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All-In-One #B1EL1T-
LocalSolver#EFTEIE AT L
D EFTENF]

- LocalSolver 5.5 EIM
- e EREI/LERE~DLocalSolver)E A=A

20155F9 A 27H
Bl B (MSIEX=1t)
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All-In-One Solver:LocalSolver5.5
DIELET

20155F9 A 27H
Bl B (MSIEX=1t)
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+ SCMDE&EICKY ., KIEZEEILEEDEERNETET

BEE(CHEOTVDA, REHBIEAV AT LDRATESR

LTLBDH. FRIK,

s WEEDAEEMIPEREEBHETEE) TIXEEITHEOKRE
HEetE RBE{LEE 800/ LI ED/M4— DEE
\OERETHAESHhEERDD) EERMICEELIEN

TEALIGVIMNHE,
- JEEDFIEETEEAV AT LORVWRERFTOITHR T

SERALAREERRICKDIEFHLLVNATYYRGHS
HEEEE AT L (LocalSolver) BNEREhT-,

s FALGRKREREREZLAANICEREETIVI TES
(FE#R e HI Y. smER Gy, JESR B MIBEED) Ko (27%oT =,
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Integration

@j@f&_ocaISolver(ﬁQHT XT3

ARRESERZEN, FFmEEREICHL T,

BETFE DB BT (LS, LP/MIP, CP/SAT, NLP, ..)Z# &L
f=All-In-One® #1318 :

Feasibility search
Optimization

A

Y
Infeasibility proof

Lower bound

2015/10/8

|

EEV RAT LTEER,

FY it a)

A

VAN

{ Y Y N
Preprocessing | Neighborhood Search Moves
. e . . y . . ( y . h .
Model rewriting Simulated annealing | Combinatorial | | Continuous | Mixed
. \ ;
Structure detection Restarts n
Small Small Small
Constraint inference | Randomization Compound Compound | | Compound
Variable elimmation | Learning Large Large Large
N \ V,
Domain reduction - : , / = i
Divide & Conquer Propagation Relaxation
Tree search Discrete propagation | Dual linear relaxation
Interval branching Interval propagation | Dual convex relaxation
J

MSI# &%t Copyright © 2015.



Ve on
Wﬁ —L ocalSolver® & FR &6 B —
/ Eﬁﬁ(dlscrea & Non-linear) LocalSolver
o Alie
B BEEFTLIVR 4
% Ej | e | AL =
HE NLP
| .
3 (convex) SER T BB R ATza—y
R EHE A
4 LP
i) YOIV
£ IS5 MEHE . REE ESEYEEE
MIP
‘%\%&%%& LocglSolver BREH
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M3l MIPLIBTOARLFI—Y4E R

Management
Solutions
Integration

lnstances STatus variables | Localsolver 3.1 surobir 5.3 Cplex 12.4 Uptimum

opmZ2-z10-s2 hard 6,250 * —25,71% 15,601 -158,534 -33,82¢6
opm2-z11-s8 hard 8,019 * —33,028 -21,661 -18, 883 -4£3,4E5
opmZ-zl12-314 hard 10,800 ¥ —4g, 857 -11,684 -3g,4e8 -o4, 2581
opm2-z12-37 hard 10, 800 bo—d4g, 0342 -12,375 -30, 887 -£5, 514
pbe hard 4pZ -62 -B2 -62 -63
uesns—30 hard a0a —-38 -36 -39 -40

decll open 37,287 11,100,000 21,300,000 1,840,402 unknown
do—big opcn &, 020 a,8141 &£2,520 5,256 unknown
ex1010-pi open 25,200 2449 251 247 unknown
ivule-kbig open 1,812,044 474G 9,41e 678 unknown
ivus2 open 1,423,438 4,907 16, B8O 3,285 unknown
mining open 723,404 * —g5,720, 600 90Z2,%c9, 000 no solution unknown
pb—simp—nonunif open 23,548 * 480 140 o4 unknown
ramos3 open 2,187 * 223 274 267 unknown
rmineld open 32,205 * -34g5 =170 -G&8H unknown
rmineZl open le2, 547 -3657 -184 noe soluticon unknown
rmineZ5 open 326,544 * -3052 -161 noe soluticon unknown
sienal open 13,741 256,620,000 315,186,152 54,820,419 unknown
sts405 open 405 342 342 354 unknown
sts729 open 704 648 6448 663 unknown

Ox=4MERERE
[(EE{TCPURSRE: 55
[PC: Intel Core i7-820QM (4 cores, 1.73 GHz, 6 GB RAM, 8 MB cache)

2015/10/8 MSI# =X &%t Copyright © 2015.



| N S N
mﬁ LocalSolver THsHh BV 21— 3> 75

Solutions
i

g
olution
Integration

MR, RKREMRE T, ERZEMA BB THLHEHLILBERRIZEED T
KL TS OMBIEERMIZEE FTEN o -MNBIEMN TS D KIITE 1=,

£5. IBF, BIST, 7357, i, BRGEMBMTEEZRD,
Z{ D55, EABHEEMELLTENXIETES.

REHADZLOBEBIFRREMAES T mBEILEREELS,
- HEDEEIERLfHIT (L) HRE
o FMTETEIRRE (T1ILLTEE)
« SCMRE (& —#nE —EE—R5FEHL)
s REREE A—TEDI—MEFRLELE)
- 2ykTJ—I/RIRE (@M, BIEHRE BR. T RGTEDEEKET)
o EOEETE[EIRE (BEME, [EfA~ADOEMESE, JIYNELLY)
o MBEXECERIRE (T15, |58, ANHEBERLGEDEELLE)
c NERT D)7 HE (EFE-FEMOHFER, BEEIDERLE)
« WA= BB (LIE0EREtE . EEREBETELLE)

2015/10/8 MSI# =X &%t Copyright © 2015.
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=" 1. LocalSolver&lZ

 Bouyguesld, 75V ATHRHEKEL
TtEITNL—TD1D--IRAIL
33018 €/4F

i | tion2Y ° Innovation 24[&, ESRARHRY
w1INNovValion== gk £%H T SBouyguesdF &t

« LocalSolverlZ. Innovation 24 B3,
“lLocalSolver RH#EBDLIZNATVYFEREHE
FTEES AT L
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M3i  LocalSolverM 14 |EE

Management
Solutions

A7) (boo)BRREEH. EHi(float(TR. £R)) ERRELHK
RUOEBH(nt (FE. ER)) ERAREEMCETILEEEAIEE

O—AIY—FEEKREL, MIP, LP, CPEDRREDF mxtlAAA T
N yR B REIETO DY

- BAEBULEOERRELAEREZERARRE (BOEE) TH]

- RO RTAefME o ERFZRHIIGL, REMEBRI OV

3 FAFSIRE: supply chain optimization,
unit commitment,

portfolio optimization,
numerical optimization arising in engineering (ex: mechanics)

http://msi-jp.com/localsolver/ £ i

2015/10/8 MSI# £t Copyright © 2015.



