudBalance 7 5 X ICI& @PlanningSolution 7 / 77— a3 Y AMFWTWE T,

CDYS5RFE, TRTCOAVE21—9—BL07O0RO0—EA2RELETT, 7SV VvIDORBELE.
(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 TEV S TX 2L IICLEF T,
fR%&RTF Y B (CIE. Business Optimizer l&. ZELATOER—ET, /5 RDHHFM1 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 AEITIC Score 2#5tE T2 EHEMNICIOTONRT 41 —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
YEA—49—DVAN[ETZFIMNERIBL, TYYVIVIVIVIIRAATESLDIC
@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;

——

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

—

@PlanningScore
public HardSoftScore getScore() {
return score;

—

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

——
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}

D59 RIS >4 DHELLO WORLD DET

helloworld 7 74— a v Y FILEEFTLT, Solver ZHIxLZET,

FIR

R

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

2. UFOEEI SR

org.optaplanner.examples.cloudbalancing.app.CloudBalancingHelloWorld TZ2175%%E % /E
BLET,

TI2FIKTIE. 757 KRS 2 27D HelloWorld 1 120 BEEITT 2L D ICREINT
WZEd,

ZDT7T)r—aviE, MTFOI—REEITLET,

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 DEEE%ZE &I Solver ZHBELFT (T I TR, 77 R/XADXML 7 7
cloudBalancingSolverConfig.xml Z R L £9),

1)
Solver DEENCDFIRTREEMBE D TY ., FMIL. [Solver DEEE] ZHZRLTLE
TN,

L

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 TOECZANED LD ICHEET 20 %2EBELE T, COT7 7/ ILda—
RO—BREHBRINEY, TDT 74 ILDER

. examples/sources/src/main/resources/org/optaplanner/examples/cloudbalancing/solver/clou
dBalancingSolverConfig.xml (C7Y) £ 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>
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<secondsSpentLimit>30</secondsSpentLimit>
</termination>
</solver>

Solver MEBEIF. 3 DDEATEHREINZET,

1.

3.

KX A >~ ETFTIVEXZE: Business Optimizer AZERA[HERH DIZATIH ?

Business Optimizer IC KA A VU S AAIBET 2HENHY £, T I T,
(@PlanningEntity % 7=/& @PlanningSolution 7/ 7—> 3 VIZR L T) 7 ZANZAHDE Y
SAEEFMICZAF YV LET,

I <scanAnnotatedClasses/>

A7 DFRIE: Business Optimizer EED L HICT TV Z v FER & HREL L 352 BEIXMA
TIHh?

ZITE, N—REIWEY 7 Ml EERY 2728, HardSoftScore # A L £9, 7=7ZL.
Business Optimizer IC, EVRXRABHICE >/ RAATDEHEAEEIEBET 2HENHYET,
®IFE., ROAT7DEERE% 2 785 (BEAMNK 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>

RE{E 7 TY X LDFKE: Business Optimizer £ €D & I ICRE{L L £ 5?2 2 DHFITIL,
(RBEIETILT) ZLADBARBICEREINTWARWZD)30ME. 774/ MOFEET7ILTY
ALZzEALET,

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

Business Optimizer I&. B#TH (V7Y 1 LETEKREZFEA T 2IHHIE15 I VREKRBICKR
256 BWMERIIBONZIET TN, BEIF/RC ANIERZIFE, BRIFR<AYET,
BERI-RAT =TI, N— FRIFEGIRUANAIC, BTORGEZFERTZ2IENBELTUVE
-a—o

T7AINMDTITY) ZALTEH, ANEDFEHEYECIFEAEDHHNEEZFBEIC LD >TW
T, BERRYFI—IMEAFRL THHREEZEZBEEL. ISIKRWEREZ/BZ I ENTE
i’a—o

3.4. 27 DHETE

Business Oprtimizer (£, RA7 AHREEVW Y Ya1—3Yy 2 LET, ZDHFITIE. HardSoftScore

Z{EF L. Business Oprtimizer B’/\— RHIFIER L TWARW (FBEN—RD 2 7EHZHLT) V
Ja—ave, VIMNICERTZEDREDBRWVW A VYT F—YRAARAMNREEWN) VY 21—
vavERLEY,
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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, TNHDRKAA VEBDODRAIT7HMICDOWTEIRET 2HEN
HYFEF, JavasSiEFlE Drools SEEAXFRA L THINAEHETZET,

341 Java A FA LA TEHEDRE

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 K% 3E%& 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—REHKEIILL. Map % L T processList # 1E I RELEBETE, 1V UXVH
IWRAT7DEENMThhRWED, DEBEIMEVWEETY,

INEBIETZICIE. A2 )XY kJava AATETED. Drools AATFEEA=FERALET, 121
AV NJava AOATEEICOWVWTIX, XETIIfEhFHA,
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3.4.2.Drools ZfEA LR A7 E5TE DR E

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

ZATHEDTYVavIVIVEBRATRE, FoYavT—TIb (XLS F7ld Web N—2),
Business Central Z & L& & L7e i R— M RDOBRER & Drools DEDEAM EFETEET,

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 "requiredMemoryTotal"
endﬂ
rule "requiredNetworkBandwidthTotal"
endﬂ

3. VI MM ZEERLEY, ZORMIE. RFIXNEHENRICMAT Y., /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 ftt DFFH

ERRDBIDNHEET 2L DL 27D T, SIHICARZEDTHTLKEIWN, LEAE RXAVETIV
ZHRLT, UTOEI HMZEEBIML THTLLEIW,

o TRTD 7OEAMNY—FERICET S, AVE1—49—305v>a1dra8EMLAHBT-
O, ALY —EREERIFTT27O0ERIE. HOIVE1—9—ICEYLTEIRELNH S (FiE
Y BTRIFNRIER SRV,

o IRTMDIAVELI—49—H ENNICEKEBEINTWVWDS, EILDNXKICHD AlfEELH B0, B

CH—ERDOT7OERIE, BIOEIIICEBEINTWEAVYE1—9—ICEY U TEIRELNH S
EY HTRIFNIEFARSRW),
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2%84% RED HAT BUSINESS OPTIMIZER TR I 1 %4

Red Hat Decision Manager ICI&. Red Hat Business Optimizer D% > FIL A EHERINTVWE T, &
EAFTI—RREEHERLT. =—XILAE2LBDICEETEET,

