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1.

LocalSolver & 1%

LocalSolver9.5 %, KR ELREZ EHRHN THRLICKRD L L2 B
EL7EHLWT 7 —F® All-'In-One Y/ X—TH Y | RO EES AT
LEHERB LI D Lo TND,

LocalSolver |7 7 > ZA® 6 NDO#TF OR EEFH N 10 FF D H 2005 TR L
7=HDTHY, All-In-One Solver & LT, LP (#EZitmiik) . MIP (RA TG
L) . CPGfGREE Y v 7 27 2 7). NLP (GEfEEHEIE) . LP (B EtmiE)
MEZ S Z N TEx 5, Friz, MIP, CP Tix, BIEMIZITFET 2o T2 KE
PR A o Fom LR RE L kF U C L Bt O B FEARYE Z il S8 Tk L 7Rk CfiF
STEEEBLTND,

LocalSolver O E#EHE. FHEREIZ DU TlX. https://www.localsolver.com/
Tl L TH 5,

LocalSolver ®E1TH1E (BREIRER)

LocalSolver9.5 X PC, Unix, MAC ®ZI-E T 64bits =— N TE@ET 5
(82bits BSMELR & F1T1E, MSTIZEMEL 72X V),

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

LocalSolver |ZA % —7") Z —HCEEFETTHENTELHET U VI Fil

(LSP) Z¥fo>TW5b, A ¥ —7 1Y X —HIT LocalSolver #3473 55121,
BHOBBR T 77 T _—A L L= LSP 7 7 A /L (xxxIsp) Z1ERLL.
NI A—=HELTLSP 77 A NVEIRET DT CERITHRETH D,

F72. LocalSolver Mt 27 T AT 47 F VU &M H Z LT, 1R L, C++,
Java, C# (net). python T. BEEFHEEL AT DT 7Y r—a U aRFET
L2 EMARETH D,

AKEFa A bTIE PC (64bits i) T DOS d=a~r K7 a7 hinb
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/

2.1 LSP 7 7 A VDFELT

A A=V ENTERNEETRT,

Localsolver 9 5 7 /L%

| — bin . FAT7'1 77 A localsolver.exe, Python HZE477 7 1 /v
| — docs cBHE, C++, CH, Java 5DV T AT A4 77 U DA
| — examples : BlEE (Isp S5, C++. C#, Java, Python)
| — include
license.dat B OPCHDODIA B AF—|CEEXHZ D,

TERMS_AND_CONDITIONS

1) FEATFIE
DOS a2~ R7urr 7 haxih L5,
LSP 7 7 A VWA TNWDE T ANAVXIZT 4 L7 M) BT,
%) cd C:¥localsolver_9_5¥examples¥toy
LSP 7 7 A W4 %57 L T, localsolver.exe & 3179 %,
%) localsolver toy.lsp IsTimeLimit=1
XLSP 7 7 A V4 : toy.lsp,
%N A & 1sTimeLimit [ 3547 2 1 7 & 15 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, 8V, TNTNOES LMEEZ L FICERT D,
X : 10, 60, 30, 40, 30, 20, 20, 2 kg
ffifE : 1. 10, 15, 40, 60, 90, 100. 15 H
Ty 7Yy 713K 102kg £ THREAND Z ENTE, MENRKIZRD
E9. EFORMERTL VD, ZORROMIEIZN DI BNHETH 5,
LSP 2 L 2 &AL ELLFIZRT (toylsp 7 7 A LV DONE),

JRxEdkkkkkkk Ty, | Sp sekkdokokkdokok /

/* Declares the optimization model. */
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function model () {

// 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%kx_0 + 60%x_1 + 30%x_2 + 40%x_3 + 30%x_4 + 20%x_5 + 20%x_6 + 2xx_7;
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 ZER
LTW5,

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

2.3 FATHRER

2.2 T/RLT= toy BT /L (toylsp 7 7 A /V) DOFITHERZLLTFITRT,

Microsoft Windows [Version 6.1.7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

C:¥Users¥user>cd C:¥localsolver_9_5¥examples¥toy

C:¥localsolver_9_5¥examples¥toy>localsolver toy.lsp
LocalSolver 9.5.20200228-Win64. All rights reserved.
Load toy.lsp...

Run model...

