JIOJIATOK A

['padiunnmii matepian kBaniikauiiHoi poOOTH
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MiHicTepcTBO OCBITU i HAYKM YKpaiHu
: XapKiBCbKWUI HaLLiOHaIbHWUIM YHIBEPCUTET PafioeNneKTPOHIKK
T

XHY P
%, y
AT

Kadegpa EOM

KBanidikauinHa pobota
Ha Temy:

Metoau BupilleHHA 3a4a4i NPAMOKYTHOrIO FriAbMOTUHHOIO
PO3KpOIO IMCTOBOro martepiany

3006yBauy: KepiBHUK:
AHacrtacia KOHOHEHKO leoprii IBALLLEHKO
ClMm-23-4 pou. kKad. EOM

AKTYAJTIbHICTb NPOBJIEMU @

» TexkcTuib
» Meomi
» ByniBHHIITBO

» Tlomirpadis

|S{N

a) 6)
[1BOMIpHUIA NPSAMOKYTHWIA: @) FiNbAOTUHHUIA PO3KPIlA; [IBOMipHWI NPSIMOKYTHWIA: @) OPTOTrOHaNbHUIA PO3KPIlt;
6) HerinbMOTUHHUIA PO3KPIN 6) HEOPTOroHanbLHWIA PO3Kpin
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3AJAYA MIbMOTUHHOMO PO3KPOIO

NURE

MiHiMmi3alis BUTpaT Marepially 6e3rmocepeHb0 3aIeXHTh BiJ MakcuMisaii KBM, oCKilIbKH 1€l IOKa3HHUK BijoOpaxae
e(eKTHBHICTh BUKOPHCTAHHS MaTepiay.

TakuM YMHOM IIUTb0Ba QYHKIlsS MakcuMizanii (1) Mae HaCTyIHUIA BUIVISL : ‘E‘%DEL‘;’%Q - max. (€))
O6MexeHHs 3a/1a4i BKIIOYAIOTh:

0 < x;+w;< W,0 < y;+h;< H, Vi, (2) AeWxH —mmpuna Ta BUCOTa apKyllla,

(Wi %) V (W< x) V i+ ) V (0 +hi< ), Vi # (3) WiXh; — mmpuna Ta BUCOTA i-TO eleMenTa Ha apKymi (i =

N1 (w{xh}) < MXWxH, @ 12..N),

Xi,Yi — KOOpAHUHATH JIBOTO BEPXHBOIO KyTa i-TO eleMeHTa
w;, aKkmo r; = 0,
’ { v 11 ’

Wi = hi, akmor; = 1, ®) ma apkymwi (i = 1,2, ..., N),
M — KUIBKiCTh BUKOPHCTaHHX apKyIIiB,
hi, ko r; = 0,
po={" L= 6 : - i-
i {Wi'ﬂKmo n=1, (6) r; € {0, 1} — o3naka OBOPOTY i-TO eeMEHTa,
v E{O,WIU vy | I' < I} hy € (O, H} U {hy | I < 1}, ) v, h; — KOODAMHATH BEPTHKAJIGHHUX 1 TOPU30OHTAIBHUX
v F X,V F X+ wg, Vi, hl * yi,h, Fy + hi,Vi, (8) PO3p131B,

1 — iHgexc po3pisy.

MOCTAHOBKA 3ALAMI

NURE

MeToio po0OTH € IPOBEAEHHS aHaIIi3y HAOIIKEHHUX AJITOPUTMIB PIIeHHS 3a/1adi MPSIMOKYTHOTO TiJIbBHOTHHHOTO

PO3KpOIO Ha TECTOBUX JAHUX PI3HUX po3MipiB. s JOCHIPKEHHS pOOOTH alrOpUTMIB HEOOXiJHO BHUKOHATH TaKi

ST » TPOBECTH aHaJI3 aKTyalbHUX HAyKOBHX » 3a0e3NeunTH MOXKIIUBICTh 3aITyCKaTH cepii
JIOCITi [UKEHb, TIPUCBSIUCHNX BUPIIICHHIO 3a1a4 aJropuT™iB i1 BUpiteHHs: HabopiB RGCSP,
TiNBHOTHHHOTO PO3KPOIO; 13 MOXKJIMBICTIO MEperITy, aHaJ3y Ta

» 00paTy Ta poaHaJIi3yBaTH MOMHPEH] MOPIBHSHHS OTPUMAHHUX PE3YJIbTAaTIB;
HaOmKeHi anroput™Mu i pimeHas RGCSP; » 3abe3neunTr MOKJIMBICTD Bidyami3allil
» po3poOUTH TIOPUAHUI ANTOPUTM HAa OCHOBI pe3yibrariB poOOTH alropUTMIB;
ICHYIOYHMX METO/IIB; » TPOBECTH MOPIBHUIbHUIT aHali3 poOoTH
» BU3HAUMTH HEOOXI/HI 3HAUCHHS ITapaMeTpiB peani3oBaHUX alrOPUTMIB.

