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1. Hexaly Optimizer &%

Hexaly Optimizer (&, FfT79 % 7w 7244 & LTI localsolver.exe & 72> Ty

D, IR ILAEERLRVOIL, BBFEOEEOIER & LT, K#El AT A
HIKBET B -0 Th D, BB Hexaly Optimizerl2.5 1%, KRB —E %2 5=
HRFREIN TR I RDD ZEEZHE L LW 72 —F @ All-In-One Y /v
N=THV | TEROBEFEIES AT LAEHERE LT bDER>TNS, &I,
AV a—U T E, KRB AG DOERBEIC LT, KiEeMEaem Lz FE8
LTCW5b, KRETIX, 1/ 7 .4 Hexaly Optimizer & LT, EfAFHEZ T2 2
Lot s,

FrlZ, HTD Hexaly Optimizerl2.5 1%, KBRSV o2 —U o FREICKTT 5
PERETRIL 2 FZBL L T\ D,

Hexaly Optimizer {7 7 > AD 6 AOH T OR FEEFEN 10 FDmH 2 0F T
BR% L7z 6D TH Y, All'In-One Solver & LC, LP (#FitHiE) . MIP (BA
BHGHEE) . CPMlmE Y r 7 7 2 7). NLP GE#EitmE) ., LP (it
HiE) B ZMES 2 A TE D, KR, MIP, CP Tik, BERITIIMRT 20>
Te REIBGHH & O i b IR LT S O S ML 2 fe S & Tk L7z
LIRS Z L2 EHTLTWD,

Hexaly Optimizer DrEiEe. FHEEEIZ DWW TIL. https://www. Hexaly
Optimizer. com/ (ZiiBA L Th 5,

2. Healy Optimizer D {75 (BREIHER)
Hexaly Optimizer 12.5 IZ PC, Unix, MAC ® 64bits & — K T+ 5

Hexaly Optimizer (£ C+H+ TR N TRV, FEIT77 07 7 AEZBRTEINTZ
7 C7< . C++, Java, C#, Python D70 7T ANLIERZ LN TE 5,
Hexaly Optimizer (314 > % —7' ) ¥ —HICHEHEFIITT LI ENTELET IV VT

==hH

=]
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https://www.localsolver.com/
https://www.localsolver.com/
https://www.localsolver.com/

(LSP) #Ff>TW5b, A ¥ —7 VU %—"IT Hexaly Optimizer % 3{79 555
WL, IO T 770 T ER_R—A L Lz LSP 7 7 AV (xxx.Isp) ZAE
AN
NI A=K L LT LSP 77 A NEIRET LT TIEITAIRETH D,

F7-. Hexaly Optimizer N gft3 27 AT A4 77 V%S> Z LT, hE L,
C++,

Java, C# (net). python T, BEEFIENEI AT LOT 7V r—2a V2R3 5
ZEDARETH D,

ARKRFaA FTIE, PC (64bits i) T DOS D=~ K77 bk

Hexaly Optimizer Z E#:ETT 562833 %,

Hexaly Optimizer #3179 % 7-1Z1%. Hexaly Optimizer %A > A h—/L L, 7
AV REEGT HULERDH D, TOFIEIZONTIE, LFTEasRanzwn,

https!//www.msi-jp.com/Hexaly Optimizer/download/

2.1 LSP 7 7 A4 LV DHEFT
A VA M=V ENT-NEE R,

Hexaly Optimizer_12_5 7 4+ /L%
| — bin : FE{77 12T A localsolver.exe, Python 17 71 /L
| — docs : FEAE, C++, C#, Java 507 7 274 77 U OFHHA
| — examples : BEE (Isp E7E. C++. C#. Java. Python)
| — include
license.dat : HZ3® PCHOIA B AXZ—|CEZHZ D,
TERMS_AND_CONDITIONS

1) FHTFIAE
DOS = FFur 7 &b EiF 5,
LSP 77 A VIRASTND T A NVFIZT 4 L7 M) 2B,
#1) cd c:\Hexaly Optimizer_12_5\examples\toy
LSP 7 7 A W4 ZFfEE L T, localsolver.exe #3177 5,
%) C:¥Hexaly_12. 5¥bin>localsolver toy.lsp IsTimeLimit=1
LSP 7 7 A V4 : toy.lsp.
%X F A& 1sTimeLimit IZFEITHREM 2 1 B & FRE,
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$*Hexaly Optimizer_12_5 O/SANGINTWRWEA. \bin 7 4 /L4 (T toy.lsp &
OB —LTCETSHEDLZENTEET,

2) LSP 7 7 A /LDl

Z Z T, examples\toy ® LSP 7 7 A /Litoy.lsp &7/~
kR
Toy €7 /ML, Ty 7y 7ETH D,
s, 8idH Y, ENENOES LMEZLL FIZERT 5,
BES 10, 60, 30, 40, 30, 20, 20, 2 kg
flif& : 1. 10, 15, 40, 60, 90. 100, 15 1
T TV ZITiFERK 102kg TR EAND Z ENRTE, lENRKIZRD X
I, EOMMERNIT LW, FORFOMEIZIWV S HIZ72 0 BREETH 5,
LSP 12 L 2 AL A LU IR (toy.lsp 7 7 A L DONE)