Run param...odel 100%

Run solver...
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Push initial solutions 100%
Model: expressions = 38, decisions = 8, constraints = 1, objectives = 1
Param: time limit = 10 sec, no iteration limit

[objective direction ]: maximize
[ 0 sec, 0 itrl: 0
[ optimality gap I 100%
[ Osec, 24530 itrl: 280
[ optimality gap I: 0%

24530 iterations performed in 0 seconds

Optimal solution:

obj = 280
gap = 0%
bounds = 280

C:¥localsolver_9_5¥examples¥toy>

KB IR

x_2(30,15), x_4(30,60), x_5(20,90), x_6(20,100), x_7(2,15)D5fHTHY
HEOEFNE 102ke, EDOEFHT 280 FH & 725,

WATER 412 toy2. 1sp & LT, output function i~ CTEzx 2 H 1 L=l 277,

FiTm 7L, LFBREN5,
— 24530 iterations performed in O seconds

— Optimal solution:

—  obj = 280 : HROBEEUE (Fcidfi)
— gap = 0% : EFYELOFX vy o7 (KREMFTHLZ L ERT)
—  bounds = 280 o SAME

FHEA TR (KRR ESE TH HUbNT GG %) ORi&RikELZ ., LLFO 3> THA
T,
- infeasible : TR AJREME
- feasible : FETHHEEIKAE
- optimal : EeiEfiE

LocalSolver9.0 TiX, BZEMMBMOBAITIX, FBOLRELEITREHEL, &E
fREDX Y v T HRRT D,
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3. LocalSolver iz & 5 &= 4k

LocalSolver D EFAUITEHERELB A ERT D ENOIEE D,

BEREEEIZIZboo) & LTEFR L 0-1 2%k, ETIREZR A Gnt), |
TIRZ RO FEHZE L (float). ¥tz v b (list) & LTERT HEHE Yy NOMEAYE
NH7RY | BEREREEBOEAZ S, BMEdICMORE LR ITT 22 LT, Kl
i LRI 2 ZRICES ZEREROBZZ T TH %,

bool ZZE DN T= & % 1000 HE# A2 T FEMREWRTHRAZRDH Z &N T
& %, bool ZHTER LI ESRELBOMEENRE 2D, MREWKT DEH % —
W72 B S RZE LT <, 72, LocalSolver ICERULT H720ICiX, &
BIREEHZ > T, B, HIKNEREERT OILNERDH D,

T Yy VRED L O ICEKEICE O W ZIRSON BRI THIUL, iz 5D
BIXRWNDE bool 28 E L TERTIUIR, H DN EITNT-5E . bool 254K
D1 ERDZ EZBETIVUL, MPOE S R OMIEZ BEEEH R TE 5729, bool Z%L
ORAEE THIKIGME, BRBEERAZRHMIT 5 Z LR TE 5,

LocalSolver9.5 Tid, itk MIP D X 912, ETIROH 28 E S B Ek
EEBELTERTDHIENTE D, REFREETICYT VT ANT A% KD,
EZTMENWSDHEDL I NEEZXELTRDDHZENTE D, ZOHAE, HLRE
BRI E 2D HEEEME L LT, EEMEFEOLEE % float ZH L L TESR
L. T3 AERIRT 2850 4E R EZ IO HEEREELEHEOH % LSP THIKISEM: &
LCEZRTIUT I (TERIL bigM 2/ U CRREfT 1T 5 BN b o T2 DI 72 8
EIIARETH D),

7272 L, BEfEO MIP O ER(L TLGHIN & AERINZJ « BEEK CTESE
L TCW2GaIZiX, MBRENPLT L HEL 2672 2®, LocalSolver (i L 7= HE
EBEVHETHD,

3.1 LSPET V7 DEZN

LFOFRIRTETV T EITO,
1) BEREZE$ (bool ZH K U float BEZH) % ERT 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,
— F o7y ZRE: Xp (p : &)

— Jb— MEIRE . Xr (r:L—1NH)
—  FWrETEE Xp,q (p : #EMAF—2 g "F—OEHEE)

— ANBEEME Xptj (p: AB. t (B, j :¥a7)
—  EEAGHE Xe,p (c :®Hj, p :ARTvay (EE))
— SCM : Xt,ijkpC: ., i: TH. j: 714>, k: B, p: #5H)