JUTsL 0OpaHKX aIrOPUTMIB;



ICHYHOYI METOAN BUPILLEHHA 3AA0AHI PO3KPOIO

MeToawn BupilleHHA
RGCSP

EE[.\HCTMHHI anropuTMm

EBpucTuka

NoKpaweHHA

AnHamiune

nporpamyBaHHA

XKagi6Hi anroputMm

First Fit Best Fit

MeTaeBpUCTUYHI

anropuTMK

KOHCTPYKTUBHa

TpaekTopHi

eBpucTUKa

ImiTauia signany FeHeTUIHUA anropuTm

MypaluvHuia anroputm

A/ITOPUTM BFD

MOYATOK

COpTYBaHHA 33 CNaJaHHAM

ieig 0 go blocks.lenght
j Bia 0 o sheets.lenght

[lonaTH NOTOMHHIA NMCT Y
CMHCOK NKCTiB

KIHELb

| Bin 0 10 sheets lenght

TaK
placeBlock

Hamaraemocs
PO3MICTHTH Gno)

MoBepHyTH BNOK B

placeBlock = false placeBlock = true BHXIQHE NONOKEHHA

JlonaTit NOTOYHMI NMCT

Hamaraemoca
PO3MICTHTH Gno!

laceBlock

Y CIHCOK NUCTIB

MoaepHyTu Gnok

placeBlock = false

IplaceElock = true

CTBOpEHHA HOBOTO NHCTa
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NURE

NURE

PO3MiLLEHHA GNOKY Ha NUCTI
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FEHETUYHUN ANNTOPUTM

NURE

MOYATOK

Mo4atkosa nonynsauis
i Big 1 go generations

Cenexkuis |

3

+ TloyaTkoBa MOMYJIALS — BUMAIKOBI KOOPIMHATH OJIOKIB.

o

» CeJeKwis — TypHIpHA CENEKI[is] BUMAAKOBUX OCOOHMH 3 IOITYJISIIiT

ULl BHOOpPY OaThbKiB.

Bwbip HalkpaLloro iHausiaa

% CxpemyBanHs  (One-point, Arithmetic, OX, PMX) -

KOMOIHyBaHHS T'eHiB 0aThKiB JJIsI CTBOPEHHS HAIIAIKIB.
MICIISIMH, BUIa[KOBa 3MiHa Opi€HTAIlii OJOKY Ta MEepeHEeCEeHHs
-
OJIOKY MDK JINCTaMHL.

B3

* MyTalisi — BUIIaJIKOBa 3MiHa KOOpPJIUHAT OJOKY, OOMiH OloKamu

®,
o

OriHKa MPUCTOCOBAHOCTI — OIIHKA KOMITAKTHOCTI OJIOKIB IpH

po3TallyBaHHi.

AJTTOPUTM MYPALLUUHOT KOMTOHIT

NURE
& TMorarox \1
napaxerpis
B Tax .
aocaryro - ¥y
po=—Lt0 )
H L N B
,/I)\\ z:k.=0 le: n k
Pl Tak T
< . o
& |
B"Gm.mpu“mm k, ]po:.;: onomcHita| e, Pi — f/iMOBipHiCTB Nepexoy IIIXOM 1
cujara floro f Sy P
naprocri T — KUTBKICTh (hepOMOHY Ha IIIIXY;
A Mowyx nalixpantoro | (b p y . y’ . .
il pitncas 7) — BEJINYMHA 3BOPOTHA BAPTOCTI NEPEMILLIEHHS;
Toe x Hi = .. .
—Mf’::':fjm:x":jf% a — Koe(iITieHT, IO PETYIIOE BIUIHB (DEPOMOHIB;
Rimes o] 2 o e B — xoediLieHT, II0 Peryioe BIUIUB eBPUCTHYHOT iHpopMartii
| depomony 0 N | nanocuuoro deposony 1 > 0O pery. P pMailil.
] —’—
Hanecenns dpepomony
Ha sapupyr
k=k+1
———————————————




AJTTOPUTM CUMYAALIT BIANANY
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NURE

IMMaxc NpHHHATTS HOBOTO PiLlICHHS BU3HAYAETRCA 32

dopmynoro (10):

e~AT

Pey1 = (10)

ne P,y — manc NpriHATTS HOBOTO pillIeHHS;

A — pisHMUA BapTOCTI pilleHb MDK HOBHM

Pe3yIETaToM Ta MOIepeIHIM;

T — «TremnepaTypa» cTaHy pillleHHs.

