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A A | function NEITFAILHI DT —

fit input() { } BBV AH, TNE
HEIZETIVIZIRAT
DL D E % H 1

E5J)L | function REILETILVEES

T model() { }

tH A%l | function L DIEREFXETE

fif output) { } | PRTFLRELDEE
zBELTHER D7
AILICH A

il | function RIEE EITHIAZHE

fiEn display() { } | HAICEHDOELE
IR

NS5 A4 | function local-search M E1THi

il {0 param() { } | ICETILE/NSAZ1L

i FUNCTION MODEL(){
| // O-1 decisions

I X_1<-BOOL(); X_2 <-BOOL(); X_3<-BOOL(); X_4<-

I BOOL(); X_5 <-BOOL(); X_6 <-BOOL(); X_7<-BOOL(); X_8
1 <-BOOL();

: /Iweight constraint

| KnapsackValues <-10*x_1+ 60*x_2+ 30*x_3+ 40*x_4+

I 30%x_5+ 20"x_6+ 20*X_7+ 2*X_8;

1 Constraint KNAPSACKWEIGHT<=102;

: /Imaximize Value

| KnapsackValues <-1*x_1+ 10*x_2+ 15*x_3+ 40*x_4+

: 60*x_5+ 90*x_6+ 100*x_7+ 15*x_8;

: Maximize KaapsackValue;

L e e e e e e e ——— ——————————

1 function output() {

: printin("Selected Products:");

1 for[iin O0..nbProducts-1 : getValue(x[i]) == 1]
L 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
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1
1
1
1
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1
1
1
1
1
.
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1 X_0 1 10 \
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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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(); NEREE (D)

// 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]+")");

}

2014/5/26
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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,
2014/5/26
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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 EHDERITAIREALL THREL=280HDANERIE.
X_2(30,15), X_4(30,60), X_5(20,90), X_7(2,15)DHET
TDESIT102KgTHA A ENFMY S,

HAFIEBORRICKY RECERORNRGEZT7AMILICH A (T7/ILEE)
LY. 7TV r—2a0T70J S LIEZRMT 51 TES,
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!M; “ Sﬁ‘ Microsoft Windows XP [Version 5.1.2600]
L 'Mt (C) Copyright 1985-2001 Microsoft Corp.

Rt 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 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>
2014/5/26
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function model() {
// 0-1 decisions
x[0..7] <- bool(); E 1 EE F: prod, min, max, and, o, if-
weights = {10,60,30,40,30,20,20,2}; then-else, ...
values = {1,10,15,40,60,90,100,15};

/| 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*x[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;

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

knapsackProduct <- knapsackMinValue * knapsackMaxValue;

minimize knapsackProduct;
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ETV U CHATRLESLEEAF

RilEREF WmEEEF | BRERETF
sum sub prod not ==
min max abs and |=
div mod sqgrt or <=
log exp pow Xor >=
COS sin tan if <
floor ceil round array + at >
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#include "localsolver.h” C++
function mode| ... oo
_ HPOH import localsolwver.¥;
// 0-1 decisi¢ . Java
X[1..nbltems]|{ e T .
[ b te S] int weights[] 4 using System; C#
int values[] =} pubiic of L4SEINE localsclver;
. int[] .
// We|ght CON |Localselver lo int[l Slpublic class Toy
. LSModel* model 1
knapsackWeig gl static void Main()
. // e-1 decision {
. LE&Mode
COnStraInt kn LSExpression* int[] weights = {1e, &8, 3@, 48, 38, 28, 28, 2};
for (int 1 = aj 7/ 01 int[] values = {1, 18, 15, 48, 6@, 98, 18@, 15};
x[1] = model
// ma mlzew LR Localsel localscl Localsalver()
X1 ) for (i ocalSolver localsolver = new LocalSolver();
k k I i;EknapsakaflE ®[i] LSModel model = localsolver.GetModel();
xpression
napsackValy =9 P——
maximize kng ~ kepseckieig) /e pression[] x createExpression
d LSExpr LSExpression[] x = new LSExpress p
} // knapsackleig for (i for (int 1 = @5 1 < 8; i++)
model->addConsd knap x[1i] = model.CreateExpression(LSOperator.Bool);
// knapsackval // kna // knapsackWeight <- 18%x8 + 688%x1l + 38%x2 + 48%x3 + 30%x4 + 20%x5 + 28%x6 + 2%x7;
LSExpression® H model. LsExpression knapsackWeight = model.CreateExpression(LS0Operator.Sum);
for (int 1 = @] for (int 1 = 8; i < 8; i++)
knapsackValug // ¥na knapsackWeight.AddOperand(model.CreateExpression(LSOperator.Prod, weights[i], =[1]});
.. ] LEExpr
Ndmi"lngeblfn‘ for (i // knapsackWeight <= 182;
model->add0bje knap model.AddConstraint(model. CreateExpression( ddo d a2));
/! close model - - - a' peran I
model->close ()] /7 maxl // knapsackValue <- 1%x@ + 18%x1 + 15%x2 + 48 + 15%%7;
LSPhase® phaseJ model . LSExpression knapsackValue = model.CreateExpression(LSOperator.Sum);
phase->setTimel for (int i = @; i < 8; i++)
localsolver.sol // ela knapsackValue.AddOperand(model.CreateExpression(LSOperator.Prod, values[i], x[i]));
model.
return @; L5Phas // maximize knapsackValue;
H phase. model.AddObjective(knapsackValue, LSObjectiveDirection.Maximize);
locals
-} // close the model before solving it
-} model.Close();
L5Phase phase = localsolver.CreatePhase();
2014/5/26 phase.SetTimelimit(1);
localsolver,Solve():
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car sequencing 721 211 241 =T N e
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1. BIERE=

