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1.

LocalSolver & ix

LocalSolver9.0 %, KR ELREZ EHARHIN THRLICKRD L L2 B
EL7EHLWT 7 —F® All-'In-One Y/ X—TH Y | RO EES AT
LEERB LI D Lo TND,

LocalSolver |7 7 > ZA® 6 NDO#TF OR EEH N 10 FF Dk H 2005 TR L
7=HbDOTHY, All-'In-One Solver & LT, MIP (BRAZEHGHEE) . CPGHIKIGN
H7a 277 3r7), NLP GE#ERHEE) . LP (BEHEE) MEE < 2 &R
T& %, KrlZ. MIP, CP TiL, 1k, BLFERNITITART 70 KB S b LIS
*tLUT, T OFFEMELME ST T LTEE TR 222 FEBL L TV 5,

LocalSolver O EHERE, FTHEREIC DUV T,
https://www.localsolver.com/docs/last/advancedfeatures/index.html
THELLHAPALTH S,

LocalSolver DT H1E (BREIRERR)

LocalSolver9.0 iX PC, Unix, MAC ®Z L ZF T 64bits =— K CHET 5
(82bits SN ELR & F1TIX, MSTITEMEL 72X W),

LocalSolver (3 C++ TR SN TR Y | FAT7 07T LA BEKTE I 721 Th
<. C++, Java, C#, Python D70 /T ANLIESZ ENTE D,

LocalSolver I > % —7" ) Z —MCEEFETTHILENTEHET U ISl

(LSP) #¥foTWb, A ¥ —7 U % —RIT LocalSolver % %179 2551213,
BHOBBR T 7T I T _—A2 L L= LSP 7 7 A /L (xxxIsp) Z{ERLL.
NI A—=HELLTLSP 7 7 A VERET DT TEITARETH 5,

F 72, LocalSolver Wit 35627 T AT AT Z V&S Z LT, hEL, CH,
Java, C# (.net), python T, FEGFENES AT LOT 7Y r—3a &% T
L2 LEMARETH D,

AKKEF=A T, PC (64bits fix) T DOS =~ F7 a7 bk
LocalSolver # B3T3 26l 2703 %,

LocalSolver %z %174 %72 ®1Z1%, Localsolver A v A h—/L L, TA & A %M
HBTH20ERHDH, TOFIEIZHOWTIL, U FEZBRENTZ WV,

https://www.msi-jp.com/localsolver/download/
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https://www.localsolver.com/docs/last/advancedfeatures/index.html

2.1 LSP 7 7 A VDFELT

A A=V ENTERNEETRT,

Localsolver 9 0 7 /L%

| — bin . FAT77' 1 77 A localsolver.exe, Python HZE177 7 1 /v
| — docs cBHE, C++, CH, Java 5DV T AT A4 77 U DA
| — examples : flEE (Isp 53f. C++. C#. Java, Python)
| — include
license.dat B OPCHDODIA B AF—|CEEXHZ D,

1) FEATFIE
DOS a2~ R7rr 7 haxibh L5,
LSP 7 7 A VB ASTNWDE T ANAVXIZT 4 L7 M) BT,
%) cd C:¥localsolver_9_0¥examples¥toy
LSP 7 7 A W4 %57 L T, localsolver.exe & 3179 %,
%) localsolver toy.lsp IsTimeLimit=1
LSP 7 7 A /L4 - toy.lsp,
/N7 A & 1sTimeLimit [ 3547 2 1 7 & 5 7E,

2) LSP 7 7 A /LD

Z ZTlE. examples¥toy @ LSP 7 7 A /L toy.lsp Z/R7,
Toy €7 /Vi%, T v 7y 7RETH S,
I, 8BV, TNTNOES LMEEZ L FICERT D,
X 010, 60, 30, 40, 30, 20, 20, 2 kg
flif& : 1. 10, 15, 40, 60, 90. 100, 15 [
Ty TV 71T K 102kg £ TR AEAND Z ENTE | MENRKIZR S
E9. EORMEIESTL VD), ZOROMEIZN HIZR 0P METH D,
LSP 2 L 2 &AL ELLFIZRT (toylsp 7 7 A LV DONE),

JRxEdkkkkkkk Ty, | Sp sekkdokokkdokok /

/* Declares the optimization model. */
function model () {
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// 0-1 decisions
X_0 <= bool (); x_1 <= bool (); x 2 <~ bool ); x_3 <~ bool();
X_4 <~ bool); x5 <~ bool(); x 6 <~ bool ); x_7 <~ bool ();

// 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_7T;
constraint knapsackWeight <= 102;

// maximize value
knapsackValue <- 1#x_0 + 10xx_1 + 15%x_2 + 40%x_3 + 60*x_4 + 90%x_5 + 100%x_6 + 15%x_7;

maximize knapsackValue;

/* Parameterizes the solver. %/
function param() {

IsTimeLimit = 1;

KBTI TPHIFE. ZOFITIE, model) BIEKT, 77— LilfA, BRI Z ER
LTW5,

Xbool) N EERELEL A EW L, bool) TEFRINIZEHKD O L 1 DEOHMAEEE
EEIZRHES 2 2 & T, fEfRz sk 5,

2.3 FATHRER

2.2 C/rL7= toy E7 /L (toylsp 7 7 A /V) DOEITHER A LU FIZRT,

C:¥localsolver_9_0¥examples¥toy>localsolver toy.lsp IsTimeLimit=1
LocalSolver 9.0.20190727-Win64. All rights reserved.