- |_ocalSolverplF #x 4

s AL T AT DB ERFIZ &S 2000FE > D ELE

GR.E1EZEE{172000-20054)

+ TV ARADORF—L(HEHIB2ARUEERRIN)IZELS

2007 MR IO INTHE (E

DZIE)

- MIPGEBEB#ETEE) TIXRE TSV AKHEEEE &
{ERIRE (800 R LLEMO-1EEHEH) ZFERAMIIZfE<

+ AFEa—IARTA VR (RITIRERRE) EXN—RITDY

TLyOREFERYAATEELFTLLVR

fEixERE

- FRERFZHIRY. JERRT B BB FE TR L T-RRE & fE<:

Mixed-variable non-convex programming

- RHTDITET ., B RE L iTEE A

(A TOT 307 55, MRERFRITHEE. 15| NEF)

2015/10/8 MSI# =X &%t Copyright © 2015.
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M3
= ocalSolver Al B EHER )

BIRREKREREC T, RENTEZS
- BDHHETLRAINATVS7 LTI L
- ZLD—WHBAREL—YRT 4D T7 TO—F OF| AZRIR
- REOBATHLYRNTHNILEHRELTH A
- MR TREMNL RETRE IR

BERBEEERE
- BEDYVY 21— avDREERER
- INSVRREMN SR RICREGRREMELX
— BEMEHRN O RNIIER

BARRICESEAERTARIEZRALT
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v

& )75 PR 7 PRI D B FE
- BRREEOBEEEED. FHALTLK
~ BRSNS TIHAC, BMBERISE SV TER
- BEOMBERVMEREMERDETLIZEYOTL

BAER: TEX]IIZE-T
~ AR JICERZEHHEGL
— MOVE(AAL—13y) DR ENEFTEMEIZEF
— DTAT DD ITA— RNV ETANNEE

—SBEROEMRiTEaVE 1 —2F AR CTRERES
AERFAZRE (D 2EEBRRZET)
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| LocalSolver (3FEZRE A A—)

J0—RILRFEELTDIEEEIRE

IS fl ﬂ ﬂ
[ ]
[ ]
[ ]
2015/10/8

INSLVEENSERREZIRITTLK
IERRENOT A FIVVICRR B ERE

E/AN BRK . FHE

RIFRFEEIERITY)—IER(MIP, CP)ZE A

ST EIEHGIRE CTIImEREICELE

MSI# =X &%t Copyright © 2015.
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e LPand MPS R U XX T7A/ILD
EEAN.

* GAMS ETYVVI SEMLDERA(
WwWw.gams.com SH8).

Python 2.7, 3.2, 3.4 FADAPIZ& (&,

AMPL Mo D #|
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M3l LocalSolver5.5M #FH#HEE(2):

+ LSP §:ET7RAY 7A7ﬁ\bﬂ EERDERIF
getSqutlonStatus;Q B8 %4 (built-in variables
and functions < H8).

» Piecewise (R #R12) B El{%éﬂw) B AIZLKDIE

« LStERREZHDEAICKSOIRIREHA
Set based modeling).

o)
o)
kX
B
o
N
E

2015/10/8 MSI# =X £t Copyright © 2015. 15



M3l LP, MIPZEHHERE:

» |ocalsolver foo.lp IsTimeLimit=10 IsSolutionFile=foo.sol

* localsolver foo.mps IsTimeLimit=10 IsSolutionFile=foo.sol

2015/10/8 MSI# =X &4t Copyright © 2015.
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M3

Solution
Integration

HWRERUERRICEI ZBHBERRAUM

2015/10/8

Improved preprocessing: try to reformulate your model to be suitable for
LocalSolver resolution.

Improved detection and preprocessing of global structures and
constraints: knapsack subproblems and chronological flow subproblems.

Improved numerical accuracy (without degrading performance) when
dealing with floating-point expressions, through scaling techniques.

improved constraint propagation techniques for the computation of
lower bounds.

Improved constraint propagation techniques integrated in neighborhood
search.

Improved feasibility search process to find a first feasible solution
quicker.

Improved self-adaptive capabilities of the neighborhood search heuristic
to your problem.

MSI#% K &4t Copyright © 2015. 17
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3. Piecewise linear functions DHE

MSI#% K &4t Copyright © 2015.

18



. Piecewise linear (R #872) BI#& (3

- LocalSolver5.0M5E A (MIPTDSOStYREIZHRIG) .
- R ERILin R ER TRAEERBELTRIETES,
- LocalSoverTld, R &2 B85k % piecewise ARL—42ELTEET .
- piecewise (X,y,2)ARL—ZRIE x.y.z DIDD/INFGA—FZHD:
X:XEHDIH M) AN EEET o
Y:YEHD IR RANEEET o

Z: RO REEBANDXDIEEZERT S
(HIGTADYHDEAREBEELTHEED),

5128 : piecewise({0,50,100},{0,10,100},75) &z : DH.

2015/10/8 MSI# =X &%t Copyright © 2015.
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Management
Solutions
Integration

PiecewiseBS$t D HIRE1.

y <- piecewise({0,10,15,48.2},{1,2,-0.5,3.15}, x).

,-*’H
1 Y01

2015/10/8

0 <=x<=48.2.

y <- piecewise({0,10,15,48.2},{1,2,-0.5,3.15}, x)

(48.2, 3.15)
.
.-"'H-’f
.".’-}zr"
//-'-'

(10,2)
4 -

.. P

f"’"""
-".-"-’
.-'-I-.'-f.'
10 4\ . 20 30 40 50

(g

L

(15,-0.5)

MSI#% K &4t Copyright © 2015.
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HlRE2.

A
Integration
y <- piecewise({0,10,10,30,30,48.2},{1,1,2,2,3.15,3.15}, x).
y <- piecewise({0,10,10,30,30,468.2},{1,1,2,2,3.15,3.15}, x)
4
{30,3,15) (48,2, 3.15)
3
, (10,2) (30,2)
1 B
(0,1) (10,1)
o 10 20 30 40 50
2015/10/8 MSI# =X &%t Copyright © 2015.
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Piecewise B8 1% {85 > T- B Bl #l T TSP 51

2015/10/8

ERTH L nbCities =17; (0,1, 2,-+--,16)
ETIEIHAR - nbMonths=3; (0, 1, 2)
LETDIEX(E

citywork ={10,23,5.5,10,10,21,17,16,10,23,5.5,13,10,19,18,16,9};

FHETHDIERMR T HR
cityduedate ={0,0,1,2,0,2,2,2,1,1,0,1,0,2,1,1,1};

L ADEEREERE: monthCapa = {90,110,50};
PiecewiseF# D E&E

xlist = {0,90,90,200,200,250};
ylist ={0,0,1,1,2,2};

MSI#% K &4t Copyright © 2015.
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M5 TIMETSP.IspD il (ZD1)

Management
Solutions
Integration

/********** tsp |Sp **********/

/* The input files follow the TSPLib "explicit" format.*/
function input() {
usage = "¥nUsage: localsolver tsp.Isp "
+ "inFileName=inputFile [IsTimeLimit=timeLimit]¥n";
if (inFileName == nil) error(usage);
inFile = openRead(inFileName);
stop = false;
while (Istop) {
str = readIn(inFile);
if (startsWith(str,"DIMENSION:")) {
dim = trim(split(str,":")[1]);
nbCities = tolnt(dim);
printin("Number of cities = "+nbCities);
} else if (startsWith(str,"EDGE_WEIGHT_SECTION")) {
stop = true;
}
}

// distance from i to j is distance[i + nbCities*]]
distanceWeight[0..nbCities*nbCities-1] <- readInt(inFile);
citywork ={10,23,5.5,10,10,21,17,16,10,23,5.5,13,10,19,18,16,9};
cityduedate = {0,0,1,2,0,2,2,2,1,1,0,1,0,2,1,1,1};
nbMonths = 3;
monthCapa = {90,110,50};
xlist = {0,90,90,200,200,250};

ylist = {0,0,1,1,2,2};

2015/10/8 MSI# =X £t Copyright © 2015.
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MTSJ@ TIMETSP.Isp O#I(Z?02)

Solutions
Integration

[* This LocalSolver model is based on the assignment of a position to each city.