[xkkxkkkrkk tOy.lSp skkkkskskokkk/

/* 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 5 <- bool();
x 6 <- ool(); 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 7;

constraint knapsackWeight <= 102;

// maximize value

knapsackValue <- 1xx 0 + 10%x 1 + 15%x 2 + 40%x 3 + 60*x 4 + 90*x 5 +
100%x 6 + 15%x 7;

maximize knapsackValue;

/¥ Parameterizes the
solver. */
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function param() {
IsTimeLimit = 1;
}

MARTILTHIGE, ZOFITIEL, model) BT, 77— LK, BB ZERL
TWb,

HboolONEERTELEEZEW L., bool0TEREINT-EH DO L 1 DEOHETZE
HICEHET A Z & T, mfiz R 5,

2.2 FEITHRR

2.1 T/RLTz toy BTV (toy.lsp 7 7 A V) DOFEITHERZLLTIZRT,

C:\Hexaly_12.5\bin>localsolver toy.Isp

Hexaly Optimizer 12.5.20240129-Win64. All rights reserved.
Load toy.lsp...

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

[ Osec, Oitr]: 0

[ optimalitygap ]: 100.00%
[ Osec, 1402 itr]: 280

[ optimality gap ]: 0%

1402 iterations performed in 0 seconds

Optimal solution:

obj = 280
gap = 0%
bounds = 280

C:\Hexaly_12.5\bin>

KHIRATE RN,
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x_2(30, 15), x 4(30,60), x 5(20,90),

ARHE 102kg, MEDOAFFHE 280 [ & 725,
WATEEF41Z toy2. 1sp & LT,
KR

FATe ZIZid, LR REn 5,

—1323 iterations performed in 0 seconds

—Optimal solution:

— obj = 280 : HAIBEEE (RaEfg)
— gap = 0% C ERYE L OX Y v 7 (B
— bounds = 280 : RFiME
FHEKTE (B EE T bUI o=
15,
infeasible : T/ Al REME
- feasible : FE{TH[HEIRAE
optimal : Fifiz

Hexaly Optimizerl2.5 Ti. fi#
RIEFEE DX ¥ v T2 RRT D

ZEI N TH D
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x_6(20, 100),

x 7(2,15) D5fHTHY, ES

output function Z{f-~ TEZz Z#H I LI-Hl%Z

WRETH D Z L amT)

B5F) OEEERELZ, LT 3>TH

i, RO ERFETLITITRAFHE L,



3. Hexaly Optimizer (2 & 5 &Rk

Hexaly Optimizer D EXULITEERELREZ ERTDH I ENLIMHED,
BERELEIZIZ(boo) & LTER LT 0-1 B4k, L TFRZROEEE#Gnt), L
TRRAEFFOFEE A S (float), ¥t v b (list) & LTERTLHIEEE Y OMAEEN
5720, BRIREEROMELZZ ST, EEdICORRELRITT 52 LT, KHUT

s {EEZ RIS ZENEROEBEZ HFTH 5,

bool ZBH DA & % 1000 HAEMZ A THEMNMRERTHEZRDD Z LN T
& %, bool ZETER LB ERELBOMEENRL 72D, MREWT 245
et T B SR AR LT <, 7%, Hexaly Optimizer HICERLT 5728
ik, BEEREZEE A>T, BRI, HINEEEZERTILERD D,

Ty 7Yy VRO X ORI E D A RSOPER THIUL, M E 50
BTV T bool 8 & L TEERETIVULIR V., &2 Mm0nEIIN 7545, bool £
M1 2D ZEABETIUL, MO E S K OMIEZ BEHGHE T 5729, bool %L
DOMAE THIKISGM, BRBERZFMNT 52 LN TE 5,

Hexaly Optimizer12.0 Ti. fEko> MIP RO X 912, L FIRD & 5B
ZEEREEZRE L TERT LA ENTE D, kit REEBETICT Y 7 AT
A&RD, EZTMENWS DHEDL MEINEEZE L TROLZENTED, 2D
Y. BURELE SRR E 2R D EEEME L LT, AEMEFOLHE % float &
L LTERL, LEREHIRT 256 EEREL IO L EERELOE % LSP
THIFIGMH & LTER TV LW (BEkIT bigM 26 L CRhEM T 2 4R H -
TR R ERIITIAETH D),

Xr=ZL. BEHFEOD MIP BMEOEXETIGHNEEEFNENAOBRREEH
TEELTULWHBAIZEK, BRRENADBTLLEL LGOS, Hexaly Optimizer
[CEL-MEEBEBNEETH D,

31 LSPET VT DEZT

UTFTOFIETET Y 7 %2479,
1) BEREEH(bool ZH KV float BB L EHET D,
2) EROBEBHREEREET X TES T, #l#5M. BREKEEET 5,
Z O, MIP X 9512, $IEHKIC ZEb b B2 < #IR5r, BRIk &
HIT, FEMERBN AR TH 5,
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3.2 LSP T® bool D iEF

LU U 72 BIRE AR bool BEDEFRA A — T &RT,

Fy 7Yy IR Xp  (p : )

Jo— hERE . Xr (r:b— 1)