Load toy.lsp...

Run model...

Preprocess model 100% ...

Run param...

Run solver...

Initialize solver 100% ...

Push initial solutions 100% ...

Model: expressions = 38, decisions = 8, constraints = 1, objectives = 1
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Param: time limit = 10 sec, no iteration limit
[ optimization direction | maximize

[ 0 sec, 0 itr]: obj
[ O sec, 5165 itr]: obj

0
280

5165 iterations performed in O seconds

Optimal solution:

obj = 280
gap = 0%
bounds = 280

C:¥localsolver_9_0¥examples¥toy>
KO IR ITE 2T,
x_2(30,15), x_4(30,60), x_5(20,90), x_6(20,100), x 7(2,15)D5HTHY .

HIOAFFHE 102kg, MEDOEFHE 280 & 725,
A& B4 12 toy2. 1sp & LT, output function Zff » TE 2 ZH 1 LI-flZ =~

FTe 712, LR RS D,
— 5165 iterations performed in O seconds

— Optimal solution:

— obj = 280 : BABREE  (Rabifig)
— gap = 0% : ERYELDOF v v T (REETHLZ L 2mRT)
—  bounds = 280 ;o ESRYE

IR TR (R EE TH B O NG G%) ORKRIKELZ, LTO 32 TH
ERCAN
- infeasible @ ZE{TANAIREME
- feasible : FE{TH[REINTE
- optimal : FxiEfiE

LocalSolver9.0 TiX, MBZEEMNMOBEITIX. FEOLRFELEITREZHEL, BE
fRLDX ¥ v 2R RT D,
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3. LocalSolver iz & 5 &= 4k

LocalSolver D EFAUITEHERELB A ERT D ENOIEE D,

BEREEEIZIZboo) & LTEFRK L 0-1 2%k, ETIRZR KA Gnt), |
TIRZ RO FEHZE L (float). ¥t v b (list) & LTERT HEHE Yy NOMEAYE
MH7RY | BEREREEBOEAZZ S, BMEdICMORE LR ITT 22 LT, KBl
i LRI 2 ZRICES ZEREROBZZ T TH %,

bool ZHD¥H T & 2 1000 T A¥ A2 TH EMMREWR CTHRERD D Z LR T
&5, bool B TER LT EHBRELEROMEEN ML 725, AR DM E—
W72 B S RZE LT <, 72, LocalSolver ICERULT H720ICiX, &
BIREEHZ > T, B, HIKNEREERT OILNERDH D,

T Yy VRED L O IZEKEICE O W EZIRSON BRI THIUL, i E 5D
BIXRNDE bool 28 E L TERTIUIRV, H DN EITNT-5E . bool 224K
D1 ERDZ EZBETIVUL, MPOE S R OMIEZ BEEEH R TE 5729, bool £%L
ORAEE THIKIGME, BRBEERAZRHMIT 5 Z LR TE 5,

LocalSolver9.0 TiL, itk MIP D X 912, ETFIRO S 2B E K B Ek
EEBE L TERT DI ENTE D, BEGHERTICYT VT ANT U RERD,
EZTMENWSDHEDL I NEEZELTRDDHZENTE D, ZOHE, fLAE
BRI E 2D HEEERME L LT, AEMEFEOLEE % float ZH L L TES
L. T3 EHIRT D856 AR EEZ IO HEERELEHEOH % LSP THIKISERM: &
LCEZRTIUT I (TERIL bigM 2/ U CRREfT 1T 5 BN b o T2 DI 72 8
EIIARETH D),

7272 L., BEfED MIP O ER(L TLIGHIN & AERINZJ « BEEK CTES
LTCW=GaIZiX, MBRENPLT L HEL 267228, LocalSolver (2 L 7= HE
EBEVHETHD,

3.1 LSPETV I/ DEZN

UTFOFETET Y 7 %&IT I,
1) BEREZEH(bool ZH KV float ERFEERT 5.
2) FROBREEEELZTATHE., #l05M:., BNEEEESRT 5,
ZOWE, MIP O X 92, BBHFINZ Z 722 0B, #IR%&ME, BRY
gL iz, FERBERBED TR TH S,
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3.2 LSP T® bool ¥ D&%
LTI BRI 70 R RE /L2 bool B D EFRA A — L &R T,
— FurY o sRE Xp (p : &)

— Jb— MEIRE . Xr (r:L—1Nh)
—  FWrETEE Xp,q (p : &M AF—2 g "F—OEHEE)

