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Red Hat CodeReady Studio * B D#i&BIRIREE (IDE) 2 A L T Maven F/ld Java 7OV T 7 kD
—EBELTHBTERT B ENTEET, DRL 7 7ML, RIETHIL—ILDEME (when) & LU
74U av (then) ZEHT DI —I)LE 1 DL EEBMTE XY, Business Central ® DRL FH#' 4 +—T
i¥. Java. DRL. B&L U XML OBXHEARTINET,

DRLZ 74 JLiE. UTFDAVR—RY NTERINET,

DRL 7 7AIIADIVR—R> b

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

end

rule "rule2 name"

UTF®DDRLIL—ILOBITIZ, O—VHLAADTYYav—EXTERBIREZEELEZT,

HIAZDOEHEIRICET 2 )L—IL DA

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

14
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when
$application : LoanApplication()
Applicant( age < 21)
then
$application.setApproved( false );
$application.setExplanation( "Underage" );
end

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

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

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

DRLIV—IVICEEET 25T —9 A4 T x9 METRT, DRL 7 71 JLERE U Business Central 7O =
G RRyG—=IILBLKREIHYET, AL T—ICEFN2 7Yy NEFT 72 MNTA VR—b
IhEd, 20Oy —VOBET7EY ME, DRLIV—ILAFBRLTA Y R—MNTEET,
2242.DRL 7H1 FT—%2FHA L -RKEEDHHERDFNES

Business Central T Free form DRL TH'4 7—% AL T, REEDEHEXRY Y TNICHWOEEE/E
MTXET,

DFIEZFEALT, Y7 b RO THS 10 FEUERAGWERKEZ VAT ALICEIYHTOH
IRV N— R 2R L E T,

FIR

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

2. AddAsset->DRL 7 7ML DJEIZV Y vy I LET,

3. DRL file&®17 1 —JL KIZ. ComplexScoreRules & AL 7,
4. employeerostering.employeerostering /X 57— % ZERL F T,
5 +OK%Z27 YV v - LTDRL 774 IV EERKLZET,

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

package employeerostering.employeerostering;

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

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

<= shift.timeslot.endTime,
$shiftEndDateTime.until(shift.timeslot.startTime,
java.time.temporal.ChronoUnit. HOURS) <10)

15
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then
scoreHolder.addHardConstraintMatch(kcontext, -1);
end

7. Save x4 )y LT. DRLZ7M4ILEREFELZT,

DRL 7 7 A1 ILDEK A ERIE TDRLIL—ILEFHLZTY Y a v —ERXDERI 2SBLTLLEIL,

225 . H4 REEI—IILAFHL TREEDEERICIL—ILDIERK

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

2251 8414 BEFEIL—IL

HA RFZIL—IbiE, IL—ILERRD 7O+ R %1249 5. Business Central D U R—RDH A KT E
W= THFAF—TERTEZEIRRIL—IVTT, HA REZI—IVTHFAF—%2FRTZE. IL—IL
EERTDT—HFT TV MIEIDWT, TJEBAVTY MIT4—ILRELUVA TP a v ERHEL
F9, ERELEAS REESIL—ILIE, ZOMRODIRTDIL—ILT7 v b & & HIT Drools Rule Language
(DRL) Jb—=JLiCaAvRA LI FE T,

HA RHEIL—NWVICEETEZIRTDOT—9F TV I M, A4 REEL—LERLCTOY S b
Ry r—J LB MERrHYET, ALy Tr—JIL&FN2T7EY MIT 7 MTA VR—bIHh
F9. RERT—IFTI I MEHA REEL—ILEERLEZS, HA REFEIL—ILTFHAF—D
Data Objects ¥ 70\, MEBRT—9F TV IV MDIRTYRAPNINTWBIEEZRIELEZY.,
BT7ATLZEBMLTCEDMOBET—49F TV haA VY R—MLEYTEET,

2252 MEEDY T NIDNS U REWMBDHA RIEZIL—ILDVERK

#H41 RftE)L—)L BalanceEmployeesShiftNumber (£, TFTEEARRY NSV R &S & D ICREEBICY
TJhEBEYHTEY 7 MIWEERLES, Chid, 7 NODEIEETRL QB EEZZ2RITR
FIT A —5FRTEHIETITVWET, L—ILITE>TEREINAZZROTHICLY., Solver & U NS
VADENDZ LI T N EGBIEET,

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

Editor Overview Source Data Objects

EXTENDS - None -
WHEN &

1.  There is an Employee [$employee] =] @”J &4

There is a Number [$shiftCount]

From Accumulate
All St

[SshiftAssig ] with: 0
2. employee equal to :I $employee :|= =] sl g
Custom Code Function
Function: count($shiftAssignment)
THEN a&*
a Soft Score - ($shiftCount.intValue() * $shiftCount.intValue()) g5
(show
options...)
Messages Clear & |/ %

FIR

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

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

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

COKEOY O LT, W=7ty FEERLET,

WHEN 74 —JLKTSF A4 1) w4 LT, WHEN &EEEMLE T,

. Add a condition to the rule” 1 > K7 TEmployee %#:&RLEX¥, +OK%2 o) v I LF T,

Employee &4 TV U v 7 LTHIMEZIBIE L. £ £ $employee ZEML £ 9,

. WHEN %44 From Accumulate #E/0L 7,

a. From Accumulate 4@ ETclicktoadd patternz2 )y 2 L, KOy 742 1) X b
T77%7 894 7 Number Z8IRL £,

b. Z# 4 $shiftCount = Number £#ICEML F 9,

c. From Accumulate 4 ®D T Tclick toadd pattern%2 2 )y 7 LT, KAy F¥Ho VYR
N T ShiftAssignment 7 7 7 N9 14 7% BRLEJ,

d. Z# £ $shiftAssignment % ShiftAssignment 7 7 7 N9 41 FITEBIML £ T,

e. ShiftAssignment &% BE 2 ') v 7 L. Addarestrictiononafield kOy F¥o > 1) R
N T employee %= #IRL £,

f. employee FIIDMEICHZ KOy TH¥ U1 2 hTequalto #:BIRL 7,

o KOvTH9Y RS VOO & FAavEL Yy o LTERABNL. Fieldvalue ™ 1
> R TBoundvariable #2) v 2 L%9,

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

i. Function 7R 7 Z|Z count($shiftAssignment) & AH L £ 7,

THEN 74 —JLRT9 &4 w4 LCTHEN &EE8MLE T,

. Add a new action 7 1 > K7 T Modify Soft Score 3 ZRL 9, +OK%2 U ) v I L%,

a. R 2 R -($shiftCount.intValue()*$shiftCount.intValue()) S A AL X7,
ALEDValidate 7)) vV L, L—ILFUDITRTEMNTHEIIEEZHWRALETIL—ILDHE
LMRERICKB LD, T7— Ay E—YICEBHEINALBEICHIGL, L—ILDLIVR—F
VhEREBEL, IZ—DPRARINBLARZETIL—IILOZEHEEREZITVET,

Save #71)v - LT, II—IEREFELZY,

HARFEIL—IDEREEIF. THA RGEIL—LVZFERALAETYYaryy—EXDERI 258 L
TLREL,

2253. B CHICEHDOY 7 MAEY LU THWVWEDICTEIHA REZIL—ILDERK

H1 RftEIL—JL OneEmployeeShiftPerDay (&, F CHDERD S 7 MIEEZEIY HTRWVWED
ICTBN—REINEZERLE T, REEOHHERYT Y TILTIE. ZOFRMIEHA FMESIL—ILTHA
FT—%FERLTERINE T,
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aOneEmponeeShiftPerDay.rdrI—Guided Rules v Save  Delete Rename Copy Validate LatestVersionv || .~ %

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN &

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

2§l
$shiftAssignment.shift.timeslot.startTime.toLocalDate() ) @ ¥
THEN &a
scoreHolder.addHardConstraintMatch(kcontext, -1);
& 8L

(show
options...)

Messages Clear (2 || | %

FIR

1. Business Central T, Menu —Design =»Projects ICRE)L T, 7OV b EEI Y v I LE
ER

2. Add Asset »GuidedRule ®JEICZ ) v 2 LE T,

3. Guided Rule % OneEmployeeShiftPerDay & A1 L. Package T
employeerostering.employeerostering %= #R L £ 7,

4. OK&EZYUw o LT, =7ty hEERLZET,

5 WHEN 74 —JL KT &4 Y v 4 LT, WHEN &8 mL 7.
6. Add a condition to the rule 1 > K H 5 Free form DRL #:#R L £,

7. Freeform ® DRLRY 7 R, UTFDOEHEEAADLET,

$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 —JLRTW &4 Y v 4 LTTHEN &4458mML £,
9. Addanewaction” 4 > KH 5 Add Free formDRL%ZZEIRL £,

10. Freeform ®DRLRY 7 RIZ. LLTFOXEAADLEFT,

I scoreHolder.addHardConstraintMatch(kcontext, -1);

. BLEBDValidate #2271 v 2 L, IL—ILEZEDRITRTENTHD I EAEELETIL—ILOFE
YUMRERICKB LS, T5—AvE—JIKEHEINBEICHIEL, L—ILoE2a Vv R—F
VEANERBEL, IS5—HIRRIINBLABBZFTIL—ILOZYMHREITVWET,

2. Save =27 ) w o LT, II—ILEZREFELZET,

HARRFEIN—IDEREEIF. THA RFEIL— LV EZFERALATYYary—EXDERI 258 L
TLREL,
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2254. 7 NEHIIAFILE—BIEDZHA REZIL—ILDERK

A4 RfFEIL—)U ShiftReqgiredSkillsAreMet (&, I XTD 7 hAY, BUYLZAFILEY M EHFONERE
ICEYETONDDERERT 2//N\— FEIEERLET. REBOHBFRY V TILTIE. ZOHEKIEEH
1A RFEN—ITHAF—%FALTERIN IS,

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 =]
t C ill] :shi i i Z agrdl 4
[$requiredskill] :shift.requiredSkill. Choose... --- please choose --- 7/ a - U
[not bound]:employee.skills. Choose... :I excludes :I(X)=$requ\red5km =] =]
THEN &g
Hard Score R -
LY LUR Ty
(show
options...)
Messages Clear & |/ %

FIR

1. Business Central T, Menu —Design =»Projects ICRE)IL T, 7OV b EEI Y v I LE
ER

2. Add Asset »GuidedRule ®JEICZ ) v 2 LE T,

3. Guided Rule % | ShiftReqiredSkillsAreMet & AJ1 L. Package T
employeerostering.employeerostering %= #R L £ 7,

4. OK&EZZYUw o LT, =7ty NEERLZET,

5 WHEN 74 —JLRTaF &4 1 w4 LT, WHEN £E8mML 7,

6. Add a condition to the rule” 1 > K7 T ShiftAssignment &R L X3, +OK%22 U v o L
7,

7. ShiftAssignment &% 7 1) v 7 L. Add arestrictiononafield KOy 74 o> 1) A T
employee %3ER L £ 7,

8. TH#4 F+—T. employee D#ED KOy TH¥ VYR M%&)y oL, isnotnull Z#IRL £
_a—o

9. ShiftAssignment &% ') v ¥ L. Expressioneditorz7 ) v -7 L&,

a. #4147 —T. [notbound] =% ') v ¥ L. Expression editor =B X, R &ZEH
$requiredSkill Z/X1 > RLE T, Set=V ) v I LFET,

b. TH4 +— $requiredSkill DIEICHZ KOy FH¥H > 2 N Tshift #:#IRL. ZTOBED
KOw 742> 1) 2 bTrequiredSkill &R L £7,

10. ShiftAssignment &% 2 ') v - L. Expressioneditorz7 ') v 7 LE T,

a. 7H¥4 +7—T. [notbound] D#EIZHZ KOy FH¥H 1) X N Temployee %#:ERL. TD
B ROy 749> X hTskills ##IRLF T,

b. ZOBO ROy 749> 1) A NTldChoose #EIRL7FFICLET,
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c. TOBDO ROy 74 ViRy 7 R T, please choose % excludes ICEE L £7,

d. excludes OFIZH B 5? A% 1) v L. Fieldvalue 7 1 > K77 T New formula
RYVED ) LET,

e. AR Y 7 ZIC $requiredSkill ZEML £,

. THEN 74 —JL KT &4 Y v 4~ LTTHEN £&4458mL 7.

