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1. LocalSolver & i%

LocalSolver11.0 1%, K¥UGHE(LRELZ EHRFMN TR IS KRDLZ L% H
e LzH Ly 7 e —F0 All'In-One Y /L X—Th V| HEROLBEFHETED A
TLEERK LD LS5 TS,

LocalSolver |7 7 AD 6 ADO#ATF OR FEEHE D 10 F Dk H 2 00F THH L
725D THY, All'In-One Solver & LT, LP (FJEEHHEIVE) . MIP (RA¥EK
FHEE) . CPHGmEE Y = 77 X 7). NLP GEEEEE) . LP (BEaHE
%) MEZM Z LR TE 5, KRz, MIP, CP Tix, BLEMICITMET o7
KIS E O RGBS LT, R OAFEFEL S S8 Tk L2
ETHRS ZEEEBRLTWD,

LocalSolver @ & HERE ., B FEEIZ DU T, https://www.localsolver.com/
WL Th 5,

2. LocalSolver D E{TH1E (FEh#ER)

LocalSolver11.0 1Z PC, Unix, MAC OZ#F T 64bits ‘E— FTE@T 5

LocalSolver (I C++ T SN TH Y, 770V T AZFERTENT 72T T
72< . C++, Java, C#. Python D7 07/ J AL RESEZ LN TE 5,

LocalSolver (34 v % —7 ) Z —HICEHEFITT L LN TELET V7 50k

(LSP) #F>TWb, A& —7 1) % —HIT LocalSolver #3173 5551213,
BHOBEEM 0 7T I 7 R_R—A L L7 LSP 7 7 A /L (xxxIsp) Z{ERLL.
INFGA—=RELTLSP 77 A NERET AT TEITARETH 5,

F72. LocalSolver MEfli 32527 F AT A4 77V a[HEH Z LT, L, C+,
Java, C# (net), python T, HEFEIE AT LOT 7Y r—3a 5T
LT ENARETH D,

AKRF= A FTiE. PC (64bits k) T DOS o =a~r K7 m 7 hinb
LocalSolver # [E#25E1T9 26l 257 5,

LocalSolver # {79 57-®IZ1%, Localsolver 14 > A r—/L L, FA4 L A%

BFTOMERH D, EOFIMUZHOWTIE, L TFEZRIhzwn,

https!//www.msi-jp.com/localsolver/download/
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https://www.localsolver.com/

2.1 LSP 7 7 A )VDFELT

A VA M=V ENT-HNEERT,

Localsolver 11 0 7 # /L%

| — bin . BT 77 A localsolver.exe, Python 51T~ 7 A /L
| — docs B E, C++, CH#, Java 5D 7 T 2574 77 U O#FiA
| — examples : Bl (sp 576, C++. C#, Java, Python)
| — include
license.dat B DOPCHDIA B AR —|CEXHZ D,

TERMS_AND_CONDITIONS

1) SEATFIE
DOS o~y RFuL 7 ravwh LiF 5,
LSP 7 7 ANV ASTWB T A NFIZT 4 V7 N EBT,
) ed c:\localsolver_11_0\examples\toy
LSP 7 7 A W4 % $57E L C, localsolver.exe % 3179 %,
1) localsolver toy.lsp 1sTimeLimit=1
XLSP 7 7 A V4 - toy.lsp,
¥ /XT A & IsTimeLimit |37 % 1 7 L FRE,
*localsolver_11_0 D /SANEINTWRWEATE, \bin 7 4 /L X | toylsp & =
E— L TCHEITSEA IR TEET,