CTEK TEXONOTIN

NURE

HTML

&

jauerv

CANVAS

0

GitHub

@ jsPDF

LocalStorage
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IHTEP®EWNC TECTOBOI NPOrPAMMU

NURE
Poskpiin nuctoBoro martepiany
HapawTtysanHR
| 1 2 =
Posuip nucra (cu) WxH
300 x 300 2
Lletani (ca) WxHxN 18 5 -
60 x22  x1
HAopatw perane 20 25 F=] 17
[ o)
BuGepite anropurm: ] I " 4
| ybrid Genetic -
%
k] 15 7
Uac sukokanna: 2109.60 ms -
Ouca: 7B.08% 0 1 1 2
KinbkicTs nuoie: 2 wr
3
x
w ra
H
N
11
NURE
Kinbkictb Kpurepii Kinbkicto getan KpwTepis KinbKictb petaneit
iTepauiii | edekrusnocri 20 40 60 80 100 S edeKTuBHOCTI
20 40 60 80 100
Yac, mc 301.31 791.69 1405.65 2070.48 3091.61
OujHka 20 36.94 47.39 53.39 43.43 Yac, mc 1559.57 4183.73 7898.16 11983.36 17616.3
KinbkicTb nucris 1 2 2 2 3 One-point OujiHka 44.49 40.35 45.46 54.10 48.53
T
Yac, mc 661,07 154559 294415 443273 6556.42 i 1 2 2 2 2.80
OujHka 44,45 41.48 46.20 53.96 43.69
Yac, mc 1655.18 3318.82 5206.13 6981.40 10472.07
KinbKicTb nucris 1 1,8 2 2 3
OujHka 46.53 44.44 44.64 54.70 43.74
Yac, mc 958.73 2586.94 4543.96 6835.71 37500,4 P
Kinbkicts a 03 2 2 3
OuiHka 41.96 47.13 41.51 54.61 45,45 JUCTiB 4
KinbkicTb nucris 1 1,6 2 2 3 Yac, mc 2846.50 9227.03 12695.42 19661.12 31994.69
Yac, mc 1435.77 3244.86 6238.01 9408.26 13321.07 OuiHka 46.17 40.83 43.12 54.48 51.91
OujiHka 48.47 39.67 44.03 54.71 48.10 i1bKi
WGl 1 18 2 2 2.60
" . . nncTie
KinbKicTb nucris 1 1.80 2 2 2,8
Yac, mc 22633.05 44803.65 85396.8 125915.97 180799.42
Yac, mc 1605.97 4064.81 7885.90 12011.47 16882.59
OujiHka 49,68 49.47 41.28 56.87 52.00 OujiHka 46.38 47.83 46.51 55.87 44.27
Kinbkicts avcris 1 16 2 2 26 Kinskicte 1 1.60 2 2 3
mucTis
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BMN/1nB NAPAMETPIB ACO

NURE
Kpurepi Kinbkicts geranei Kpurepiit
edexTuBHOCTI 20 40 60 80 100 eexTHBHOCTI 20 40 60 80 100
Yac, mc 1663.13  6047.98 1350543 2303100 3338659 Yac, mc 163371 609232 1345986 2372086  32057.98
Ouikka 40.63 64.87 4430 55.30 4428 OujHka 48.99 65.02 44,30 54.30 4525
MACTED 1 1 2 2 3 KinbKicTs aucria 1 1 2 2 3
nmcTis
Yac, mc 160192  5953.99 1369491 2251337  33245.01 Yac, mc 3877.79 1621744 3689230 6034398 12592861
Ouikka 42.08 64.95 42.75 55.06 44.26 Oykka 49.92 66.69 43.10 53.11 4875
SEEIlED 1 1 2 2 3 Kinbkicto nmctis 1 1 2 2 28
nucris
Yac, mc 160302  5952.30  13622.83 2341468  33229.24 Yac, mc 509874 2403586 5738028  92579.43  183357.19
OuHka 4832 65.62 40.83 53.90 42.43 OuiHka 4218 65.03 4344 54.28 5230
S 1 1 2 2 3 KinbKicts ancris 1 1 2 2 26
nmcTis
Yac, mc 159190  13505.43 1374165 23364.34  33304.91 Yac, mc 1137663 4325534 10543258 159512.42 25018050
OujiHka 43.81 44,30 41.39 53.88 43.13 Oujnka 37.85 61.42 40.55 53.00 47.67
Klm,ul.crh 1 2 2z 2 3 KinbKicTs nuctie 1 1 2 2 2.80
nucTie