12. Add a new action ™7 1 >~ KU T Modify Hard Score #:#IRL 9, +OK%2 o) v I LZF T,

13. RA779 > aviRy I RT-1%EAANLET,

4. AEBD Validate #27) v I L. W—ILEZKENITRTENTHZDIEZHRELETIL—ILOF
YUMRERICKB LS, T5—AvE—JIREHINBEICHIEL, IL—ILoEa Vv R—3F
VENERBEBEL, T —DPRRINBLLABLBZEFTIL—ILOFYMEERETVET,

15. Save 22 )Uw o LT, W—IERELZXT,

HARRFEIN—IDERGEIF. THA RS-V EZFRALATYYaryy—EXDERI 258 L
TLEREL,

2255 RIBHRFBAEET B2 014 RIS IL—ILDERK

A4 RftEI)L—)L DayOffRequest i&. ¥V 7 MHEIFZ/ERR L £T, ZOFWTIE. DT MITAE
YETONTWEREEN TOHICHETE AL A S2IGEIC. HOREBICO 7 NE2BEIYHTTE
2E£IICTEEY, RREEOHBERT Y T T, ZOHKIEHA RMEEIL—ILTHAF—%FRALT
ERINE T,

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

Editor Overview Source Data Objects

EXTENDS - None - v
WHEN G
$dayOffRequest : DayOffRequest() L
ShiftAssignment( employee == $dayOffRequest.employee, shift.timeslot.startTime.toLocalDate() == $dayOffRequest.date ) L Ul
THEN &
scoreHolder.addSoftConstraintMatch(kcontext, -100);
L age 4
(show
options...)
Messages Clear S | %
1
FI&
1. Business Central T, Menu —Design =»Projects ICRE)IL T, 7OV b EEI Yy I LE
ER

2. Add Asset »GuidedRule DJEICZ ) v 2 LE T,

3. Guided Rule % DayOffRequest & A1 L. Package T
employeerostering.employeerostering ##R L £ 7,

4. OK&EZHZYUw LT, =7ty hEERLZET,

5 WHEN 74 —JL KT &4 w4 LT, WHEN &8N L T,
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6. Add a condition to the rule” 1 > K2 H 5 Free form DRL %3 #R L £,

7. Freeform ® DRLRY 7 R, UTFDOEHEEADLET,

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

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

8. THEN 74 —JLRTW %4 Y v 4 LTTHEN &4458mML £,
9. Addanewaction” 14 >~ KH 5 Add Free formDRL%ZZEIRL £,

10. Freeform ®DRLRY 7 RIZ. LLTFOEEAADLET,

I scoreHolder.addSoftConstraintMatch(kcontext, -100);

. LD Validate 27 )y 7 L. W= FUEDNITRTAENTHEIEZ2ERLETIL—ILDOE
LUMHBRRICKK LIS, IS —XAyvtE—YICEHINALBEICHGEL, L—ILOo2dVR—X
VEKEREBEL, T —DPRFIINBLLABBZETIL—ILOZUMERAITVET,
12 Save #2 1) v LT, I—I%EREFELET,
HA RIZNN—ILDOEKRAZEIZ. THA IV —IAaFRBLATYYa v —EXOFERKI #58BL
TLEIL,
2.2.6. REXE DHEFEFRD Solver & E DIERK
Business Central IC Solver SR E5E L TIRETZ X J, Solver BET YA F+—Ik. 7OV Y MY
F7O4 INBICETTES Solver BEEFR L F 9,
AR & M

® Red Hat Process Automation Manager #4 7>O— KL T, 1 VA M—=JLLTW53,

o REBOEHBRY VY TIVICEHETZT7EY MEITXTERLTERELTWS,

FIR

1. Business Central T Menu—Projects %7 ) v/ L, A2 0z %0 vY LTH
XET,

2. Assets /N\—2Z 7Y 7 1 7T, Add Asset - Solver configuration =27 v 2 LEY,

3. Create new Solver configuration™” 1 > K7 T, Solver D&l
EmployeeRosteringSolverConfig * AL, Ok %22 ) v LZ9,
ZNIZ& Y., Solver configuration 7H 4 F—HAFHE £ T,

4. Score Director Factory 5% Et /> a>v T, RAT7 YV II—IEEEZESUKIER—RA A ESH
LET., REEOHERY I 7OV T2 i defaultKieBase #fEH L 7,

a. KIEXR—RICEFHLEZKIEEYYavyORMS1DBIRLEFET, REEOHERT VYT
O x4 biE defaultKieSession #EHA L 7,
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5 ALdDValidate #% ') v o L. Score Director Factory 38 ENIEL W & 2R LE T, ZY
MHRRICKBLESL, I5— Ay E—JIKRHEINLBMEICHIEL, T5—ARRINRA
2FE CHEMEREZITVWET,

6. Save =9 ') w - LT, Solver XA REFELFT,

227. MEBEOEERTOT TV MIXT % Solver DIRTHETE

—EHIEA B XS Solver "R T TEBLIICKRETEZE Y, 774 MNTR, To3v=viToy
Ik, BEFREFIRAC BEEBRTISALDICEEINTVLWET,

REBEOHFBRY TN TOTV LI M 30BBEERITTELDICEEINLTVWET,

AR &M
o MEXBOHHBRTOVII M, BETZINRTOT7EY Ml L., [EXEDEHRD

Solver 2 EDVERL] DERBAICHE > T. Business Central IC Solver 5% &
EmployeeRosteringSolverConfig % {Ep L TL\ 5,

FIR

1. Assets /{\— 2% 7 14 7 T EmployeeRosteringSolverConfig #FX 9, ZnIl&L
Y. Solveri&E 7H1 +—DHTF T,

2. Termination 2> a Y TAdd A7) v o LT, BIRLEBEIIIL—FICHLWRTERAE
’ﬁbi_a—o

3. ROy T ZAMDS, £ TH 1 TTimespent 28R L ET., Thid. BRTFEDAS
Z4—IILRELTEMINET,

4. BEZEROEORMNZMFEAL T, R@ARFE%Z 30MICEELXT,

5 ALdDValidate #% ') v ¥ L. Score Director Factory 38 ENIEL W & 2R LT, ZY
MHRRICKB LS, I5— Ay E—JIKRHEINLBMEICHIGEL, T5—ARRINRA
2E CHEMEREITVWET,

6. Save =42 ') w7 LT, Solver X% REFELFT,

2.3.RESTAPI #{#fH L 7= SOLVER~DT7 7t R
B> TIVD Solver 557 704§ EMIEBEEK LIS, RESTAPI 2#FHLT7 IR TEFT,

RESTAPI #{FA L T Solver 1 VA9 VA& FEFTH2NELHYFE T, TDRERIC, T—F v NEIETE

LT, xE=RIETIET,

BIiR M

o AEDLRIOEI Y a vILiEW, REEDHFER OV I MEHREL, T7O04LTLES

W\, [BusinessCentral N\OREXEHFHERY >IN0z hOF7O4 AV N IZEBEHOD
EBY, AL7avzy hETFO435h. (REEOHBFRY IOV NOBE
Bl O ICEEDELY., OV NEBERTEZ T,

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

Solver Z#{FAT %ICI1%. RESTAPI %A L TSolver 1 Y AY VA5 ZEEZTDIVELNHY F T,
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& Solver {1 Y RAH VAT, —EILKRBILTZ35TERBEOHIE1DEIFTT,

FIig
L UTFOANYy Y —%FRLTHTTPEXRA2/EMRLET,

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

2. LTOEKRAFEAL T Solver #&5k L F 7,

PUT

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

BERRT 1 —

<solver-instance>
<solver-config-

file>semployeerostering/employeerostering/EmployeeRosteringSolverConfig.solver.

xml</solver-config-file>
</solver-instance>

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

Solver 1 VA9 v A %&§x L7-1%IC. RESTAPIA#EBALT. T—%t v % Solver IC3EE L T,

RERISTEIY,

FIig
L UTFOANYy Y —%FRLTHTTPEXRA2/EMRLET.

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

2. UTDBIDESIC, T—9t Y h%EET Solver ILEKRZEEFEL T,

POST

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

BRRT 1 —

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

. AtEEEICKERZ ) JTAMNLET,

GET

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

IE B

<solver-instance>
<container-id>employee-rostering</container-id>
<solver-id>solveri</solver-id>
<solver-config-
file~employeerostering/employeerostering/EmployeeRosteringSolverConfig.solver.
xml</solver-config-file>
<status>NOT_SOLVING</status>
<score
scoreClass="org.optaplanner.core.api.score.buildin.hardsoft. HardSoftScore">0hard/0soft
</score>
<best-solution class="employeerostering.employeerostering.EmployeeRoster">
<employeelList>
<employeerostering.employeerostering.Employee>
<name>John</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>reading</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Mary</name>
<skills>
<employeerostering.employeerostering.Skill>
<name>writing</name>
</employeerostering.employeerostering.Skill>
</skills>
</employeerostering.employeerostering.Employee>
<employeerostering.employeerostering.Employee>
<name>Petr</name>
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26

<skills>
<employeerostering.employeerostering.Skill>
<names>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/Osoft</score>
</best-solution>
</solver-instance>
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3% JAVASOLVER DAY —KNHA R: 9SO KRNSOV TD
Gl

HY IV EFEAL T, Java I— K& L 72E A% Red Hat Business Optimizer Solver DFH % 13
{I\ L/ i’a—o

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

UTFDN— RN Z‘LIBE DY XY,

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

o CPUBRE JOvFa1—4%4—IllF. FRIETH., ZOAVE1—49—ICEYYETHN/-TOER
TIWEEINDAETD CPULIBRENANETT,

o XEY—FE:QAVPEP1—4—ICIF,. FRIETH, TOAVE21—9—IlEIYLTSNhATO
TLATHEEINDZBEDOAE) —DPRETT,

o Ry MT—URE:AVE1—F—IlIF RETEH, TDRAVE21—-F—-ICEYHTLIL
TOERATHEEINDEEHORY N7 — U BHEHBBIYVETT,

LTV 7 bW e&ELT 2REN DY XY,

o 1DFAIFEHOTOLANEYYTONAZIAVELI—F—ICEThETh, RTFIRAMDEEL
F9(AvE1—9—TEICEE).

o JRAMAFFRTFIRMZRNRICHIZET,

ZhiE. EVRy RV BBICHIYET, LTI, BBEAT7ILIY XLEFEALT, 22
(CPUBIUAEY—)H2AVE1—9—25HIC. 42070 %EYHTEEV) BELFEBN
L/i_a—o
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- Computers RAM
Qloud balance D 7 Jx| 6 }
Assign each process to a computer. ﬁ;l; [ 6 } v [ 6 }

CPU Processes RAM

)x( )
[ ST ST

s s |

[ L4 s | )

L4 Js[ 3 ] s
(B2 7 x5 S

20 - S S s
Notenough[ | 2 | 4 }x[ 3 | 3 }

D@ room [‘ 5 }Y[ 5 |]

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

ZZTEALTWA7ZILTY X LI FFD (First Fit Decreasing) 7L Y XA TY, ZDO7IVTY) XA
T, BHICKEVWTOEREZEYHTTHS, BYDAR—ZIT/NIVWTOEREZEY HTTVWEZE
T, IMSEDNBZLEDIC. ThIFEBWOEZAD2EY Y TEIRTENE> TVWAWLWEZH, BETIE
HYFEH A,

Optimal solution

Business Optimizer I&, BN, LYEBWFZILIY X LZFAHALT, LYBLEBB(V)21—YaVv)%
BOWEd, £, =49 (F7OEAPIAVE21—9—) EFM(N—RI 2 7EHLEDHK) OmA
e L CEMEL £9.