— ANBRERMSE : Xp,tj (p: AB. t (B, j :¥a>)
—  EERAGHHE Xe,p (¢ Hjlj, p : A¥var (EF))
— SCM : Xtijkp@: #, i: TH. j: 742, k: B, p: &)

— AT Va—Ur7 Xtijp GBS, 1 T, j: T4, p o BELER)

LocalSolver T3 H LA ED bool B AEFKT 5 Z LN TE, MIP OERL &E
W, A EICE R ELE S oo ZEEKT HZ LT, LY. BRI TOEREAR
AREL R D,

LocalSolver89.0 i%, f I F AT THEIT e ESHUE (T AYE) 2RO 2729,
FHE DR FATARFTREME £ 72 X O FAT A REME 2 B 8T D BT\,

3.3 LSPET /L

LSP ET /UL, LLFOERNOEHRIND,
HERELE  bool(, float (FRRME, EFRME). int (FRRE. ERE). list0
BIAZATBEOERTHY . 7l I I 0 T b0 d$5HZENRTEXD,
EREOERITIT, <— ZEMHHT L,
fil#J : constraint (TKI3E) T, HKKELZERT D,
constraint fllf) CEER SNIMENFATRIREMEOHE CHEH S5,
HAYBI%L : minimize (F#55) %7213 maximize (F#J5E) THAUBE % EF%
%, BRIBIEIIHEECER FTRE CTH v | B SN TIEF I HEELZ1T O,
HEYEHEE E L CRIARTRETH 5,
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4. LSP

i)
B

LSP Sk, b8 ZET ML, BT VORKGEL OEOMGEZITH 7 = — X
TORITIRAEAT O DI RRE AT 2 2 L2 HE LTHE I TWD,

LSPEEIX. BEOBEM T /I IV VEETHL, BB T /7 I 55
DORFEIL, MR ZHAT-SETHHID, JavaXCEi & B a1 7031
BT — X OFFEAHET 2720, T—X0fE (B) 27 v/ 7~ EET D4
BRI, ZTORER, 707 T AORRRITRuby 2 CPERBESFED L O IR TH D,

BRESHECHEHATERVW IS TIZXD7a T L5OF = v 7 BA[EIZ7e 5
RIZH B,

LSPEFEDOFHEITLLT

—HURIZBAFE TE 5 (BARAEPEMDN RV, 1ERIZHAT, 1/6061/200% &)

—NTHEMART WV (2 IRRIOREWELZ BENICT = v 7 35)

—T7 7V r—a ONREE R ESERT WD

— BRSOV TINRET Y U ERE (TELHREITARTE 2 L H&ED
MABIE T H RS R OT =2 R Z Ao TCWiuE, 1HTET U v 7 L5
ITINAIEECH B,

—AERUEIE) ——FEITHRRFFZTE D (—2iF=T7 4%, b9 DX DOS =2~v >
K7 T ROZo00A» Ry ZBELRRGRBENRFETH D,

— BAEIEED X O I AR ZBEBSICRET 52 LN TE L0, ET VORI K
ORDIRRE % BeMEIZAT 5 2 N TX 5,

WATER3 12 1sp 7B & C++, Java, CH# TRtk L7=fBl % R,

4.1 Function

LSP 213 AA Tl T 052 U TFDO5ODEKRK 777 arnbip

function model)ITMZE TH H DY, EDOMUTMLELIT)S U TERIT X L,
72, UTFOEARN T 7o 7 a w22 ENTE S,

" input: for declaring your data or reading them from files.

" mode1: for declaring your optimization model.
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" param: for parameterizing the local-search solver before running.

" display: for displaying some info in console or in some files during the
resolution.
" output: for writing results in console or in some files, once the resolution is
finished.
4.2 [HEHET

LSP 7 /Lo T, BRIZEHATE S, &<IZ, B, HRSMEOLRICH]
A&, IERIERKN, FERIE BRI L L CRIAFRETH D,

HETICE, UTOREERH D, T —ERESRINTZ,

- HiFEA Y (sum. min, max. sin. cos. log. exp %)

- FWHEESE T (not. and. or, xor)

- BMREE T (== 1= <=, >=, < >)

- HEAWEE T (Gf, array+at)

1) BEESR
EBOEZOH 2T, LTI XTHESTH D,

a = true; // a 1
b = 9; // b =29
c=a+b; //c 10
c=a*Db; //c 9

c=a==Db; // c=0
1

c=a<b; // c

2) BAIES
LocalSolver OEl%IZ map TEHET LI ENTED,
Map i3, & ¥ —Z 0 Fo o7 —#HiEIC > T D, F—Id BHTHY
7R 5T LB TH 2 0BT R 0, HIE, EARIATTHLTHRETHY, *
—IZXHIE S/ D=L, [7T77 > NEREEZHWS,
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a = map("z", 9),. // a[o] — HZH,
a = {"z", 9}; // al[0] = "z",
a["au] — "abC",' // a[o] — HZH,

3) RMHIE

1)