PE3Y/IbTATU TECTIB NURE
e [T ——

KinbKictb Kpurepii

perancii T _ Mypaumsa  Cumynsuia . - KinbkicTb iTepaiii — 5000; PIBHOMIPHO pO3IOAiNeHa MiXk
BFD TeHeTU4HUIA i6puaHunin Arithmetic: £
(onoHin ey - Tun kpocosepy — Arithmetic; 4OTHpMa THIIAMH MyTawiii (110
- METOJ CeJIeKIii — TypHipHUit 0.25);
Yac, mc 0.12 1655.18 3877.79 01.02 1474.87 o . .
BitGip (2 y4acHHUKH); - ymoBa 3ynunku — 200 irepauiit
Oujnka 59.28 46.53 49.92 48.68 65.79 - IOYaTKOBa MOIYJIALIS — 6e3 TTOKpaIEeHHS a00 TOCATHEHHS
Kinbkicts amctis 1 1 1 1 1 BUIIAJIKOBA; TPaHUYHOI KIIBKOCTI iTepartii.
Yac, mc 0.08 3318.82 16217.44 031 2703.93 - HMOBIPHICTb MyTallll —

OujHka 65.40 44.44 66.69 37.13 64.08 HanamryBanns anropurmy Mypamusoi koaonii (ACO):
KinbKicte auctie 1 1,8 1 2 1 . . . -
- KinbkicTs iTepauiit — 1000; - a=1,p=2;
Yac, mc 0.06 5206.13 36892.30 0.53 4235.27 - KimbkicTs Mypax — 300; - ymoa symunku — 200 iTepaniit

Oujnka 42.18 44.64 43.10 45.53 42.18 - Koe(illieHT BUIApOBYBaHHS 6e3 TOKpaIeHHs a00 TOCATHEHHS
KinbKicts avcris 2 2 2 2 2 depomony — 0.5; TPAaHUYHOI KIJIBKOCTI iTepartiii.

Yac, .12 1. ! I . o . . . o

ac, mc 0 6981.40 60343.98 0.59 5505.68 Anroprty iMiTauii Bianay: Tiopummmii O —

Oujtka 57.36 54.70 53.11 35.99 56.21 o . ANTOPUTM  BHKOPHCTOBYE y  AKOCTi

— ; - KimbkicTb iTepaniii — 1000; . O
Kinbkicrb amcie 2 2 2 3 2 NoyaTKoBO1 nomynswii pimenns BFD.
- mouyaTkoBa Temreparypa — 100;

Yac, mc 0.15 10472.07  125928.61 0.72 6907.31 - KiHnesa Temnepatypa = le-4; BFD Ge3 napamerpis

OujHka 45.18 4374 48.75 4337 49.58 - mapamerp alpha — 0.98. HAJIAIITYBAHHS TaK K Mae (ikcoBaHy
Kinbkicts amctis 3 2.8 2.8 3 28 J'IOI‘iKy.
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BUCHOBKH

VY xoxi poboTtr Gyi0 AOCTIPKEHO CyYacHi alrOpuTMH JUIs 3a1adi TijbHOTHHHOTO PO3KPOIO JIMCTOBOTO Marepiaiy.

NURE

Jocnimkeno edextuBHicTh 1’ sttu minxoxis: BFD, I'A, ACO, meroxny iMitamii Bixnany Ta ribpumauii. Jms npakTHaHOT
peadizauii Oy0 cTBOpeHO mporpaMHe 3a0e3nedeHHs, 0 aBTOMaTU3ye MPOoLEeC PO3KPOIo, A03BOJISE PEAAaryBaTH BXiaHi
JlaHi, oOupaTH MeTo], Bi3yalli3yBaTH pe3ynsrar i 30epiraru Horo.