2) LSP 7 7 A /LD

Z Z T, examples\toy ® LSP 7 7 A /L toylsp Z7/~R7°,
Toy €7 /ML, Ty 7 Wy 7ETHS,
IR, 8HHY., FNTNOES LMEEZUTICERT S,
#FEX 010, 60, 30, 40, 30, 20, 20, 2 kg
fififE : 1. 10, 15, 40. 60, 90, 100, 15
Ty FY oy ZITITR K 102kg £ TR EAND Z ENTE, MENRKIZRD
£9, Eoi gL ZOROMEIZW B2 50 B ETH 5,
LSP Iz X 5 EX(bZ LLFIZRT (toylsp 7 7 A /L DONE),
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JHokkkiidokkk toy. | Sp skokokkickdok/

/% Declares the optimization model. */

function model () {

// 0-1 decisions
X_0 <= bool); x_1 <~ bool(); x 2 <~ bool ); x_3 <~ bool ();
X_4 <- bool); x b <~ 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 +
2xx_T,

constraint knapsackWeight <= 102;

// maximize value
knapsackValue <- 1#x_0 + 10kx_1 + 15%x_2 + 40%x_3 + 60xx_4 + 90xx_5 + 100*x_6 +
15%x_7;

maximize knapsackValue;

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

IsTimeLimit = 1;

KARFILTHIEE, ZOFITIE, model) BA¥T, 77— L, HBBEA E#H
LTW5h,

¥bool 0N EERELE A ER L, bool) CERINZEHDO L 1 DEOMET%E
BT D 2 & T, IEfRE R 5,

2.3 FEITHRER

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

Microsoft Windows [Version 10.0.22000. 978]
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(c) Microsoft Corporation. All rights reserved
C:¥>cd localsolver_11_0
C:¥Localsolver_11_0>cd bin

C:¥Localsolver_11_0¥bin>localsolver toy. Isp
LocalSolver 11.0.20220401-Win64. All rights reserved
Load toy. Isp..

Run input. .

Run model. ..

Run param. .

Run solver. ..

Model: expressions = 38, decisions = 8, constraints = 1, objectives = 1
Param: time limit = 10 sec, no iteration limit

[objective direction ]: maximize
[ O sec, 0 itr]: 0
[ optimality gap 1: 100. 00%
[ O sec, 6409 itr]: 280
[ optimality gap 1: 0%

6409 iterations performed in 0 seconds

Optimal solution:

obj = 280

gap = 0%

bounds = 280
Run output. ..

C:¥Localsolver_11_0¥bin>

B IRANE 21T,

x_2(30,15), x 4(30,60), x 5(20,90), =x 6(20,100), x 7(2, 15 DO5FETHY .
BEXOASENT 102kg, MEOGE L 280 H & 72 5,

WATERE4 12 toy2. 1sp & LT, output function Zfi~TEZ 2 H N LI-6l% 79,
FITu 7IZiE, LFA RSN S,

— 6409 iterations performed in 0 seconds

— Optimal solution:
— obj = 280 : AAIBEEE  (FamEfg)
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0% B E DX v v T (RERTH D L E2RT)
280 o EAYE

— gap
— bounds

IR TR (RHIEESE CHHU LN HA%) OREMRIRELZ, LTD3>TH
9%,
- infeasible : SE{T/RFIHEME
- feasible : SE{TWHEIRAE
- optimal : BeEfE

LocalSolverll.0 TiX. ZEENMOBEICIT. BO EREFIITHREZEHEL., &
WL DX ¥ v T 2ERT 5,
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3. LocalSolver iz & % E=4k

LocalSolver DERAGITEHEREEB L ERT DI N bIgE D,

BHEREEEICIZ0boo) & LTERK L 0-1 2%, EFIRAEF L% Gnt), |k
TIRZ RO FEH L (float), ¥t v b (list) & LTERT HEHE Y NOHAHE
NH7 0 BEREEHOEAZZI Y, BEBEICHOEREZAITTL2Z2L T, K
B B LRI 2 BN 2 L BERDEZ S TH D,

bool B D¥ T2 & 2 1000 LA ZE A THEMUREWRTHRZRD 2 Z L2
T& 5%, bool ZHTER LT ESREEBOMEE N ML 2D, MERT A
7B SR ERE L T, 729, LocalSolver HIiZERALT 5 7= DITid,
BERIREER A>T, BB, HIRNEEZERTLILERD D,