FHIEZ, if XEEMT 5, el Ux, BT

if (C) S_true; else S_false;

i, 2 - CHRICEET 52 bTE D,

if (1 < 2) ¢ = 3; else ¢c = 4;

c=1<27? 3 : 4;

if (0) ¢ = "ok";
if (true) c = "ok";
if (2) ¢ = "error"; // ERROR:

c=0%*29; // c=0

if (c) |
g = Uplg
b = 0;

} else { // executed block

g2 = Ig¥g

4) #viRL
IR LIZIE, while & for 23 5,

While i%, U FTitib 3%, CHRETHDLHMY | SHEITIND,

do S; while (C);

all]
all]

all]

invalid

condition

for (T, LR TRET D, vAVICHDHIRY . SHFETIND,

for [v in V] S;

o, F—LERE Y FOBEITIE, IR TRET 5,

for [k,v in M] S;

MSI #:2U&4%  Copyright © 2019. All Rights Reserved
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for [i1i in 0..2] ali]l =41 + 1; // al0] =1, all] =2, al2] =3

for[i in 0..9]
for [j in i+1..9]
for [k in j+2..9]

ali][31[k] =1 + 3 + k;

for[i in 0..9]1[J in i+1..9]1[k in j+2..9] // compact
alil[3]1([k] =1 + 3 + k;

for[i in 0..91[J in 1i+1..9]1[k in j+2..9]

alil[3]1lk] =1 + 3 + k;
b[i] [J1[k] =1 * 3 * k;

5) #Vik LA
MR LERIX, DUR TRk 7 5,
for [v in V] a[v] = f(v);
LSP Ti%, LT ORI CREb /I HRETH 5.
alv in V] = £f(v);

for[i in 0..91[J in i+1..9]1[k in j+2..9]
alil[3]1lk] =1 + 3 + k;

ali in 0..9][J in i+1..9]1[k in j+2..9] =1 + j + k;

x[1 in 0..n-1]1[jJ in 0..m-1] <- bool();.

6) BE%K

LSP Tld, fEEICEAEAERTE 5, BEOMEIL, O (false) £721F 1 (true) TH
BWL, FMETH RV, LSP 7'v 2T ALl ., function M CIHBDEEEFE (global)
1272 > TWAH 72, function W Ta— B /UIZMEH L7ZWEAIZIE, local DESF Tl
—HINVERTHDL I L EERTILERD D,

11
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function isEven (v) {
if (v % 2 == 0) return true;

else return false;

function computeSumOfEvenNumbers (a,b)
local total = 0;
for [v in a..b : isEven(v)]
total = total + v;

return total;

4.4 FRTI—AyE—v

g R e T U THSHILEEZ RS X, 1sp 7 7 A VDOLRTTT, & Llsp 7 7 A /VH Rl
TEXRWWARBIE, =5 —2Hd, £/, a~<r R T4 0DMOETOR ¥ (035 A —&%5%)

1%, 74—~ bidentifier=value ZH57- 72 UL H720 N,

- <f> doesn't exist or is not accessible. // LSP file

+ Invalid argument format for <arg>. Expected format : identifier=value.
LSP |3z < Bk LS CH Y . B/ ST A—ZIITE LW VEITH 5,
+ Function <f> cannot handle argument of type <t>. Argument of type <t2>is expected.
« Function <f> takes <x> argument(s) but <y> were provided.
+ Function <f> : <T> expression expected for argument <i>.

R, BT = 7 TRESDOEEITE, =7 —A v =% 775,

+ Cannot apply <opName> operator on type <T>.
+ Cannot apply <opName> operator between types <T'1> and <T2>

» Cannot cast <T'1> to <T'2>.

+ Cannot apply ternary operator '?*' on given operators : incorrect argument type.

+ Cannot cast nil' to <T>. A variable or a map element may not be assigned.

MSI #:2U&4%  Copyright © 2019. All Rights Reserved
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W ODDRE TS BaFio, b L. SHOBONE DRV GAITE, =T —2 T35,

« Function <f> takes at least <x> argument(s) but <y> were provided.
« Function <f> takes at most <x> argument(s) but <y> were provided.

BfaAl Sy, B RER THIUL, =T — X vb—C2 M35, Eio. BHFOR LA
CARIDBEAERT DD bET—ThHD,

ZHNTA LT, BHRICHER (A "RECTHD, 722U, RFTABTZ L, [F AR
TOEfES ZLIFTTERVY, b L, ZHOMEZRT2VGEIE, nil OfEZFR,

+ Function <f> already defined.
* Function <f> undefined.
+ Variable <name> already defined.

Input/output B, FEESNT-7 7 A NVDOANEI 1T = 7 %479,

+ File <f> cannot be opened.
» Cannot read from file <f>.
» Cannot write to file <f>.

HrERIT TN NSRS, a8 F—2 0N L (F—28 XA TN
L2y AR IOT 7 A VDOEEE CirtAl S aciI= 7 —42 /1%,

+ Cannot convert the current token to int.

+ Cannot convert the current token to double.
+ End of file: no more line to read from file <f>.
+ End of file reached.