Pesyneraru ekcrmepuMeHTIB mokaszanu, mo — aaroputM BFD  pemoHcTpye HalBUINy UIBHAKOLIIO, TMPOTE
TIOCTYTIAETHCS 32 SAKICTIO PO3MIIICHHS. AJTOPUTM MYpPaIIHHOI KOJIOHIT 3a0e3Medye HalBHINy SIKICTh PillleHb, OJHAK Ma€
CYTTEBI 4acOBi BHTparH, IO OOMeXye HOro 3acTOCYBaHHA Ha NpPakTHIi. [eHeTHMYHWH anropuTM i Merox imitamii
BiMATy TIOKa3ajdM 3aIOBUIBHI pe3ylbTaTd, IpOTe iX CTabIIbHICTE Ta €(eKTHBHICTH BapilOIOTHCS 3alC)KHO Bix
cKiamHocTi 3amavi. Halfkpamii moka3HUKH 30aaHCOBAaHOCTI MDK IIBHAKICTIO OOYHCIEHb Ta SKICTIO pillleHb
TIPOJCMOHCTPYBAB TiOPUIHUIN AITOPUTM, SIKUil BUSBUBCS HalCTAOUIBHIIINM y PI3HUX CLIEHAPIsIX.

B mpoueci pobotu omyOnikoBaHa cTarts Ha TeMy «MeTaeBpUCTHYHI METOOM BUPIIICHHS 3a1adi TiIbHOTHHHOTO

03KpOIO» Y KypHalli «CUCTEMH yIpaBIIiHHA, HaBiramii Ta 38°s13ky», Nel(79).
&l b
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JIOJIATOK B

BuxigHuit Koj 3aCTOCYHKY

b.1 Peanizarrist airopuT™MiB pO3KpOIO

b.1.1 geneticAlgorithm.js

function runGeneticAlgorithm (populationSize, mutationRate,
generations, blocks, sheetWidth, sheetHeight, initialPopulation,
crossoverType) {
function getRandomNumber (min, max) {
return Math.random() * (max - min) + min;
}
function areRectanglesIntersecting(rectl, rect2) {
let rectlWidth, rectlHeight, rect2Width, rect2Height;
if (rectl.orientation === "horizontal") {
rectlWidth = rectl.h;
rectlHeight = rectl.w;
} else {
rectlWidth = rectl.w;
rectlHeight = rectl.h;
}
if (rect2.orientation === "horizontal") {
rect2Width = rect2.h;
rect2Height = rect2.w;
} else {
rect2Width = rect2.w;
rect2Height = rect2.h;

if (
rectl.x + rectlWidth <= rect2.x ||
rect2.x + rect2Width <= rectl.x ||
rectl.y + rectlHeight <= rect2.y ||
rect2.y + rect2Height <= rectl.y

) A

return false;

}

return true;

}

function isGuillotine (blocks, sheetWidth, sheetHeight) {
let areas = [{ x: 0, y: 0, w: sheetWidth, h: sheetHeight

for (let i = 0; i < blocks.length; i++) {
let block = blocks[i];
let w = block.orientation === "vertical” ? block.w
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block.h;
let h = block.orientation === "vertical" ? block.h
block.w;
let bx = block.x, by = block.y;
let found = false;
for (let j = 0; J < areas.length; j++) {
let area = areas|[]j];
if |
bx === area.x && by === area.y &&
w <= area.w && h <= area.h
) |
let ok = true;
for (let k = 0; k < i; k++) {
let prev = blocks[k];
if (areRectanglesIntersecting(block,
prev)) {
ok = false;
break;
}
}
if (!'ok) continue;
let newAreas = [];
if (area.w - w > 0) {
newAreas.push({ x: area.x + w, y:
area.y, w: area.w - w, h: h });

}
if (area.h - h > 0) {
newAreas.push({ x: area.x, y: area.y +
h, w: area.w, h: area.h - h });
}
for (let k = 0; k < areas.length; k++) {

if (k !== j) newAreas.push (areasl[k]);
}
areas = newAreas.filter(a => a.w > 0 && a.h
> 0);
found = true;
break;
}

}
if (!found) return false;

}

return true;

}

function getFreeGuillotineAreas (blocks, sheetWidth,
sheetHeight) {
let areas = [{ x: 0, y: 0, w: sheetWidth, h: sheetHeight
1
for (const block of blocks) {
let w = block.orientation === "vertical" ? block.w
block.h;
let h = block.orientation === "vertical" ? block.h
block.w;
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let bx = block.x, by = block.y;

let newAreas = [];
for (let j = 0; J < areas.length; j++) {
let area = areas|[]j];
if (bx === area.x && by === area.y && w <=
area.w && h <= area.h) {
if (area.w - w > 0) {
newAreas.push({ x: area.x + w, y:
area.y, w: area.w - w, h: h });

}
if (area.h - h > 0)
newAreas.push({ x: area.x, y: area.y +
h, w: area.w, h: area.h - h });

}
} else {
newAreas.push (area) ;