DLFDFEEDIE, [T DEE|YET (Google ROADEF 2012)] TEEAINTWS, LY%< DHIK
EEALELSEREEY. ZOFIICEELET,
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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

K317 779 RONRS Y ABBDRHE

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
7Ot 124

aAYE21—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

RAAVETIVAFRTZE, EQUVSAN TSV VI IVTFA4T4—T. EQTOANRT 4 =TS
VZVIEROD oMY ET, T HNOBERIE. NXT7r—<TVRADAL INHSD=Z—XIIH/HT
LERBMEOELEEYR—MNLET,

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
L2AD—EAERMLET, TORATEICaAVYEa—49—M188YYETSN, AVYE1—49—fFED7
Ot RADEANEERY FT,

FIig
L RAAYETILDY S AFEERLET,

2. ERIELTHEET S ZHIRLE T,

3. VSARTEWNYYTNAVRI VR HERLET., YV TIAVRIVRIK, TS0 T
BHICEET 2T VT4 T4 —70O/5F4—T1,

e Computer: FFED/N— Rz 7HEHIN, FEORTFIARA M EET IV E1—%—
=RLET,
ZDBITIE. cpuPower. memory. networkBandwidth, & & U cost »*Computer 7 5
ADYVTINAVREI VAT,

® Process: 7YY KRDHZT7OERAA2KLET, 2O FOERIE Planner IC&>T
Computer ICEIY HTLN XD,
Process D> FIL1 > X% > Xl requiredCpuPower. requiredMemory, & &
requiredNetworkBandwidth T9,

e CloudBalance: A E1—4—BO 7Ot ADES%2KL £F, CloudBalance ICI&. HE
DF7—4tv b®D Computer & & U'Process TR TEENZET,
FTOTI MDBITRTDT—H Yy hBELUVBRERTIHBEIE. score 28T 25> TILA
VRV AMNBETT, Business Optimizer [dERZMDRAAT7%#FTEL T, &L ZE
T, REAAT7DOE@RIFREMRELY T, ZDH, CloudBalance DY FILA VU RH >
Ald score ICARY £9,

4. TSV TRICEDEKR (FRIET 1 —IL R)DET 20T LE T,

® Planningentity (75 Y=Y TV 7 4 7 4 —): BRI Business Optimizer 1'% 5 Al §&
RIS, ZORITIE, BOAVEL—9—ICTOER%FETE %78 Process 7 5

T“’a—o
o Business Optimizer " ZEETEXRWANT—F2KRIRT 27 7RI, BE I 77 b &
LTHONTWET,

® Planningvariable (75 Y =Y JEH): BRBICEIT DTSV VI IV TA4T4—0F
2D 7ANRT 14—, ZDHFITIE, Process 7 5 XM computer 7O/XF 1 —HAZhIlHi
Y ET,
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® Planningsolution (72> =2 7 D). BEANDEERIRT DI TR, DIV ZRIE TZ
VIVTIVTATA—EIRTCELT VY hEaRITVENHYET., ZOFIT
i&. CloudBalance 7 5 XD ZnilHhicY X7,

LFDUML 75 ZDE Tk, Business Optimizer DAY 7 MITTILT /T—>avhi i THY
x7,

Cloud balance class diagram

@PlanningEntity

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

@PlanningSolution
CloudBalance
score
computerList processList
@ PlanningEntityCollectionProperty

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

3.1.2. Computer 7 5 X

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

f513.1 CloudComputer.java
public class CloudComputer ... {
private int memory;

private int networkBandwidth;
private int cost;

... // getters
}
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3.1.3. Process 7 5 A
Process 7 5 R, fERFPICEEIND YV TATY,

Business Optimizer (Z, computer 7O/XF 4 —%2ZEBTE R I L 2IBRTIBENHY FT, il
&, 25 RIZ @PlanningEntity 07 / 7—3> 3 ¥ % {313 T, getComputer() 7 v ¥ —IC
@PlanningVariable D7 / 77— 3 VAT E T,

LR A 5, Business Optimizer BRAICTONT 1 —2ZEETEX 5L DT, TD computer 7 O/X
TA—IKIEEYY—EHETT,

f513.2 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;

}

/ %3k ok o 9k ok o 9k ok ok ok ok ok ok ok ok o 5k o ok 5k b ok 9k ok ok ok ok ok ok ok ok ok ok b ok 5k o ok 9k ok ok ok ok ok ok ok ok ok ok ok ok 5k o ok 9k ok ok ok ok ok ok ok ok o ok ok o ok ok o ok

// Complex methods

// %3k ok o 9k ok o 9k ok ok ok ok ok o ok ok ok 5k ok ok 5k b ok 9k ok ok ok ok ok ok ok ok ok ok o ok 5k o ok 9k ok ok ok ok ok o ok ok o ok o ok ok b ok ok ok ok ok ok ok ok ok ok o ok ok o ok ok o ok

}

Business Optimizer (&, computer 7O /X7 4 —ICEIY HTEHDIC, EDEEBIRTEZ DL %IBEL
THELBELIrHYET, IODEIE. 7FZ =V T DfEED CloudBalance.getComputerList() X ¥V v
RHOSEBL, REDT—9tyY MIEFNhELIVE21—9—D)VRANERLET,

CloudProcess.getComputer() £ I3 % @PlanningVariable ® valueRangeProviderRefs /X5 X —
4 —I|&. CloudBalance.getComputerList() LIZ# % @ValueRangeProvider D id IC—H 3 2 MENH
UET,

paat-la
| Ty —DRHYICT4—ILRICT /) FTF—>avEFERATEET,

32



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

3.1.4. CloudBalance 7 2 X

a,

\'1

CloudBalance 7 5 X ICI&. @PlanningSolution 7 / 7 —

ZDYSRE, IRTCOAVE1—9—BL7TO0ROD—E2REFLETT, TSV I/ORBEE.
(FHEINTWBIGEIR) TSV v /oBomAERLET,

CloudBalance 7 5 X Ill&, U TFOEELBMEIEEFNE T,

e Z MY 3 RAIE, Business Optimizer "EE TR TOCRAL VY avERFELET, T
4 — getProcessList() I @PlanningEntityCollectionProperty 77 / 7 —> 3 > {43 T,
Business Optimizer ""Z# T X % 7O+t X % Business Optimizer TESTX 2L DICLET,
fR%R7F Y % (CIE. Business Optimizer (¥, ZEL/7OEX—ET. VS5 RADHR1 V2%
VAEEELET,

1. ZhIZIZ @PlanningScore N7/ 5F— 3 v HDWicscore 7ONRTF 1 —EEFENTSH
Y, ZOFONRT 4 —IF, RIEDREDHD Score %15 L £9, Business Optimizer 4.
DAV RH > AMIFICScore A5t E T2 EBABMNICIOTONT 1 —%FBHT 572D,
ZOTONRTA4—ICEEY Y —DRETY,

2. ¥IC. Drools TROAT7DEtE A 9 3354, computerList D 7O0/87 1 — &

@ProblemFactCollectionProperty O 7 / 7—< 3 ~ % {313 T. Business Optimizer 3
YE1—49—DYRNEETZ 7V N ERBL, TPV VIVIVIIARTESR LI
@ValueRangeProvider(id = "computerRange")

TEIRENDHYET,
f513.3 CloudBalance.java
@PlanningSolution
public class CloudBalance ... {
private List<CloudComputer> computerList;
private List<CloudProcess> processList;

private HardSoftScore score;

@ProblemFactCollectionProperty

public List<CloudComputer> getComputerList() {

return computerList;

(S

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

(S

@PlanningScore
public HardSoftScore getScore() {
return score;

(S

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

(S
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||}

32959 RIS 5®HELLO WORLD OE1T

Thelloworld] 7 7Y 5 —2 3y FIILAEEITLT, Solver Ik LE T,

FIR

1L BEFERIDEICIOHEY I O—-RFLTHRELET, IDEANDY Y TILOFTIO—-REL
UEREAHZEIZ. TIDE (Intellid. Eclipse. 7zl Netbeans) T® Red Hat Business Optimizer
B TIVDET] ZBRLTIEIWL,

2. UTFTOEZEI SR
org.optaplanner.examples.cloudbalancing.app.CloudBalancingHelloWorld TZE{T:%E % {F
BLET,

TI7AIKTIE. 757 KRZ22 27D HelloWorld 13 120 MREIET T2 LD ICEEINT
WZEd,

RS
OF7TVr—vaviz, UTOI—RERFLET,

f513.4 CloudBalancingHelloWorld.java

public class CloudBalancingHelloWorld {

public static void main(String[] args) {
// Build the Solver
SolverFactory<CloudBalance> solverFactory =
SolverFactory.createFromXmlIResource("org/optaplanner/examples/cloudbalancing/solver/
cloudBalancingSolverConfig.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 DEEEAH & IC Solver ZHELXT (I Tl V73RN ADXML 7714 )L
cloudBalancingSolverConfig.xml Z &R L £9),
Solver DIBENZ DFIRTREEHLE D TT, FHMlE. [Solver DFEE] ZSRLTLLEX
AW

SolverFactory<CloudBalance> solverFactory =
SolverFactory.createFromXmlResource(

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

2. B@EHmAAHET,
CloudBalancingGenerator W {EAICRIBEAZEKR L F T, ThiE, LEAIE T—IR—R
END, EEOBEZFHAAL I FRICBEIBWMATLLEIW,

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

3 HEEMRLIT,

I CloudBalance solvedCloudBalance = solver.solve(unsolvedCloudBalance);

4. BRERTLIT,

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

3.3.SOLVER D& E

Solver DFERET 7 A IV, RO TOELADNEDL D ICHEET 2N EBELET. TOT7 70—
RDO—BREHBRINEY, DT 74 ILDER

. examples/sources/src/main/resources/org/optaplanner/examples/cloudbalancing/solver/clou
dBalancingSolverConfig.xml (7 V) £,

#13.5 cloudBalancingSolverConfig.xml
<?xml version="1.0" encoding="UTF-8"?>
<solver>
<!-- Domain model configuration -->
<!-- Score configuration -->

<scanAnnotatedClasses/>
<scoreDirectorFactory>

<easyScoreCalculatorClass>org.optaplanner.examples.cloudbalancing.optional.score.Cloud
BalancingEasyScoreCalculator</easyScoreCalculatorClass>
<!--
<scoreDrl>org/optaplanner/examples/cloudbalancing/solver/cloudBalancingScoreRules.drl
</scoreDrl>-->
</scoreDirectorFactory>

<!-- Optimization algorithms configuration -->
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<termination>
<secondsSpentLimit>30</secondsSpentLimit>
</termination>

</solver>

Solver MR EIZ. 3 DDA THERINE T,

1.

KX A > ETIVERZE: Business Optimizer AZBEA[EAE DIZA T H?

Business Optimizer IC KX A VIV S A%EBETZ2HELIHY FT, I I Tl
(@PlanningEntity Z 7=|% @PlanningSolution 7 / 7 —> 3 VI L T) V S ANZAADE Y
SAEEFMICZAF YV LET,

I <scanAnnotatedClasses/>

A 07 DEXTE: Business Optimizer I ED L D ICT SV Z v VEH = HZiElb L £ 952 BHIEM
TEH?

Tl N—REHWEY 7 MKW EFERY 575, HardSoftScore A L £9., 7~ L.
Business Optimizer IC, EVRXRABHICE >/ RAATDEHEAEEIEBET 2HENHYET,
®IFE., ROAT7DEEFRE% 2 785 (AR Java REODFEA. %7213 Drools DRL DfEF) #3
{I\ L/ i’a—o

<scoreDirectorFactory>

<easyScoreCalculatorClass>org.optaplanner.examples.cloudbalancing.optional.score.C
loudBalancingEasyScoreCalculator</easyScoreCalculatorClass>
<!--
<scoreDrl>org/optaplanner/examples/cloudbalancing/solver/cloudBalancingScoreRule
s.drl</scoreDrl>-->
</scoreDirectorFactory>

&E{L 7L T X LDERTE: Business Optimizer % & D & 5 ICH&EIL L £ 952 ZDFITIL,
(HBEET7ILT) ZLHERMICEREINTWARWED)30MWE. 7740 hORELTILITY
AL%Z=EALET,

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

Business Optimizer (&, ## () 7L 9 1 LETEEEZFERT 55 G115 I UM KREICR S5
BE) TERVWERIEBEONZIZTTITN. BAIMRLANIERZIFE, BRIEIRCAYET,
BERI—RAT =T, N— FRIFEGIRUANIC, BTORGEZFERTZ2IENBELTUVE
-a—o

T7AINMDTIILTY) XALTEH, ANEDFEHEYECITFEAEDHHNEE ZFBHEIC LD >TW
T, BERRYFI—IMEAFERL THHREEZEZBEEL. ISIKRWEREZ/BZ I ENTE
i’a—o

3.4. 207 DHETE

Business Oprtimizer [, 237 PmRE|mWVYYa1—>ary ZELFET, ZOHITIE. HardSoftScore
%{HF L. Business Oprtimizer */\— RHIfICIER L TWAW (FL@E@N—RFRI 2 7EHE2mILT) V
Ja—vave, VI MINICERTZEDKREDPLVWA YT FVAOIZA M REBEW) V) 21— 3
VERLET,
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Processes Computers
CPU CPU Cost

1000 §

(o)}
=<

Score

[
2
3 ] X s00s

Y 1000 %

-2hard [/ -500soft

A

500 %

>

Ohard / -1500soft

1000 §

F—
w
(NI
=<

A

>

500 %

Ohard / -1000soft
1000 $ Highest score

Optimal solution

oy
H
(2 (]
=<
=

LR H S, Business Optimizer ICId, TNOHDRKAA VEBDORAITZHMICDOWTEIRET 2HEN
HYFET, JavasSiEF/E Drools SEEEXFHL THINEZEETETET,

341 Java A FA LA TEHEDRE

ZOAT7EBEEET B HED12IC. Plain Java T®D EasyScoreCalculator 1 >4 —7 = —AREAH
Y ET,

FIE
1. cloudBalancingSolverConfig.xml 7 7 1 JL CEREZEBMT B, Z7YAAXA VY MLET,

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

loudBalancingEasyScoreCalculator</easyScoreCalculatorClass>
</scoreDirectorFactory>

2. calculateScore(Solution) XV v K% 3% L T HardSoftScore 1 Y X9V A% RL 7,
‘ f513.6 CloudBalancingEasyScoreCalculator.java