The length of the tour is computed as the sum of the distance between consecutive cities,
using the at operator.*/

function model() {

I1 X[i][j] equal to 1 if city j is ith visited city in the tour
x[0..nbCities-1][0..nbCities-1] <- bool();

// one city per position |

for [i in 0..nbCities-1] constraint sum[j in 0..nbCities-1](x[i][j]) == 1,
// one position per city |

for [j in 0..nbCities-1] constraint sum[i in 0..nbCities-1](x[i][j]) == 1;

/city[i] is the city at position i in the tour
city[i in 0..nbCities-1] <- min(sum[j in O0..nbCities-1](j*x[i][j]),nbCities-1);

local maxCode = nbCities*nbCities-1,;
distanceCodeli in 1..nbCities-1] <- min(maxCode,city[i-1] + nbCities * city][i]);
distanceCode[0] <- min(maxCode,city[nbCities-1] + nbCities * city[0]);

I/ the distance of the arc reaching the ith city
distance]i in 0..nbCities-1] <- distanceWeight[distanceCode[i]];

2015/10/8 MSI# =X £t Copyright © 2015.
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2015/10/8

TIMETSP.lsp O#I(£®M3)

/Il the work to be performed at the ith city

work[i in 0..nbCities-1] <- citywork][city[i]];

/[ the due month of the ith city

duedate]i in 0..nbCities-1] <- cityduedate[city]i]];

// the cumulated work for the ith city + previous cities
cumulatedWork[0] <- work[O];

cumulatedWork[i in 1..nbCities-1] <- work][i]+cumulatedWork[i-1];
I/ the completion month for the ith city (stepwise function)

month[i in 0..nbCities-1] <- piecewise(xlist,ylist,cumulatedWork][i]);

Il detect if the ith city is visited too late

isLate][i in 0..nbCities-1] <- month[i] > duedate][i];

// the total traveled distance

totalDistance <- sumli in 0..nbCities-1](distanceli]);
// the number of cities visited too late

nbLate <- sum|i in 0..nbCities-1](isLate[i]);

// a mix of the two criteria

minimize totalDistance + 3 * nbLate;

MSI#% K &4t Copyright © 2015. 25
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2015/10/8

TIMETSP.lsp O #I(ZD4)

function param() {
if (IsTimeLimit == nil) IsTimeLimit = 10;

}

function output() {
printin("Distance = "+getValue(totalDistance)+", nbLate =
"+getValue(nbLate));
for[i in 0..nbCities-1] print(getValue(city[i])+ " *);
printin();
for[i in 0..nbCities-1] print(getValue(cumulatedWork([i])+ ",

printin();
}

MSI#% K &4t Copyright © 2015.
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m@ TIMETSP.atspT—42 Dl

Solutions
Integration

MAME: TIMETSP.

TYPE: ATSPU

COMMENT: 17 city problem [Repetto)l
OIMENSION: 174

EDGE WEIGHT TYPE: EXPLICIT!

EDGE WEIGHT FORMAT: FULL MATRIX 1
EDGE WETGHT SECTIOWL

99¢ 3 b 4 4 6§ 6 bH L 3 3 0 3 b § & bl
30999 5 4 44 & & bH b 0 0 3 0 3 § & bl
b 39998 vz J2 48 48 24 24 3 3 b 3 0 48 48 240
48 46 74898 0 6 6 12 12 48 43 43 48 74 6 6 1720
4 46 /4 099 6 6 12 12 48 43 43 45 74 6 6 120
6 6 &0 6 69989 0 6 8§ ¢ 4 & 6 bO 0 0 8l
6 6 &0 6 6 09998 6 § ¢ 4 & 6 O 0 0 8l
5 b 22 12 12 &8 88999 0 H b & b5 2 § § 0
5 b 22 12 12 8 & 009889 H b & b5 Z § § 0L
5 0 3 43 48 6 & b bg¥wy o0 3 0 3 § & bl
s 0 3 43 48 & & b b 09999 3 0 3 § & bl
o 3 b 43 48 & & b b 3 38889 3 b § & bl
s 0 3 48 48 & 8§ b5 b 0 0 398989 3 § § bl
b 3 0 2 qz 48 48 24 24 3 3 b 399898 48 48 240
& 6 &0 6 & 0 0 6 8§ 8 4 & 6 bOHYYy 0 Gl
& 6 0 6 & 0 0 6 8§ ¢ 4 & & b0 09999 Gl
b b 2 12 1z &8 & 0 0 b b b b Z26 8§ §9999L

EOF L
!

2015/10/8 MSI# =X £t Copyright © 2015.
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2015/10/8

TIMETSP.Isp EIT#HR(ZFD1)

Microsoft Windows [Version 6.1.7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.
C:¥Users¥Miyazaki-MSI>cd C:¥localsolver 5 0¥examples¥TIMETSP

C:¥localsolver_5 0O¥examples¥TIMETSP>localsolver TIMETSP.Isp
inFileName=TIMETSP.A TSP IsTimeLimit=1

LocalSolver 5.0 (Win64, build 20150119)
Copyright (C) 2015 Innovation 24, Aix-Marseille University, CNRS.
All rights reserved. See LocalSolver Terms and Conditions for details.

Load TIMETSP.Isp...

Run input...

Number of cities = 17

Run model...

Preprocess model 100% ...
Close model 100% ...
Preprocessing transformed 136 expressions.
Run param...

Run solver...

Initialize threads 100% ...
Push initial solutions 100% ...

MSI#% K &4t Copyright © 2015.
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TIMETSP.Isp RITHER (£02)

Model:

expressions = 858, operands = 2207

decisions = 289 (bools = 289, ints = 0, floats = 0),

constraints = 34, objectives = 1, constants = 34
Param:

time limit = 1 sec, no iteration limit

seed = 0, nb threads = 2, annealing level = 1
Objectives:

Obj 0: minimize, bound =0
Phases:

Phase 0: time limit = 1 sec, no iteration limit, optimized objective = 0
Phase 0O:
[ Osec, O itr] : infeas : 68 violated expressions

[ 1sec, 30244 itr]: obj= 42

[ 1sec, 30244 itr]: obj= 42

30244 iterations, 60489 moves performed in 1 seconds
Feasible solution: obj = 42

Run output...

Distance = 39, nbLate = 1

011213121109816743151456

10, 23, 28.5, 47.5, 57.5, 80.5, 86, 109, 119, 128, 144, 154, 164, 1
80, 198, 219, 236,

C:¥localsolver_5 O¥examples¥TIMETSP>

MSI#% K &4t Copyright © 2015.
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Solutions
Integration

H ©- : TIMETSP_Result.xlsx - Excel A
ByF b BA A-TLAPIN BR 74 #E  BR OBR PKzZP BN -

A3D - Ix A
A B C D E F G H I ] K L M M O Fla

1 |CyocleMMoCityho.  Plandate Dusdate Citvwork Curmoworrk worklirnit distance

2 ] 0 0 0 10 100

3 1 11 0] 1 13 230 0]

4 2 2 0 1 5h 285 3]

5 3 13 0 2 159 475 0

B 4 12 0 0 10 5756 3

7 5 1 0 0 23 BO5E 0

8 ] 10 0 0 oo 860 a0 0

Q 7 ] 1 1 23 103.0 0

10 8 a 1 1 10 1190 o

11 | 16 1 1 4 1280 0

12 10 7 1 2 16 1440 0

13 11 4 1 0 10 1540 12

14 12 3 1 2 10 164.0 0

15 13 15 1 1 16 1800 ]

16 14 14 1 1 18 158.0 200 0]

17 15 5 2 2 21 2190 0

18 16 ] 2 2 17 236.0 250 g from & to O distance

19

20 over dusdsate =1 Dsitance = 39

21

27 -

3 results citywork&duedate monthcape .. (3 1 r
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4. ListEBREZEH Y
(Set-based modeling)
D=

MSI#% K &4t Copyright © 2015.
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Structured decisional operator list(n)
o listzyklZ {0, ...,n-1} DEDHTEYTHS,
« —ODDEYMAIKXELDEZTRED,

List(n)IZx9 54 XL—4:

« count(u) . number of values selected in the list
« get(u,i) or u[i] - value at index 1 In the list

* IndexOf(u,v) . Index of value v in the list

. contains(u,v) . “indexOf(u,v)!=-1” LEICERK

disjoint(ul, u2, ..., uk) : list Z41Y B9
e partition(ul, u2, ..., uk):listz— D2 D¥YPELTR S

2015/10/8 MSI# =X £t Copyright © 2015. 32



MEI List #fEo1=TSPOE AL

function model() {
x <-list(N) ; // order n cities {0, ..., n-1} to visit
constraint count(x) == N; // exactly n cities to visit

minimize sumli in 1..N=-1]( Dist[ x[i-1] 1[ x[i] 1)
+ Dist[ Xx[N-1] ][ x[0]1; // minimize sum of traveled distances

Could you imagine simpler model?