SCFHNOEETIE, SCFFINZETIRNT & KO T o 7 ADEREINTH D Z & D3WETT
H D,

+ The given index for substring is out of range. Min value: 0, Max value: <len>.
+ Number of characters for substring must be greater than 0.

+ Search string is empty.

13
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<7 ORIEE LT o5 5,
e e I 21 < el 1 Y = A ' Vo R
A HZL—g U (L CIERETE L QOARD) 1. v AL LTI 50N

- 'nil' provided as key for a map. The key variable may not be assigned.
+ Only types 'string' and 'int' are allowed for keys in maps.

+ Cannot iterate on a modified map.

LSP 7 /MIx LT/ NT A =2 THIEATRE T 25A 123, FERRPHOBIE TR iudze b
Uy,

« The objective bound must be an integer, a double or a boolean for objective <objIndex>
« The objective bound must be an integer or a boolean for objective <objIndex>

* The number of threads cannot exceed 1024.

+ The annealing level size must be an integer between 0 and 9.

+ Advanced parameter <key> does not exist.

TNV TREANIEEEFITL5E0L < TESTOUETHD, JAkit <zff
STHEST DI &I

FTUIEL AT BRBEBO 2T UTR B700, Fie, BB T DB & 5,
~y TEEIFETE R,

HIIE, T U FERTRTIUTZR B 720,

+ Cannot assign localsolver expressions to local variables.
« At least one objective is required in the model.
+ Only boolean expressions can be constrained.

+ Only expressions with a value can be added in the objectives list.
setValue BHEUE, EEREZEL (bool 250 ([ZOHWMMNEZ -2 5 Z L3 TE D,

* The only allowed values are O or 1.

14
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x <-alyl D¥AEBCIL, v v 7L LTE ROl LIS — W L 2 D, Eo, A
Ua—& LT, F—0ESART, BT —4 £7213 LS RIWMETH D,

« All keys must be integers. Type found: <T>
+ Values must be integers, booleans or expressions. Type found: <T>

« The first key must be 0. Key found: <key>
+ Keys are not in a continuous range. Next key expected <key1>. Key found: <key2>.

PERORNT, ZHAEDSHRIZTGE LRV SEED AT 5 Z LIRS,
BIZ CTE 2L, FATTREIRREDIAZ, FATRIREfRA R PIIE & B — AN 5,
ProERAS A — =7 0 — ML X 7R CH Y . BIEOSRN T £33 T v 7 AN

INTIpoT-Z L ZFENT D, z<xly DX I7GAITIE. z<xmax(ly) & FHT 52 LN
FLUY

+ Division by zero.

» Index out of bounds for 'at' operator (index: <indexId>, array size: <n>

UL

15
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[(F5% 1] BEF—%

Operator Description Type Arity Symb
Boolean decision: decision variable with domain
Decisional bool bool 0
o1}
Float decision: decision variable with domain
float(lb, ub) double* 0
{Ib,ub).
int(lb, ub) Int decision: decision variable with domain {lb,ub}. | int 0
list List decision: decision variable array . list array 0
Arithmetic sum Sum of all operands. doublex* n>0 +
prod Product of all operands. double* n>0 *
min Minimum of all operands. double* n>0
max Maximum of all operands. double* n>0
div Division of the first operand by the second one. double* 2 /
Modulo: mod(a,b) = r such that a = gktb + r with q, r
mod int 2 %
integers and |r| < b.
abs Asolute value: abs(e) = e if e >= 0, —e otherwise. | double* 1
dist Distance: dist(a,b) = abs(a—b). double* 2
sqrt Square root. double 1
cos Cosine. double 1
sin Sine. double 1
tan Tangent. double 1

MSI #:2U&4%  Copyright © 2019. All Rights Reserved
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log Natural logarithm. double 1
exp Exponential function. double 1
Power: pow(a,b) is equal to the value of a raised to
pow double 2
the power of b.
ceil Ceil: round to the smallest following integer. int 1
floor Floor: round to the largest previous integer. int 1
Round to the nearest integer: round(x) =
round int 1
floor(x+0.5).
Logical not Not: not(e) =1 —e. bool 1 |
And: equal to 1 if all operands are 1, and 0
and bool n>0 &&
otherwise.
Or: equal to O if all operands are 0, and 1
or bool n>0 ”
otherwise.
Exclusive or: equal to 0 if the number of operands
xor bool n>0
with value 1 is even, and 1 otherwise.
Relational eq Equal to: eq(a,b) = 1 if a = b, and 0 otherwise. bool 2 ==
neq Not equal to: neq(a,b) = 1 if a '= b, and 0 otherwise. | bool 2 1=
Greater than or equal to: geq(a,b) =1 if a >=b, and
geq bool 2 >=
0 otherwise.
Lower than or equal to: leq(a,b) =1 ifa<=b, and 0
leq bool 2 <=
otherwise.
Strictly greater than : gt(a,b) = 1ifa> b,and 0
gt bool 2 >
otherwise.
Strictly lower than: lt(a,b) =1 ifa<b, and 0
Lt bool 2 <
otherwise.
Ternary conditional operator: iif(a,b,c) =b if a is
Conditional | iif intk 3 2
equal to 1, and ¢ otherwise.
17
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Access to an array: T[i] returns the ith value in