FWrEtEEE . Xp,q (p : B A~Z—r 0 q N F = ORI
ANBRERBE . Xptj (p: AR, t (B, §j :Pa7)

A AGHHE 0 Xe,p (c : Hilj, p AT ar (EE))

SCM : Xtijkp@: . 1: L. j: 74, k: B, p: f
AV a—0 7 Xtijp G FERZE, 1 T8, j: 740, p: W)

Hexaly Optimizer TIZEE 7L ED bool Bz EFRT HZ ENTE, MIP O ERAL
LiEW, A= X HNICEEIREL B (boo) Z EFKT HZ LT, L0, BRARETOERIL
DHRE L 72 D,

Hexaly Optimizer12.0 (. HANIFAIMRNT TIIT A REM-> LAV (FFYE) 2k 5
7o, FIHB D FEITARAREME £ 721X FAT R 2 B8 T 2 B T e,

3.3 LSP 7 /L

LSP E7 /Wi, U TOEENOHERIND,

FEREZHE : bool(, float (FIRME, EFRE) . int (FRRME. LERME) . listO
BIAZEE AEEDOERTHY, 7ur I I 723 T5IENTED,

EBOERIZIE, <— ZHEHT D,

%) : constraint (T#J5H) T. HKFELZERT D,
constraint fllFIF CTER SN AENFATAIREMEDOHIE CHEHA S5,
HBE%L : minimize (FHIFE) F721F maximize (FHIFE) THMWBEZ E#5
5, BHBEITERERTRETH Y, BRI NIAEICKE(LETT
9, HEURHEREE L CHIHREETH D,
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4,

4.

LSP &5

LSP SiBlT. b8 AET b L, BT LVOMEER MEOWEEZIT ) 7 = —
A TOFATEERRZAT O DI RIEZRIET 22 2B E LTHEIN TV A,

LSP 551X, OB T e /7 I/ EiETHDH, BEM T /T I SEE
OFFRIX, BHERZ R A TS TH LD, JavaR CSrBL B, 231 IR A
BT — X OFEEHE T 5720, T—XOfE () 27 v/ I7~nNEET 4
BN\, ZOFER, 7T AOFERIT Ruby 72 PBRESFED X O IR TH D,

BESHECIIEBTE VW a M 128570l T 50T = v 7 PNA[RBIZ7/2 D A
WZh 5,

LSP SFEDFHEULILLT -

—URIZBRFETE D (BAFEAEPEMED BV, TERIZHT, 1/6 205 1/2 OB E)
— T EMART WV (2, TRROBENVEEZHEINCT = v 79 5)

— 77V r— g OMREE R L ST

— RN OV TN ET Y VT ERE (TE LA TE S L H%ED
MARHBRE CHHEISFEROT =2 BEAH5TWIUE, 1 HTET Y 7 & 34T

MA[EETH D,

—ERUEIE)——FEITRRRFHZTE D (2T 4%, 9 —2iF DOS a~v R
T RNOZOOTA Y RYEBIELRDB GHBENFETH D,
—HRFENED L O ICHMZBERIICRET H I ENTE LD, ETLVOMFK
OMRDIFREZ B FERIICAT 5 Z & P TE 5,

WATERE3 I 1sp B & C++, Java, CH#TRIBR L7z "7,
1 Function

LSPIZIZAA T 07T a2l LFDSDDERNRT 77 v avinbid,
function modelOIZMZETH 5723, Z OMITMEIZE U THEMATIUIE IV,
Flo, UROEANR T 77 a2 lT 52 LR TE D,

g input: for declaring your data or reading them from files.
0 mode1: for declaring your optimization model.
i param: for parameterizing the local-search solver before running.

ad display: for displaying some info in console or in some files during the resolution.
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i output: for writing results in console or in some files, once the resolution is

finished.

4,2 REF

LSP EF /LT, HEICHEHTE %, <12, HHBEEK., HI#SEtoidkicfH T
=, IERENRIK., R EMNEEE LCRIAMREETH D, HE T, DL FOREE
b5, T -EBEESRINZV,

- BNEAE Y (sum. min, max. sin. cos. log. exp %)
- mPREE 7 (not, and, or, xor)

- BREE T (== 1= <= >= < >)

- #HAHE T (f, array+at)

4.3 SFEMRE

1) ERGER
EROEROHI 2T, LFETXTHATH D,

a = true; // a =1

c=a+b; // c=10

c=a=Db; // c=0

2) BlAER
Hexaly Optimizer ®EESIX map TEFRT H I LN T D,
Map I%, fE& X —Z iR o7e 7 —#MEIZR>TnD, X, BEHTHY,
MR BT LHERTH D 08T, L, EARIATTHLTHRETHY, *
XN S 'L OIT, [ 77y NRLEZHWS,

10
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a = map("Z", 9); // a[o] - "Z", a[l] e 9
a = {"z", 9}; // al[0] = "z", a[l] = 9
a["a"] = "abc"; // al0] = "z", a[l] = 9, a["a"] = abc

3) SKIRHIE
SMHHIEE, if XEEHT S, stdEud, BT
if (C) S_true; else S_false;
FlE, 2 - TERICEGRTAIEHLTE S,

[

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

} else { // executed block

a = "s";