41V TIDE I v O— RBLVET

Red Hat Software Downloads @ Web t 4 h H* 5 Red Hat Business Optimizer DY~ )L &4 > O0—
FLT, ETTEET,

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-7.3.0-add-ons.zip 7 7 1 L= 45 o >vO— KL XY,
2. 77AINVERRALEY,

3. rhdm-7.3-planner-engine.zip 7 7 1 L = BR%XD T« L7 M) —IZ, BREAL 9,

R

EF L 7= rhdm-7.3-planner-engine 74 L. 7 ) —DUTOH TTF4 LV MY —IZ, BV TFILDY—2R
J—RAEENTWVWE 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 DF] Tl &YV IV THEERATZ T LY M) —D&RIZZEH LTV
i’a—o
4.1.2. Business Optimizer > 7L DE1T

Red Hat Business Optimizer ICI&, IEXFRI—RAT—ADTEE L TEZHOY Y TIHAEFhTW
7,

lfr= 353

PlaEaSYSO—RLTERLELZ, 90— RBLUVEBRADAREIE. Red Hat Business
Optimizer DY Y FILDF 7 >O— K] #SBLTLEIV,

FIa

1. rhdm-7.3.0-planner-engine 7 # L4 —T examples 71 L 7 b —%BI X, @RV )T
MEFRLTHYY FILERITLED,
Linux £7z1& Mac DB &:

$ cd examples
$ ./runExamples.sh

Windows:
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$ cd examples
$ runExamples.bat

GUI TN r—oavo4 v Ry FILERBIRLTEGTLET,

B hl
OptaPlanner examples x

Which example do you want to see?

Basic examples Rnal examples Difficult examples

@G N gueens | q Course timetabling | |

] B
3 5\6 Cloud balancing ‘ ' Machine reassignment

k
| m Traveling salesman | | : Vehicle routing | |

|

| Exam timetabling

Employee rostering

__.,_
FEEEEE
'\"\'\\\\ !

Traveling tournament

/B

— =
Dinner party === Project job scheduling n _.-v-"| Cheap time scheduling
a8 S || s |
O . 29
Tennis club scheduling Hospital bed planning Investment asset class allocation
[ ] L |
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 [

Pz
Red Hat Business Optimizer B{&ld GUI ITIKTE L TWEEA, TRV My TERAL LD
I —N—FLR@BENMILIVM ETEERTTEEY,

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

IntelllJ Eclipse. Netbeans 72 C#i&RRIRIE (IDE) 2 EA T 21561, BHEVORRREICY TV
— K L 7z Red Hat Business Optimizer Dl #R{TTEX £ 7,

ClEi 3
Bladooo—RLTEBEALE LE, o0 O0-RBLVCBHEDAEIIE. [Red Hat Business
Optimizer DY Y FILDF I vO—K]| #HBRBLTLEIWV
FIa
1. FR 70y 4 b & LT RedHat Business Optimizer %> 7L ABEE £ 7,

a. IntelliJ ¥ 7| Netbeans DFZEIE. FRW T O =¥ b & L T examples/sources/pom.xml
ZHREET. Maven FEEDIERICHEWL, 1 VA PM—ILAEEDTLL IV, TDFIETIL,
BYDRTy SIFEBELET,
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b. Eclipse M#%Z& 1%, examples/sources 74 L2V M) —THIR 7OV I MERAZET,

2. binaries 71 L 7 b 1) —# & U examples/binaries 74 L 7 M) —ICH BT RTD JAR %,
22 Z/RZITEM L % 9 (examples/binaries/optaplanner-examples-*.jar 7 7 1 JL % [R <),

3. Java®VY—RFT 4 L% Ml)— src/main/java & Java D) Y —ZAF4 LU N —
src/main/resources #EIML £,

4. RITREZMFRLET,
o 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 ~')—: examples/sources

5. RITREZRITLET,

4.1.4.Web OY% > TILDET

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

o FliXiREE: Leaflet F721d Google Maps DR BEEE B oA EFRAL T, IEIFXLRERI D
BEITBT7ATLZINRTONT HERKEZFELET,

o VSURNSUYI VT BRZABRSLIVIARMNDAVE 24 —IITOEREEYLETET,
EE
Red Hat Decision Manager 7 K# > /Xy oy — D H 5 Red Hat Business Optimizer DY > FIL &5 >
O—RFLT, BBELZ L%, FIBIZ. [RedHatBusiness Optimizer D4 > F)LDF 7 vO0—K] %5
BLTSEIW,
Web DH Y 7Lk, LITDAPI 2 &, EEOD JEEAPI 2T 2RENHY LT,

® Servlet

e JAX-RS

e CDI

I 5D API IE. Bussiness Optimizer B&ICIZMREH Y FH A,

FIg
1. JBoss EAP, WildFly REDJEE 7 F) =Y av—nN—%4ovO0—-—RLTEBALET,

2. BR L7 rhdm-7.3.0-planner-engine 7 1 L - 7 ') —C. webexamples/binaries #7757 1 L
7 N —%BE, JEE 7 Y s — 3 1 —/\—T optaplanner-webexamples-*.war 7 7 1
IWERZET,

A4V R7OYE—RTJIBoss EAP =T 515513, optaplanner-webexamples-*.war
7 71 )L % JBOSS_home/standalone/deployments 7« L 7 ) —ITBIML TERITTEFE
ER