* Natural declarative model: straightforward to understand

« Common set-oriented concepts: easy to learn
 Still easier for people with (basic) programming skills
e Compact: linear in the size of input = highly scalable (1 million nodes)

2015/10/8 MSIt=R &%t Copyright © 2015.
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Management
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Integration

TSP: real-life 200-client instance
LocalSolver 5.0 vs 5.5 (with operator list)
1800000

1600000
1400000
1200000
1000000
LS 5.0

800000

600000

LS 5.5
400000

200000

Best known solution

0
1234567 8 910111213141516171819202122232425262728293031323334353637383940414243444546474849505152535455565758

2015/10/8 MSIt#k X &%t Copyright © 2015. 34
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function model() {
X[1..K] <-list(N) ; // for each truck, order the clients to visit
constraint partition( x[1..K] ); // each client is visited once
distances[k in 1..K] <= suml[i in 1..N=-1]( dist( x[k][i-1], x[k][i]) )
+ dist( x[K][N-T1], x[k][O] ); // traveled distance for each truck

minimize sumlk in 1..K]( distances[k] ); // minimize total traveled distance

}

To go further, to make it simpler

Sets (unordered) versus lists (ordered)

Multi-sets/lists: multiple occurrence of the same values

Collections of objects instead of values

Ability to iterate and project over collections (lambda expressions)
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#ii - Capacitated VRP benchmarks

SIH

CVRP - instances A

e 32 to 80 clients, 10 trucks max.
* 27 instances

* 5 minutes of running time

e LS binary: almost infeasible

e LSlist: 1 % avg. opt. gap

CVRP - instances X100-500

100 to 500 clients, 138 trucks max.
* 67/ instances

* 5 minutes of running time

e LS binary: almost infeasible

e LSlist: 9 % avg. opt. gap
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CVRPTW - instances Solomon R100

e 101 to 112 clients, 19 trucks max.
* 13 instances

* 5 minutes of running time

e LS binary: N/A

e LS list: 3 % avg. opt. gap

CVRPTW - instances Solomon R200

e 201 to 208 clients, 4 trucks max.
* 8instances

* 5 minutes of running time

e LS binary: N/A

e LS list: 8 % avg. opt. gap
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M3l ListEfE-f=TIMETSPOH

+ ListEERREXHZEERIT OHLLEHEIYFERTHY . HlHI3 IE7I:I
G339 (CSP)O) DINDD—DTEH DT, listE R I*ﬂtjbtbf
‘c‘ihtwb\ﬁi ZHEINEL. 0-n FTOBBUEZIEERIZHD

- #HCity# % list TRty ELTEET D,

X <- list(nbCities);
city[i in 0..nbCities-1] <- x[i];

. Bool%*ﬁﬂ'@TSP’éE‘Hb?’é% . from-to ”a_"? FI An X nDboolE#H%
’é’%)b%#?ﬁéhlger utatlonz{;&flj: E & éhé%%ﬁlé‘*t‘yhtbf

%J’E’é'%t&') KIELGEEREEHOHIBERNEHEDETEEZEALIEN
A[RELTE D,

e TSPOXIIZ. NEDFHEDENIROON-ZHEANDIGEIZKRETHS

[e]
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/********** tsp |Sp **********/

[* The input files follow the TSPLib "explicit" format.*/
function input() {
usage = "¥nUsage: localsolver tsp.Isp "
+ "inFileName=inputFile [IsTimeLimit=timeLimit[¥n";
if (inFileName == nil) error(usage);
inFile = openRead(inFileName);
stop = false;
while (!stop) {
str = readIn(inFile);
if (startsWith(str,"DIMENSION:")) {
dim = trim(split(str,":")[1]);
nbCities = tolnt(dim);
printin("Number of cities = "+nbCities);
} else if (startsWith(str,"EDGE_WEIGHT_SECTION")) {
stop = true;
}
}

/I distance from i to j is distance[i + nbCities*j]
distanceWeight[0..nbCities*nbCities-1] <- readInt(inFile);
citywork ={10,23,5.5,10,10,21,17,16,10,23,5.5,13,10,19,18,16,9},
cityduedate = {0,0,1,2,0,2,2,2,1,1,0,1,0,2,1,1,1};
nbMonths = 3;
monthCapa = {90,110,50};
xlist = {0,90,90,200,200,250},
ylist ={0,0,1,1,2,2};
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/* This LocalSolver model is based on the assignment of a position to each city.
The length of the tour is computed as the sum of the distance between consecutive cities, using the at

operator.*/
function model() {
HIRRE %
Il X[][j] equal to 1 if city j is ith visited city in the tour
X[0..nbCities-1][0..nbCities-1] <- bool();
/] one city per position i
for [i in 0..nbCities-1] constraint sum[j in 0..nbCities-1](x[i][j]) == 1;
/[ one position per city |
for [j in 0..nbCities-1] constraint sum[i in 0..nbCities-1](x[i][j]) == 1;
/city[i] is the city at position i in the tour
city[i in 0..nbCities-1] <- min(sum{[j in 0..nbCities-1](j*x[i][j]),nbCities-1);
EEEMERS

x <- ulist(nbCities),

city[i in 0..nbCities-1] <- x[i];
local maxCode = nbCities*nbCities-1;
distanceCode[i in 1..nbCities-1] <- min(maxCode,city[i-1] + nbCities * city[i]);
distanceCode[0] <- min(maxCode,city[nbCities-1] + nbCities * city[0]);

/Il the distance of the arc reaching the ith city
distanceli in 0..nbCities-1] <- distanceWeight[distanceCode[i]];
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LTRERIC: TIMETSP new.lsp®#l(Z®D3)

// the work to be performed at the ith city

work[i in 0..nbCities-1] <- citywork[city][i]];

// the due month of the ith city

duedateli in 0..nbCities-1] <- cityduedate[city]i]];

/Il the cumulated work for the ith city + previous cities
cumulatedWork[0] <- work[O];

/Il the completion month for the ith city (stepwise function)

month[i in 0..nbCities-1] <- piecewise(xlist,ylist,cumulatedWork([i]);
/Il detect if the ith city is visited too late

isLate][i in 0..nbCities-1] <- month[i] > duedatei];

/I the total traveled distance

totalDistance <- sum([i in 0..nbCities-1](distanceli]);

Il the number of cities visited too late

nbLate <- sum([i in 0..nbCities-1](isLatel[i]);

I/l 'a mix of the two criteria

minimize totalDistance + 3 * nbLate;

MSI#% K &4t Copyright © 2015.
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TIMETSP.atspT—2DHI(RILCT—4)

MAME: TIMETSPL

TYPE: ATSPL

COMMENT: 17 city problem (Repettao)l
DIMENSION: 174

EDGE WEIGHT TYPE: EXPLICIT!