4) #VIRL
MR LIZIE, while & for b 5,
While iX, AP TRtk 35, CHRETHLHRY ., SHNETIND,
do S; while (C);
for L, AN TRIET D, vAIVIZHLIRY | SHFETIND,
for [v in V] S;
Fo, F—LER T Y FOBGAEIZIE, PUTTRET 5,
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for [k,v in M] S;

for [i in 0..2] ali]l =41 + 1; // al0] =1, al[l] = 2,
s = 0; for [v in al] s = s + v; // s = 6

s = 0; for [k,v in a] s =s + k + v; // s = 9

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

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

5) MK LA
MR LEAIL, LUT TRtk 4 %,
for [v in V] alv] = £(v);
LSP Ti&, LT OEME TRtk /lRETH %,
alv in V] = £(v);

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

alil[31[lk] =1 + 3 + k;

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

x[1 in 0..n-1]1[7 in 0..m-1] <- bool () ;.

6) Bk
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LSP Ti, (LEICHEEEZEXRTX 5, BEKOMEIX, O (false) £721% 1 (true) TH B
WL, BIETH RV, LSP 7

o7 MA@ E . function [B] CIEBOLEHEE R
(global) 1272 > TWA =8, function N Ta— /LA L7-WIEEIZIX, local @
BHEF+Ta—INERTHIZ L2 ERTHLERD D,

function isEven (v) {
if (v $ 2 == 0) return rue;

else return false;

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

return total;

4.4 FRIS—AvE—Y

a<w K T4 THHCLERSI BT, 1sp 7 7 A VDOLETTT, L Isp 77 AV
NRACTE Wb, =9—%2Hd, £7-. a~r K- T4 00O TO5%
(RTA—=HE) X, 75—~ b identifier=value Z F7= 72T uE 72 57000,

- <f> doesn't exist or 1s not accessible. // LSP file

» Invalid argument format for <arg>. Expected format : identifier=value.
LSP |32 M B L7CEiETH Y . B NI A= T ELWREBVLETH 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, BF = v 7 TREURBOLGAIZIE, =7 — Ay =Y 2T
Do

13
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- Cannot apply <opName> operator on type <T>.

- Cannot apply <opName> operator between types <T1> and <T2>
Cannot cast <T1> 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. \»< 27>

DREEIIAEER D, b L. SIEBOBREDLRWEEIZIE, =7 —%2 7T 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.

Bt 5, A RERTOHNIT, =7 —A vt -V T 5, £z, BifFOM
BRI CAROEEEERT L2OLTT—TH D,

BRI A LTI, BRICEER (A WReTdd, L, RTERZTIE. F
CARITIREIES Z LT TE R, b L, BEMEZRZ2WIEEIE, nil OfEZ
s
+ Function <f> already defined.
* Function <f> undefined.

* Variable <name> already defined.

Input/output BT, FHESNTZ 7 7 ANVDAM N T = v 7 %179,

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

« Cannot write to file <f>.

BEELITCFINEANRC, 0TI 0T —2R0—K L (F—F8K, 14 7%
PW—B L) BAEBIVT 7 A VOREGEE THRAZEEIIIT T —2H T %,

« 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.

14
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LFHNOEAETIL, LFFINZETRNZ E RS T v 7 ARTFRFHANTH 5 Z &3
'/[Z‘gwcgbéo

* 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.

~ v 7ORIRE LT Zob D,
BB EIILFETHDZ &
—4&V%Va/$( #fr L CHREFRE L TWAR) X, ~ v 7 2E8E L Clde
SRANAY

» '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 ET /WX LTI A= TEIEZRET HHEIIE. FFA®FHOEE Tl
ANSYASAN

- 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.

TTFNTRELFLEE A LRI T HHAICE. < TESTIRETHD, RAFLEks <%
o TEET DI EidHER,

BTV, BT EHBOBEEDS R IER S n, £72, BRIREEIIETRET 4
R D, ~y7THFEIMEMTE 2, HHRNT, AT URBETRINER B2

[

+ Cannot assign Hexaly Optimizer expressions to local variables.
- At least one objective is required in the model.

+ Only boolean expressions can be constrained.

15
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* Only expressions with a value can be added in the objectives list.

setValue %1%, BEERTEZLE (bool %) [COBLWMIEL H 25 Z &N TE
%o

* The only allowed values are O or 1.

x < aly]l OFARBLTIX, vy 7L L TCBap b LR —BnEmE s, £
oo NYa—L LT, F—0HSAET, BT —2 £2i3 LS KANLETH 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>.

REOMIT,  ZBEMEPHRI 2R LRWGENEAET L 2 EIERSREY, fIxTF
ZIAE, FEATARRREEDOIFIC, FIT 2 BRR IR E 27— A0 H 5, B rHIRLS
F=N=Tu—PNEERFTHY, FIEOSRNEa EZA Ty 7 A

DEPHMZ Ip o T2 2 L 2 BW T 5, z<-xly DX D REEITIE. z<x/max(1l,y) & FH T
HTENEFELY,

+ Division by zero.