3. Web 75 7 #—T http://localhost:8080/optaplanner-webexamples/ D7 KL R #FAEX £ 9,
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4.2. BUSINESS OPTIMIZER 4> 7L DX
Business Optimizer %> FILICId, HEBEDND IV T A M THEBEINBHBEABRTZ2E0EHY F
9, LTDERD Contest FICIE, CHDLIRAVFTFRAIMEHINTWEY, £/, AVTAMNDOEW
ELT, BEN D, RN HDOHANE L TWET, RENARIVFTAM &F, MM LAEART YT
AbEBELET,
REMALRAVFAN EE, UTOEEERT, M LAARIVYTFRAMNEELET,

o BABICEZINALEBOI—AT—ATHDZ &

o ERRILHIKIHDZ &

o EFEDTF—VEY NIEHHBZE

o BEDN—RI 7 CHEOHEBNICERABIRTESZE

o HEMESLW FLIILXDERMREII2-T1—HIERICSMLTWVWSEZ &

WEWRIVTRAMNTIE, BEDY 7 MY = 7PHEMF E Business Optimizer 2 BEBICLLERTE X
ER

KAV T OBE
i KxXA > Y4 X aAvFRAb F1LIM)—%
N .
7= e IVT 4 e ITVT 4 o MEDX nqueens
TA4—7 TA— <= (RIEDH
SR1D 256 e
o &I o fE <256
)
o IRRZLMH
=
107616
VI RNZVY o L R cloudbalancing
>4 e ITV7r 4 e TVTr A e LWLWLWZ
TA—=7 TA— e
SR1D 2400 o HEMATE
" =
o &I e f& <800
)
o IRRZLME
=
1076967
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Bl Kxq4> Y14 X aAv7FRAb TA4LI M) %
KEE—ILZAT: ts
o g o TVF4 o ITVF+4 o BEMT P
TA—=7 TA— e &
1D 980
. e TSP web
o & o <980
ZH
> o RERZEME
=
1022504
T4 F—N— dinnerPart
T:_ e IV« e IVTA o HEMT y
7 FA—Y FA4—e A
5212 144
o ZH o {72
o)
o RERZEM
=
107310
TZRISTDR o o N tennis
FSa—) e TVT A e TV 4 o LWWZ
TA—=7 TA— e
5212 72 o HEMMTE
. &
o ZE# o BT
o)
o RERZEME
< 10760
RFBODRAT Y 21— L L N meetingschedul
D e TV T4 e TV A e LWWZ ing
TA—=7 TA— e
Z212 10 o BUNE
" =
o EH o fE=320
272 BLU e
5
o RERZEME
=
107320
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& P % Y14 X aAvFRb T4LIM)—%
Od—2DEHEE _ _ curriculumCour
o IVF 4« e IVT 4 o IHZEH se
TA—=7 TA— =
Z2AX12 434 e |[TC2007
. track 3
o BX o fE=25
27 BEV e
20
o RERZFE
=
10A1171
<Y OBENT B _ . machineReassi
e IV 4 e IVT 4 o (FIFIEZE nment
T4—=7 TA4— B9 9
Z2R12 50000
B e ROADEF
o RHI o fEe= 2012
> 5000
o RERZFE
=
1071849
48
[RpeS g o« TU4 o TUT - vehiclerouting
TA—=7 TA— = 780N
ZRX12D 2740
® VRP web
o EH o e
EH 2795
)
] o RERZFE
e Vv RD -
IVT4 1078380
TA4—=7
ZRX12D
o HE
v
(N LY
ZH1
)
§§§%$f¢f o EtiEs o« TU4 o BT vehiclerouting
’ INT TA— = AR
2740
e Vv RD e VRP web
=812 o fEe=
2795

o RIRZEM
=

1078380
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#i KA > Y4 X aAvFR b FT4LI M) —%
oYz hYs o TUF o TUF J— projectjobsche
TDARTYa—=)b =<4 =l e E’J duling
ZA1D 640
. e MISTA
o BH¥ o B=?28 2013
22 S e=?
o ¥¥ o R
(N LY =9
ZH
)
HR2IDEIYHT _ _ R taskassigning
e TVT A4 e TVT A4 o LWWZ
TA—=7 TA— =
S21D 500 o MUNE
E=3
o & o f& <520
ZH
2 o RFREM
=
o Yv 1071168
K
ZH
)
e Vv K
74
T4 =7
ZAX1D
o BHEp
DR
K
ZH
)
SHERDIFRIE _ _ .
o IVF~« e ITVF4 o IFZERM e examina
TA4—7 TA— = tion
SZ2D 1096 e I|TC 2007
(R UB& track 1
) o {E«<=80
BLU =
o & 49
22D
o RHREM
=
1073374
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Bl P8 % Y14 X aAv7FRAb T1LIM) %
e 34 :
EEMOEFR o« T4 o« Tu4 J——— nurserostering
TA—=7 TA— =

S212 752 e INRC
o 2010
o EHI o fE=50
o)
o RERZEME
=
10M277
KE b —F Ak _ _ N travelingtourna
e IVF 4 e IVT 4 o HEMNT ment
TA—=7 TA— = 780N
ZZ1D 1560
. e TTP
o EHI o fE<78
o)
o RERZEM
=
1072301
AZXbZMMABR o o ... cheaptimesche
S a—)L o IVTA ® IVTA o (FIFW=E duling
TA—7 TH4— e 5
X112 500
. e ICON
o EH e fE<=100 Energy
272 BLU =
288
o RERZEM
=
1022007
8
®E _ _ R investment
e TV A e ITVT 4 o LWWZA
TA4—7 TA— &
ZAI2 1" o BMATE
=
o ZTH1D e {E=1000

o RRZM
<1074
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43.NJ 1 —>

NYAZXDFTAR—RKT, D7 1 —VICEROSNABWGAMIC nflDY 1 —VZEETFTT., &= —HKH
BnP4—=NRZ)iE n=8D8EDY 1+ —2/INZXITT,

Wir
iy

Wir

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

o VA=D1 —VICESNABWEDICEELE T, 714 —Vid, BUKERLE, FEER
. WARLEICHZMBDI 1 —VERBZIENTEET,

AETIH, 420914 —VNRIANEERFELTEZHLTVWET,

LRI REINMETY,
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Bl419 14— 4 BD/IRXIDE S T-f&

@

W N H O

LERDOEIFZ. A1 EBO(BLTBOEDO) DY 1 —UDNEEWIHZINSDTHE>TWEYT, BOD
V4=V ENBIEBDT 4 —VICBRONBWEDICTDEVWSFEIRIFIEFTEXTA, nf@BDY 1 —
VEESEWOHMICERLEYS,

LUTFIFIELWETY,

B4.2 71— 4 ED/RZXIVDIE L \WE

W N +H O

g

FTRTCOEHIBEZINTVWDDT, TNHIERTT,

N7 4—YNRZ)TE, EFVEREETDHENZ4HYITT., HELLNICHLTEALSNSETA
TORERDIFZDTIEAL, HBEDNICHITSZELWEZ I DEIHITI I LICERZEHTET,

SEEIOF ]

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.