EasyScoreCalculator<CloudBalance> {

public class CloudBalancingEasyScoreCalculator implements
* A very simple implementation. The double loop can easily be removed by

Bl
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using Maps as shown in
*{@link
CloudBalancingMapBasedEasyScoreCalculator#calculateScore(CloudBalance)}.
*/
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() - couPowerUsage;
if (cpuPowerAvailable < 0) {
hardScore += cpuPowerAvailable;
}
int memoryAuvailable = computer.getMemory() - memoryUsage;
if (memoryAvailable < 0) {
hardScore += memoryAuvailable;
}
int networkBandwidthAvailable = computer.getNetworkBandwidth() -
networkBandwidthUsage;
if (networkBandwidthAvailable < 0) {
hardScore += networkBandwidthAvailable;

}

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

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

}
}

EtEEDI—RKNEHEIILL. Map % L TprocessList # 1E7ZIFTRELIZFGETE. A VI )AVH
IWROAT7DHENMTHOhAWED, WEMEVWEETT,

INZEBIETBICIE, A1) AV NJdava RAAT7EED. Drools RAT7EEZFRALET., 121
AV NJava ROAFEEICODWTIK, XETIRfIh A,
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#$3E JAVASOLVERDRAY — b HA K: 259 RISV TDH

3.4.2.Drools ZfEA LR A7 E5TE DR E

Drools JL—JVE5E (DRL) 2R L CTHINAEHRTEZ XY, Drools ROATETEIFA VI ) XY MNtE%A
FALET. COFETIE 12FALFERORATIL—ILE LTIRTORIATHWI BRI N E
-a—o

AATRHEOTYV Y avIVIVEFERT R E, TV a v T—T IV (XLS F/zld Web R—2R),
Business Central % (X U & L7z R— NI RDIEREL &, Drools DfbDOFEMEHEETETET,
FIig

1. 25X/ (TscoreDrl ') Y —A%&BIMLTCROAT7HEEELTTV Y3 /I‘/*‘/‘
9, cloudBalancingSolverConfig.xml 7 7 1 L CEREZEBIMT D, 7 A X

vEFERLE
vhLEY,

<scoreDirectorFactory>

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

2. N—REIHWZEERLEY, IhHDHEMT, IANTOAVE2L—F—IC, T2 CPU, X E
)—. Ry NT—VBEE,EYETON, 2TO0EANYR-—FINBEIICRYFET,

1513.7 cloudBalancingScoreRules.drl - /\— Kl %9
import org.optaplanner.examples.cloudbalancing.domain.CloudBalance;
import org.optaplanner.examples.cloudbalancing.domain.CloudComputer;

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

/
T
it

/I Hard constraints

/
T
it

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

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

1513.8 cloudBalancingScoreRules.drl - ¥ 7 b #ll#]

/

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

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

o ITRTD 7AOLELAMNY—ERICET S, AVE1—49—F0S5v> 1T 2H8EEINH D
O, ALY —EREERIFTT27O0ERIE. HOIVE1—9—ICEYLTEIRELNH S (FiE
Y BTRIFNRIER SRV,

o IRTDIVE1—F9—DENICHREINTWVWS, ELDNKKICHD AN H 270, [

CH—EZD7OERIE, BIOENIEREINTWSAVELI—9—IlEYHTIRELRH D
EY HTARIFNIERSRWN),
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284% RED HAT BUSINESS OPTIMIZER TR X1 %4

Red Hat Process Automation Manager IC(%. Red Hat Business Optimizer D4 > 7L A ER AR I h
TWET, L£EXEIA—RREEZERL T, =—XIE2LEDICEETEIT,
= T8

Red Hat |&. Red Hat Process Automation Manager 71 A N Ea—> 3 VILEEFN
23—RKYYFILOYR—MILTVEHA,

41V TIDE I v O— RBLVET

Red Hat Software Downloads @ Web 1 kA5 Red Hat Business Optimizer DY > )L & 45 >
A—RKLT. BTTEFET,

4.1.1. Red Hat Business Optimizer D4 > )LD ¥ o vO— R

Red Hat Process Automation Manager O 7 KAV /Xy r—o D—EE LTHIAEY D> O—RTEFE
-a—o

FIE

1. Software Downloads X—Y H*5 rhpam-7.6.0-add-ons.zip 7 7 1 L& ¥ > O— KL ET,
2. 774NV ERALEY,

3. rhpam-7.6-planner-engine.zip 7 7 1 VA RELT4 LI N) —DSEBRAL T,

fER

&R L 7= rhpam-7.6-planner-engine 74 L 7 M) —DLUTOH TF4 LI M) =2, YV TILDY—
AO—RKHMBEFNhTWE 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 %~ )L D3] ITIF, EY Y FIVTERTZ T4 L2 M) —DEFIEEH L T
\I\i_a—o
4.1.2. Business Optimizer > 7L DE1T
Red Hat Business Optimizer ICI&, I EFIEFRIA—RT—ADTEELTEHOY Y TIAEEFhTW
i_a—o
AR
o FlESF o O—RNLTEEALELL, ThoD7o> 3 VICET M. RedHat
Business Optimizer D4 > F)LDF 70— K] 28BLTLEIV,
FIR

1. rhpam-7.6.0-planner-engine 7 # /L% — T, examples 7« L ¥ M) — %X, BYLR V)
ThEFERALTHYY TLERTLET,
Linux ¥ 7z{% Mac DB E:
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$ cd examples
$ ./runExamples.sh

Windows:

$ cd examples
$ runExamples.bat

GUIZ7F ) r—>aviqa v RunbH Yy TV EBIRLTEITLET,

r Al

OptaPlanner examples x

Which example do you want to see?

Basic examples Real examples Difficult examples
|
| @G N gueens | | Course timetabling | | | | Exam timetabling |
o o B &
[ %E!iﬁ;f = Cloud balancing ‘ p !h} Machine reassignment Employee rostering
|~ I
) iy
iy * | iy | | |

£33

Traveling salesman | | I: WVehicle routing | | \ Traveling tournament |
- - -
[——]
[ ]

Dinner party === Project job scheduling Cheap time scheduling

Tennis club scheduling | | h Hospital bed planning | |

+
™M

)

$ Investment asset class allocation

Description

I Show web examples [
AL A

Assign processes to computers.

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

Homepage

vl | Documentation [

F5S
Red Hat Business Optimizer B{&|d GUI ICIKEL TWEH A, TRV by FERAL LD
IS, B—N—FLIFENMILIVM ETEERITTEET,
4.1.3. IDE (Intellid, Eclipse. F7cld Netbeans) T® Red Hat Business Optimizer #
TILDET

IntelliJ. Eclipse. Netbeans 7% S#i&BIRIREE (IDE) #FH T 2551k, BFEVOHERRIEICY VY
A — K L 7= Red Hat Business Optimizer Dl #R{TTX X7,

AR

e Bl rvO—RFLTERALELE, ChoDT70YavICET2FMIE. RedHat
Business Optimizer D% > 7LD F 70— K] #SBLTLEILW,

=g
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1. R 70 2 b & LT RedHat Business Optimizer %> )L BT £ 7,

a. IntelliJ ¥ 7z|% Netbeans D& X, FR IO =¥ b & LT examples/sources/pom.xmi
HBZXE Y, Maven FIADIETRICHEWL. 1 VA M—ILEEHTLLEIW, TOFIETIE.
BYDRATY TIZEKLET,

b. Eclipse D354 1E. examples/sources 71 L7 M) —THBEOP =/ MEEEE T,

2. binaries 71 L 7 b 1) —#& & Uexamples/binaries 71 L 7 M) —IZHZTRTD JAR %=, ¥
S Z/XZTEMN L £ 9 (examples/binaries/optaplanner-examples-*.jar 7 7 1 L %= [& <),

3. Java®V—X 71 L% M) —src/main/java & Java® )V —RTFT 4LV MY —
src/main/resources #EBML £,

4. RITREZMFRLET,
o XA 73 XR:org.optaplanner.examples.app.OptaPlannerExamplesApp

e VM /\Z X —4— ({FE): -Xmx512M -server -
Dorg.optaplanner.examples.dataDir=examples/sources/data

o {F¥7 1L 7 K'Y —:examples/sources
5. RITREEETLET,
41.4.Web O > TILDET

GUI DY > FILLAAIC, Red Hat Process Automation Manager (I, Red Hat Business Optimizer
D—EDWeb Y TILHEENE T, Web DEIELUTITRLET,

o FiX#RER: Leaflet £721d Google Maps DIRBELEEE L OAEFEAL T, IXITLEEN Y
BETETATLEITRTEANT 2RERBEFEL T,

o USYURNSYI YT ERIZAKBRSLIVCIRMNODOVE2—49—IC7O0EREEY HTET,

AR M
® Red Hat Process Automation Manager 77 K% > /%y — I H 5 Red Hat Business Optimizer
DY TN ESFIO—-RKLT, BEALZE LA, FIEICDWTIE, [RedHatBusiness
Optimizer DY Y F7ILDF I O— K] #BRLTLEIV,
Web D> FILid. LLTFDAPI &, D JEEAPI 2T 20BN’ HYET,
® Servlet
e JAX-RS
e CDI

ZN 5D API I, Bussiness Optimizer B&ICIZIREH Y FH A,

FIR

1. JBoss EAP, WIildFly REDJEE 7 T r—YavHy—nN—%4ovO0—RKRLTEBLET,
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2. &R L7z rhpam-7.6.0-planner-engine 7 1 L 7 ~') —T. webexamples/binaries + 77 1 L
g M) —%BE, JEE 7 7Y & — a3 v % —/3—|(C optaplanner-webexamples-*.war 7 7 A
VWaEF7O4 LET,

A4V R7OYE—RTJIBossEAP Z AT 5155 (&, optaplanner-webexamples-*.war
7 71 )L % JBOSS_home/standalone/deployments 7« L 7 b ) —(TBIML TERITTEFE
ER

3. Web 75 7 #—T http://localhost:8080/optaplanner-webexamples/ D7 KL 2 =& &
ER

4.2. BUSINESS OPTIMIZER #% > 7L D3

Business Optimizer %>~ 7)LICId, HEMBEDND IV T AN THEBEINBHBEAERTZ2EDEHY F
T, LTFDERD Contest FICIE, CDEHBRAVFTFARIDEBHINhTWEST, £/, IVFTRAMNDEY
ELT, BEH D, FFEEMHDOHEANE L TVWET, BENALIVFTAN & M LAARO VT
ANEELET,
BENLIAVTFAN &, UToOE#EAEAT, I LAZARIVFAMNEELET,

o BABICEZINALAEBOAI—AT—ATHDZ &

o ERICHKIAHDZ &

o EEDTF—Hty NI EHHB L

o BEDN—RI 7 CHEOHEBNICERABIRTESZE

o HEMESLWEFALEEXDERMEIIa-T 1 —IEAIISIMLTVWSE I E

WENRIVTRAMNTIE, BEDY 7 MT = T7PHEMF & Business Optimizer = BERHIICLLER T X
9,

RA1Y Y I OBE
i B4 X T TA4LI M) =%
N .
J4—=V o« T4 o« T4 o mE nqueens
TA4—=7 TA— e Bk (IE
5212 256 HY el
o &I o fE <256
D

o RIRZEM
=

107616
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& P % Y14 X aAvFRb TALIM)—%
V20 RNZVY o L cloudbalancing
>z e TV 4 e TV 4 e X
TA—=7 TA— e
5212 2400 o BEMMNE
" =
o EHI o f&=800
)
o RIRZEM
=
1076967
KEtE—ILRT:
e g o TVF1 o IVF4q o mEmT P
TA—=7 TA— e &
5212 980
. e TSPweb
o =i o f{E <980
ZH1
> o RIRZEM
=
1072504
T4 F == dinnerPart
;4_ o ITVT A o IVT 4 o HEMT y
TA=7 TA— = 80
5212 144
o EHI o {E=T2
o)
o RIRZEM
=
107310
FTZRIVZTDR L L tennis
S a—l o IVT 4 e IVT~« e X
TA4—7 TA— &
Z212 72 o MHNE
" =
o ZEH o BT
o)
o RIRZEME
< 10760
REBDAT Y 21— o o meetingschedul
L e T>V7 4 e T V74 e X ing
TA—=7 TA— e
5212 10 o BEMMNE
" =
o BH o =320
22 BLVe
5
o RIRZEM
=
107320
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1] [ 3 % Y4 X avrFARb TALI M) —%
J—2DEHEE _ _ N curriculumCour
e IVF 4 e IVF 4 o IREHN se
TA—=7 TA— e
S2Z12 434 e [TC2007
N track 3
o EH o [H=25
22 BLVe
20
o RRZM
=
10M171
T VDBEEYT : _ .o  MachineReassi
e ITVUT4 e ITVT 4 o [FIFIRZE nment
TA4—=7 TA— e # gnme
SA12 50000
. e ROADEF
o ZH1 o e 2012
2 5000
o RRZM
=
1071849
48
E# hicl i
3o i) o« Tu 4 o TUF . - vehiclerouting
TA4—=7 TA— e AW
Z2X1D 2740
. o VRP web
o K o fie
EH 2795
)
] o RRZM
e Vv RD -
IVF4q 1078380
Fa4—Y
Z2RX1D
o BE®
v
R
EH
)
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1D

74
T4—7
ZX1D

27D
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T4—7
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74
TA— <

2740

&=
2795

RREME

=

1078380

74
TA— <

640

Ee?b
SV e?

o RRZM

=?