at int 2 []
array T.
Operator Description Type Arity Symb
Boolean decision: decision variable with domain
Decisional | bool bool 0
{o,1%
sum Sum of all operands. doublex* n>0 +
prod Product of all operands. doublex n>0 *
min Minimum of all operands. double* n>0
max Maximum of all operands. double* n>0
div Division of the first operand by the second one. | double* 2 /
Modulo: mod(a,b) = rsuch that a = gkb + rwith
mod int 2 %
g, rintegers and |A < b.
abs Asolute value: abs(e) = eif e >= 0, —e otherwise. | double* 1
Arithmetic
dist Distance: dist(g,6) = abs(a—b). double* 2
sqrt Square root. double 1
cos Cosine. double 1
sin Sine. double 1
tan Tangent. double 1
log Natural logarithm. double 1
exp Exponential function. double 1
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Power: pow(a,b) is equal to the value of a raised
pow double 2
to the power of b.
ceil Ceil: round to the smallest following integer. int 1
floor Floor: round to the largest previous integer. int 1
Round to the nearest integer: round(x) =
round int 1
floor(x+0.5).
not Not: not(e) =1 - e. bool 1 !
And: equal to 1 if all operands are 1, and 0
and bool n>0 &&
otherwise.
Logical
Or: equal to O if all operands are 0, and 1
or bool n>0 [
otherwise.
Exclusive or: equal to 0 if the number of
Xxor bool n>0
operands with value 1 is even, and 1 otherwise.
eq Equal to: eq(a,b) = 1 if a = b, and 0 otherwise. bool 2 ==
Not equal to: neq(a,p) =1 ifal!=b, and 0
neq bool 2 =
otherwise.
Greater than or equal to: geq(a,b) = 1 if a >=b,
geq bool 2 >=
and 0 otherwise.
Relational
Lower than or equal to: leq(a,6) = 1 if a <= b, and
leq bool 2 <=
0 otherwise.
Strictly greater than : gt(a,b) =1ifa> b, and 0
gt bool 2 >
otherwise.
Strictly lower than: It(a,6) =1 if a < b, and 0
Lt bool 2 <
otherwise.
Ternary conditional operator: iif(a,b,c) = bif a is
if intk 3 ?:
equal to 1, and ¢ otherwise.
Conditional
Access to an array: 7L/ returns the ith value in
at int 2 []
array 7.
19
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(53] FHEE—E

Modeling & Solving Parameter

= 1sTimeLimit = {10, 50}; Spends 10 (resp. 50) sec to optimize objective 0 (resp. 1).
. 1sTimeLimit = 60; Correspondsto 1sTimeLimit = {0,..., 0, 60}.
. lsIterationLimit = {1000, 5000} ; Spends 1000 (resp. 5000) iterations to optimize

objective O (resp. 1).

L] lsIterationLimit = 6000; Correspondsto lsIterationLimit= {0, ..., ,6000}.
Ll 1lsTimeBetweenDisplays = 5; Displays info about the search every 5 sec (default: 1).
Ll lsSeed = 9; Sets pseudo-random number generator seed to 9 (default: 0).
Ll 1sNbThreads = 4; Parallelizes the search over 4 threads (default: 2).
Ll lsAnnealingLevel = 9; Sets simulated annealing level to 9 (no annealing: 0, default:1).
Ll lsVerbosity = 1; Sets verbosity to 1 (no display: 0, default: 1).
Functions
Input & Output Library
. f = openRead ("data.in"); Opens file "data.in" in reading mode.
. f = openWrite ("data.out"); Opens file "data.out" in writing mode.
. f = openAppend ("data.out"); Opens file "data.out" in append mode.
u close (f) ; Closes the file.
ol eof (£) Returns true if the end of file is reached.
. i = readInt (); Promptthe user for an int (in the console standard input).
. i = readInt (f); Reads the nextint parsed in file.
. i = readDouble () ; Prompt the user for a floating-point number (in the console standard
input).
. i = readDouble (f); Reads the next floating-point number parsed in file.
Ll s = readln () ; Promptthe user for a line (in the console standard input).
Ll s = readln (f); Reads the next line of file.
Ll s = readString (f); Reads the next string parsed in file.
= print("s = " + s + "¥n"); Prints the string in console.
- print(f, "s = " + s + "¥n"); Prints the string in file.
. println("s = " + s); Prints the string followed by a line feed in console.
= println(f, "s = " + s); Printsthe string followed by a line feed in file.
u error (msg) ; Prints an error message and exits.

20
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Map Library

. m = map(); m = {}; Creates an empty map.
. m =map (9, "abc"); m = {1, "abc"}; Creates a map containing values 9, "abc" at

keys 0, 1 respectively.