nZ4—>id MILEAOH Y TINELTEEINTVWSAED, RBLLIFIAhTLERA, THIZED

MHod, 74—V 64@ICA>TEBRICWIEBTEEY, AmIhZBEEZMNMADE. V14—
5000 AL EICA > CHBEICH R TID I EMNTIAINRTUVWET,

431 NI 1 —VDRAALAVETIV
ZDFHITIE, 42DV 14—V DRBBEERTDNXAAVETILEFERALEY,
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o KAXALAYVETILOIERK
WA RXAVETINEFERATZE. 753V VIOMEELVBRICERL, RT I E
75“(“3 i-a_o
LR nZ4—VDBPIDRAAVETILTY,
public class Column {

private int index;

// ... getters and setters

}

public class Row {
private int index;

// ... getters and setters

}

public class Queen {

private Column column;
private Row row;

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

// ... getters and setters

}

o RREEDEH
Queen 1 24 > Z(ZI& Column (f3l: O (&% A, 11E%1 B) & & Row (fl: O 1&4T O, 11&1T 1)
NEENFT,
HETED I, RIEONAR. BLUVRIEONAREZHETZIEHNTEI,
FEFTDA VT I RE, FLRAR—ROELBHIAOBATWVWET,
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. OKRDHS
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12® NQueens 1 Y A% >V ZAITIE Queen 1 Y RAY V AD—BASENTVWET, hd
Solution £ ¢ L TIRH I M. Solver MR L THRALE L F T,

ez, 494—>DY Y TILTIE. NQueens D getN() XV w RAVEIZ4 %#RLEF T,

B4.3 71— A E DR

@

W N H O

K42 RAA VETIOBROFH

columnindex rowlndex ascendingDiagonallndex descendingDiagonallndex

(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 CEHDEIIT, V14—V 22PELTT. 5. HFAKGEHEET 258 2 D00RAEVWEAES
ERNTEET,

44.93IRNZY VY

DYV FIVDFEMIE. 3FJava Solver DX E— T4 K 250 RS2 0Df #EBLTLE
T Ly,

45. Kotz—IL ATV (TSP - Kotz—IL A< ‘/F'nE_IEE)

HED—EBAEEHEIL, E—ILATVYHIRERM T, &#hes 1 ELTHETSIL—MEBELET,
CORBIFZ V4 FRTATICERINTWVWET, IhiE, HEHET HEEALICHRINZBED T
D TY, KL, MEEDY 7 MNEFKELE, ZOMDEINE —HICSHEORBED—E & LTHEARAINE
_a_o

SEEIOF ]

dj38 has 38 cities with a search space of 10743.
europe40 has 40 cities with a search space of 10746.
st70 has 70 cities with a search space of 10798.
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pcb442 has 442 cities with a search space of 10"976.
lu980 has 980 cities with a search space of 1072504.

BIEDH#ZE

TSP DEHITEBEMTTN, BBEOHRIIEBLIFEH LAY ET, CHIENP RE#EBEEFIETN, %<
DEHEORB LK. BFEOBEDT—49 Yy MINT2RELMIEZ. TOBREDT -4ty ML
THEHET S &, KBICE(LT DAEMELNDHY £,

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 1 —%2BERETDIEICLELL,

o SEII, YAMN44E2%EBEL, HEZREAREL. E7—7NVIBFE2 2FEHELZEL
7=o

o EEFIE. RAUMRIDANBERLICALRVWEIICLET,
o Ff, BEDAELRIBY, BULBKRZIDEDLIICLET,

o BF—TJILICIE, BUAR. EA. ER/A. I—F. #hEh. 2L TFOTSY—%224FDORE
L/i_a—o

o BUAR, EE. O1—F. 7OU5v—id. ThZNELCERBOANIB LT —TILICAbiWng
IICLEY,

Drools Expert ICH., (4 AR E BTN I V) — BRI AT T —XDH Y FILREEFIhTHY., 2
B2 - RT4 v 0 2HRALTHREZEIHLTVWET, Planner DERIF, Ea—YRT714v 7
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ZHEAL CmER%ZRDIF. DroolsExpert ZA L TRMBORAT %25 8ET2H. Ay—3EY
TA—MNEEZNICELSL>TWVWET,

SEEIOF ]

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

47. T=ZRAYPZTDRTT 1—)b

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

IN— R

o HAF—LRIBICIALFIRENTE S,

o SINAH: HREICL>TESMTIERWVWF—LDH B,
FRFEE O HI#Y:

o RNERBYLTRF—LIRAEGZTZEHZ (FIF)BELICT S,
Y 7 M

o HFEIINE &EF— LN, ENPBEFENEIZEHZRLICT S,
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 | @PlanningVariable
4 @~PlanningEntity
[ TeamAssignment ]
@PlanningEntityCollectionProperty
@PlanningSolution [

[ TennisSolution ]

48. REDAT Y a1—Ib
REIC, HRREACRBEZIVETET, RSEORIBFELR/YIT,
N— R
e MEDHK:2 DDRFN. BULHEICALRZZEZERATZIEETEARW,
o VWHDOHFEHE FUKBICHEINDIUNEDREZEZ 2 DEIYETEHIEIETIERL,

o RELINSMEDOPNAEAY REOHEEEEZNATERAVHETREEFEZT > TIWITR
LY,

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

o FENHFEE RAUREICHAEINZATDORFEZ 2 2FIYHETHIERETERY, Tk, R
DRFBEVADRFZZR UCEREICEIYETS I EIFTERL,

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

o RFMERBOBDKERME: REFBELRFBOMICIK., RETHLRHER1D2. KBZANZRBEN
H5b,
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o REDER WITLTUITONZRBOVZR/NRICHA T, E55HNDRFBEFRLAITNIER
LrRWRRZE R T,

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

o MEDALM: KENEMRL 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 107701.