74
TA— &

500
{E < 520
RFRZEE

=

1071168

REWT
AR

VRP web

IFIFIRE
:)

MISTA
2013

X

BANE
&

FALI Y-

vehiclerouting

projectjobsche
duling

taskassigning
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#i KA > Y4 X aAvFRA b FT4LI M) —%
H%ﬁ@ﬂ%ﬁﬁ%ﬂ — —_ == H
o IVT 4 e TVF4 o IRZEM e examina
TA4—7 TA— = tion
SZ2D 1096 e [|TC 2007
(R UB& track 1
&) e fE <80
N LU e
o & 49
2D
o RFREM
=
1073374
ERNDENTE nurserosterin
BRETORER e TVF4 e TVF4 o HEMW g
TA—=7 TA— e
SR1D 752 e INRC
w 2010
o E®|I o {E<50
)
o RFREM
=
10M 277
KE| b —F Ak _ _ N travelingtourna
e IVF4 e ITVT 4 o IHEMT ment
TA—=7 TA— e &
21D 1560
. e TTP
o ZHI o [E=78
)
o FREM
=
1072301
AZANZHRABR o .= ...  cheaptimesche
S a— e ITVT 4 e ITVT 4 o (FIFIE=E duling
TA4—=7 TA— e #y
21D 500
. e ICON
o EH e fE«<100 Energy
22 BLe
288
o RFREM
=
1072007
8
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Y4 X

e TVT A
TA— =

11
e {E=1000

o RERZEME
<1074

e TVT A
TA— =

216

e [E<=18
BLU =
20

o RI:RZEMH
=

101552

e ITVT A
TA— =

47
e {E«<48

o IRRZLMH
< 10759

i 52 8 F14LIM)—%
investment
o X
o MUMNE
=
conferencesche
e X .
duling
o MUMNE
=
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o X
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#i KXAL > Y4 X aAvFRA b F14LIM)—%
e EHEE DR o Tuss o TuF. . x flightcrewsched
TR T T :
Ga—=)vy =<5 = uling
SR1D 4375 o HEMATE
=3
Al ﬁ
o &I o & <750
)
) o IRFTLEM
e Vv R -
IvFa 100257
T4—7 8
ZR1D
o BHH
4
K
ZH801
)

43.NJ 14—

N4 XDFTRAR—RKRT, OV 4 —VICHRONABWBFRICNBED Y 1 —VA2BXET, 1 —HBW
BnP4—vnRX)LiE, n=8D8@EDY 1 —Y/RXIJLTT,

Wir

i

Wir

l#9:
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e NHIBLUNTODFTRAR—RAEFERLZTT,
o FIRAR—KIInBADI1+—VEEZET,

o VA=D1 —VICESLNABWEDIICBELE T, 714 —Vid, BUKERLE, EER
. WAEBLEICHZIMDI 41—V ERMBIENTEET,

RKETIE, 42004 —VNR_RZNEELRHAELTEZHLTVWET,
LT REINALBETY,

417 14— 4{ED/RXILDFR > T-f#

@

W N H O

LEEDEEIE, A1 EBO(BLUBOEDO) DY 4+ —UDNBEWIEHZERNEDTHEE>TWET, BOD
J4—=VBENEE THDY 4 —VICEONABWEDIICTS] EWDEIHTIESFTEETS. ThED
J4—2HEBEL] EWHEIWISERLET,

UTFIEIELWETT,

4.2 V14— 4AEAD/NZXIVDIE L WE

W N +H O

g

FTRTCOEHIBE-INTVWDDT, TNHIERTT,

N4 —VNRIAVTIE, ERVEREFEETZ5E0’Z4HYET, BEELELnICHLTEALONE TN
TORERDIFZDTIEAL, HEDNICHITZELWEZIDEIHI I EICEREHTEY,

BB DS

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.
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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 MILEAOY Y TINE LTEREINTVWSED, RBLLIFIATVWERA, THhIZED
PHLF, V4 —UH6AEICIKR > THERICNETEEY, MRHGERZMADE, 714 —VD
5000 AL EIC/R > THEREHRICHBTE D I EAUAINTVET,

431 NI 1 —VDRAALAVETIV
ZDFEITIE, 42DV 41—V DREBEERRETDRAAVETIVEFERALEY,
o RAAYVETFTILDIER
WU RAA VETIAGFERTSZE, TSV TORESLYBHEICIERL, BRI &
DLFIE nZ214—0BIDORAAVETILTTS,
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 getDescendingDiagonalindex() {...}

// ... getters and setters

}

o ERTFEDFE
Queen 1 > 2% > Z (T Column (f5l: O (E51 A, 11E%1 B) & & U'Row (f5l: O (&4T O, 11T 1)
NEEFNET,
FefTaE eI, RIEONAER. BLCRIEORARETETZIENTEET,
FEFTDAVTYIRIE, FTAR—ROELBMOBATVWET,

public class NQueens {

private int n;
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private List<Column> columnList;
private List<Row> rowList;

private List<Queen> queenList;
private SimpleScore score;

// ... getters and setters

}

1. fEORDA
12d NQueens 1 VX4 Y RICIZQueen f Y AY VY AD—BEHIAEZTNhTVWET, hH
Solution £3 & L TIRMHE I . Solver MR L TiAH L F T,

ez, 44— DY TILTIE, NQueens DgetN() XV v RHBVEIZ4ZIRLZE T,

M43 71— 4 EDME

@

W N H O

RA2 RAA VETILOBEDE

columnindex rowlndex ascendingDiagon descendingDiago
allndex nalindex
(columnindex + (columnindex -

rowlndex) rowlndex)

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

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

MR CEHNDEIIC, 74—V 22HALT. . WABERETZIHEEIE. 2 DODEIEVETS T
ENTEET,

4.4. 720 RKNRZv VT

COFNCEEY B5EMIE. 3% JavaSolver DX — 4 R 050 KNS > 7D SR LTLKE
-S \)\Q

53



Red Hat Process Automation Manager 7.6 Red Hat Business Optimizer DA% — h i1 K

45. KEE—IL ATV (TSP - XEt—I/L X< >~ EE)
HBEO—EEL &I, LAY AREEH T, KBHEI1ELTHETEIL— M ERLET,

OB V14 FRT A7 ICEREINTVEY, Jhid, SIEBETHEEAOICHASNIEED 12
TY, Alid. REXEDL 7 b EBRE, TOMOFWE —HICETEOBBO—EE L THEAINZE
_a—o

BB DFRAE

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

B D Z

TSP DEFHEIFEHMTIT A, BEOFERITIECIFEH LAY ET, ThIENPRE#EEEMEETN, %<
DEHEORB L EF. FEOBEDT—49 Yy MINT2RELMEIEZ. TOBREDT -9ty ML
THEHET S &, KBICE(LTDAEMEL DY £,

TSP optimal solution volatility

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

No effect Side effect Snowball effect

new

new new

N\ LS
TN

46. T4 FT—N—FT 41—
RFT—AIADTAFT— =T —%2BERETDIEICLELL,

e SEIE. FYAMM44ZERBFEL. HEZ RERSL. &7 - 7IVIBFZ2RFERASLE L,
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o EEFIE. RAUMRDANBERLICALRVWEIICLET,
o Ff, BDAELIIHBY, BULBKRZI1DEDLIICLIET,

o BF—TJILICIE, BUAR. EA. ER/A. I—F. #hEh. 2L TFOTSY—%2 24T DOREE
L/i-a—o

o BUAR. BEE. I1—F. 7O7357—F. ThThEULEBOAPBLT—7ILICRSAWNE
2ICLET,
Drools Expert ICH., (4 A EZDMTNIV) — BRI AT T —XDH Y FILREFIhTEY.,
R —YRT1 vV ERALTEZEIHLTWET, Planner DEXE(IE, Ea—-YRXFT1v 7D
ZFEAL CxER%Z R DI, DroolsExpert ZffA L TRMBODRAT %25 ET 2D, RTy—ZEY
T4 —DNEEZNMNIELLR>TWVWET,

IR DFRAE

wedding01 has 18 jobs, 144 guests, 288 hobby practicians, 12 tables and 144 seats with a search
space of 10"310.
A7. T=ZAVZTDATT a—)b

TRV ZTTIR. BRAF—LIMHEYTHEZLET, 4 DONERZLRATFICF—LICEIYET
i’a—o

IN— R

o BmA&IF—LWTBICIALFHAENTE S,

o BIAR: HEICL>TSMTERVWF—LHIH S,
FFEE D FI#Y:

o ATLRAYLTEF—LIRAET2OHE (FE)ALIKT 3.
Y 7 N

o HMEIINE: KFF— LD, ENEHEFENETIEHZRLICT 2,

IR DFRAE

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

Tennis class diagram

[ Day | [ Team ]

1 1 1 1

[ UnavailabilityPenalty | | @FfanningVariable
4 @~PlanningEntity
[ TeamAssignment ]
@PlanningEntityCollectionProperty
@PlanningSolution [

[ TennisSolution ]

4.8. KFBDRT Y 1—)b
REIC, HRREACRBEZIVETET, RSEORIBFELR/YIT,
N— RHl#9:
e HEDHK:2 DDREN, AURKEICELCREBEELFERTEIEETIAL,
o VWHODOHFEE RUKEICHEINIVEAEADREFEZ 2DEIVETEIEIETIERL,

o NEBEEINZHMEOPNAAN REOEFELEZPNATELRVWIBETEHERZEZT > TIEWITR
LY,

o FEIHHICEHIBL TRT: SEIFERDBICHETRY Y a—)ILInBWnWLDICT 3,
hZE D #I#:

e FENHFELERULBEICHESNIETDRBEZ 2D2FYHTEILRETERY, T, X
DRFBEVADRFZZR UCEREICEIYETS I EIFTERL,

Y 7 MR
o BN TRTVa—IL: T RTDEFELATIDZLIFRLRYFYa21—-ILT %,

o RFERBOBDKERME: RFLRBOMICIEK., RETEHERER1D9. KEEZANDIBLED
H5b,
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o REDEEH:WITLTITHNEZ2RBOHEZR/NRICINA T, EELHIDREBEEZBIRLATNIER
LRWKRZG< T,

o HIIAKZIWVWEHENSEIY HTE:SMELIEHEL TVWAWNGETE, TR ITZHOSMES
IRBT27-HDIC, KEWEHEHNEVWTWBGZEICIEZOHRENLEY BT TV RELNDH B,

o HEDAEM: REMNER L TTbh, KEORERN 2 D29 L Y DAWEEICIE., KERRL
HMETITO>ANRL,

EIRE DFRAE

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

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

200meetings-640timegrains-5rooms has 200 meetings, 640 timeGrains and 5 rooms with a search
space of 10"701.

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

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

4.9. 1— R DEEHEE| (ITC2007 TRACK3- A F21 5 LDRT Y 1 —)L)
BERe, KEARBIUVBEBREICHYET TR Y2 — L elArET,
N— RHl#9:
o ARMDHIK: BEEIZ. AURBICIEEEZ 2 DOFUFOILIETEAN,
o A)FaSLDEF: A Fa1SALICIE. 2D0DBEARURKEICHEET DI EIXTIARL,
e MEDLHA:FAUKEODREUBRZEIC. 2 D0DEEKZEIVETEIEETERW,
o FAAADEE(T—Fty bZTEIEBE):TEEIFEYETONRVWKELIH S,
Y 7 N

o BEREDNBAKBEEONEARE., TOREEZRITIDZFEDOHRIYES L BTNITHRSA
LY,

o S/NROMEBAE: R LI —-RXDEREDHBHEIZ. &KEICHDLIICT S,

e A)Fa1SLDREBEZ:ALANF25LICEINDERRE, KEATZIEL (Ei L 72KEIC)
REYT %,

o FEHREDFEMRALI—RDEXIIFALCEREEZIVETCINENH S,
Z DO EIL,. lInternational Timetabling Competition 2007 track 3] TEEINTWE T,

EIRE DFRAE

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

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

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

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

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

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

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

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

comp10 has 88 teachers, 67 curricula, 115 courses, 370 lectures, 25 periods, 18 rooms and 694
unavailable period constraints with a search space of 101981.

comp11 has 24 teachers, 13 curricula, 30 courses, 162 lectures, 45 periods, 5 rooms and 94
unavailable period constraints with a search space of 101381.