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

UL

16
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[(F8 1] BEF—EXR

ERAARSEEFERARDOR

UTDORTIEH. BFEEFH LSP EEEDLRITHAENTLVS, Python, C++, C#. F
f=l& Java TlE. CNODERIE FEEDI—T 1T RAIEFHFAHT—T—FZE
BELTLA,

o C++ &Java T RFEICIE "Var" EWVSEE T F< (boolVar, floatVar,

intVar, setVar & listVar)
o CHTIE. I RTOBEBMAAXFTIESD

Arguments Result

Function Description type type Arity Symb
Decisional bool Boolean decision variable with none bool 0
domain {0,1}
float Float decision variable with 2 doubles double 2
domain [a, b]
int Integer decision variable with 2 integers int 2
domain [a, b]
interval Interval decision variable with 2 integers interval 2
domain [minStart, maxEnd)
list Ordered collection of integers 1integer  collection 1
within a range [0, n - 1]
set Unordered collection of integers 1 integer  collection 1
within a range [0, n - 1]
Arithmetic sum Sum of all operands bool, int, int, n>= +
double double O
sub Substraction of the first operand by bool, int, int, 2 -
the second one double double
prod Product of all operands bool, int, int, n>= *
double double 0
min Minimum of all operands bool, int, int, n>0
double double
max Maximum of all operands bool, int, int, n>0
double double
div Division of the first operand by the bool,int,  double 2 /
second one double
mod Modulo: mod(a, b) = r such bool, int int 2 %
that a = g * b + r with g, r integers
and r<b.
abs Absolute value: abs(e) = eif e >= 0, bool, int, int, 1
and -e otherwise double double
17
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Arguments Result

Function Description type type Arity Symb
dist Distance: dist(a, b) = abs(a - b) bool,int, int, 2
double double
sqrt Square root bool,int, double 1
double
cos Cosine bool, int, double 1
double
sin Sine bool, int, double 1
double
tan Tangent bool, int, double 1
double
log Natural logarithm bool, int, double 1
double
exp Exponential function bool, int, double 1
double
pow Power: pow(a, b) is equal to the bool,int,  double 2
value of a raised to the power of b. double
ceil Ceil: round to the smallest bool, int, int 1
following integer double
floor Floor: round to the largest previous bool, int, int 1
integer double
round  Round to the nearest integer: bool,int, int 1
round(x) = floor(x + 0.5). double
scalar Scalar product between 2 arrays. array int, 2
double
piecewise Piecewise linear function product array, int, double 3
between 2 arrays. double
Logical not Not: not(e) =1 -e. bool bool 1 !
and And: equal to 1 if all operands are bool bool n>= &&
1, and 0 otherwise 0
or Or: equal to 0 if all operands are 0, bool bool n>= ||
and 1 otherwise 0
Xor Exclusive or: equal to 0 if the bool bool n>=
number of operands with value 1 is 0
even, and 1 otherwise
Relational eq Equal to: eq(a, b) =1ifa=b,and 0 bool,int,  bool 2 ==
otherwise double
neq Not equal to: neq(a, b) =1ifa!=b, bool,int, bool 2 I=
and 0 otherwise double
geq Greater than or equal to: geq(a, b) bool,int,  bool 2 >=
=1ifa>=Db, 0 otherwise double
leq Lower than or equal to leq(a, b) =1 bool, int,  bool 2 <=
ifa <=b, 0 otherwise double
gt Strictly greater than: gt(a, b) = 1ifabool,int,  bool 2 >
> b, and 0 otherwise. In case of double,
intervals: gt(a, b) = 1 if start(a) >= interval
end(b), and 0 otherwise.
18
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Arguments Result

Function Description type type Arity Symb
It Strictly lower than: It(a, b) =1 if a < bool,int,  bool 2 <
b, and 0 otherwise. In case of double,
intervals: It(a, b) = 1ifend(a) <= interval
start(b), and 0 otherwise.
Conditional iif Ternary operator: iif(a, b, ¢) = b ifa bool, int,  bool, int, 3 I8
is equal to 1, and c otherwise double double
Set related count Returns the number of elements in collection, int 1
a collection. interval,
array
indexOf Returns the index of a value in a collection, int 2
collection or -1 if the value is not  int
present.
contains Returns 1 if the collection contains collection bool 2
the given value or 0 otherwise. or interval,
int
partition Returns true if all the operands collection  bool n>0
form a partition of their common
domain.
disjoint Returns true if all the operands are collection bool n>0
pairwise disjoint.
cover Returns true if all the operands collection  bool n>0
form a cover of their common
domain.
array Creates an array of fixed or bool,int,  array n>=
variadic size. double, 0
array, list,
set
at Returns the value in an array ora array, list, bool, int, n>= []
list at a specified position. int double 2
find Returns the position of the array, int int 2
collection containing the given
element in the array.
sort Returns the array sorted in array, array lor
ascending order. When used with lambda 2
two arguments, the array is sorted
based on the values returned by
the lambda.
Interval  start Returns the start of a non-void interval int 1
related interval.
end Returns the end of a non-void interval int 1
interval.
length  Returns the length of a non-void  interval int 1
interval, equivalent to
end(interval) - start(interval).
Other call Call a function. It can be used to bool,int, double n>0
implement your own operator. double
19
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[{+4% 2] Hexaly Optimizer12.5 ZTHEXEIF
Jy—x/—k

o HFHLULNVEEF INTERSECTION hSENEht=,
o FHLULVEEF DISTINCT hEMSh =,

o SORTEEFII. F—BEHEATLarD 2BBELTRZITANSKSIZH 1=,
e C# API A macOS armé64 & Linux arm64 TEATEALSIZH-T-,