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

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

4.9. 1—ZADBEZE| (ITC2007 TRACK3 - AU F a5 LDRT Y a—)b)
EFFkE, BERBLVBERBICHVET TR Y1 —VEHAFT,
IN— R
o ERIDHIN: ZEANIE., EURRBICEEZ 2 DOZFRFOILIETIAL,
o AYFa1SLDEK: AV FaSLICIE. 2 0DBEAR UCRKBICEETEI EIETEAL,
e MEDODHEA:RAULKEDEUHERZEIC. 2 D0DREZENYHTEIERETEAW,
o MAARADERE (T—4ty NTEITERE): BFEICIFZEY B TONAWEREIH 2,
Y 7 M

o BEREDONBAK BEZONEARE, TOREEZZIZIFZEDOHLIVESZ L ATNITESR
LY,

o S/NROMEA B LI -RDEXDOHEBHRAEIX, HEICLDLIICT 2,

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

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

SEEIOF ]

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

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

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

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

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

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 10"859.

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

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

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

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

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

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

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. ¥ ¥~ DHEEIE T (GOOGLE ROADEF 2012)

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

N— R

RABRE YYVILEIYHTEZE )YV —RAEIDELZBATIEWTRWL,
FARCY—ERO7OCRFFIDYY Y TEITTI2BENH S,
DEBR LY —ERDQTOERIZEBDGRICOBI L 2RELNH B,

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,

BEOM ATV THATRER) Y - R 29I E T, SROFYETIINIETESLIICH
Bx21 3,

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

BBOBEIOZAN IO VANSTYYBICTOERABETEE. ADD BICEEORED
A RMDBERET B,

Z DI the Google ROADEF/EURO Challenge 2012 TEZINTWE T,
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Cloud optimization is like Tetris
o cru cu 5 ] cPU
Memory Memory Memory
Metwork MNetwark “ Metwork

cPU
Memory

Network

Traditional algorithm OptaPlanner
{Construction Heuristic) (Construction Heuristic + Local Search)
‘(\05}% :BO% :100% 180% !100%

CPU ! CPU

Network Network

CPU CPU

Q Memory Q Memory
MNetwork MNetwork

CPU CPU

C;) Memory Q Memory

Metwork Netwaork
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Bl4.6 ffifE iRz
Cloud optimization
Assign processes to machines more efficiently.
_— Computers Users
- .
Maximum :
Processes capamty \/- ‘t
\1/ \J/ Cost ] r

= -j

l'll||

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

Cloud hosting cost “18% 2% 5 i00meceses

OptaPlanner versus traditional algorithm with domain knowledge

5 mins Simulated Annealing vs Firat Fit Decreasing

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

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

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

SEEIOF ]

60

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.

B14.7 KXAL4VETI

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 ]

4.1, BoiX IR

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

61



Red Hat Decision Manager 7.3 Red Hat Business Optimizer D24 — b 1 K

21

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 :‘_
= Customer: demand 32 customers 742'69 fUE‘I
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e HHOAE Hillld,. EHBTEEZBA TR EERI EN TR,
o BEREH (CVRPTW D x):
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CVRP (Capacitated Vehicle Routing Problem) & CVRPTW (Capacitated Vehicle Routing Problem with
Time Window) &, VRP Web TEZEINTWVWE 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

PR D
CVRP 4 Y 24 ¥ Z (BRI L):

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

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

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

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

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

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

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

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

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

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

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

10774.

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

107170.

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

10"1168.

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

1072607.

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

1078380.

belgium-d2-n50-k10

10774.

belgium-d3-n100-k10

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

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

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

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

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

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

10740.
10741.
10742.
10743.
10746.
10748.
10749.
10749.
10751.
10752.
10761.
10762.
10763.
10765.
10768.
10777.
10779.
10782.
10791.
10798.
10794.
10797.

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

CVRPTW 1 Y 2 4& v X (BERH Y ):

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

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
1071168.
belgium-tw-n1000-k20
1072607.
belgium-tw-n2750-k55
10"8380.

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

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

Homberger_0200_C1_2_1 has 1 depots,

107429.

Homberger_0200_C2_2_1 has 1 depots,

107429.

Homberger_0200_R1_2_1 has 1 depots,

107429.

Homberger_0200_R2_2_1 has 1 depots,

107429.

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

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

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

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

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

50 vehicles and 200 customers with a search space of

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

107429.

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

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

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

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

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

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

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

Homberger_0600_C1_6_1 has 1 depots, 150 vehicles and 600 customers with a search space of
10M571.

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
10M571.

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.

AN EEREORXA VETIL
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Vehicle routing class diagram

@~PlanningSolution

VehicleRoutingSolution

@PlanningEntityCollectionProperty

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

Shadow variables

arrivalTime =
previousS.departureTime
+ travelTime

- departureTime =

max(arrivalTime, readyTime)
+ serviceDuration

nextCustomer =
inverse of previousStandstill

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

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

E#RERRE Tl < BB DR

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

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

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

REETINTY ZLTIE, 2E50EHARRETEITWVWS (TEhIE, FFIICETEINTWS) BEICIE.
INIEFICEETHEHY FHA. BEIOOX MIDOWTIL, BEREORD Y ICRE}EGHE. AV Y UK. £
T INODEHEAHER—RICT S EEHABETYT, GraphHopper ((B&AARIREMRT 754 ~ Java
I > V), OpenMapQuest (web H—ERX)., Google Maps Client APl (web #—EX) %2 &, BEIR
NEERIICEIE T RMINHY XY,
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Integration with real maps

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

Locations
with latitude and longitude

c

B D

K
=
Y

Render in browser

Google Maps
REST Client

o

GraphHopper
REST or local

Google Maps
JavaScript

Leaflet.js

Fetch distance matrix
for every pair of locations

JavaScript

wl® ABCD Cc
| 0 50 809050
A |50 0 303080 30m
B (8030 0 3030 50min
C 903230 0 40 gAY m
D | 50 60 30 40 0 o S '
= OptaPlanner
Optimize trips
under hard and soft constraints
wel® A B CD
b 50
A 30
B 30
c 30
D |50

F 7. Leaflet ¥ Google Maps for developers 72, BEBIOAR N EL VF Y VT 2EMMEHY F
¥, optaplanner-webexamples-*.war (Cld, CDLIBRL VYUV ITDTEFNEETNTVET,
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Leaflet.js Google Maps

, U"' i el
7 LANIEGEM '&e;.raan & Mo | Satellitc
- - LIS srer-i i

Denain

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

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

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

Beriﬁgen
L }
Aarsézhot :

W o

aubou;dlnﬁ]

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

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

a
Eambral Le Quesnoy .
Caudry Aulnoye-Aymeries

-
¥

Gi

Luxembourg

(77 Tergnier
fg City..