—~

}
areas = newAreas.filter(a => a.w > 0 && a.h > 0);
}
return areas;
}
function createRandomGuillotineCutting(blocks, sheetWidth,
sheetHeight) {
const sheets = [];
let remaining = blocks.slice();
const MAX ATTEMPTS = 1000;
while (remaining.length > 0) {

let placed = [];
let used = Array(remaining.length).fill (false);
let availableSpaces = [{ x: 0, y: 0, w: sheetWidth,

h: sheetHeight }1];

let attempts = 0;
for (let i = 0; i < remaining.length; i++) {
let block = { ...remainingl[i] };

let orientations = ["vertical"”, "horizontal"];
let placedBlock = null;
for (let orientation of orientations) {

let w = orientation === "vertical" ? block.w
block.h;
let h = orientation === "vertical" ? block.h
block.w;
for (let 7 = 0; j < availableSpaces.length;
Jj++) |

let area = availableSpaces|[j];
if (w <= area.w && h <= area.h) {

let x = area.x;
let vy = area.y;
let newBlock = {
Xy
Y
orientation,

w: block.w,



h: block.h,

num: block.num

b

let ok true;
for (let b of placed)
if
(areRectanglesIntersecting (newBlock, b)) {
ok = false;
break;
}
}
if (!ok) continue;

let testPlaced =

placed.concat ([newBlock]) ;

{

if (isGuillotine (testPlaced,

sheetWidth, sheetHeight)) {

w, y: area.y,

availableSpaces.filter (( , idx) => idx

lused[1idx]);

}

placedBlock

let newSpaces
(area.w — w > 0)

if

wW: area.w — w, h: h

}

if

}

{

{

newSpaces.push ({

1)

(area.h - h > 0)

{

X

newSpaces.push ({
y: area.y + h, w: area.w, h: area.h - h });

availableSpaces =

break;

}
}
}

if (placedBlock)

}
if (placedBlock)

placed.push (placedBlock) ;
used[i] = true;

}
attempts++;

if (attempts >= MAX ATTEMPTS)

break;
}
}

{

break;

if (placed.length === 0) break;
sheets.push(placed) ;
remaining = remaining.filter ((_

return sheets;

}

14

{

1dx)

=>

function createlInitialPopulation (populationSize,

sheetWidth,

sheetHeight) {

...newBlock };

[1;
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area.x +

blocks,

area.x,

!== 7J) .concat (newSpaces) ;



const population = [];
for (let i = 0; i < populationSize; i++) {
let shuffled = blocks.slice();
for (let j = shuffled.length - 1; 3 > 0; Jj—--) {

let k = Math.floor (Math.random() * (3 + 1))

[shuffled[]j], shuffled[k]] = [shuffled[k],
shuffled[j]];
}
const randomSheets =
createRandomGuillotineCutting (shuffled, sheetWidth,
sheetHeight) ;
population.push ({ sheets: randomSheets });
}
return population;
}
function mutate (individual, mutationRate, sheetWidth,
sheetHeight) {

let sheets = individual.sheets.map (sheet => sheet.map (b

=> ({ ...b })));
if (Math.random() < mutationRate) {
const mutationType = Math.random() ;
if (mutationType < 0.25) {
let sheetldx = Math.floor (Math.random() *
sheets.length);
let sheet = sheets[sheetlIdx];
if (sheet.length < 2) return sheets;
let idxl = Math.floor (Math.random() *
sheet.length) ;
let idx2 = Math.floor (Math.random() *
sheet.length);

while (idx2 === idx1l) idx2 =
Math.floor (Math.random() * sheet.length);
let newSheet = sheet.slice():;

[newSheet [1idx1], newSheet[idx2]] =
[newSheet [1idx2], newSheet[idx1l]];

if (isGuillotine (newSheet, sheetWidth,
sheetHeight)) {

sheets[sheetIdx] = newSheet;
}
}
else if (mutationType < 0.5) {

let sheetldx = Math.floor (Math.random() *
sheets.length);

let sheet = sheets[sheetIdx];

if (sheet.length === 0) return sheets;

let blockIdx = Math.floor (Math.random() *
sheet.length) ;

let block = sheet[blockIdx];

let newOrientation = block.orientation ===
"vertical"™ ? "horizontal" : "vertical";

let newBlock = { ...block, orientation:
newOrientation };