EDGE WEIGHT FORMAT: FULL MATRIX [
EDGE _WETGHT SECTIONL

9939 3 b 45 48 8 g 3 H 3 3 ( 3 b 8 g bl
3 99599 3 48 48 8 8 3 b 0 0 3 0 3 8 8 bl
b 39999 72 72 48 48 24 24 3 3 b 3 0 48 48 241

43 45 74 9994 (0 § 612 12 48 48 48 48 74 i B 121
45 48 74 0 9944 b 612 12 48 45 48 48 74 b B 121
6 g bl § 6 9999 ( 5 g g 8 g § bl 0 0 gl
5 g bl § § 0 9994 5 g g 8 g § bl 0 0 gl
b h 26 12 17 8 8 9999 0 b 3 b b 76 8 g 0.l
b h 26 12 12 8 g 0 9999 b 3 b b 6 8 8 0.l
3 (0 3 48 48 8 g 5 h 94999 0 3 0 3 8 8 bl
3 () 3 48 48 8 8 5 b (0 9499 3 0 3 8 8 bl
0 3 5 458 48 8 g 5 H 3 3 9994 3 h 8 8 bl
5 ( 3 48 48 8 g 3 b ( 0 3 9989 3 8 4] bl
b 3 0 72 772 48 48 24 74 3 3 b 3 9999 48 48 241
8 g 50 § § 0 0 8 8 8 8 8 g b0 9599 0 gl
8 g 50 § § 0 (0 g g g 8 g g bl 0 9999 gl
b b 26 12 12 8 8 0 I b b b b 26 8 8 99991

EOF L
I
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TIMETSP_new.lsp EI{THER(ZD1)

Microsoft Windows [Version 6.1.7601] Copyright (c)
2009 Microsoft Corporation. All rights reserved.
C:¥Users¥Miyazaki-MSI>cd C:¥localsolver_5 1¥bin

C:¥localsolver_5_ 1¥bin>localsolver TIMETSP_new.Isp inFileName=TIMETSP.atsp
IsTimeLimit=1

LocalSolver 5.0 (Win64, build 20150213)
Copyright (C) 2015 Innovation 24, Aix-Marseille University, CNRS.
All rights reserved. See LocalSolver Terms and Conditions for details.

Load TIMETSP_new.lsp...
Run input...

Number of cities = 17

Run model...

Preprocess model 100% ...
Close model 100% ...

Run param...

Run solver...

Initialize threads 100% ...
Push initial solutions 100% ...
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TIMETSP_new.lsp TR (ZMD2)

Model:

expressions = 213, operands =729

decisions =1 (bool =0, int =0, float = 0),

constraints = 0, objectives = 1, constants =34

Preprocessing transformed 51 expressions
Param:

time limit = 1 sec, no iteration limit

seed = 0, nb threads = 2, annealing level = 1
Objectives:

Obj 0: minimize, bound =0
Phases:

Phase 0: time limit = 1 sec, no iteration limit, optimized objective = 0
Phase O:

[ O sec, 0 itr] : obj = 186

[ 1sec, 45711 itr]:obj= 42

[ 1sec, 45711 itr]:obj= 42

45711 iterations, 92909 moves performed in 1 seconds
Feasible solution: obj = 42

Run output...

Distance = 39, nbLate = 1

110132121019781643141556

13, 23, 42, 47.5, 57.5, 63, 86, 109, 125, 135, 144, 154, 164, 182,
198, 219, 236,

C:¥localsolver 5 1¥bin>
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LSPEEDHFEILLLT :

o FTLUEICHFETES EAREEEIABL, KL, 1/10051/30EHES)
o« NTZEHIZOT N @UISHEORENEEBEMICFIvITS)
« 7O —3 DEREZFRI ESEOTULN(RILFRLYE)

o RN DVUTIVEETID Y EEE(TEARITEBTELLSHEH)

K RBFEERETHHNEER VT2 ZEA>TLINIE. 1BTET) T L
ETHAABETH A,

BEIETEEDIOIZBHNZFIERICEMRET S ENTES
(ETFIIL OB R UBORIEEBIEMIZTSIZENTES)

« ETILER(IBIE)——ZEITHREIFIZTESD
(ZT74%2.DOSaATRTAVTFDZ DD VAR DERXEIZHI )
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o TILER (LSPEEE)

F IR
bool() EERRTELH(0-12HEX)
float(FRR. LR) | ERRELEH(EH)
constraint HlFI S (EITRIREEDHIEIZER)
Minimize B BB (/M) E&IEICmEEHE R
maximize B BB R (& K) EEIEICHE LA E A
< NEBEHRDOBATHEE ETILDRZE
I R
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function model() {
// 0-1 decisions
X_0 <- bool(); x_1 <- bool(); x_2 <- bool(); x_3 <- bool();
X_4 <-bool(); x_5 <- bool(); x_6 <- bool(); x_7 <- bool(); NERZEE(EED)

// weight constraint

knapsackWeight <- 10*x_0+ 60*x_1+ 30*x_2+ 40*x_3+ 30*x_4+ 20*x_5+ 20*X_6+ 2*Xx_7;

constraint knapsackWeight <= 102;

// maximize value

knapsackValue <- 1*x_0+ 10*x_1+ 15*x_2+ 40*x_3+ 60*x_4+ 90*x_5+ 100*x_6+ 15*Xx_7;

maximize knapsackValue;

A—H—[ILSPERECETIERRT BT !
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function output() {
printin("Selected Products:");
for [i in 0..nbProducts-1 : getValue(x[i]) == 1]
printin("#"+i+" ("+value[i]+")");

}

2015/10/8 MSIt=R &%t Copyright © 2015.
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=" LSPE 5 (HE)

LSPEEE(L. X ELMEZTETILIEL . ETILDREE R U fE
DIRFEZITOIT— R TCORITHRERFZITODIZHBELIRIET IR
HIHZEFEMELTHRFEEINTLNS,

LSPEZEIL. REOBEKE TOIS=VJEETHS,

Aoz EBORERIE. B HREEA-S5ET
HAH-H.JavarCEELELY . AV /N\ASNBEMIZT—4
DIEFEEHTET SO, T—2DEEE)ET05SIHIEE
TAHALENG, FOFER. 7055 LD XRuby: E 2
EEEDSSICHETHD,

HEFXRBEOEETERRTERNAUNAIICK DR RIGERE
TS LICEHEFEEFTVINAIEEIZRSRIZH D,
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EETEDE LY

=T JILDEER (LSPEEE)

AVATAREBIBHINTEY. MM IS—AXTEVWEESTETILO R ERRET
MNEBETH D, ETILIE. THFRALITARZHERALTLSPI 74 )L (xxx.Isp)EL TR T %,
ETILIE. UTORDOEHFH I AV LS,

HRE

AB&IfE | function input() | SERTFAILHST—4%
{1} BYiAH, TNEDBEICTE
TILICERATHEHDIE
% il 1
EFI)LE | function REILETILEESE
= model() { }
H H&I# | function RBIEDIHEREEF R
output() { 3} TLEELEDEEEZBHE
LTHERZ7AILICHE S
FonmlfE | function mRE{EETHICIEER A
display() { } [ZEHMDELGEER TR
N5 A% | function local-search M ZE{TRIIZE
i param() { } TILEINTAAE
2015/10/8

i 1
| FUNCTION MODEL(){ i
| // O-1 decisions I
I X_1<-BOOL(); X_2 <-BOOL(); X_3<-BOOL(); X_4<- |
1 BOOL(); X_5 <-BOOL(); X_6 <-BOOL(); X_7<-BOOL(); X_8 |
| <-BOOL(); :
| //weight constraint 1
: KnapsackValues <-10*x_1+ 60*x_2+ 30*x_3+ 40*x_4+ :
1 30*X_5+ 20*X_6+ 20*X_7+ 2*x_8; |
i Constraint KNAPSACKWEIGHT<=102; :
| //maximize Value i
: KnapsackValues <-1*x_1+ 10*x_2+ 15*x_3+ 40*x_4+ I
I 60*x_5+ 90*x_6+ 100*x_7+ 15*x_8: |
: Maximize KaapsackValue; :

f
i function output() {

1 printin("Selected Products:");

I for[iin 0..nbProducts-1 : getValue(xi]) == 1]
i printin("#"+i+" ("+value[i]+")");

=
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
.
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ETV T CRHRAMREELEERF
(ERRE%. MR EREF CREALE)

AiEE+ @ wEEET  RBFRERET | S88ET

sum prod not == if
min max and |= array + at
div mod or <=

abs sqgrt Xor >=

COS log <

ceil round >
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MS' LSPE & 0D Modeling API(C#. Java, C++)

Integration

#include "localsolver.h”