. nbElems = count (m); Counts the number of values in the map.
. elems = values (m); Returns the values of the map as a map.
. indices = keys (m); Returns the keys of the map as a map.

. add (m, 123); Adds 123 in the map with key equals to the largest integer key plus one.
String Library

. i=toInt("123"); Converts the string into the corresponding integer (or throws an error
if not possible).

. i = toDouble("123.45"); Converts the string into the corresponding floating-point
number(or throws an error if not possible).

Ll m=split("a::b::c::d", "::"); Splits string "a::b::c::d" into substrings (as a map)

according to the

separator "::".
. s=trim(" abcd ") ; Removes white spaces at the beginning and at the end of the
string.
. len = length ("abcd"); Returns the length of a string.
- s = substring("abcd", 1, 2); Returns a new string that is a substring of this

string.There are two versions of this function: The first one takes two arguments : the string,
and the start index of the substring. The second one takes 3 arguments : the string, the start
index and the length of the substring.

- b = startsWith ("abcd","ab") ; Returns true if the first argument starts with the
specified prefix given as a second argument.If the second argument is the empty string,
returns true.

. b =endsWith ("abcd", "cd") ; Returns true if the first argument ends with the specified

suffix given as a second argument.

. s = lowerCase ("ABCD") ; Returns a new string converted to lower case.
- s = upperCase ("abcd") ; Returns a new string converted to upper case.
= s = replace ("abcd", "bc", "x") ; Replaces each substring of a string that matches

the literal target string with the specified literal replacement string. The replacement

21
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proceeds from the beginning of the string to the end, for example, replacing "aa" with "b" in
the string "aaaaa" will result in "bba" rather than "abb".This function takes 3

arguments :subject string, searched sequence and replace sequence.

Modeling & Solving Library
= getObjectiveBound (1) ; Gets the bound of objective (with index) 1.
. setObjectiveBound (1, 9999); Sets the bound of objective 1 to 9999.
. v = getValue (x) ; Gets the value of modeling expression x in the best solution found by
the solver.
- setValue (x, 1); Setsthe value of x to 1 in the initial solution (or throws an error if x is

not a decision).
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[+ 3]

SR

Isp

Isp

Isp

EFILE Isp C++ Java C# B&
te ke te

Toy 17 49 29 46 2.7 48 28 | FYTHVIBBE (M ETIL)
car_sequencing 77| 211 27| 211 27| 246 3.2 | ElEAIERfERE
Knapsack 44 | 126 29| 128 29| 144 3.3 | Ty Ty IRIE
Maxcut 441 138 3.1 137 3.1 149 3.4 | RbnFtER—E
multiobj_knapsack 93 172 1.8 182 2.0 191 2.1 jl;‘)yj"j"yﬁf'nﬁiﬁ GHRRE R

OR-LIB, 2 R D#IEIR b
pmedian 66 | 154 23| 154 23| 169 2.6 "
FH LB 1.0 26 2.6 29
socialgolfer 69 CSPLIB, problem 010
steel_mill_slab_design 99 CSPLIB, problem 038
google_machine 231 Google 178 (Google AR H)
table layout 243 FRECERIRE
nurse_rostering 505 BEMRyoa—)0T
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[fHex4a] Yo7z (Isp &FATHR)

f16%4. 1 1spFOF 5L (toy ETIVICEES: output Z31B70)

/********** t0y2 ISp **********/

function model()
{

nbProducts = 8;

value = {1,10,15,40,60,90,100,15};
// 0-1 decisions

X[i in 0..nbProducts-1] <- bool();

I/l 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;

/I maximize value

knapsackValue <- 1*x[0] + 10*x[1] + 15*x[2] + 40*x[3] + 60*x[4] + 90*Xx[5] +
100*x[6] + 15*X[7];

maximize knapsackValue;

function output()
{
printin("Selected Products:");
for [i in 0..nbProducts-1 : getValue(x[i]) == 1]
printin("#"+i+" (" +valuefi]+")");

24
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1634. 2 1spEITHR (toy ETIUIZEAS : output Z380)

C:¥localsolver_9_0¥examples¥toy>localsolver toy2.Isp IsTimeLimit=1
LocalSolver 9.0.20190727-Win64. All rights reserved.

Load toy2.Isp...

Run model...

Preprocess model 100% ...

Run solver...

Initialize solver 100% ...

Push initial solutions 100% ...

Model:  expressions = 38, decisions = 8, constraints = 1, objectives = 1

Param: time limit = 1 sec, no iteration limit

[ optimization direction ] maximize
[ Osec, 0 itr]: obj = 0
[ Osec, 7725 itr]: obj = 280

7725 iterations performed in 0 seconds

Optimal solution:

obj = 280

gap = 0%

bounds = 280
Run output...