— AT Va—Ur7 Xtijp G B, 1 T, j: T4, p o LA

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,

LocalSolver9.5 1%, SN FRATMANT TEITAIREMLC ESUE (THME) 2RD D729,
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. ERRE). listO
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,
HAUB%L : minimize (F#55) %7213 maximize (F#J5E) THAB%Z EF%
%, BRIBIEIIMEECERFTRE CTH D |\ EER SN TIEF I HELZ1T O,
HOYEHEE E L CRIHRRETH 5,
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4. LSP

i)
B

LSP SiklE, RE(LREZET WL L, ET NV OBGRER CFOBGEZIT D 7 =— X
TORITHRZAT O OICRE LR Z RIS L2 A E LTHRESL TV S,

LSPEEIX. BEOBEM T /7 IV VEETH L, BB T /7 I U U E5E
DFFRIT, MR R AT SETH L0, JavaXCEEE B2y, a2 31 ) H
BT — 2 OFEEHEE T 2720, T—20OfE () 27077~ MaET D4
R, ZORER, a7 T AORRITRuby 2 PERESFED L 9 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 BEICT = v 7 35)

—T7 7V r—a ONREE R ESERT WD

— RN OV TN ET Y VU ERE (TELHREITARTE 2 L 5D
MAHBRE CHLHIFME R OT =2 RN Z 5o T0hHIE, THTET Y 7 e 3HE
ITINAIEECTH B,

—ERRUEIE) > FEITHRRFEIZTE S (—2iF=T7 4%, b9 DX DOS =2a~v >
R 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,

INFTEERE3 12 1sp SRk & C++, Java, CHTRER L= Z7R~T,
4.1 Function
LSP IZi3A A T a TG L0 0 LD DRI 777 arnbip

function model)ITMZE TH H DY, EDOMUTMLET S U TRERT 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 VO T, ARIZHEHTE 5, &<Iic, HEE. HIKSEMOFRIZH
A&, IERIERKN, FERIE BRI L L CRIAFRETH D,

HETICE, UTOREERH D, T —ERESRINTZ,

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

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

- BMREE T (== 1= <=,

- HEAWEE T (Gf, array+at)

>:\ <\ >)

1) BEESR
EBOEZOH 2T, LLFITITXTHESTH D,

a = true; // a =1
b = 9; // b =9
c=a+b; // c=10
c=a*b; // c=29
c=a="Db; // c=0
c=a<b; // c=1

2) BlAIESR
LocalSolver OEl%IZ map TEHET LI ENTED,
Map I%, & ¥ — %2t Fio o7 — 2 iEIC R > T D, 1 B THY

M7 5T LGk Th A LEITR, EHIX, EARKA T THLTRRETHY, *
— RS E DD, [7T7 7 v NERREEANWD,
9
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a = map("z", 9),. // a[o] — HZH, a[l] — 9
a = {"z", 9}; // al0] = "z", a[l] = 9
a["au] — "abC",' // a[o] — HZH, a[l] — 9, a[uau]

3) RMHIE

1)

FRHIE, if XEFERHT 5, Rt LR
if (C) S_true; else S_false;
F7oE, 2 - THRICERTHIELTE D,

if (1 < 2) ¢ = 3; else ¢c = 4;
c=1<27? 3 : 4;

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

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

if (c) |
a nwgm,
b = 0;

} else { // executed block

g2 = Ig¥g

4) Mokl

MV LIZIX, while & for 23 5,

While (%X, AT TRtk 3%, CHETHHRY ., SNFETIND,
do S; while (C);

for l&, LT TRERT %, v VICHDRY | SHEITIND,
for [v in V] S;

FTo, F— Ll Y FOGAIZIE, LUF TRtk T 5,
for [k,v in M] S;

MSI #i&#t Copyright © 2020. All Rights Reserved
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for [i1i in 0..2] ali] =41 + 1; // al0] =1, all]l =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..91[j in i+1..9][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) VIR LEA
MR LR, LR CRiak 95,
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]1[F in i+1..9][k in j§42..9] = i + 3 + k;

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

6) BE%K
LSP Tld, fEEICEAEAERTE 5, BEOMEIL, O (false) £721F 1 (true) TH
BWL, FfETH RV, LSP 7'v 2T ALi@H ., function M CIBDEEEFE (global)
1272 > TWAH 72, function W Ta— B /UIZMEH L7ZWEAIZIE, local DESF Tl
—HINERCTHDH I EEERTIDVNEND 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, = T5—2Hd, £/, a~vr R T4 0DMOETOR ¥ (035 A —&F%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>.