C++

function mode

. . USing namespace import localsolver.®;
// 0-1 decisig, . . Java
P maln() Hpuklic class Tov {
x[1..nbltems]j¢ E Er——
o el sOIE public st|| using localsolver; C#
int walues[] 4 cnel] W
// Welght Con LocalSolver 1 intll V_EUbllc class Toy

LSModel* model

knapsackWeig LocalSof= static wodid Main()

constraint kn i;Ea'l defisi Feeder { int[] weights = {18, 68, 3@, 4@, 38, 28, 28, 2};
p "E”,‘Eis?‘jnﬁ /7 0-1 int[] values = {1, 18, 15, 4@, 68, 98, 18@, 15};
or (int i =

sq LSExpre
x[1] = mode] for (in LocalSolver localsolwver = new LocalSolwver();
// maximize /7 knapsackide] =[] LsModel model = localsolver.GetModel();

knapsackValy o=t f /7 6-1 decisions

for (int i = 4 LsExpression[] x = new LSExpresg

H 1 p ki kilei L3Expre . . . . -
maximize kng  knapsackweig  omRE for (int 1 = @; i < 8; it+) createExpression
®[1i] = model.CreateExpression
} // knapsackie] knaps
model->addCon; e // knapsackWeight <- 18%x® + 68%xl + 30*x2 + 40%x3 + 30%x4 + 20°x5 + 20%x6 + 2%x7;
nEE LSExpression knapsackWeight = model.CreateExpression(LSOperator.Sum);
// knapsackval model.2 for (int 1 = 85 i < B; i++)
LSExpression® knapsackWeight.AddOperand (model.CreateExpression(LS0Operator.Prod, weights[i], =[1i]));
for (int i = § /f kmap
knapsackValy LSExpre // knapsackWeight <= 182;

for (in model.AddConstraint(model.CreateExpression(LS0perator.Leq, knapsackWeight, 182));
J/ maximize ki knaps
model->add0bjq // knapsackValue <- 1*x@ + 1@8*xl + 15%x2 + 6 + 15%x7;

Jf maxi LSExpression knapsackValue = model.Createt addoperand
// close model model.a for (int i = @; i < 8; i++)
model->close( knapsackvalue.AddOperand({model.CreateExpression(LS0perator.Prod, walues[i], =[1]));
LSPhase* phasg J/ clos
phase-»setTimg model.c // maximize knapsackValue;
localsolver.s LSPhase madel.Addobjective(knapsackvalue, LSObjectiveDirection.Maximize);

phase.s
return @; local=o /f close the model before solving it

} - model.Close();
1} LsPhase phase = localsolver.CreatePhase();

phase.SetTimeLlimit(1);
localsolver.Solvel Y
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= BARSHELE

ETILE Isp C++ Isptt  [Java Isptt  [C# Isptt  |EZE

toy 17 49 29 46 2.7 48 28|y Ty IBBE (R ETIL)
car_sequencing 77 211 2.7 211 2.7 246 3.2/ Mm% AR 8

knasack 44 126 29 128 29 144 33 FvIT oy

maxcut 44 138 3.1 137 3.1 149 34| F AT E R RE
multiobj_knapsack 93 172 1.8 182 20 191 21y T Yy RE (GE#R R xad k)
pmedian 66 154 2.3 154 2.3 169 2.6/0R-LIB, 2 RFEIDEIEIR MR/
L8R (F 1) 1.0 26 26 29

socialgolfer 69 CSPLIB, problem 010
steel_mill_slab_design 99 CSPLIB, problem 038
google_machine 231 Google 1 %E (Google BN AR )
table_layout 243 FRECEME

nurse_rostering 505 BRSO -y
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® ETREXRHDER
O— 1BEZEBOEER OBESRELENEES
COESREEMOBEE N —DDRELD
-RRIESREZROMEE TITHOIS

o filfyzl. BN ER
ESREEHEE-THIFIA., BNERZRERT S,
-KORBIC, BIITEEF. RERE TSN EATE,
R RE TRBTRETHD.

e NEIAHNRY, TR

BUET—2DNEA N FERONEE eIk Y . T—2ERIEE
BETEICHTES, OO EARIZKELGETILTE. ETIL
AAEERICRIRA[EETH S,
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Ml BT ILOEBRE (FvTHyIRIRE)

ooooooooo
IIIIIII

BEOLAIEENI2KgDRIZ, SEDTA T LEZEDDHIGFEIZTA
TLOMEDEFHHEEZFRZEKIESESRHAEHLEERD S,

&S 74A47L (g =B

1 X_0 1 10 0
2 X_1 10 60
3 X_2 15 30
4 X_3 40 40
5 X_4 60 30
6 X_5 90 20
7 X_6 100 20
8 X_7 15 2
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e | SPEaE )L%Vﬂ] (Knapsack[&]z8)
&5y TFYIRIETY,

HERIZSDDTATLEEDD : TATLDEHMEEZZRKIESE S,
{BL. B5tEZI(F102KgLL T &ET 5,

function model() { 3 =
/] 0-1 decisions
X_0 <- bool(); x_1 <- bool(); x_2 <- bool(); x_3 <- bool();
X_4 <- bool(); x_5 <- bool(); x_6 <- bool(); x_7 <- bool();
ERZ#H (BEHER)
// weight constraint
knapsackWeight <- 10*x_0+ 60*x_1+ 30*x_2+ 40*x_3+ 30*x_4+ 20*x_5+ 20*xX_6+ 2*Xx_7;
constraint knapsackWeight <= 102;

// maximize value
knapsackValue <- 1*x_0+ 10*x_1+ 15*x_2+ 40*x_3+ 60*x_4+ 90*x_5+ 100*x_6+ 15*x_7;
maximize knapsackValue;

A—H—[ILSPEETCAMN—HMZETILEE R T AT !
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Microsoft Windows XP [Version 5.1.2600]
(C) Copyright 1985-2001 Microsoft Corp.
C:¥Documents and Settings¥miyazaki>cd C:¥localsolver_3_0¥examples¥toy
C:¥localsolver_3_0¥examples¥toy>localsolver toy.lsp IsTimeLimit=1
LocalSolver 3.0 (Win32, build 20121129)
Copyright (C) 2012 Bouygues SA, Aix—Marseille University, CNRS.
All rights reserved (see Terms and Conditions for details).
Run model...
Close model...
Run solver...
Model:
expressions = 38, operands = 50
decisions = 8, constraints = 1, objectives = 1
Param:
time limit = 1 sec, no iteration limit
seed = 0, nb threads = 2, annealing level = 1

Objectives:

Obj 0: maximize, no bound
Phases:

Phase 0O: time limit = 1 sec, no iteration limit, optimized objective =0
Phase 0:

[0 sec, O itr]: obj = (0), mov =0, inf < 0.1%, acc < 0.1%, imp =0

[1 sec, 386111 itr]: obj = (280), mov = 820062, inf = 39.5%, acc = 43.8%, imp =14
386111 iterations, 820062 moves performed in 1 seconds

Feasible solution: obj = (280)

C:¥localsolver_3_0¥examples¥toy)>

KHELEMAZEZIE, x 2(80,15), x 4(30,60), x 5(20,90), x_6(20,100), x_7(2,15)®M
S5ETHY. ESDEETL102kg, MIEDEETIE280MELED,
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AU TALOMN)EFZRELTEITT 5,

Cd C:¥localsolver 3 0¥example¥model¥
Localsolver model.lsp IsTimeLimit=1

model.lsp . E{TTBLSPI7AIL
IsTimeLimit=1 : E{TRMEZIMIZETE
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ETILHERITEINFERMNAT ELTRIRESN S,

[1sec,38611 itr386111 ] : obj(280),mov=820062,inf=39.55,acc=43.5%,imp=14
386111 iterations,820062 moves performed in 1 seconds
Feasible solution: obj(280)