T Ty ZRIBEDO XD ICHKIFICE D MW ERSONP A THILE., M x s
DEIXIR A bool R L TER TRV, HDMWREITNT-E. bool £
BN 1 205 2 L2 BETE, MO ES LOGE 2 BE#EHAE TE 5729, bool
EHOMAEE THIKISEME, BEBEZFMET 22N TE S,

LocalSolver11.0 Ti, 7k MIP MEED X 512, ETFROH 2 8HZEH 4% E R
WEEH L LTERT DI ENTE D, mELFHERTICT VT ANT 2%
O, EZTEWS DHEDL O EZE 2L LTROLIENTEDL, ZOHA.
LS E PR R E 2O D EERMEE LT, EERESOEE % float 24 & L
TEHRZ L., LEHERIRT 256 EEREEZ IO D EERELEHOH % LSP Tl
e LCEET IRV (BRI bigM % L CELE T B BN H - 70388
LR ERILIIAETH D),

X272 L, BEfFEO MIP BB ERAL TIIGHK & FEHK 2 54 OB BIREELH
TEEL TWEHEEIZIX, BBRESILTLHELS 2R We®H, LocalSolver (258
LE-MEERVBEETH B,

31 LSPETV VI DEZN

UTOFIETETY %479,
1) BEREZEH (bool ZH KV float EEE)EERT L.
2) LROBRFIEEEZ T THE- T, Hil¥ELt., BREKEZERT S,
O, MIP @ X912, BBHIFIC Z 72 b s BT R, #IEH. BRY
B L bz, IERMERBENFRE CTH D,
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3.2 LSP T® bool ¥ D EFH
PLUF I BRI 70 R RE L bool B D EFA A — T h R~
— Fu7Y o /iE: Xp (p : )

— Jb— MEIRE: Xr (r:1—1)
—  FRWTETERTE Xp,q (p :&HWiZ—>r q : "Z—rDOFERHFEH)

— ANBBEME : Xp,tj (p: ABE. t (B, j :¥a>)
— BB AGHHE : Xe,p (c :H@, p:Avvay (EBF))
— SCM : XtijkpG: . i: TH. j: 7402, k: B, p: &)

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

LocalSolver T3 E LA LD bool A EFKT HZ LN TE, MIP OERIL &E
WV, A= HEICE R EE K (boo) ZF EFKTHZ LT, LV, BARETOEALR
AREE 72D,

LocalSolver11.0 1%, FANZFHIMENT CTIEITRIREMC EAUE (FHYHE) ZRD 5720,
FIRFE DN FEATARATREME £ X OEAT AT REE A B ST D X7,

3.3 LSPET /L

LSP EF/LZ, LFTOEZENSER SN,
- EEREEH : bool0, float (TFERfE, LIRME). int (TR, LR, list
- BT ATBEOEETHY ., a5 IS E DRI TAHAILENTE

BREDERITIT, <— ZHT 5,
- % : constraint (FHIFE) T, HIKIRMFLERT D,
constraint il TER S N/ENFATRIREVEOHE CHEH SN D,
- HAYBI%K : minimize (FHIEE) F£721% maximize (THIFE) THMIBEKZ E5H
T5, BMBBITERERTETH Y, EXINTIAEICRKELE
19, BHUGFHHEELE L CHIHARETH D,
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4. LSP &%

LSP FiklE. mE(LHEEZET /UL, 7 VORGER RO RAELTT 5 7 = —
A TOFRATHRRZAT O OICRE QBRI Z (T2 2 AL LTHRESN TV S,

LSPEREIL, BHOBKM T 0 /I IV IV EETh D, BEAI 0 /I IV VSRR
DORFRIT, BHERZH A - SECH D7D, JavaCEiE L B, a2 31 F3H
BT — X OFHEZHEET 2720, T—20fE () 27u /I~ EET D
VERIW, ZORER, 707 T AOFIMIFRuby 72 PR ESFED L ) IR TH D,