FRRC, BT = v 7 CREYRIOSEEIZIE, =T — A ve—%2 10135,

+ 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 #i&#t Copyright © 2020. All Rights Reserved
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WS ORI B Fio, b L. SHROBDNEDRVEEITE, =T —2 5,

« 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,

ZENIA LT, BHICHER @A) FRECTHD, 722U, RpTABTZ L, (R AR
TOEES ZEIFTTERVY, b L, ZHOMEZFRT2VAIE, 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>.

B30T RN e NIRRT, a7 KET—HN—E L (T—25, 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.

SCFPNOEETIE, SCFRIDZETIRNZ & RO T 7 ZSFERIHENTH D Z L SAEET
BH2s

+ 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 (L TR L QOARD) 1. ~ v AL LTI SR

- '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 /UZxF L T/NT A—F THAEAFRET DA, iR OBE C/aud/e 57
/AN

« 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 TAENILEEEFI T D5 < TEHETLOLETHD, Jkliz <zl
STHEHST 5 I &Ik

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 PHEUE, EGEZEL (bool 250 (ZOHWMNEZ G2 5 Z L3 TE S,

* The only allowed values are O or 1.

14
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x<-alyl DAFEHTIL, ~ v 7L LT ah b LB W L 72 %, F72, 8
Ua—b LT, F—0ESAET, BlET—4 £7213 LS BREWETH 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>.

VERORNT, ZHEAEDSHRIA TR LRV AT 5 = LITIEE S,
B2 CTE 2L, FATRIREIRAEDRAZ, FATRIREMR AR X 57— 2035 D,
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>

LE

15
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[(F5% 1] BEF—%

Operator Description Type Arity Symb
Boolean decision: decision variable with domain
Decisional bool bool 0
0,1}
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 = gkb + 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 #i&tt Copyright © 2020. 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 O 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(ab) =1 if a >=b, and
geq bool 2 >=
0 otherwise.
Lower than or equal to: leq(a,b) = 1 if a <= b, and 0
leq bool 2 <=
otherwise.
Strictly greater than : gt(a,b) =1ifa> b, and 0
gt bool 2 >
otherwise.
Strictly lower than: (a,b) =1ifa<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
{011
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(ab) = 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 ifa<b, and 0
Lt bool 2 <
otherwise.
Ternary conditional operator: iif(a,b,c) = b if a is
iif 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 O (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}.
. 1sTimeBetweenDisplays = 5; Displays info about the search every 5 sec (default: 1).
Ll 1sSeed = 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
Ll 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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[183] S o712 (Isp & FEITHEE)

f146%3. 1 I1spFOF 5L (toy ETIVICEES: output ZiBH0)

function model()
{

nbProducts = 8;

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

x[iin 0..nbProducts-1] <- bool();

/I 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;

/l 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;

function output()

{
println("Selected Products:");
for [i in 0..nbProducts-1 : getValue(x[il) == 1]
printIn("#"+i+" ("+valuelil+"");
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f146%3. 2 I1spEITHER (toy EFILIZEIE: output Z3E0)

C:¥localsolver_9_5¥examples¥toy>localsolver toy2.1sp

LocalSolver 9.5.20200228-Win64. All rights reserved.

Load toy2.1sp...

Run model...

Run solver...del 100%

Push initial solutions 100%

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

Param: no time limit, no iteration limit

[objective direction ]: maximize
[ 0 sec, 0 itr]: 0
[ optimality gap I: 100%
[ 0 sec, 0 itr]: 280
[ optimality gap I: 0%

0 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_5¥examples¥toy>
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[#+8%4] BNF Syntax(/\wyhR-Fo75Ei%)

BNF OREIFRDISLEHRAIDESTHS

<symbol> ::= <expression with symbols>

EiDD<symbol> [FE—DEES TH D, Ff=. <expression with symbols> [FFEFFI, Fr=(FER
ERTN—TAHILN=T | ITRULNI=EEINTHY. ZIBD &code><symbol> DEHLLD
DERLTWND, GH. EHRBITHERAIN RS ENERIREES | EMIRIREE T I ITHFFEIND,
BHPRAAFEOLEDICHEN =S IMERIGET IEFIEN ., VThOEHRADEDIZHLERN
Bh - B LM iR S 1EFIEN S,

LIFIZ LSP E5&®M BNF Syntax 7R 9 ..
K<>  =<>FERLTHS,

expression
arithm expression
| table expression
| range expression
’
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
| didentifier '=>' 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

\J ]

'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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