Selected Products:
#2 (15)

#4 (60)

#5 (90)

#6 (100)

#7 (15)

C:¥localsolver_9_0¥examples¥toy>
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[#+§%5] BNF Syntax(/\wyhR-Fo75Eik)

BNF OREIFRDISLEHRAIDESTHS

<symbol> ::= <expression with symbols>

EiDD<symbol> [FE—DEES TH D, Ff=. <expression with symbols> [FFEFFI, Fr=(FER
ERTN—TAHILN=T | ITRULNI=EEITHY. ZiBD &code><symbol> DEHLLD
DERLTWVND, GH. BHRBITHERAIN S XN ERIREES | EMIRIREE T I ITHFFEIND,
BHPRAAFEOLEDICHEN =S IMERIGET IEFIEN ., VThOEHRADEDIZHLERN
Bh - B LM iR S 1EFIEN S,

LIFIZ LSP E5&®M BNF Syntax #7R9 ..
K<>  =<>FERLTHS,

expression
arithm expression
| table expression
| range expression
2
arithm expression
: primary expression
| lambda expression

| arithm expression '||' arithm expression

arithm expression '&&' arithm expression

arithm expression

arithm expression

arithm expression

arithm expression

arithm expression 'is' arithm expression
arithm expression 'is' 'nil'

arithm expression 'is' 'int'

arithm expression 'is' 'double'

arithm expression '<' arithm expression

arithm expression '>' arithm expression
arithm expression '<=' arithm expression
arithm expression '>=' arithm expression
arithm expression '+' arithm expression
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| arithm expression '-' arithm expression

| arithm expression '*' arithm expression

| arithm expression '/' arithm expression

| arithm expression '$' arithm expression

| arithm expression '?' arithm expression ':' arithm expression
| '"+' arithm expression

| '"-' arithm expression

| "!'" arithm expression

| 'typeof' arithm expression

7

primary expression
identifier

| 'true'

| 'false'

| '"nan'

| 'inf'

| 'nil'

| string

| integer

| double

| primary expression '[' expression ']'

| primary expression '.' identifier

| function call

| '(' expression ')'

7

lambda expression
identifier '=>' block statement

| '(' function identifier list ")' '=>' block statement
[ "(" ")' '"=>' block statement

| identifier '=>' arithm expression

| '(' function identifier list ')' '=>' arithm expression
| '(' ")" '=>' arithm expression

| 'function' ' (' function identifier list ')' block statement
| 'function' '(' '")' block statement
7

range expression
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arithm expression '..' arithm expression
table expression
'{l l}l
| '"{' table list '}'

’

table list
expression
| table key '=' expression
| table key ':' expression

| table list ',' expression
| table list ',' table key '=' expression
| table list ',' table key ':' expression
table key
string
| identifier
| integer
| '-' integer
function call
primary expression ' (' ')'
| primary expression ' (' function argument list ')'
| primary expression variadic compositor list ' ('
function argument list ')'
function argument list
expression
| function argument list ',' expression
variadic compositor list
'['" filter iterator ']'
| variadic_compositor list '[' filter iterator ']'
filter iterator

identifier 'in' expression ':' expression
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| identifier ',' identifier 'in' expression ':' expression
| identifier 'in' expression
| identifier ',' identifier 'in' expression
statement
block statement
| assignment_statement
| local assignment statement
| local statement
| if else statement
| for statement
| while statement
| dowhile statement
| continue statement
| break statement
| modifier statement
| throw statement
| trycatch statement
| function call statement
| return statement
[y
block statement
oy
| '{' statement list '}'
statement list
statement
| statement list statement
assignment statement
identifier assignment operator expression ';'
| identifier assignment compositor list assignment operator
expression ';'

assignment operator
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| 'e="
2
assignment compositor list
assignment compositor
| assignment compositor list assignment compositor
7
assignment compositor
'[' filter iterator ']'
| '"['" arithm expression ']'
| '"[' range expression ']'
| '.' identifier
7
local assignment statement
'local' identifier local assignment operator expression ';'
| 'local' identifier assignment compositor list
local assignment operator expression ';'
7

local assignment operator

local statement
'local' identifier ';'
if else statement
'if' ' (' expression ')'
| '"if' '(' expression ')' 'else' statement
for statement

'for' for compositor list statement
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for compositor list
for compositor
| for compositor list for compositor
for compositor
'[' filter iterator ']'
| '"['" range expression ']'
while statement
'while' '(' expression ')' statement
dowhile statement
'do' statement 'while' ' (' expression
continue statement
'continue' ';'
break statement
'break' ';'
modifier statement

modifier expression ';'

7
modifier
'minimize’
| 'maximize'
| 'constraint'
7
throw statement
'throw' expression ';'

| '"throw' ';'

’

trycatch statement

'try' statement 'catch' '(' identifier
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l)l

|l
’

statement
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;
function call statement
function call ';'
;
return statement
'return' ';'

| 'return' expression ';'

function list
function
| function list function
function
'function' identifier ' ('
block statement
| 'function' identifier ' ('
function identifier list

identifier

function identifier list ')'

') " block statement

| function identifier list ',' identifier

’
use section
use statement
| use section use statement
’
use statement

identifier ';'

start
TOKEN END
| function list TOKEN END
| use section TOKEN END

| use section function list

TOKEN END
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