BRESHECIEEATERN IS TI2XD7 0T L50F = v 7 BRAkEIZ7e D
HITH D,

LSPEFEDFHEITLLT -

—HIZBARE TE D (BARAEEMES RV, 1ERIZHAT, 1/ 51/2080% &)

— NI EMZRT W (23 THRRORENEEZ BB = v 71 5)

—T7 7V r— a3 OMWREE H ST

— RN OV TN ET Y VT ERE (TELHLEITAETE S L H&%ED
MAHRME T HLHNRMER T — 2 RNZES->T0iiE, 1THTET U V7 &
FATWHEETH D,

—AERUEIE)——FITRRFFZTE D (—2iF=T 4%, H9—2iF DOS a2~
R T RODZODTA 2 R ZBIELRB LR FETH D,

—HRFTENED L O ICHMZBEBENICRET 22 LN TE LD, T /VOMF
N ORDIRGE % BEPEAIIZAT 9D Z BN TE D,

WATERE 31T 1sp S5E & C++, Java, CH# TRtk L7z~

4.1 Function

LSP ([ZIZA A 7 a T L0370, LTFDOSOOIARN 7 77 ainbig

function modelQIX M TH DM, F OMITHLEI S U TEATIUE L0,
/-, UTOREKR 777 a s ZiHT 2203 TE 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 THET

LSP €7 /v T, BHIZEHTE 5, <12, BB, KSR OFRIZH]
HT&., FERIEHIK. FERMEEBBE S L CRIHFTRETH 5,

HEICE, UTOEENH D, T —ERESRI N,

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

- FWERES 7 (not, and, or, xor)
BAMRIEE 7 (==, =, <=, >= <, >)
BHEHEA T (Gf. array+at)

1) EHER
EEOEHRDHIZ R, LTI TXTHNTH D,

a = true; // a =1

b = 9; // b =29

c=a+ b; //

Q
I
[
(@)

c=a*Db; // c=09

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

c=a<b; //c=1

2) BAIES

LocalSolver ®fd%iZ map TEFRTDHIENTX D,

Map 1, fE& F—Z20fEFrolc T —FHBEICR > TS, F—I%, BETHY,
M2 BT L bR Th 2 0BT, fHIE, EARZA T THLTHRETH D,
F—IZHIESHD DI, [TT7 7y MNEREEZHWD,

10
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a = map("z", 9); // a[o] — "Z"’ a[l] = 9
a = {"z", 9}; // al0] = "z", a[l]l = 9

a["a"] = "abce"; // al[0] = "z", al[l]l = 9, a["a"] = abc

3) RIFHIE

I

KB, if XEFHT 5, s, AT
if (C) S_true; else S_false;
F770%. ? ¢ CHRICEERTAZEHTx A,

if (1 < 2) ¢ = 3; else c = 4;
c=1<2 7?2 3 : 4;

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

c=0%*29; // c=0
if (c) |

B = DL

b = 0;

} else { // executed block
a = "s";

b =1;

=1

4) B L

0K LIZIL, while & for 35,

While X, LAFCRtikd 5, CHRETHDHRY, SHETIND,
do S; while (C);

for (X, AFCRiib 3%, vAAVIZHDRY, SNFEITEND,
for [v in V] S;

E7, % — LEAE Y FOBAITIE, TR S,
for [k,v in M] S;

§=2

11
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for [i in 0..2] ali] =i + 1; // al0] =1, a[l] = 2, al2] = 3
s = 0; for [vinal] s =s +v; // s =6

s = 0; for [k,v in al] s =s + k +v; // s =29

for[i in 0..9]
for [j in i+1..9]
for [k in j+2..9]
alil[31[k] = 1 + 3 + k;