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

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

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

4.5 KXAVETIL

Curriculum course class diagram

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

*

@PlanningEntityCollectionProperty

@PlanningSolution

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

FE7OEAEZTIVICEIYYETET, 270CRICIE. TTIKTD (HRBIEINTLRW Y BTHH
YEJ, FOERICEZENRTNR, £YY—X(CPU, XE)—ABEYHN—EEHETY, IhiE. 75
I RONS YV ZDBIDIEETY,

N— R

BABRE: YV VICEHYHETERY) YV —RIFZOEEBA TIEWIFRL,
FERLY—EROTOERRRDOYY Y TEITTI2UENH D,
PERALCY—ERO 7O RIIERDGFFICORIEI2BVELNH B,

KERER: tOY—ERICEKEFET I H—ERO7OERIE, ZOH—ERDEL TETTIHNE
»"H o,

—BEMARER: )Y —RICE > TI—BEMAREDLEH Y., TDOII YV E, FICEY Y TSN
ROVOEADRRBEICAT Y MIN3,

Y 7 NEIK:

BRI EIIVDRYY —ZADLRLAELEBA TITWIFAL,

BEOE BV U THATRER) Y - R 29I E T, SROBFYETIIHIETES LD ICH
Bx21 3,

TOEROBHIRA M 7OERICIERBEI IR NI FRET S,
H—ERDOBEIRA M H—ERICIEBE IR NDIEET S,

MHBOBEOZ MY VALYV VYBICTOERABEHTEE. ANDSBICEEOKREIOR
N BIRRET S,

Z DfEREIL the Google ROADEF/EURO Challenge 202 TEZINTWE T,
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£°
?‘Ooa‘"” CPU CPU
Memory
Metwork
CPU CPU
Memory Memory
Network Network

Traditional algorithm

{Construction Heuristic)
o 180% '100%

H
“
- L 1

Metwork

Cloud optimization is like Tetris

cPU
Memory

w5 ) owen

Network

OptaPlanner

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

Netwaork
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4.6 fMfERSE

Cloud optimization

Assign processes to machines more efficiently.

— Computers Users

e .
Maximum :

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

l'll||

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

Cloud hosting cost “18% 2% 5 i00meceses

OptaPlanner versus traditional algorithm with domain knowledge 5 mins Simulated Annealing vs First Fit Decreasing
MachineReassignment benchmark Average Min/Max # datasets Biggest dataset

. 0 25% 50k machines
Hardwa re CongeStlon '63 /0 -EJ?‘?E. <0 5k processes
OptaPlanner versus arbitrary feasible assignments 5 mins Tabu Search vs First Feasible Fit

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

EIRE DFRAE

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.

4.7 KXAVETIL

Machine reassignment class diagram

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

4.11. BoiX iR

BHEOEMZHEAL T, SBREOMADZLONL. BEZTEVET, 1 20FERMTERHMDEEN, S M)

ZEIRTZIERFTEITN, WETEZ2REBIKIIRYIDHYFT,
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11
; 17

!
67 /100 ”
J'II 7

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

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

EAfBI (CVRP) DIEH I, BFERDFREL D > 76 (CVRPTW) L H Y £7,
N— RHl#9:
o HFHODAE: EMIE., EHAELBA TERMNEERI ENTEIRL,
o BHREH: (CVRPTW D &):
o HENBFME: BIDBAAICHET 258 ICIERKES NN D,
o FEMIGORE: EMIFBERICHH L TWAHE., BERICEEZZ2RENDH S,

o BABDEMFBNED HRE: BEDEMI’EDIAICEMAZE S 5eMELH 5D, EFHNTE
PETHBLTHOBERICHIST D2RENH S,

o EAENRRELMOIYEE: Eillld, BENRE LAMOIYHREITICEEYT Z2HEN
HB,

Y 7 NHIR:

o LETIREE: EMARE T SRR (HV ) VOBEER) R/NRICHIZ 2,
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CVRP (Capacitated Vehicle Routing Problem) & CVRPTW (Capacitated Vehicle Routing Problem
with Time Window) I&. [VRP Web] TEZINTWET,

4.8 {fifEtR =
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

REIRE DRI
CVRP A V2% ¥ R (BRIHAR L):

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

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

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

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

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

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

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

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

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

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

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

10774.

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

107170.

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

10"1168.

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

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

1078380.

belgium-d2-n50-k10

10774.

belgium-d3-n100-k10

10770.

belgium-d5-n500-k20

10"1168.

belgium-d8-n1000-k20

1072607.

belgium-d10-n2750-k55

1078380.

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

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.
10"65.
10768.
10777.
10779.
10782.
10791.
107983.
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 ~ 2% v 2 (Bsf#H Y ):

I belgium-tw-d2-n50-k10 has 2 depots, 10 vehicles and 48 customers with a search space of
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66

10774.

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

107170.

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

10"1168.

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

1072607.

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

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

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

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

Homberger_0200_C1_2_1 has 1 depots,

107429.

Homberger_0200_C2_2_1 has 1 depots,

107429.

Homberger_0200_R1_2_1 has 1 depots,

107429.

Homberger_0200_R2_2_1 has 1 depots,

107429.

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

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

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

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

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

50 vehicles and 200 customers with a search space of

50 vehicles and 200 customers with a search space of

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

107429.

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

107429.



#5432 RED HAT BUSINESS OPTIMIZER T2t X h 341

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ANLEEREBORXA VETIL
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Vehicle routing class diagram

@~PlanningSolution

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

BrfEids Y DEERBDO R XA VETILTIE, v NROEROBEEZLSALET., 22952
T. arrivalTime %> departureTime 2 ED FONT 4 =R XA VETFTILTEEANATE 276, Fl#
HLYBRICKRRTEET,

BEIFIEEE Tl < ERDIREE

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

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

Optimized for ... ... air distance
. -
... road distance _ @ :
o | -
- i Tw ™
L e o+ 2327.32km 118 632 sec
... driving time EaTAYES 3.8% worse 4.0% worse
-2 © ™. 224315km 115516 sec
e _." m H | ) best 1.2% worse
., ) y 2 300.32 km 114 105 sec

e 2.5% worse best

BEET7IVITY XLTIE, 2RDOEHRERETETWVWS (TENIE. BRIIKEHTEIN TV S) HEICIE,
INIEFICEETHEHY FHA, BEIOOX MIDOWTIE, BEREORD Y ICREEGHE. AV YUK, £
EINODEAEHER—RICT B ELARETYT, GraphHopper (BOIAARIBERA 754 ~
Java T2 V), Open MapQuest(web H#—E ), Google Maps Client API(web H—EX) R &, %
FORXMEHRICGHET 2ERMDPHY 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

o]

Fetch distance matrix
for every pair of locations

@ ABCD

Dowm> 4(F

0 50809050
50 0 30 3060
8030 0 3030
90 32 30 0 40
50603040 0

30min

50min

= OptaPlanner

Optimize trips
under hard and soft constraints

@ ABCD

JavaScript

Dowm> 4|7

50
30
30
30
50

F7-. Leaflet ¥ Google Maps for developers7a &, BEIDRA ML VS ) VT 2EMEHY &
¥, optaplanner-webexamples-*.war (ClZ, CDLIBRL VY)YV ITDTEFHLEETNTVET,
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Leaflet.js Google Maps

7 LAN!EGEM ] P T

y Map Satelllte |

Vl e BE‘I'g
issingen op 200
'Et _‘"'Ta euzen STk

Denain -~ *
e W (] i
Le ﬂueanny - ‘] | Walcourl [

"Cﬂgq_r}' Aut{lmye Aymerles Nigm il »
_, = ,Cou\ﬂrr

r:lf ,.,-4 ""ﬁ .b o e {y I o oWig - " Parc naturgkn

Leaflet | @ Op-enSI.reelMap canmbulnrs e il ARY Mﬂp Data « Terms of Usa ] Hepm‘tﬂ fiaperror

GraphHopper % 7213 Google Map Directions Zffifl L TERORBEZL V5 ) VT2 EEHHEET
TH, BRERCTRENERDD. FELETIIEELHRT 2O REICKRY 7,
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D e R Sat
Eirdh DEurnE| Map | Satellite |
indhoven _'_‘_\L,_,_,_I

Valkenswaard o Vel

Beriﬁgen
L }
Aarsézhot :

W o

aubou;dlnﬁ]

Caryin £

: [y W ! : 1 / p \ hleide
ruay—la—liiwss@feo ns [ Saint-Amand-Tes=Eaux ; ¥ s : ? : Malmedy

e W e 9
) e 1) L
{ __“\}gnain Mﬂ‘:;c’,?:' 4 ¢, i : f ;

o
Eambral Le Quesnoy .
Caudry Aulnoye-Aymeries

—
¥

Gi

Luxembourg

(77 Tergnier
ig Clty

i . qu Chauny iC \ ] .' S NI | b
{'SalJnt JI|IST en- ChaUSsFe r _‘:=. ;r: He}tslrl_el " BE‘ 4:3 X3 5
au!.r'sls =¥ Comdieane. ™. : Bl Map data ©2015 GeoBams—DEfBKG {@200‘3] Googie | Terms of Usé - Report a I‘Ilﬂp error

2 REDOHBEIR ME, Planner THEA LD LB URBEFEEZFERTIRIERLTLEIW, &
& 21E. GraphHopper IE77 # )L h T, RETIHARL, REOREEELET, [HEl D GPS X
D km (£71E< 1M I)L) OFEB%FERA L T, Planner T &1 OB} EHZEELAVEIICL TS

UTFD&EDIC, ERBELEIEXHEINDAREELHY T,
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Road distance triangle inequality

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

Shortest GPS routes Goal: shortest trip

using shortest GPS routes

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

optima

Goal: shortest trip
using fastest GPS routes

Goal: fastest trip
using shortest GPS routes

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

/" 30mi
i

50min

W

I-A B s—C )D *
50 + 30 + 30 + 40 + 50 = 200min

suboptimal

Goal: fastest trip
using fastest GPS routes

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

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

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

suboptimal

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

optima

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

412. 700z M a TRy a—)b

7OV NOEEARKRNRICINIZ 27O, TRTOY 3 TEBBRICETTISLIICRFYa—
WERELEY, EVaJik, OV MIEEFNET, YVa Tk, BRE2AETERITTEES., A
ECEICHECERTY Y —ANERYET, Ik, FERAYITVav TRy V=YY
(JSP) DISETY,
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Project job scheduling

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

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

( Design
Cover

Pages (400/book)

Book 1 <

L Assembly
( Design
Cover

Pages (500/book)

Book 2 <

L Assembly

1(3_9.":185!

Resources =< 1@’;@

g 1 % fday

N— R
o VaTDBEIELL: VaTl, BITOVITHIRTET TSI THEBALAEWL,
o Y—ADRE:FAATRELEEBAD) Y —AEFHALAL,

o YY—2@EO—AL(ALFOVIY hOYa TRTHRE). £AEI7O0—/ L (@Y 3 T/

o NY—RIEHMAR(BICHATRLEE) ILRXEHRFAT (EATHATRRRE) &Y
%)Q

AR D HIH:

o FOVIYNDATHBERE:&/OY Y NOMRERRE (XM 721V 2BEICT 5.
Y 7 N

o XA UZANVEFHBEROTOY Y NRT Y1 —IVOAFFERBEEREICT %,
ZDREIL. [the MISTA 2013 challenge] TEZINTWE T,

BB DFRAE

Schedule A-1 has 2 projects, 24 jobs, 64 execution modes, 7 resources and 150 resource
requirements.
Schedule A-2 has 2 projects, 44 jobs, 124 execution modes, 7 resources and 420 resource
requirements.
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Schedule A-3 has 2 projects, 64 jobs, 184 execution modes, 7 resources and 630 resource
requirements.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

413. 9 R DE|Y) KT

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

N— R

¢ XFI):HRYVZTEIWTIDULDRFIMDBETH D, RFEEICIE., TOLIRIAFILDNITART
WETY,

Y7 ML AL O DOHIFY:

o BMOTEERIRVEBERIRIPCIAT—RIXIDHEIC, BOTEERIRIVETTT
%)O

V7 MLV TOHIR:

o X—JZANVDE/ME:EY RV T T 5 TORERZERT %,

PN FhIAEE M E 1 42 LD NIIESZ I — M vk =71 v I\ STTbH- > LYt =s.,>. N, A+ = 7
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O EITHMEVWIRVVAESRKRE AV DIEE ICIENW CVE, DNHNEVHT DNNT /2 7 XTERX 9 Do
V7 MLV 2 DFIF:
o FEQRIRV: XA FT—RIRVDAEINC, FBBRIRVETIBRITRLETT 3%,
V7 ML AL 3 OFIF:

o YAF—RIRV:TEBLFRARAF—RIRIERT T 5,

B14.9 g s
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

- S _ _ 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
P L g A unch €S8 :
G [{. ? & ] LL e [{o 4 ] approval
Lacks [—J”il1i1‘,~'. takes longer = .. Starts between 12:00 and 13:30
EIRE DR

24tasks-8employees has 24 tasks, 6 skills, 8 employees, 4 task types and 4 customers with a

search space of 10730.
50tasks-5employees has 50 tasks, 5 skills, 5 employees, 10 task types and 10 customers with a

search space of 10769.