BTV EETF
Intersection

REBREFE2DODAANIUNERITAND, D 2 D2DARIURE, BEEFIFIET
LO2arvThad. cOEFEFIF. MADFARSUNCHEETHETHY. COERFZE
ERYTEHE. EHDOEZEVNEEEURAMIED S,

Distinct

Distinct FBE FIE. 1 DFEIEL 2 DDARIUREZITAND  ARTUEN 1 DDI5
BOBRREF EINFELIEOLIIAVERITRY., IBEFF TSN TOVEWNMER DED Y
FEEESIRITIRYT . ARTUEN 2 DHBEE(F. LIP3y FHiE. £-E BESIES
LABEABETFVCHL. IEFMAHEShTOREMER DEDEYFERY , FERTHEUH
ENEABIZE O TREND T RTHOEDF T, EEESN-OLY 3V FIERET
HY. COBEEFIF. RTD21— T EETIVETDEOIZERTES, MM TERE
SNHEGOEEMNRESNTULSMEREICE AT EE,

Sort

sort HBEF(E 2 DDARIUFERITANSKITGoT=, S LA SIHAEESNTL
BHIGE F 2 51 MELT. ANEINEY— T HE=HDF—ELTERASNS,

Array

RIEEF(E VAMEFE 1 ANRFURELTRZITRY . SLATERE L2430, 3
LA BAHIZ., list ZM UL, BESIZERY

Nary JEHF
N ;EE F (max. min, sum, prod. and. or, xor) [&. FILWWIAS T DA RS R ENIES

%o EEEOL VLAV ITMA T, nary SBEFIXESIZRDLSICRITERHIENTE
BEINTgotze BIARFURESLF X, FE2ARIUNELTHEBET b, RERIC,
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BANRFURE, ALY aVEIE 1D BHID 1 DFETERAENTE S LIS
Fzo ARL—E3—[F, (I B—AARSUFOBERISERINS,

APIDZEHE

Python

C++

CH#

Java

BEEFEEML,
REXZERT D= EMSNT=,
BEEFEEML,

BERDXZEERT BF=OHITEMSNT=,
ENEESNMEFILIL AV THS,

EETEEML,

REAZTERT BH=HIZEMENT=,
EETFEEML,

BEROXEFERT S=0IBMENT=,

EA EESNMEFIALILaVTHY., ALV AV EERGET HFLIAY

YRIE EZON-HETH S,

BEEFEBML,
REXZERT D= EmMSNT=,
BEEFEBML,

BERDOXZERT BF=HITEMENT=,

EAEESNMEFILYL v THY, ALV aEERFT HH LAY

YL EZONHETHS.

SEEFHBMLT-, LSOperator. Intersection
REXEIERT H=0IZTEMEMT=, LSMode . Intersection
EEF4BMLT-, LSOperator. Distinct

BRI DXEERT HT=DITEMEMT=, LSModel. distinct

ENEESNFMEIZILIS A THY ., LI AV EERETHFHLLAY
yRIX 526N =&, LSArray. isCol lectionLSArray. getCol lectionValue
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APIZH#HDEER
Python

« Python 3.4 & Python 3.5 DY R—rE# T LT=,
C#

e macO0S arm64 B LU Linux arm64 EDHEHIBMNES T,
e macOS x64 H KLUV Linux x64 [ZIE .NET 6.0 (Ff=(FFNLUL) NRHE(ZHST=,

TSI I+ —LDKEEROER
Linux

e libc2.28 (Ff=[Z T LLE) BE libstder+ 6.0.25 (Ff=[EFh LI L) BB ESH
%,
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[+8% 3] Ho 72 (Isp & FE4THEE)
{18%3. 1 Isp7 A5 5L (toy ET/LIZEA%L : output Z31E0)

/********** t0y2 lSp **********/

function model()
{

nbProducts = 8;

value =1{1,10,15,40,60,90,100,15};
/I 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 x[il.value == 1]  println("#"+i+" ("+valueli]+")");

}
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118%3. 2 IspEITHER (toy T /LIZEAE: output Z1E/N)

C:\Hexaly Optimizer_12_5\bin>Hexaly Optimizer toy2new.Isp
Hexaly Optimizer 12.5.20240129-Win64. All rights reserved.
Load toy2new.lsp...

Run model...

Run solver...

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

[objective direction ]:  maximize

[ O0sec, 0 itr]: 0

[ optimalitygap ] 100.00%
[ Osec, 2136 itr]: 280

[ optimality gap 1 0%

2136 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:\Hexaly Optimizer_12_5\bin>getValue(x][i])”
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[f18%4] BNF Syntax (/\whX -+ F7E%)

BNF DREIERDISGEHBRDEETHS.