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

2 AEOBEIR ME. Planner THERA LD ERA UHBEILRGZFERTIRISERELTLLEIW, k&
& Z I, GraphHopper 377 #J)L KT, RETIHAL, REOREEZRLFT, :ED GPS ZRED
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

C 6o Jomsveweresn c oo
Omin 00 £ 30 + 30 30km

D s

D
t.. ) 40km 40km
Al I 50min -"rrlfz;;lll
“ A0mi _ml ._,.a m
’ A~60m ’

AT B0k
S50min
In this example, only the A—C route
differs between shortest and fastest.
In the real world, almost all routes differ.

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

suboptimal

Goal: fastest trip
using shortest GPS routes

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

|
30min)
B D
30min J;_\'L\

min A& Omin

W

—

50min

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

optima

—MRBREZHFERERY, ZL DAY -—RFREDRETIIRL, REORBZEALLAVWEEZZE
Y, BEDERLYEEEREBOERAZFHAT T, SHEINTVWRVWELY BHEINTVWEERZIF
HET, ERICIT, REDREE, REORBIABLTHEIEIRIFEAEDHY THA,

412. 7Oz M3 TRy a—)b

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

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

November
1 2 3 4 5 6 7 8 9 10 1
| | | | | | | | | |
( Design q
Cover
Book 1 < g )
Pages (400/book) A 1P
_ Assembly
( Design q
Cover 12 ey
Book 2 < L
Pages (500/book) S
L Assembly 19‘..
i 1(3_9.":185!
Resources < 1@’;@
g 1%.":133!

N— R
o UIaTDBEIEAM: Y a T, BITOYIaTHNIRTETTZFETHBLAL,
o Y—2ADARE NAETREALEEZBADYY—AEFAHLAL,

o YY—2@EO—AL(ALFOYIY hOY 3 TRTHRE). £EEI/O—/L (293 T

o Y—RIEHAER (I BICFIRATRALRE) ILIEFAA (EATHATRERETE) &Y
%)Q

FhIZE DOFI:

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

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

SEEIOF ]

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

413. 9 R DE|Y) KT

REEDF1—DRARY MIEIRVEEYHTET, YRITEIL. REBDT7 74 =ZFT14—LRIL
MhoREEZT2HEE. YRVDBEEIEEFNET,

N— R

¢ AX) IR TEWRIDULEDAFILARETH S, HEEICEK, INLDEAFIIHIBET
ER

Y7 MLV O DOEIHY:

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

V7 MLARILTOEIR:
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o X—JZANVDHR/ME: YRV ERT T B5FTOREREZERT %,
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O FITHEEVWIRVVESKE V' DNRBWIEND Ve, BNHNEVHT NN /2 /7 ZTERX 9 Do
Y7 MLARIL 2 DFIR:
o FERIRY . RAFT—RIRAVDAINC., EBRIRAVZTEBLRITRLRETT 5,
Y7 ML ARIL 3 DFIK:

¢ IAMFT—RIRV TEBRUWBRIRAT—RIRIERTT 5,

B44.9 fiifE 2R
Optimize the task queue of every employee by reassigning and reordering tasks.
P Employees Users
800 900 10:00 000 1200 1300 1400 1500 1600 1700 1800

N I I S IS YT T AN T I M T E N Payroll services

@% (FE2 X &1 T [Et X &L T

== P _ _ Call centers
- Critical priority w- Medium priority

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

= Requires French skill "fairness'-

= - Recruitement
Q% [@-$ i"][‘?? J‘?]L'-""““ [@:T i’]{‘.- 4 ] interviewing

“--..Has health care affinity

F

Maximize throughput

P Mortgage
g 3E 4 - ] , [ 3= ]
9 [{. * - Yl JH e S 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 10"1168.
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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

414, ABROBERZE| (1ITC 2007 TRACK 1- :ER)

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 HROEIK: R UEENZIT2Z 2 DDHERIE. RAUKEHICERRTILVEDET S,

HEDNBANE BEOEFHIZ. BICEREFHRLIYES L QTNIERSAW,

HARE: #EIE. IRTORRICHISTESZRI TRINIEERS AL,

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

BE)o
o FRHMBFED 2 DDHEERZR UREFICERET IR,

o Lk HENHRZ, BDORKEDHBRDRICITILELH S,

HEFFEOHIF (F—F Y NTEITIEE):
o HHEE): HEDHREZ, MOHBREFBMUHETITI) LI TERL,
VI MR (NFZA=F—LINRFILT 1 —DENETNREEINTWLDS):
e RALUZEN, il THEER%Z 2 DR IFTEWIFRL,
e ELEEN, RAUHICHRZ 2 DRIFTEWIFAW,

o HETFONM AUEENZITS 2 DDEERIE. KEAZHIEEH T2,
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o ERZAROEI . HEAHEITZ2O00EBROEIE. BELICT 3,
o HIEIL:FREDOKXKZIVWHERIZ, RTP1—ILERDITRET %,

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

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

ERICKENSIME LAAARELHRT —S Yy M2ERALEY,

Z O, International Timetabling Competition 2007 track T TEZINTWE T, Geoffrey De
Smet Kid. T MHEARFBED Planner ZAL T, ZDAYRT 42 a VT4 z2EBLILL, ZD
AVRT4 Y avHE Z<OBRBRRDPMESNTVET,

SEEIOF ]

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
LUTOETIE. FARBORAAVISAEBNLTVWETS,
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BlIANEEBRD KX A VIS5 ADHA

An exam changes during
soving:

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

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

Calculated before solving %

T
1

TopicConflict

- studentSize : int

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

7AN

<<singleton==>

<<singleton==
InstitutionParametrization

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

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

- frontLoadLast : boolean

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

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

e
o=

LTI W, HIEECEHEED

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

fELEYT, TDE&E, TopicA VAY VX, Period1 VRV R, 8LV Room 1 V2%V RUFEAL

LEEA DI SR ERKKR. CTNOEREETZ 77 bTY),

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 (JHAH): TRTDY T MAREEICHYHTINELNH D,
o U7 MDHK:REEICIKIBAICTIY I MNEFEIYETEZENTES,
Y 7 NI

o T TLDHEFH, TOERTIE., HEICENLOHRBIERT 5720, N— R TIEAL, vV
ZhEELTERTHIEICRELE 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 2.