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

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

76



#5432 RED HAT BUSINESS OPTIMIZER T2t X h 341

4.0 KRXA4 VETIL

Task assigning class diagram

[ Skill ]

* *

| TaskType |

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

*

@PlanningEntityCollectionProperty

@PlanningSolution

[ TaskAssigningSolution

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

IARTOARIC, KECHEZEYHTIY, BUKEFICALCHMET. EHORERZTI I &HT

2H5DELET,

&
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Examination Ann [ History | Math |
timetabling Bobby [ History | Math |
Assign each exam Carla [ HiStUry ]
aperiod and Dan [ Math [Chem
Edna Chem| Bio | Geo |
Fred [ Bio | [ Eng |
Greg Geo | Eng
Most students first OptaPlanner
Room X ||RoomY Room X ||RoomY
4 seats 3 seats 4 seats 3 seats
—— [ History | [Chem Chem| Eng | [ History |
D[E|F]
_ Math
Fri 09:00 m
G same
Fri  14:00 4
same time —
N— REl#9:

o HRDHEIK: R UEENRZITZ 2 DODHERIE. FAUKEFICERTILVWEDET S,

BEDODINAANE: BEDOEFHIE. BICZREHLY I ZRITNIERSAN,

FARE: BRI, T RTOHRRICHISTESZRITRIFNIEARLRN,

HREREED/N— R (T -9y T EITEE):
o —HRFED2ODHRER CKATICRET ZLEN D2 BIOHELZEATEI LT

gE).
o FRHFEED 2 ODHEERZR UREFICERET IR,

o LI REDHREZ., HIOREDHRDRICITOVENDH S,

HEEEDHN (F—F v b TEITIEE):
o Pb: BEDORBRE, fORREFUHETHTD I EERTEARL,
VTR (85 A — 9 — b S NERFILT A —DBEFRTRBREINTNS):
o AUZEN, BT TRRE 2OZFTRVITAL,
o ALZEHN, AURIKHRE 2 D2 TRVIAL,

o BREITFONE: B ULREENZITZ 2 DODHERIT. KEAEZHIEEH TS,
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o ERNZAROERI . HELAHETZ2O00HBRORIIF. ALICT %,
o HIEIL:IREDOKETVWHERIZ, ATV 1—IEBRDITRET %,

o HIEIDRFILT 4 —(T—9ty NTEIHBE)HEICEL>TE FRAINZERFTILT 4D
LT 2,

o MEDRFILT 4 —(T—9ty NTEIEBE):BMBEICEL>TE, FRAINZERFTILT 14—
LT 2,

ERICKENSIME LAAARELHART —S Yy M2ERALEY,

ZDOEREIE,. TInternational Timetabling Competition 2007 track 1] TEZEINTWE 9, Geoffrey
De Smet [Kid. T #HAEERED Planner Z{EAL T, 2OOAYRT42a v T4 zEELELEL,
DAVRT 42 avLE SZ<ORRRDPMALNTVWET,

BB DFRAE

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

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

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

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

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

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

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

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

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

4141 ABROBEEID KA A VETIL
UTOETIE. FARBORAA VIS AEBNLTVWETS,
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BIANEHERD K XA >0 5 ZADE

<<interface>>
Solution

<<singleton==
InstitutionParametrization

7AN

' - twaolnARowPenality @ int
- twolnADayPenality : int

<<singleton>> - periodSpreadLength : int
Examination |———>1 . periodSpreadPenality : int

1 - mixedDurationPenality : int
- frontLoadLargeTopicSize : int
1 - examlist - frontLoadlLastPeriodSize . int

- frontLoadPenality : int

An exam changes during

solving: 1.*
The exam.period and/or exam.
room reference change. <<@PlanningEntity>>
The exam.id and exam.topic = Exam
reference do not change. -
-id :long
- - room
1/ topic + | - period
Calculated before solving % 0.* || 0% ™
T ! \‘I..-"' \\“\ 5
! n = Room
- . Period 1
TopicConflict -id : long
- - -id :long - capacity : int
- studentSize : int - startDateTimeString : Strin pacty:
, =>tring e - penalty : int
- periodindex : int
0. - daylndex : int
" - leftTopic 0.% - duration : int
- rightTopic - penalty : int
- frontLoadLast : boolean
1 1
1 RoomHardConstraint
Topic K ———————
P - - topic | -id: long
-id : long ,é————r""' PeriodHardConstraint
- duration : int -leftTopic | _i4. long
- frontLoadLarge : boolean 1
1+ - rightTopic
- stludentList 1 1
0..*
<<enum=:= —<enums=:=
Student PeriodHardConstraintType RoomHardConstraintType
-id : long - COINCIDENCE : int - ROOM_EXCLUSIVE : int
- EXCLUSION : int
o - AFTER : int
Mot asserted into the working
memaory

HBOIVETM%, Exam 7 5 R & Topic 7 7 AT mISER LTIV, BHEFELZEHED
TanT 4 —%EBL, B(TZV=VIIVTAT4—0VFR)aRDBE, Exam (A Y RY YV ANE
fELEYT, TDE&E, TopicA VAF VR, Period1 Y RAH VR, LT Room A VYV RAIFEL
FEAMWDIZRERAK ChoBLBBI7 77 MTY),

4.15. EFERI D ENFFZR (INRC 2010)
BT MIEERMMZRVETET,
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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— RHl#9:

o RENYLTDYT ML (HARAA): TRTDY T MAEREBICEY LB TIRELNH D,
o U7 KNDEIM:MEBICIEIBHICTIY 7 MNEFEIYHE TR ENTE S,
Y 7 NI

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

o BYLTOTRSLCLR: BRLBIF. (TATHOZHICADET)xEYS, y&U
EORVNY T NREBBET ZUENDH B,

o EiHBABMDTRELVLR: FUERER. (ZNThOEZNICEHLET)ERTxANDL
y B, 8% 50EL’H S,

o EiANRBHEDTRELVLR: FERER. (ZNThOEZWNICEHLET)ERTxANDS
y B, AOBENDH S,

o BERICEMEH T MDD TRE L VLR FHKREIX. (TN ThDENICEDLET) &Eii
Tx@E5yE, BREFST 2HENDH S,

o BROBBEEZRUICT 2: RMXEIF., BROWMBZEHHT 2. ILEBROLELD
%)O

o BRODYVTI M9 A4 TERLICTZ: BMEET, ALERDY T M4 FE. BLICT 2%
ENH 2,
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o RERNY—V -FTICFRERY I NYA TOHAEDE, Bl EVWS TN, B0 T N B
W7k,

o WEXEDHE:
o FFHEADYIIZAMRERER. FEDHFHFLHZHFTE S,
o RMAEDYIITZAMRERER. FEDRKRELHZHFETE S,
o FFEIBHITIMDYIIAMBPRERIFTEDY 7 hADEIYHTEZFLETE S,

o HFELAWS T MDYIVIZAMBEBIIFEDY 7 MIBEIYHTONBWVWEDICHETE
%,

o MDAFI)L: AFIVICEIYHTONREERIZ, TOYVT NTRERLAFIVICHEHETHDINE
"H o,

Z OfEEIE Tnternational Nurse Rostering Competition 2010] TEZEINTWVWET,

X412 [MiERE

Employee rostering

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

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

(enough time to sleep)

guard firms

:E = - - Free Free l
“..... Requires nurse skill " Day off request Call centers
&) g Free Free q= .
- . Reaut o o Police and
et equires engineering ski . 3
q 9 g = 48 hours rest fire department
G_Q == == = = == Free Free
A , No weekend work
— Shifts
NurseRostering benchmark Average Min/Max # datasets Biggest dataset
. 0/ +19% . 752 assignments
E m p onee WEI |'be N g +53 0 +85% 26 50 employees
OptaPlanner versus traditional algorithm with domain knowledge 5 mins Tabu Search vs First Fit Decreasing
Don't believe us? Run our open benchmarks yourself: https://www.optaplanner.org/code/benchmarks.html
EIRE DIRAE

UFD&EHIC, 7=y NOBRIE3IDHYFT,
o sprint W THEZMBRTZ2LENHY IT,
¢ medium: D TRBEZRT 2RENDHY XY,
e long: MR CRIBEZMBRT DVLENHYIT,
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toy1 has 1 skills, 3 shiftTypes, 2 patterns, 1 contracts, 6 employees, 7 shiftDates, 35
shiftAssignments and 0 requests with a search space of 10"27.
toy2 has 1 skills, 3 shiftTypes, 3 patterns, 2 contracts, 20 employees, 28 shiftDates, 180

shiftAssignments and 140 requests with a search space of 10234.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

shiftAssignments and 403 requests with a search space of 10"906.

medium04  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608

shiftAssignments and 403 requests with a search space of 10"906.

medium05  has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 31 employees, 28 shiftDates, 608

shiftAssignments and 403 requests with a search space of 10"906.

medium_hint01 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_hint02 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_hint03 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_late01 has 1 skills, 4 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 424

shiftAssignments and 390 requests with a search space of 10"626.

medium_late02 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_late03 has 1 skills, 4 shiftTypes, 0 patterns, 4 contracts, 30 employees, 28 shiftDates, 428

shiftAssignments and 390 requests with a search space of 10"632.

medium_late04 has 1 skills, 4 shiftTypes, 7 patterns, 3 contracts, 30 employees, 28 shiftDates, 416

shiftAssignments and 390 requests with a search space of 10"614.

medium_late05 has 2 skills, 5 shiftTypes, 7 patterns, 4 contracts, 30 employees, 28 shiftDates, 452

shiftAssignments and 390 requests with a search space of 10"667.

long01 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740

shiftAssignments and 735 requests with a search space of 10"1250.

long02 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740

shiftAssignments and 735 requests with a search space of 10"1250.

long03 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740

shiftAssignments and 735 requests with a search space of 10*1250.

long04 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740

shiftAssignments and 735 requests with a search space of 10"1250.

long05 has 2 skills, 5 shiftTypes, 3 patterns, 3 contracts, 49 employees, 28 shiftDates, 740

shiftAssignments and 735 requests with a search space of 10"1250.

long_hint01 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 740

shiftAssignments and 0 requests with a search space of 10"1257.

long_hint02 has 2 skills, 5 shiftTypes, 7 patterns, 3 contracts, 50 employees, 28 shiftDates, 740

shiftAssignments and 0 requests with a search space of 10"1257.

long_hint03 has 2 skills, 5 shiftTypes, 7 patterns, 3 contracts, 50 employees, 28 shiftDates, 740

shiftAssignments and 0 requests with a search space of 10"1257.

long_late01 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 752

shiftAssignments and 0 requests with a search space of 10"1277.

long_late02 has 2 skills, 5 shiftTypes, 9 patterns, 4 contracts, 50 employees, 28 shiftDates, 752

shiftAssignments and 0 requests with a search space of 10"1277.

long_late03 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 752

shiftAssignments and 0 requests with a search space of 10"1277.

long_late04 has 2 skills, 5 shiftTypes, 9 patterns, 4 contracts, 50 employees, 28 shiftDates, 752

shiftAssignments and 0 requests with a search space of 10"1277.

long_late05 has 2 skills, 5 shiftTypes, 9 patterns, 3 contracts, 50 employees, 28 shiftDates, 740

shiftAssignments and 0 requests with a search space of 10"1257.
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413 KX VETIL

Nurse rostering class diagram

| 1 ShiftType ]<1 —| SkillRequirement | 1>[ smu1 |
[ ShiftDate | [ SkillProficiency |
1 | *
* * 1
| Shift | | Employee ]ﬁ[ Contract ]
1 1
@~PlanningVariable
, @~PlanningEntity :
[ ShiftAssignment ]
: [ NRParametrization |
@PlanningEntityCollectionProperty 1
@PlanningSolution .
[ NurseRoster ]

416. B b —F X > NERE (TTP)
nF—LBDHEZ=ATYa2—ILLET,
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Philadephia Phillies

Traveling tournament

away to

Schedule each match in a day.

./-.

away to m
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|n/.