let newSheet

sheet.slice();
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newSheet [blockIdx] = newBlock;
if (isGuillotine (newSheet, sheetWidth,
sheetHeight)) {
sheets[sheetIdx] = newSheet;
}
}
else 1if (mutationType < 0.75) {
let sheetIdx = Math.floor (Math.random() *
sheets.length);
let sheet = sheets[sheetIdx];
if (sheet.length === 0) return sheets;
let blockIdx = Math.floor (Math.random() *
sheet.length) ;
let block = sheet[blockIdx];
let orientations = ["vertical"”, "horizontal"];
let otherBlocks = sheet.filter(( , i) => 1 !==
blockIdx) ;
let freeAreas =
getFreeGuillotineAreas (otherBlocks, sheetWidth, sheetHeight);
let candidates = [];
for (let orientation of orientations) {
let w = orientation === "vertical" ? block.
block.h;
let h = orientation === "vertical" ? block.
block.w;
for (let area of freeAreas) {
if (w <= area.w && h <= area.h) {
candidates.push ({
X: area.x,
y: area.y,
orientation
}) g
}
}
}
if (candidates.length > 0) {

candidates[Math.floor (Math.random()

let chosen =

* candidates.length)];

let newBlock = {
x: chosen.x,
y: chosen.y,
orientation:
w: block.w,
h: block.h,
num: block.num

chosen.orientation,

}i

let newSheet =

otherBlocks.concat ([newBlock]) ;

sheetHeight)) {

if (isGuillotine (newSheet, sheetWidth,

sheets[sheetIdx] = newSheet;



}

else {
if

* sheets.length);

sheets.length);

sheets.length);

81

(sheets.length > 1) {
let fromSheetIdx = Math.floor (Math.random/()

let toSheetIdx = Math.floor (Math.random() *

while (toSheetIdx
toSheetIdx =

fromSheetIdx) {
Math.floor (Math.random () *

}
let fromSheet =
let toSheet =
if

sheets[fromSheetIdx];
sheets[toSheetIdx];
(fromSheet.length > 0) {

let blockIdx = Math.floor (Math.random ()

* fromSheet.length);

"horizontal"];

getFreeGuillotineAreas (otherBlocks,

block.w block.h;

block.h block.w;

candidates [Math.floor (Math.random ()

let
let

block = fromSheet [blockIdx];
orientations = ["vertical",

let
let

otherBlocks =
freeAreas =
sheetWidth,
let candidates = [];

toSheet;

sheetHeight) ;

for (let orientation of orientations) {
let w = orientation === "vertical" °?
let h = orientation === "vertical" ?
for (let area of freeAreas) {
if (w <= area.w && h <= area.h)
candidates.push ({
X: area.x,
y: area.y,
orientation
}) s
}
}
}
if (candidates.length > 0) {

let chosen =

* candidates.length)];
newBlock = {
x: chosen.x,
y: chosen.y,
orientation:
w: block.w,
h: block.h,
num: block.num

let

chosen.orientation,

b

let newToSheet =

otherBlocks.concat ([newBlock]) ;

let newFromSheet =
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fromSheet.slice (0, blockIdx) .concat (fromSheet.slice (blockIdx +
1))
if (isGuillotine (newToSheet,

sheetWidth, sheetHeight) && isGuillotine (newFromSheet,
sheetWidth, sheetHeight)) {

sheets[toSheetIdx] = newToSheet;

sheets[fromSheetIdx] =
newFromSheet;

}
}

return sheets;

}
// —--- Kpoccosepu ---
// One-point crossover

function onePointCrossover (parentl, parent2, sheetWidth,
sheetHeight) {

let blocksl = [];

parentl.sheets.forEach((sheet, idx) => sheet.forEach (b
=> blocksl.push({ ...b, sheetIndex: idx })));

let blocks2 = [];

parent2.sheets.forEach((sheet, idx) => sheet.forEach (b
=> blocks2.push({ ...b, sheetIndex: idx })));

let point = Math.floor (Math.random() * blocksl.length);

let childBlocks = [];

for (let i = 0; i < blocksl.length; i++) {
let src = i < point ? blocksl[i] : blocks2[i];
let orig = blocksl[i] || src;

childBlocks.push ({
X: Src.x,
y: Src.y,
orientation: src.orientation,
w: Oorig.w,
h: orig.h,
num: orig.num,
sheetIndex: src.sheetlIndex
}) s
}

let maxSheetIndex = Math.max (0, ...childBlocks.map(b =>
b.sheetIndex != null ? b.sheetIndex : 0));

let sheets = Array.from({ length: maxSheetIndex + 1 },
() => 1[1);

childBlocks.forEach (b => {

if (b.sheetIndex !'= null && sheets[b.sheetIndex]) {
sheets[b.sheetIndex] .push ({
x: b.x,