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

for[i in 0..9]1[7 in i+1..9]1[k in j+2..9]
{

5) MR LA
MR LR IX, LT TRk 4 %,
for [v in V] alv] = f(v);
LSP Tid, AT OEHMIE TRLBATRETH 5.
alvin V] = f(v);

for[i in 0..9]1[J in i+1..9][k in Jj+2..9]
alil[j1[k] =1 + J + k;

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

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

6) B
LSP Tid, EREICHEBAERTE 5, BHOMEIX, O (false) £7213 1 (true) TH
Bl BETH BV, LSP 71 7T AlLiH ., function M) CHum 25T %
(global) IZ72 > CWWA 7=, function W T — BV L7ZWIESIZIE, local @
BEFTR—INVERTHD L EERTILERD S,

12
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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 FhTxT—Avyt—

O K« T4 U THXHZSLERG 150X, 1sp 7 7 A VDLAHTTYT, b Llsp 7 7 A /LN
FIHCE W biX, =9—%2Hd, £7-. < K I 0o Tos1H (7
A —HE) 1% 74—~ b identifier=value Z 72 T UE e B 7200,

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

+ Invalid argument format for <arg>. Expected format : identifier=value.

LSP |3z Bk LCSiBTH O . DT A—=HITELWRRLETH 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>.

[FERIC, BT = > 7 TREYZRROEEIZIE, =7 —A v =275,

+ Cannot apply <opName> operator on type <I>.

+ Cannot apply <opName> operator between types <I'1> and <T'2>

» Cannot cast <T'1> to <T2>.

+ 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.

13
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WS ODDREITS B AR, b L. SO EDRWGEITIE, =T —&2 T
Do ¢

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

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

B & Al 5 By, BB RERTHIUL, =T —Avb—Y2HNT 5, £/, BiFEOM
BLR CAROBRZERT HDOHLET—Th %,

RS ALTE, BHICHER (BAM) WRETH D, 2L, RATEEZTIE, [
CARTTEE S Z i3 TER, b L, BEMEZFTZ WAL, nil OEZED,

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

Inputioutput B, FRESNTZT7 7 A VDA F = > 7 %175,

+ File <f> cannot be opened.

+ Cannot read from file <f>.
+ Cannot write to file <t>.

BFEITCTFHN AN, 70T LT —2R3—F L (T2, #A47%
M—E L2 BAEBLOT 7 A VOt £ ToiA 125G aIlid=7 =2 ¥ 5%,

+ 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.

CFFNOBIETIZ, SCFFINRZETRND E RS T > 7 ADRFIRFHENTH D Z &3
'JZ‘%:VC\\&) ZDO

* 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.

14
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~ v Z7ORIRELE LT 2d 5,
-3 EIFEThHH L
A HZL—g o Gl U CHERETE L CWARD 1X, ~ vy 72288 L3k
SYANAY

» '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 /W%t L T/RT A —2 TEAEZFET 25A121E, PRI OEAE T/ iux
257200,

I

* 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.

EFTNVTARELIIELEELRT 5581003 < TEHETLOILETHD, JATEzx <
Zflio TEFT 5 Z LITHRZRW,

TR, ST HBED 2T B2, e, BRBIEIIEEN TR 2 43
NoDH, <y THIMEHTER,

HRIAUE, A T Y RITRIT TR 5780,

+ 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 B# L, BERELEEL (bool 240 (ZOHMMEE G2 % Z L3 TE %,

* The only allowed values are O or 1.

15
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x < alyl OBARBLTIE, v > 7 & LTE RO LI —n 0 L 70D, Fie,
N 2= LT, F=DESATET, BT —2 £I2T LS RAPLETH 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>.

RROMIZ, EBEIHKIZ S LRWIGENTAET 5 2 LIRS,
Bz TE AL, FATRRBIRAE DR, FATREM A RBHIEE 27— AR H D,

B rERESA— =T e —NRE 2R TH Y, FIROGEN e AT v 7 A
DEPAIMNI Ip o 72 2 L BT 5, z2<xly DX D REAITIE, z<x/max(ly) & £
HZENEELLY,

» Division by zero.