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

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

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

o BRDYVI M4 T2RALIKT S BMEET,. ALERDI T b9 4T BALICT 2%
ENH 2,
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o RERNRY—Y - TICFAERY I NYA TOHEAEDE, Bl BN TN, BWI T N E
W7k,

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

o BHBLAVWY I MDY IIAMPERERFTEDY 7 MIEIYHTOHNBWVWELDICHFETE
%o

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

Z DAL International Nurse Rostering Competition 2010 TEZINTWE T,

B14.12 &R

Employee rostering

Assign shifts to employees more efficiently.
o Employees

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

(enough time to sleep)

guard firms

'g_: = - - Free Free n
“..... Requires nurse skill " Day off request Call centers
& g Free Free - .
- . Reaut o o Police and
.. Requires engineering ski E 3
q g g = 48 hours rest fire department
G_Q = =1 = = = Free Free
A
Mo 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% <0 50 employees
OptaPlanner versus traditional algorithm with domain knowledge 5 mins Tabu Search vs First Fit Decreasing
Don't believe us? Run our open benchmarks yourself: https://www.optaplanner.org/code/benchmarks.html
FIRE DR E

UFD&EHIC, T8ty NOERIFE3ID2HY FT,
e sprintt MW THEZMRRT 2RENHY XY,
o medium: B THEZMRRT Z2VENHY ET,
o long: HEFE CRIEZMRT ZLENHYIT,
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82

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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Nurse rostering class diagram

| ShiftType K 1 —| SkillRequirement |

— N Skill |

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

416. B h—F X > NEZE (TTP)
nF—LABDOHEARATYa1a—-ILLET,
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Philadephia Phillies . Traveling tournament Montréal Expos
Schedul ch match in a day,
[ 1 away to o et sae e A # [ 1 [MON]VS .
[ 2 away to m 380 No consecutive , [2 [MON]VS m 0
[3 [ PHI JVS ; reverse match [3 [MON]VS s
< 3 consecutive "
[4 [ PHI JVS 0 home matches MON [4 away to 665
5| PHI VS ——
|5 [PHI]VS[MON] [ “
(6 away to [
665 337
Total team distance: 2.127 Total team distance: 2.011
Atlanta Braves
929
(1
337 0
80 /e 337
665 ATL < 3 consecutive 380
0 ?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 (K—LETYIIA)REET 5,
o RF—LF, BEFERICIHGEIFITI,
o 3EEHRT., R—LZFLIEF TV A TOHAEBIETEIARL,
o 2YRLAL:FALUREEFE 2EERTHETERL,
Y 7 M
o £F—LNBET HEEHEREZR/AIRICHIA 2,
Z DREREIE Michael Trick D Web ¥4 b (EREHZHINEENZFT) TERINTWVWET,

SEEIOF ]

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

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

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

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

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

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

417. AA M EWMWZ B AT a—)b

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

N— R4
o FABEERBEODEIR: &9 XV, REEZREDOHIKIEEOHIERNIC,. RKBT2HENH S,
o RABEXVVICHIYHTER) Y —REZDEZBA TIEWIFARWL,

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

A2 DI
o BER: 2RI V2 LOAHBERERNRIIL S,

o WROBSKBRBHTILETA KLHOMHETAT, BRENRL, BIRIRET
3 (SEREABOTRMI L > TRED),

o FRVDBEIMKN. BIRIVEEIZHEL., EXNRIRLET % (RFBIFFEAROESNKIC
FoTENLS),
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V7 MK (BRBICTABREINTWSERITEN):

o BFBMEINRKEDICIRVEZRIKLT HLDICT B,

Z DOEREIL,. ICON challenge TEZEINTWETY,

SEEIOF ]

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

instance01 has 1 resources,
107599.

instance02 has 1 resources,
107599.

instance03 has 1 resources,
107591.

instance04 has 1 resources,
107590.

instance05 has 2 resources,
107667.

instance06 has 2 resources,
107660.

instance07 has 2 resources,
107662.

instance08 has 2 resources,
107651.

instance09 has 2 resources,
107659.

instance10 has 2 resources,
107M657.

instance11 has 2 resources,
107644,

instance12 has 2 resources,
107M637.

instance13 has 2 resources,

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

has 4 resources,

2 machines, 288 periods and

2 machines, 288 periods and

25 tasks with a search space of

50 tasks with a search space of

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

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

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

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

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

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

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

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

20 machines, 288 periods and

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

500 tasks with a search space of
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107 659.

instance14 has 2 resources,
1071643.

instance15 has 3 resources,
107M782.

instance16 has 3 resources,
10M778.

instance17 has 3 resources,
1071764.

instance18 has 3 resources,
107769.

instance19 has 3 resources,
10M778.

instance20 has 3 resources,
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,
10°3774.

instance26 has 3 resources,
1073737.

instance27 has 3 resources,
1073744.

instance28 has 3 resources,
1073731.

instance29 has 3 resources,
1073746.

instance30 has 4 resources,
10°7718.

instance31 has 4 resources,
10°7740.

instance32 has 4 resources,
10"7686.

instance33 has 4 resources,
10°7672.

instance34 has 4 resources,
1077695.

instance35 has 4 resources,
10°7807.

instance36 has 4 resources,
10°7814.

instance37 has 4 resources,
10°7764.

instance38 has 4 resources,
10°7736.

instance39 has 4 resources,
10°7783.

instance40 has 4 resources,
10715976.

instance41 has 4 resources,

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

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

418. HBREEEYV S ADE|Y KT (R— b7+ 1)+ DExEIL)
REEVFRAIBRET2HENEZRELEXT,
N— R

o JRUDHEKXNE BREREGEIE. BEREOZKEZBA TIERSRL,

o EBEREASTDETEIL. Markowitz Portfolio Theory 2@ L7z, BEY 5 ADMENER%E
ERTD2UENH S,

o HMFMBRAME: Hils T & ICHEDORKENH S,

o LIVH—DRAEELII—IIBEORKENH D,
Y 7 M

o HARFNZEZERKILT 2,
B DR

de_smet_1 has 1 regions, 3 sectors and 11 asset classes with a search space of 10”4.
irrinki_1 has 2 regions, 3 sectors and 6 asset classes with a search space of 10"3.