BEEERICEDLET,. FPOHOROON-TIHE—BEEM
DEEFEICEICESIELIIZ. WO ECHIFICIICELERE
THENEROLSBE(ERITIBEOEER T 1—)L)

2. ETILEE

—EHOO- 1 BHBOERREEH (BoolZEH) T,
T RTOFNEREL -, £f-. EH O BB ER
EL. REMNLTREEEZEHL-,
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LEREE—DDETILIZT HL, ERBMN TR LA TELA ST

(EfTCPUEEIZSNIREIZT ADIZ, 2EREDETILE 209327
é%‘gh‘\%OT:)o

E21THE (2) LocalSolver
LocalSolverTld, 5~650 TE£EHRIEZ—DDETILTHEIZENTET,

- BoolZ#: 219/ LI E
- 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)

2014/5/26 MSI#= &4t Copyright © 2013. 49



oS ADFEB| (ABERE (FIL A EREHE))

1. EEREZEHDES (BoolEH)
X(AB. Bft. &%, 2%) = {0, 1}

CCETREBORYSa—) T EHEYEDLELA: -

2. NA\DRTSa—1) 558 04§

- I KENTERERE
- R/NENFERB—HEYENETILAMMIHETIAL
- 1E1Y BB 0ZEPICAELEVERZANLLY

ZE A,
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e HARDZEH(NERBAHEOE(TERLEE)

ETHEEREO0) IMETIL
ANB:204. 1:@[E. 1FEED 162/ LAOVE, 3%

(EERTEEHH: 20x7x16x3=9520)
LocalSolver 3.1 :F@EEETH20%8
EXEMIP Ex R E TS0
HITHER(2) £EHFTETIL
AE:83%4. 18, 15708D5434 LRXAYL, 53X

(EHRELTH: 83x7x54x5=156870)
LocalSolver3.1: BEfRETH2108
BLIEMIP 600 L E

(HFRNBFIEREG O TS 1)
2014/5/26 MSIt# =X =%t Copyright © 2014.



M3

= HARDSEH] (FEWrstE)

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— %8/ (% 1000) I S S S
sls E » (o] =
2. BR¥ELEDX vy Imw/IN(*100) 3 920 20 16 24
3. ORERR(4600mmMsDE) 1060 : 1 6
5 1200 10 8 12
Patter 2 3 4 5 6 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

2014/5/26 MSI# &%t Copyright © 2014.
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EITHEE() AEETIL
BIOIEFER: 10 LB S HME 153, YK/ \I—{Fd%k: 12898
(EERTELEL: 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

2014/5/26 MSI# &%t Copyright © 2014.
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Bl % AGTE @grv7eoI L) 6

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

N A | B (A ENEES C | A [ £ NN

RENAULT

KIRIR ez @k B =8
— 1300 DWBAIEZRD S — 400000 N/ F ) EERETHADE

o 10N

- M 7I‘PLor CP YV ILN—TIIHFEEDORITTELRITARESZA R ON
5750

— LocalSolver [Z# CERMLTFEEZTFE D% Renault [T
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”J@ Car Sequencing at Renault (LEEH$E R )

BIHATHEEERIIERBDIERETRT , LPREMAE (LRIFX3001(5H)),

LocalSolver V3.0 (zX#1: 80850, & RS F#: 295212, BERTELEH: 44184, Hl#5%4: 636, HRUBA%L: 3)

- 1P CEHRBEH 161220 EE*R D15
- 6F)T3478I2ET B
- 151212, 312512 FE T A (COPITHREERLELDIL3109TH D)

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

- LPIEFEERDDNDIZ. 8756142 —3a, 312 Fphb
~ BR&BTEwHVDEITUIEEFETHDITHDIZ64TFM IS

— 1766F)2IZfR277202 R DIT5

- 60 B THIRMIFE25000%# % TLVD

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

2014/5/26 MSI#t<t Copyright © 2014. 55



Management
Solutions
Integration

M8l LocalSolveriff %5 i &2

(ERDH7—X7755

Fr DEEIZm T T)
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BETEDRELHAMTI(LS, LP/MIP, CP/SAT, NLP, ...)Z#&L
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Feasibility search
Optimization

A

Y
Infeasibility proof

Lower bound

2014/5/26

Y N
Preprocessing Neighborhood Search Moves
IPEC v . 9 . . ( < . 7\ 0
Model rewriting Simulated annealing | Combinatorial | | Continuous | Mixed
. A .
Structure detection Restarts n
Small Small | Small
Constraint inference Randomization Compound Compound ' | Compound
Variable elimmation Learning Large Large Large
\ Z
Domain reduction P - : . TN b
Divide & Conquer Propagation Relaxation)
Tree search Discrete propagation Dual linear relaxation
Interval branching Interval propagation Dual convex relaxation
A J
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