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

Ut

16
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[(F3% 1] BEF—E

Operator Description Type Arity Symb
Decisional bool Boolean decision: decision variable with domain bool 0
{0,11.
float(b, ub) Etl:,):;}.decision: decision variable with domain double* 0
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. double* 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 /
ST vt biuba el LN ERRNT
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&41  Copyright © 2022. 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
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).
Logical not Not: not(e) =1 —e. bool 1 |
and And: ecllual to 1 if all operands are 1, and 0 bool n>0 &&
otherwise.
Or: equal to 0 if all operands are 0, and 1
or . bool n>0 ”
otherwise.
wor Exclusive or: equal to 0 if the number of bool n>0
operands with value 1 is even, and 1 otherwise.
Relational eq Equal to: eq(ab) = 1 if a= b, and 0 otherwise. bool 2 ==
Not equal to: neq(a,b) =1ifa'=b, and 0 _
neq . bool 2 =
otherwise.
Greater than or equal to: geq(a,b) =1 if a >= b, bool 9 S=
geq and 0 otherwise. 00 -
Lower than or equal to: leq(a,b) = 1 if a <= b, and _
leq ) bool 2 <=
0 otherwise.
i : b)=1i ,
gt Strlctly. greater than : gt(a,b) ifa>b,and 0 bool 9 S
otherwise.
Lt Strlctly. lower than: It(a,b) =1 ifa<b, and 0 bool 9 <
otherwise.
Conditional | iif Ternary conditional operlator: iif(a,b,c) =b ifais itk 3 2.
equal to 1, and ¢ otherwise.
18
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Access to an array: T[i] returns the ith value in

at array T. int 2 [l
Operator Description Type Arity Symb
Decisional bool Boolean decision: decision variable with domain bool 0
{0,1}.
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 double* 9 /
one.
Modulo: mod(a,6) = r such that a = grb+ rwith | .
mod ) int 2 %
g, rintegers and |4 < &.
abs Asolutg value: abs(e) = eif e>=0, —e double¥ 1
otherwise.
Arithmetic
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
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
pow . double 2
raised to the power of 4.
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 And: equal to 1 if all operands are 1, and 0 bool "> 0 28
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
xor . . . 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(ab) =1ifal!=b, and 0
neq . bool 2 =
otherwise.
Greater than or equal to: geq(ab) =1 if a >=b,
geq . bool 2 >=
and 0 otherwise.
Relational
Lower than or equal to: leq(ab) = 1 if a <= b, 3
leq . bool 2 <=
and 0 otherwise.
gt Strictlyl greater than : gt(ab) =1ifa>b,and 0 bool 9 N
otherwise.
Lt Strictlyl lower than: It(ah) = 1ifa<b, and 0 bool 9 ¢
otherwise.
i Ternary conditional oper.ator: if(abc) = bifais - 3 ’.
equal to 1, and ¢ otherwise.
Conditional
Access to an array: 71/ returns the ith value in | .
at int 2 []
array 7.
20
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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 0 (resp. 1).

u lsIterationLimit = 6000; Corresponds to lsIterationLimit=

{0,..., ,6000}.

= 1sTimeBetweenDisplays = 5; Displays info about the search every 5 sec (default: 1).
= 1sSeed = 9; Sets pseudo-random number generator seed to 9 (default: 0).
= 1sNbThreads = 4; Parallelizes the search over 4 threads (default: 2).
= lsAnnealingLevel = 9; Sets simulated annealing level to 9 (no annealing: O,
default:1).
= 1sVerbosity = 1; Sets verbosity to 1 (no display: O, 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.
. close (f) ; Closes the file.
Ll 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.
= s = readln () ; Promptthe user for a line (in the console standard input).

" s = readln (f); Reads the next line of file.