Obj(280) . BROREE D E (F%)

mov=820062 : iEZ&[E%k

inf=39.55 L BEREHDSL . EITAUREDOLHHEE
acc=43.5% : EREBE#HDS>L. RITAIEED HHHEE
imp=14 C FEREBDSE. EHATEEINT-EIK

BREEE (COBITIEINERTE) GEDEREICKYERNITEUIONT-15E . &xiE
FEORE. ETAEFROREDIREFRRLES,

Infeasible : ZE{TA rHERE

feasible : E{TR[HEfZ

Optimal : FxiEfZ

D &L, ETATREARLL T280ANREHSN S,
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Run output... | function output() {
Selected Products: printin("Selected Products:");
#2 (15) for [i in 0..nbProducts-1 : getValue(x[i]) == 1]

#4 (60) : g i .
5 (90) } printin("#"+i+" ("+value[i]+")");

#6 (100)
#7 (15)

@D ESHDOERITAIREALEL THREL=280M D RNERIE.
X_2(30,15), X_4(30,60), X_5(20,90), X_7(2,15)DHET
TDESITI02KgTHA A ENFMY S,

HAFIEBORRICKY RECERORNRGEZTI7AILICH A (T7/ILEE)
LY. 7TV r—2a0T70J S LIEZRMT 51 TES,
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U Microsoft Windows XP [Version 5.1.2600]

Management

clkdC e (C) Copyright 1985-2001 Microsoft Corp.
C:¥Documents and Settings¥miyazaki>cd C:¥localsolver_3_0¥examples¥toy
C:¥localsolver_3_0¥examples¥toy>localsolver toy.lsp IsTimeLimit=1
LocalSolver 3.0 (Win32, build 20121129)
Copyright (C) 2012 Bouygues SA, Aix—Marseille University, CNRS.
All rights reserved (see Terms and Conditions for details).
Run model...
Close model...
Run solver...
Model:
expressions = 38, operands = 50
decisions = 8, constraints = 1, objectives = 1
Param:
time limit = 1 sec, no iteration limit
seed = 0, nb threads = 2, annealing level = 1

Objectives:

Obj 0: maximize, no bound
Phases:

Phase O: time limit = 1 sec, no iteration limit, optimized objective = 0
Phase O:

[0 sec, 0 itr]: obj =(0), mov =0, inf < 0.1%, acc < 0.1%, imp =0

[1 sec, 386111 itr]: obj = (280), mov = 820062, inf = 39.5%, acc = 43.8%, imp =14
386111 iterations, 820062 moves performed in 1 seconds

Feasible solution: obj = (280)

C:¥localsolver_3_0¥examples¥toy>
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LSP E%Viﬂ (MultiObjective Knapsack 51 28)

function model() { EHTEEF :min, max. and. or. sin. cos
// 0-1 decisions . (GEfRREEF)  if-then-else...

X[0..7] <- bool();

// weight constraint
knapsackWeight <- 10*x[0]+ 60*x[1]+ 30*x[2]+ 40*x[3]+ 30*x[4]+ 20*Xx[5]+ 20*x[6]+ 2*X[7];
constraint knapsackWeight <= 102;

// maximize value
knapsackValue <- T1*x[0]+ 10*x[1]+ 15*x[2]+ 40*x[3]+ 60*x[4]+ 90*x[5]+ 100*x[6]+ 15*x[7];
maximize knapsackValue;

/| secondary objective: minimize product of minimum and maximum values
knapsackMinValue <- min[i in 0..7](x[i] ? valuesli] : 1000);
knapsackMaxValue <- max[i in 0..7]1(x[i] ? valuesl[i] : 0);

knapsackProduct <- knapsackMinValue * knapsackMaxValue;

minimize knapsackProduct;
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(x.y)ZHibhEL, nBD mZEH/\—TF D5/
FERERDHDMEIRE (Smallest circles)

—wEtgat

X <- float(minX, maxX);
y <- float(miny, maxy);

r2 <- max[i in 1..n](pow(x-coordX[i],2) + pow(y-coordY[i],2));

minimize sqrt(r2);
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Integra

1. BIERE=

BEEERICELET. POHROON-TIE—BEEM
DEEFEICEICESIELIIZ. WO ECHIFICIICELERE
TENEROLBE(ERITIBEOEER T 1—)L)

2. ETILEE

—EHOO- 1 BHBOERREEH (BoolZEH) T,
T RTOFNEREL -, £f-. EH O HWEATKER
EL. REMNLTREEEEHL-,
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E21THE (2) LocalSolver
LocalSolverTld, 5~650 T2EHRIEZ—DDETILTHEIZENTET,
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- EHOBEMNBEHEEFEELIEETHEL. BRI HRBEILETEEZEIT,
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Phase O:
[0 sec, Oiitr]: obj = (75593, 0,0,0,0,0,0,0,0,0,0,0,0), mov=0,inf<0.1%, acc < 0.1%, imp=0

[1 sec, 27226 itr]: obj = (64967, 0, 6534, 0, 0, 0, 29280, 2838.45, 0, 519, 1059, 28.5621, 10132.2),
mov = 48265, inf = 55%, acc = 45%, imp = 17073

[2 sec, 65843 itr]: obj = (46593, 0, 23231, 0, 0, 0, 39820, 3763.47, 0, 1287, 1145, 30.6949, 27794.2),
mov = 124782, inf = 50.3%, acc = 49.6%, imp = 51706

[7 sec, 237135 itr]: obj = (11, 0, 51402, 0, 22, 0, 46130, 4122.05, 0, 2702, 1161, 31.1616, 73535.1),
mov = 477135, inf = 60.2%, acc = 38.9%, imp = 146374

[8 sec, 280000 itr]: obj = (11, 0, 51402, 0, 22, 0, 46130, 4122.05, 0, 2702, 1161, 31.1616, 73535.1),
mov = 560000, inf = 64.6%, acc = 34.4%, imp = 146374

[9 sec, 320000 itr]: obj = (10, 0, 52006, 0, 25, 0, 46150, 4125.65, 0, 2713, 1160, 31.1471, 73522.5),
mov = 640000, inf = 67.9%, acc = 31.1%, imp = 146375

[10 sec, 360000 itr]: obj = (10, 0, 52006, 0, 25, 0, 46150, 4125.65, 0, 2713, 1160, 31.1471, 73522.5),
mov = 720000, inf = 70.4%, acc = 28.5%, imp = 146376

360000 iterations, 720000 moves performed in 10 seconds

Feasible solution: obj = (10, 0, 52006, 0, 25, 0, 46150, 4125.65, 0, 2713, 1160, 31.1471, 73522.5)
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1. EEREZEHMDES (BoolEH)
X(AB. Bft. &%, 2%) = {0, 1}

CCETREBORYSa—) T EHEYEDLELA: -
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ETHEEREO0) IMETIL
ANB:204. 1:@[E. 1FEED 162/ LAOVE, 3%

(EERTEEHH: 20x7x16x3=9520)
LocalSolver 3.1 : @B FETH20F
EEEMIP Ex R E TS0
EITHER(2) £FBEETIL
ANE:834. 1., 15908ND543(4 LAOYE, 575
(EHRELTH: 83x7x54x5=156870)
LocalSolver3.1: @@ F TH210%#
EEEMIP :600F L E

(FHRABRFETELOTNNDH =)
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MM@ 6 3 > pee =4 TR
Ao - ﬁ |7_|=ﬁ' ﬁ‘" |E]