[PHI]

< 3 consecutive
home matches

MON

[

P

reverse match [
[

[

[

665

Total team distance: 2.127

Montréal Expos

829
665

80
337

337
380
865
745

0

Atlanta Braves
929
(1
337
80 /

665 ATL < 3 consecutive
0 ?E away matches
0
0 “ Minimize total

i distance: 8.276 ,
Total team distance: 2.011 Total team distance: 2.127

o BRF—LlE. HOF—LEThTH 2@ (h—

TOIA)REET D,

o BF—LlE, BRERICIHAGEITD

e 3 [OEHKET

o &YRLAL:AUNEAEFE 20E

T, R—LZXEWET7I9 T4 TOASIETTERL,
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Y 7 NEIR:

Z DREREIE Michael Trick @ Web 1 kb (It REE&HKHL S
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1-nl04

BETERBEZ &R/MRICHIA .

FHNET) TEEIATLET,

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

1-nl06
1-nl08
1-nl10
1-nl12
1-nl14
1-nl16
2-bra24
3-nfl16
3-nfl18

has 10 days, 6 teams and 30 matches with a search space of 10719.
has 14 days, 8 teams and 56 matches with a search space of 10743.
has 18 days, 10 teams and 90 matches with a search space of 10/79.
has 22 days, 12 teams and 132 matches with a search space of 10"126.
has 26 days, 14 teams and 182 matches with a search space of 10"186.
has 30 days, 16 teams and 240 matches with a search space of 107259.
has 46 days, 24 teams and 552 matches with a search space of 107692.
has 30 days, 16 teams and 240 matches with a search space of 107259.
has 34 days, 18 teams and 306 matches with a search space of 107346.



http://mat.tepper.cmu.edu/TOURN/
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3-nfl20
3-nfl22
3-nfl24
3-nfl26
3-nfl28
3-nfl30
3-nfl32

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

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

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

4-super06 has 10 days, 6 teams and
4-super08 has 14 days, 8 teams and
4-super10 has 18 days, 10 teams and
4-superi12 has 22 days, 12 teams and
4-superi14 has 26 days, 14 teams and
5-galaxy04 has 6 days, 4 teams and
5-galaxy06 has 10 days, 6 teams and
5-galaxy08 has 14 days, 8 teams and
5-galaxy10 has 18 days, 10 teams and

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

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

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

417. AA N ZMZ B R T a—)b

YRV EFERNICRATYa—I)L L., BBOBESRZR/IMRICINAZT, EXRIFEFHICE>TERY
F9, INF, YaTdrav IRy a-) VT DIGETT,

N— REI$Y:
o FRABEERBIDEIR: 89 X 7E. RREZEOHBEBOFIRAIC. HIRTIHELNDH S,
BRABE VIV VICEIYHTEE)Y —RFIZOEEBATIEWITARWL,

BRBELIORT BHMIE. YR I7DPEYLETOSNTVWBEIIEHFEEBL TWBRELRHD, XDHY
2V FTOM., EFSSLVCRTIRNEZEITE2HD, WHBAET7A RILICTRBZEDNTES,

HRAZRE D FI#Y:
[ ]

BEK 227V 1-LOAFRBRMAERMRICNAS,

o WHOBSK: BEHRELIZTA KLhOBMIEZhZN, BREEEL. BSRIRET
3 (SEREABOBSNRICE > TERS).

o HRVDBZMR:BEIRIVEBREHEL., BERRIRET 3 (BRIEFEAFOESKIC
Lo TENLS),
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o WMDEESIUTHRT IR M EHMEZRESE/ITRT T2UIC, BMOIR MHRET
%)O

V7 M (BREICTT A BREI N TV 2 ERICEM):
o R BEINKEDICIRVERIRT 2LDICT B,

ZDR7EIL. TICON challenge] TEZEINTWET,

RIRE DFRAE
sample01 has 3 resources, 2 machines, 288 periods and 25 tasks with a search space of
10753.
sample02 has 3 resources, 2 machines, 288 periods and 50 tasks with a search space of
10M14.
sample03 has 3 resources, 2 machines, 288 periods and 100 tasks with a search space of
107226.
sample04 has 3 resources, 5 machines, 288 periods and 100 tasks with a search space of
107266.
sample05 has 3 resources, 2 machines, 288 periods and 250 tasks with a search space of
107584.
sample06 has 3 resources, 5 machines, 288 periods and 250 tasks with a search space of
107673.
sample07 has 3 resources, 2 machines, 288 periods and 1000 tasks with a search space of
1072388.
sample08 has 3 resources, 5 machines, 288 periods and 1000 tasks with a search space of
1072748.
sample09 has 4 resources, 20 machines, 288 periods and 2000 tasks with a search space of
10"6668.
instance00 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107595.
instance01 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107599.
instance02 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107599.
instance03 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107591.
instance04 has 1 resources, 10 machines, 288 periods and 200 tasks with a search space of
107590.
instance05 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
10"667.
instance06 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
107660.
instance07 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
10"662.
instance08 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
107651.
instance09 has 2 resources, 25 machines, 288 periods and 200 tasks with a search space of
107659.
instance10 has 2 resources, 20 machines, 288 periods and 500 tasks with a search space of
107 657.
instance11 has 2 resources, 20 machines, 288 periods and 500 tasks with a search space of
1071644.
instance12 has 2 resources, 20 machines, 288 periods and 500 tasks with a search space of
107637.
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instance13 has 2 resources,

20 machines, 288 periods and

500 tasks with a search space of


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

107 659.

instance14 has 2 resources,
1071643.

instance15 has 3 resources,
107M782.

instance16 has 3 resources,
10M778.

instance17 has 3 resources,
107M764.

instance18 has 3 resources,
107769.

instance19 has 3 resources,
10M778.

instance20 has 3 resources,
1073689.

instance21 has 3 resources,
10"3678.

instance22 has 3 resources,
1073706.

instance23 has 3 resources,
10"3676.

instance24 has 3 resources,
10"3681.

instance25 has 3 resources,
1073774.

instance26 has 3 resources,
1073737.

instance27 has 3 resources,
10°3744.

instance28 has 3 resources,
1073731.

instance29 has 3 resources,
1073746.

instance30 has 4 resources,
10°7718.

instance31 has 4 resources,
10°7740.

instance32 has 4 resources,
10"7686.

instance33 has 4 resources,
10°7672.

instance34 has 4 resources,
1077695.

instance35 has 4 resources,
10°7807.

instance36 has 4 resources,
10°7814.

instance37 has 4 resources,
10°7764.

instance38 has 4 resources,
10°7736.

instance39 has 4 resources,
10°7783.

instance40 has 4 resources,
10715976.

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

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

418. BEEEV S ADE|Y KT (R— b7+ )+ DEEIL)
REEV ZRAIRET2HENEZRELET,
N— RHl#9:

o NRUDHEKE: ZREREGE. BEREDZKREZBA TIEARLAL,

o EHERELFTDEEIL. Markowitz Portfolio Theory 2@ L 7. BEY 7 A DHEE MK
HERTIVLENDH D,

o HMFDRAME: Hilf T & ICHEDRKENH S,

o EUVH—DERAE:EEII—IIBEORKENH S,
Y 7 Nl

o HARFNZEZRKILT 2,

EIRE DFRAE

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

HAZHNKREWT =91y MIFEBR/RIESNTVWEREAD, BBIEIAWNITTT, T—9ICET3E
aERREE LT, 2O7 1y MERED Web 4 M BB LTI,
419. REBATV 31—l

RECBETEHBICHYYTTVWEEY, BEFTIIEEI TR IENTEET, *Xisx 771 LI
WT B5mANY PEZAADNTBET. ZD7T 71 J)LiE LibreOffice Z 7213 Microsof Excel CIRETX &
-a—c
N— RH#:

o BHETHDREBIA T/ RBOYA T, KETOREIMTE—RITI2VENDH S,
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HMENMEAFORRET: TORFDKETIC, KEAOHEA/FIATIAUTAIERSAN,
HEOHEG: 2 DDOREFEN. AUHEICALCRBEEZFER T2 I LIEFTIEAN,
FHERENEVTORWKRET: BEE RIS Y. SBORBETICEVTULRIThIERSRW,
EEEOHA:RAUCKETED 2 DORBICACBREEZZVLUTEI LN TERL,
NADEETS LUEEDY 7

o BRENERTIHETY VWEEIC. VARETFI TN TWEIBA, #BRED
RFBITEDY TN VWTWREEICEIY B TI2REDH B,

o BEEDRIRKMETY V: QAFEEIC, BUERETS IHEYHETORTWSIEEIR. £0D%
TOMWEERAFICEREDRBLENTEIYETEIENTERL,

o REBERETILEDHDIHEFTY V: RFBICWERETS IIMTVWTWBIEEIEF. £0D%
TDRHWEERAFICEYETI2VELH D,

o REDERIKETYV:2FIC. BUERKETI IHEYHETOLNRTWSRIEEIRK. ZDFTD
HWEREFTICZDORBZEYHTE I ENTERL,

o BRENEKRTZHEDY V:HBEEIC. HWADWMEY INTITLNTWVWEIZA, BHRED
RFBIIEZDY TNV TWEIERICEIY L TIRELDH B,

o EBEENBRITEIEHEDY V:BEEIC. BUEBEDY IHNTITFSNTWBIFEE. EBEEHD
nmm%®&9#ﬁu1mé%§hﬂUét ENTERL,

o REERETIVLEDHDIEEY V: REBICWETES IDMTVWTWBIFEEIF, TDITD
HWEEICEIVETI2VELH D,

o nuﬁo)?"fﬂ:ﬁlll_%ﬁﬁ REIC, BIBEY IDEVETONTWRHEIE, TDY DAL
CHEBICTDRBEEYETDEIEDTERL,

o MDRFE R UBETEICERELAWY VDY IV TWEREIE. AUREETEICEELT

AT a—=)L LTEWIFRW,

SEIUENMTIVESE: TERENMTV ZEREBE TR TERT L TIHOS TRV ERROEEE AT
T a—I)L L TIEWiFiun,

Y 7 NEHIR:

T—YDENHES: A UEEHT. BLT—YD8 VBTV ERBEORZR/NRICINZ 5,
/5 -—0HEE BLERTCRALEIY -9 TONVWAEREOH 2 R/NRICINA 5,

AVFIUYDZERELARNILOIVOER: IRTOIAVFUVYITICH LT, EREROELEZD
BICAFILRIVDREBEBERT Y 2—ILT 5,

ZEELANLOSZKE: IRXTORETICBEVWT, ER2ZTEFLNIVOREN 2R ARICIE
ER

SERDOEHRME: IRTORKEFICBEVWT, ELP5FDRFH R KRZEYT,

NADOKEFE L CHREDS 7

o BEENFETIRMETEY V:BEEIC. FEOKETY VNI ONTVWRIGE, #BRE
DERBREEDY ITNMIVWTWBEREICEIYE TS LDICT S,
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o BRENFELRLVEREFTY 7/ BEEIC. FELRVERETY /IMT TS TWEIEA,

FOBBEBEDRFBIZZDY TN TVTWVWBERBICEIY KR TARVWELDICT 3,

o REDHEDKETY V' RBILHFLORKEFTY VMV TWBIFEIEE. DY TDMWE

FRREIFICEIYE TS L DICT %,

o RBMDREZHFLLLVWKEFS 7 2FIC. FELRLVERTY /NMTVWTWSIHEE

ZDY TONWIEREHICEIY HTRWELDICT 2,

o BEENFTETIMEDY V:BREEIC. FLDOHEY I NHIT SN TWEIFE., BEED

REBIXZTODYITHFTVTWBEEICEIYHTELIICT S,

o BEENFTELLVWIEDY 7 BREIC. FELLBVWEEY /NMFITShTWEIEE. 3

EBEDRBIZFDY ITNMTVWTWBEHEICEIY Y THWVWELDICT S,

o REERZEDHEY V: REBICKEDEY VDTV TWBHAEIEX, TDY TDNWLEE

ICEIYYETEHELIICT B,

o RFBCTHEAZFLLAVEESY 7 2FIC. FELLBWREY I/NMTVWTWBIHEE, D

G TDNWIEHEBICEIY HTRWEDICT 2,

e ALCHORFERALT—<¥97FLIFIAVTVIYIITMIVEREBRLY, VER/NRICAHE

GERELTIRALA)ICRTY2—ILT2L£DI107 %,

£4.14 fiER S

Conference scheduling

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

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

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

normal room
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- Same technology —

— Talks
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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.
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o EEFEZR/NRICHNA S,
o TIXZLRIFTRKEET S,
Y 7 Nl
o REFFEDELRILEE T B,
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I 47shows has 47 shows with a search space of 10159.
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175flights-7days-Europe has 2 skills, 50 airports, 150 employees, 175 flights and 875 flight
assignments with a search space of 10"1904.

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

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

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