<symbol> ::= <expression with symbols>
ELBD<symbol> [T B —DEEE ThHdH., F£7=. <expression with symbols> [XEZEF. £f=IFLEIR%E
KRIN—T1HIN=T | ITERYIENI-EEEHTHY. £iBD &code><symbol> DEHELDHED
ZRLTWD, 4H. EHRAITHEASN-ES L RIS | LM RiIREES | ICHESn G, BH
HAFEOLDICRN RS EMERIFRS IEFIEN. WThOEHRAOEDICETR NG >
RS LT IREES 1 &M END,

LIFIZ LSP E58®M BNF Syntax #7197, .
K> =<>EEBLTHS,

identifier
: simple_identifier
| contextual keyword

contextual_keyword

pragma'
| from
| 'extends'
J
expression

: ternary_expression
| lambda_expression
| table_expression

J

expression_no_range
: ternary_expression_no_range
| lambda_expression
| table_expression

J

ternary_expression_no_range

: or_expression_no_range

| or_expression_no_range
'?'ternary_expression_no_range
':'ternary_expression_no_range

25
MSI #X& 4k Copyright © 2024 All Rights Reserved


http://ja.wikipedia.org/wiki/%E3%83%90%E3%83%BC%E3%83%86%E3%82%A3%E3%82%AB%E3%83%AB%E3%83%90%E3%83%BC
http://ja.wikipedia.org/wiki/%E3%83%90%E3%83%BC%E3%83%86%E3%82%A3%E3%82%AB%E3%83%AB%E3%83%90%E3%83%BC
http://ja.wikipedia.org/wiki/%E9%9D%9E%E7%B5%82%E7%AB%AF%E8%A8%98%E5%8F%B7
http://ja.wikipedia.org/wiki/%E9%9D%9E%E7%B5%82%E7%AB%AF%E8%A8%98%E5%8F%B7
http://ja.wikipedia.org/wiki/%E7%B5%82%E7%AB%AF%E8%A8%98%E5%8F%B7
http://ja.wikipedia.org/wiki/%E7%B5%82%E7%AB%AF%E8%A8%98%E5%8F%B7
http://ja.wikipedia.org/wiki/%E9%9D%9E%E7%B5%82%E7%AB%AF%E8%A8%98%E5%8F%B7
http://ja.wikipedia.org/wiki/%E9%9D%9E%E7%B5%82%E7%AB%AF%E8%A8%98%E5%8F%B7

.

or_expression_no_range
: and_expression_no_range
| or_expression_no_range '||' and_expression_no_range
5

and_expression_no_range
: equality_expression_no_range

o ——

equality expression_no_range

: relational_expression_no_range

| equality expression_no_range '=='
relational_expression_no_range

| equality expression_no_range '!='
relational_expression_no_range

J

relational_expression_no_range
additive_expression

relational_expression_no_range 'is' additive_expression

I

| relational_expression_no_range 'is' 'nil’

| relational expression_no _range 'is' 'bool'

| relational_expression _no_range 'is' 'int

| relational_expression_no _range 'is' 'double'
I

I

I

I

3

relational_expression_no_range '<'
relational_expression_no_range '>

relational_expression_no_range

relational_expression_no_range '>=' additive_expression

ternary_expression
: or_expression
| or_expression

'?' ternary_expression

':' ternary_expression

or_expression
: and_expression
| or_expression '||' and_expression
5

and_expression
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<' additive_expression
additive_expression
<=" additive_expression

and_expression_no_range '&&' equality expression_no_range
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equality expression
and_expression '&&' equality expression

o = oo

equality expression
: relational_expression
| equality expression '==' relational_expression
| equality expression '!

J

I=' relational_expression

relational_expression

range_expression

relational _expression 'is' range_expression
relational expression 'is' 'nil'
relational_expression 'is' 'bool'’
relational_expression 'is' 'int'
relational_expression 'is' ‘'double’

relational_expression '<' range_expression
relational_expression '>' range_expression
relational_expression '<=' range_expression

relational_expression '>=' range_expression

o —————— e —— e . e e

range_expression
additive_expression

additive_expression '..' additive_expression

| additive expression '...' additive expression
5

additive_expression
multiplicative_expression

additive_expression '+' multiplicative_expression

| additive expression '-' multiplicative expression
5

multiplicative_expression
: unary_expression
| multiplicative expression '*' unary_expression
| multiplicative expression '/' unary_expression
| multiplicative expression '%' unary_expression
)

unary_expression

: function_call expression
| new_expression

| '+' unary_expression

MSI #X& 4k Copyright © 2024 All Rights Reserved
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| '-' unary_expression
| '!" unary_expression
| 'typeof' unary_expression

.
J

new_expression
'new' member_array_expression arguments

.
J

function_call_expression
: primary_expression
| super_expression
| function call expression '[' expression ']'
| function call expression '.' identifier
| function call
J

member_array_expression
primary_expression
| super_expression
| member_array expression '[' expression ']’
| member_array expression '.' identifier

J

super_expression
"super' '.' identifier

.
J

primary_expression
: assignment_identifier
| "true’
| 'false'
| 'nan’
| "inf’
| '*nil’
| string
| integer
| double
| '(' expression ')’
3

lambda_expression
identifier '=>"' block_statement
| function_arguments_declaration '=>' block_statement
| identifier '=>' lambda_body_ expression

| function_arguments_declaration '=>' lambda_body expression

28
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| 'function' function_arguments_declaration block_statement