5000mmADIEZEH D I70/ILLZEOO—)LHS, A REEEZEOEHEAZOO—)L
FERERBICTESEHELLGD KD, R/ NF—2 £\ 2—2 D ERABEIEE KO
%)Fl:ﬁ%-ts%%)o

kY 12 A RY I3 N
B E’JF‘aﬁ%‘ﬁI (*ﬁ =R=] E‘]Fa?l*rﬂ) m'i Roll 3600 ~ 4600
Products |width Request |minimum |maximum
1. /88— $B/I (% 1000) N N B BT
sls E » (o] =
2. BR¥ELEDX vy Imw/IN(*100) 3 920 20 16 24
3. ORERH(4600mmMSDE) , 1250 : : :
5 1200 10 8 12
Patter o, 3 4 5 & 16 17 18 19 26 27 28 51 52
n No
(F::Odu volume count in pattern(i) 9K 27K
600 0 0 1 0 0 0 1 0 1 0 1 4 0 6 7 8A&
740 0 1 0 0 0 0 1 2 1 3 1 0 1 1 0 18K
920 1 0 0 0 1 2 1 2 2 1 1 0 3 0 o 18K
1060 0 0 0 2 1 0 1 0 0 0 2 2 1 0 0 8A&
1200 3 3 3 2 2 2 1 1 1 1 0 0 0 0 0 9&
Total | 4520 4340 4200] 4520] 4380 4240 4520 4520 4380] 4340] 4380 4520 4560] 4340] 4200
rest 80 260 400 80 220 360 80 80 220 260 220 80 40 260 400
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ETHRE() BEETIL
HOFEREL 10, ME R ME 1653, U/ \3— (&% 12898
(BERELES: 75302)
LocalSolver 3.1 : 11¥T4/\3—> ERKE=3
EXTEMIP 400 TETHI/NE—2 BRE=10
EITHRE(2) KEEETIL
B SFELES 18, AB A ME 504, Y/ \R— 5470921
EERELEHH: 399372

LocalSolver 3.1 :31¥T8/\ 23—  EBRKE=17
BEMIP - 40600 TLO/\2—> BERE=22
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sz )52 A ZF B (Car sequencing in enault’s plants)
EHM X AGTIE (#RrU7£2TL) 6

- JEEFSAUITB>TEmEEIET H5TE
- F—BZEEOERHHY
- ZXRHENELTRDEEZR/MRICLI=L

N A | B (A ENEES C | A [ £ NN

RENAULT

KIRIR Bz @1k [ RE
— 1300 DWBAIEEZRD S — 400000 N/ F ) EERETHADE

o 10N

- M 7I‘PLor CP YN N—TIEHFERORITTHLRITARRAESZE DN
5750

— LocalSolver (I CERMLTFEEZTFE D% Renault [T
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”J@ Car Sequencing at Renault (LEEH$ER)

BIHATHEEERIIERBDIERETRT , LPREMAE (LRIFX3001(5H)),

LocalSolver V3.0 (X#i: 80850, & RS F#: 295212, BERTELEH: 44184, Hl#5&4: 636, HRUBA%L: 3)

- 1P CEHRBEH 161220 EFR D15
- 6F)T3478I2ET B
- 151212, 312512 FE T A (COPITHREERLELDIL3109THS)

Guroubi V5.1 (#: 29845, 5%k :57331, IFBEREN: 442093, FEEFEL B 15777, /31 F1) 8 41554)

- LPIEFEERDDNDIZ. 8756142 —3a, 312 Fphb
~ BR&BTEwRHVDEITUIEEFETHDITHDIZ64TFMHI D

— 1766F)2IZfR277202 R DIT5

- 60 B THORMIFE25000%# % TLVD

RAEEMHESERBEIERBEIZEAL TIE. Branch&BoundIZEDGFEETIL IERIAAREMIZ
FIREINST-8 . FELKDIHLILNDOIEARTH S,
F2EREA—RTAVTAO—FEDRRNVIZFRZEZZFERAIHELTHRANH S,
XNEY RODMEREFOBE (KEXOMIPERFI—IT—3)TlE. KEETELHLHEEER
HIZERERI CRERDITHIEIXRIEETH S,
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Black-box function optimization



“!!  Black-box optimization

Context
— Unknown objective (oracle)
— Costly to evaluate
— Derivative-free
— Continuous & integer decisions
— Bounds on decisions e

Many applications in engineering
— Multidisciplinary/parametric optimization
— Simulation optimization (noisy, nondeterministic)

—> Design optimization of materials/systems: mechanics, electricity,

logistics, etc.
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M3l Learning

Learn the objective function landscape
— Objective landscape modeled by Radial Basis Functions
— Several models are built with different technigues/parameters

— Automatic selection of the most promising models for
optimization

function

model

Objective Model

2015/10/8 Objective Function MSI#Et 24t Copyright © 2015. 78



i Optimization

Exploitation & diversification
— Exploitation: optimize over the objective model
— Diversification: explore new promising regions

- NLP subproblems solved through LocalSolver techniques:
local & direct search, gradient-based line search, etc.

Objective Function Objective Model

2015/10/8 MSI#zt£%t Copyright © 2015.
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Instances

— 25 Instances from the recent paper by Costa and Nannicini.

RBFOpt: an open-source library for black-box optimization with costly function
evaluations. Optimization Online. (under review)

— 20 runs per instance, 150 calls max. to the black-box per run
— Numerical precision: 1le-6

Preliminary results

— RBFOpt: 345 opt. solutions found, 82 calls avg. per run
— LocalSolver: 310 opt. solutions found, 94 calls avg. per run
— NOMAD (GERAD): 170 opt. solutions found
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Integration

LocalSolver RBFOpt NOMAD

Instance #sol Avg. Eval Error (%) #sol Avg. Eval Error (%) #sol Error (%)

branin 20 23 0,020 31 0,00 a0 0,0
camel 20 26 0,020 34 0,0 19 4,0
ex 411  [N20 11 0,0 20 14 0,0 20 0,0
ex 412 [0 51 0,0 20 9 0,0 20 0,0
ex 811 20 10 7 0,0 19 2,5
ex 8.1 4 20 44 25 0,0 0 341,5
gear 20 34 7 0,0 0 388,0
goldsteinprice 18 122 53 0,0 16 450,0
hartman3 8 130 45 0,0 15 9,4
hartman6 8 121 101 51 0 5,7
least 0 150 150 204,7 0 129,0
nvs04 20 70 64 194,4 4 9997,0
nvs06 16 127 150 13,3 9 8,7
nvs09 20 15 14 0,0 16 1,2
nvs16 8 138 49 0,0 9 885,0
perm0_8 0 150 109,0 0 150 147,2 0 412,0
perm_6 0 150  2424958,0 0 150  44134,7 0 311032,0
rbrock 20 83 0,0 5 136 10,8 0 432
schoen_10 1 4 145 66,7 139 28,8 0 1195
schoen_10 2 0 150 96,2 133 1,6 0 115,7
schoen 6 1 [T18 101 100,818 101 1,8 0 51,5
schoen_6_2 10 120 28,0016 102 32,7 0 54,2
shekel10 8 118 20600003 107 60,1 0 56,9
shekel5 6 127 51600 126 51,7 1 46,1
shekel7 6 127 28,5 5 137 47,0 2 47,9

310 345 170
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. Roadmap (amsm4yt—)

John N. Hooker (2007) CMUER

“Good and Bad Futures for Constraint Programming (and Operations Research)”

Constraint Programming Letters 1, pp. 21-32

“Since modeling is the master and computation the servant, no computational method should presume to have

its own solver.

This means there should be no CP solvers, no MIP solvers, and no SAT solvers. All
of these techniques should be available in a single system to solve the model at hand.

They should seamlessly combine to exploit problem structure. Exact methods should evolve gracefully into

inexact and heuristic methods as the problem scales up.”
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%2 LocalSolver& & aumsmrvt—)

Hybrid math optimization solver

0\20\..:

For combinatorial, numerical,

or mixed-variable optimization

Suited for large—scale

non-convex optimization

without tuning

LocalSolver = LS + CP/SAT + LP/MIP + NLP
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[Toward a mathematical programming solver based on local search .
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LocalSolverlc 2WTOHBEVEDLE

MSI# X2+t (B XECHEIT)

T261-7102F FEHEEXH#E2-6 WBGTJT VT2
Tel:043-297-8841 Fax:043-297-8836

EA—JL :localsolver@msi-jp.com
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