= 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.

u println("s = " + s); Prints the string followed by a line feed in console.
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. println(f, "s = " + s); Prints the string followed by a line feed in file.

= error (msg) ; Prints an error message and exits.
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 inthe 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).

= 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.

u 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.

u 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.
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- 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
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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[£14%3] Yo 712 (Isp & ETHE)

18%3. 1 IspFOS S5 L (toy ETIVIZEESL: output Z3iBHM0)

/‘k********* t0y2 lsp ********‘k*/

function model()
{

nbProducts = 8;

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

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

/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;

/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[i]) == 1]

println("#"+i+" ("+value[il+")");
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{16%3. 2 IspEITHE (toy EF/LIZEAS : output Z1870)

C:¥Localsolver_11_0¥bin>localsolver toy2. Isp
LocalSolver 11.0.20220401-Win64. All rights reserved
Load toy2. Isp...

Run input. .

Run model. ..

Run param. .

Run solver. ..

Model: expressions = 38, decisions = 8, constraints = 1, objectives = 1
Param: no time limit, no iteration limit

[objective direction ]: maximize
[ O sec, 0 itr]: 0
[ optimality gap 1: 100. 00%
[ O sec, 795 itr]: 280
[ optimality gap 1: 0%

795 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_11_0¥bin>
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[f1§%4)] BNF Syntax(/SvyAR-F+97EE)

BNF ORTEIIRDISLEHRADEESTHS,

<symbol> ::= <expression with symbols>

EiBD<symboD [FE—NEBETH D, F£T=. <expression with symbols> (L5255, Ff=IFEIR
ERTN—TAHNNA=T | ITRYIGNZEEFFITHY .. ZAD &code><symbol> DEHEESD
LDERLTWND, GH. BHIRBITHEAIN-EES LN ERIGEE S | LM RIREES | [THEEIND,
BHPRAAFEOLEDICHEN S IR 1L EN ., VTIOEHRADEDIZHLERN
TR B IEMRIREE S 1EFE(EN D,

LIFIZ LSP S50 BNF Syntax £, .
<> =<>EBLTHD,

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

| arithm expression '-' arithm expression

26
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’

prima

4

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

ry expression

identifier

'true’

'false'

'nan'

"inf'

'nil'

string

integer

double

primary expression '[' expression ']'
primary expression '.' identifier
function call

'(' expression ')'

lambda expression

’

range

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

_expression
arithm expression '..' arithm expression
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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
]

| identifier ',' identifier 'in' expression ':' expression
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| identifier 'in' expression
| identifier ',' identifier 'in' expression
statement
block statement
| assignment statement
| local assignment statement
| local statement
| 1f else statement
| for statement
| while statement
| dowhile statement
| continue statement
| break statement
| modifier statement
| throw statement
| trycatch statement
| function call statement

| return statement

| l;'

block statement
l{' l}'
| '"{' statement list '}'
statement list
statement
| statement list statement
assignment statement
identifier assignment operator expression ';'
| identifier assignment compositor list assignment operator
expression ';'
assignment operator

T—1
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| 's="
7
assignment compositor list
assignment compositor
| assignment compositor list assignment compositor
’
assignment compositor
'"[' filter iterator ']'
| '"['" arithm expression ']'
| '"['" range expression ']'

| '.' identifier

local assignment statement
'"local' identifier local assignment operator expression ';'
| '"local' identifier assignment compositor list
local assignment operator expression ';'
’

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

| '"throw' ';'

’

trycatch statement

'"try' statement 'catch' '(' identifier ')' statement
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function call statement
function call ';'
return statement

A}

'return' ';
| 'return' expression ';'
function list

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

identifier

| function identifier list ',' identifier

’
use section
use statement
| use section use statement
7
use statement

identifier ';'

start
TOKEN_ END
| function list TOKEN END

| use section TOKEN END

| use section function list TOKEN END
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') " block statement
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