J

lambda_body expression
: ternary_expression
| lambda_expression

table_expression
. l{l l}l
| '{" table_list '}"

J

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
: function_call expression arguments
| function _call expression variadic_arguments

J

arguments
. l(l l)l
| '(' function_argument_list ')"
5
variadic_arguments
: variadic_compositor_list '(' function_variadic_list ')°
5
function_argument_list

: expression
| function _argument _list ',' expression

29
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.
J

function_variadic_1list
: expression
| function variadic_list ',' expression

J

variadic_compositor list
'"[" filter_iterator ']’
| variadic_compositor_list '[' filter_iterator ']’

.
J

filter_iterator
: identifier 'in' expression expression
| identifier ',' identifier 'in' expression
| identifier 'in' expression

| identifier ',' identifier 'in' expression

expression
5
range_iterator

: additive_expression
| additive expression

additive_expression
additive_expression

1 1
J

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

| with_statement

| function call statement

| new_statement

| return_statement

| super_constructor statement
|

[ |
)

J
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block statement
: l{l l}l
| '{' statement_ list '}’

.
J

statement_list
statement
| statement_list statement

J

assignment_statement
identifier assignment_operator expression ';'
| assignment_identifier assignment compositor list

assignment_operator expression ';

J

assignment_identifier
identifier
| 'this'
5

assignment_operator

l<_l

tk_t

1o/_ 1
o=

| l/=l
5
assignment_compositor_list

: assignment_compositor

| assignment_compositor_list assignment_compositor

J

assignment_compositor
: '[" filter_iterator ']’
| '[' range_iterator ']’
| '[' expression_no_range ']’
| '.' identifier
3

local_assignment_statement
'local' identifier local_assignment_operator expression ';'
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| '"local' assignment_identifier assignment_compositor_ list

local_assignment_operator expression ';

J

local _assignment_operator

local statement
"local’ identifier ';

]
J

if_else_statement
: if _condition statement
| if_condition statement statement

5
if _condition
"if' '(' expression ')’
5
for_statement
"for' for_compositor_ list statement
5
for_compositor_list
'"[' filter _iterator ']’
| for_compositor list '[' filter iterator ']’

J

while_ statement
'while' '(' expression ')' statement

5
dowhile_ statement
'do' statement 'while' '(' expression ')' ;'
5

continue_statement

'continue' ';'

J

break statement
"break' ;'
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modifier_statement
: modifier expression ';'

.
J

modifier
'minimize’
| 'maximize’
| 'constraint'

.
J

throw_statement
"throw' expression ;'
| "throw' ';'

J

trycatch_statement
"try' statement 'catch' '(' identifier ')' statement

J

with_statement
'with' "(' with_resource ')' statement

J

with_resource
identifier

| identifier '=' expression

function_call statement

: function_call ';

J

new_statement
new_expression ';'

return_statement
"return’ ;'
| 'return' expression ';'
5
super_constructor_statement

'super' arguments ';

J

declaration_list
: function_declaration
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| class_declaration

| declaration_list function_declaration
| declaration list class_declaration
5

function_declaration
"function' identifier function_arguments_declaration
block statement

J

function_arguments_declaration
: l(l l)l
| '"(' function_identifier list ')’

J

function_identifier_list
: identifier
| function_identifier_ list ',' identifier

J

class_declaration
: class_header '{' '}’
| class _header '{' class_member list '}'

.
J

class_header
'class' identifier
| 'class' identifier 'extends compound_name
| 'final' 'class' identifier
| 'final' 'class' identifier 'extends compound_name
J

class_member_list
: class _member_list class _member
| class_member

J

class_member
: class_constructor
| class_method
| class_field
| class_static_function
| class_static_field
J

class_constructor
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'constructor' function_arguments_declaration block_statement

J

class_method
'override' identifier function_arguments_declaration
block_statement
| identifier function_arguments_declaration block_statement

.
J

class_field
: identifier';’

| identifier '=' expression ';

.
J

class_static_function
'static' identifier function_arguments_declaration
block_statement

J

class_static_field
'static' identifier';'

| 'static' identifier '=' expression ';

J

pragma_list
: pragma_statement
| pragma_list pragma_statement

.
J

pragma_statement
'pragma’ simple_identifier ';'
| 'pragma' simple_identifier simple_ identifier ';'
| 'pragma' simple_identifier integer ';'
| 'pragma' simple_identifier double ;'

J

use list
: use_statement
| use list use_statement

.
J

use_statement
: TOKEN_USE simple_ identifier ';'
| TOKEN_USE compound_name 'as' simple_identifier ';'
| TOKEN_USE import_list 'from' compound name ';'

J
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import_list
simple_identifier
simple_identifier 'as'

|

| import_list ',' simple_
| import_list ',' simple_
5

compound_name
: compound_name_part

compound_name_part
simple_identifier
| compound_name_part

] ]
J

header_section
: pragma_list
| pragma_list use_list
| use list

.
J

program
: <EOF>

declaration_list <EOF>

header_section <EOF>

simple_identifier
identifier

identifier 'as' simple_identifier

simple_identifier

|
|
| header_section declaration_list <EOF>
5

Uk
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