YA ZIDNKEWT =9ty MIMER/BRIEINTVWEEAD, BBIEAWNITTET, T—FICETE
RERREE LT, 207y MEED Web 44 h BB LTIV,
419. REBATV 31—l

RECBETEMBICHYYTTVWEEY, BETIIEEI TR IENTEET, *Xisx 771 JLIC
W BFHmAEY PEZIAADERET., D7 71Uk LibreOffice F 721 Microsof Excel TIRETE X
-a—o
N— RH$9:

o BETDREIM T REBEDYA T, KETOREBIAN TE—RII2LENH D,
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o BEMNMEAFORET: TORBORKETIC. KREBEAOHENFIATIATIIERSARL,
o MEDHE:2 DDORFEN. RALKREICALCRBEZEMRT 5 I &IFTEIRL,
o FEEENZVWTWAWKET #BRERINT. KREBOFETBICZVWTWARThIERSRV,
o BHREDOHA RLKETD2 DORFICAULHEEREELZINY U TEIENTERY,

e NADEETSLUVEEDY J

o BEENERYIKMEFY VT BEEIC. WAFETEY INMTIOLNTVWEIEE. BEED

RERTOY TNMIVWTWRERREICEIYETH2RELNH S,

o FEREORIKEFES 7 RMEEBIC, RIERBETI INEVETOLRATVLRERIE. TDY

TOMWEERAFICEREDRBLENTEIYETEIENTERL,

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

TDRHWEERAFICEYETI2VELH D,

o RFMDBEILEMTES 7 2FIC. BIEKEFES I/HNEYLETONATWSRIEEIR. TDITD

Hutﬁﬁmh%wéﬁ%ﬂUété ENTERL,

o BEENEKRTIMEDY V HEEIC. HWADHESY INMTIFOLNTVWEIHE, #HEED

RFBIIEZTDYTNMTVWTWEIERICEIYETIREDDH B,

o BEENRBILTIMEDY V' HEEIC. BUERHEDS INTIFOLNTVWEIHE, #HEED

Emm%®&9#ﬁurm6%§hﬂUét EDNTERL,

° RFERETDVEDHBIEEY 7 RFBICKABEY ITHMTVWTWBIFRIZ. TDIYTD

HWEEICEIVETI2VELH D,

o nuﬁo)?"fﬂ:ﬁfﬂ}_%&ﬁ RFEIC, BUERES ITHEVETONRTWRHBEIE, TDY 7DV

CHEBICTDRBEEYETDEIEDTERL,

o MORFBERUBFEFICRELAWVWS J: ZDF IMTVWTWERFEIK. BUREBICERLT

AT a—=)L LTEWIFRW,

o ZERUNMIVWARE ZTERRGIMTVWAERBEIRNTERT LTHASTRVWERRORE
Ta—LLTIEWIFARL,

Y 7 MY
o F—VYDEHMES RUEEECT. ABCT—YDF INMTWAESEDOH = H/RICINA %,
o VA —DEABUBETECEALEIY—9 DWW EREBOR ZR/NRICINZ 5,

o OAVFTUYDZEEZRILARNILDIVO—ER: IRTOAVTUVYATICH LT, EHRERD
BICAFILRIVDREBEBERT Y 2—ILT 5,

o TEELANINDOEZHME IXNTOREBICEVWT, ER3ZFEELNILOKBH 2R ARICE L

ER
o SHEDOEBKM INTORKEATICEVWT, EREEEDRFN2RKRZETT,
e NADEETSLUVEEDY 7
o BEENFEYIRMEFTY VT BREIC. FEOFETY INMTITSNTVWEIEA.
DERBREEDY ITNMIVWTWBEREICEIYE TS LDICT S,
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o EBEENFLELALVWEE®TY V EEEIC. FELAVERBTEY VDTSR TWBIEAIC
&, BEEORFBIXZZFDY IHTVWTWBERICEIY Y THAWELDIZT B,

o RENDHEDKMETY V' REBILHFLORETS IIMTVWTWVWBIHEEICIE. ZDF TDMHW
RERICEIVHETELIICT B,

o RFBOBREEZHEZLALVKETY V7 KEIC. HFELAWVWEETY /HNMMTVWTWBRIHBEIC
I TDY TDRHWEERFICEYETRVWESICT S,

o EBEENEFLITIHEDY V EBEEIC. FEOLEY IH’MTIFSNTWBIFEICIE. BE
FEODERBIXZFDY TNV TWBEEICEIY K TDLIICT 3,

o EBEENGELAWVWEHEDY 7 BEEIL. FELAWVWIHEY IDMTITF 6N TWBIHEIC
&, BEEORZFITIZFODY INMTVWTVWBREICEIY HTHRWVWEDICT B,

B HFEDHESY 7 RBICFEDOIESY VTV TWBIHZEICIE. £DY TDMWER

BICEIYETSELDICT 2,

o RETHDFEARAEAFELAVIEEY V&I, FELAWVWEEY FHRMTVWTWBIHEICIE,
FTOYTDHWEERICEIY B TRWELDIZT S,

e ELCHORFERLT—<47FLEIAVTUYIINMIWERERLT., BESR/NRICAEK

(78

CLTRALE) KRS V21— 2Ld107 2,

E4.14 fiEiRE

N

Breakout 1

large room

Breakout 2

normal room

Lab 1

power plugs roem

RIRE DR

Conference scheduling

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

ooms Used by

10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00 .
] I ] ] ] ] ] ] ] ] ] ] ] ] | ] Voxxed Zurich

(D) (O] e [ Q Jovirt) (S ) Red Hat Summit
Shared theme: . Large room
" Artificial Intelligence -  for speaker
[H][@]L“”“[OI (=)
Same

- Same technology ~ speaker

__ Speaker is only available
untill 14:00

— Talks

o1
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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 PNFEDHWRERAILT B,
o EEFEZR/NRICHNA S,
o TIXZLRIFTRKEET S,
Y 7
o REFFEIDEERILEE 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, MEBRFEFLDESE, 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 RIDAENBELNLHET 2,

o REDMIENBEBICTET 2.

o 754 MEEZRRENICTHNICONT %,
RIRE DR

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

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

875flights-7days-Europe has 2 skills, 50 airports, 750 employees, 875 flights and 4375 flight
assignments with a search space of 10112578.

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