y: b.y,



orientation: b.orientation,
w: b.w,
h: b.h,
num: b.num
}) s
}
}) s
let valid = true;
for (let i = 0; 1 < sheets.length; i++) {
if (!isGuillotine(sheets[i], sheetWidth,
sheetHeight)) {
valid = false;
break;

for (let 7 = 0; j < sheets[i].length; Jj++) {

let bl = sheets[i][]];

if (bl.x < 0 || bl.y < 0 || bl.x +
(bl.orientation === "vertical" ? bl.w : bl.h) > sheetWidth
bl.y + (bl.orientation === "vertical”™ ? bl.h : bl.w) >

sheetHeight) {
valid = false;
break;

for (let k = 0; k < sheets[i].length; k++)
if (k === j) continue;
let b2 = sheets[i] [k];
if (areRectanglesIntersecting(bl, b2))
valid = false;
break;
}
}
if (!valid) break;
}
if (!valid) break;
}
if (valid) {
for (let 1 = 0; i < sheets.length; i++) {
if (!isGuillotine(sheets[i], sheetWidth,
sheetHeight)) {
valid = false;
break;

}
}
if (!valid) return [parentl, parent2];
return [{ sheets }, { sheets: sheets.map(sheet =>
sheet.map(b => ({ ...b }))) }1;
}

// ——— Arithmetic Crossover —---—

function arithmeticCrossover (parentl, parent?2, sheetWidth,

sheetHeight) {

83



84

let alpha = Math.random() ;

let blocksl = [];

parentl.sheets.forEach ((sheet, idx) => sheet.forEach (b
=> blocksl.push({ ...b, sheetIndex: idx })));

let blocks2 = [];

parent2.sheets.forEach ((sheet, idx) => sheet.forEach (b
=> blocks2.push({ ...b, sheetIndex: idx })));

let childBlocks = [];

for (let i = 0; i < blocksl.length; i++) {
let bl = blocksl[i], b2 = blocks2[i];
childBlocks.push ({
x: Math.round(alpha * bl.x + (1 - alpha) *
b2.x),
y: Math.round(alpha * bl.y + (1 - alpha) *
b2.y),
orientation: Math.random() < 0.5 ?
bl.orientation : b2.orientation,
w: bl.w,
h: bl.h,
num: bl.num,
sheetIndex: Math.random() < 0.5 ? bl.sheetIndex
b2 .sheetIndex
}) s
}

let maxSheetIndex = Math.max (0, ...childBlocks.map (b =>
b.sheetIndex !'= null ? b.sheetIndex : 0));
let sheets = Array.from({ length: maxSheetIndex + 1 },
() => 1[1)s
childBlocks.forEach (b => {
if (b.sheetIndex != null && sheets[b.sheetIndex]) {
sheets[b.sheetIndex] .push ({
X: b.x,
y: b.y,
orientation: b.orientation,
w: b.w,
h: b.h,

num: b.num
}) s
}
1)
let valid = true;
for (let i = 0; i < sheets.length; i++) {
if (!isGuillotine(sheets[i], sheetWidth,
sheetHeight)) {
valid = false;
break;

for (let 7 = 0; j < sheets[i].length; j++) {

let bl = sheets[i][7];

if (bl.x < 0 || bl.y < 0 || bl.x +
(bl.orientation === "vertical" ? bl.w : bl.h) > sheetWidth ||
bl.y + (bl.orientation === "vertical” ? bl.h : bl.w) >

sheetHeight) {
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valid = false;
break;

for (let k = 0; k < sheets[i].length; k++) {
if (k === j) continue;
let b2 = sheets[i] [k];
if (areRectanglesIntersecting(bl, b2)) {
valid = false;
break;
}
}
if (!valid) break;
}
if (!valid) break;
}
if (valid) {
for (let i = 0; 1 < sheets.length; i++) {
if (!isGuillotine(sheets[i], sheetWidth,
sheetHeight)) {
valid = false;
break;

}
}
if (!valid) return [parentl, parent2];
return [{ sheets }, { sheets: sheets.map(sheet =>
sheet.map(b => ({ ...b }))) }1;
}

// —--- Order Crossover (0OX) —---

function orderCrossover (parentl, parent2, sheetWidth,

sheetHeight) {

let blocksl = [];

parentl.sheets.forEach((sheet, idx) => sheet.forEach (b
=> blocksl.push({ ...b, sheetIndex: idx })));

let blocks2 = [];

parent?2.sheets.forEach((sheet, idx) => sheet.forEach (b
=> blocks2.push({ ...b, sheetIndex: idx })));

let size = blocksl.length;

let start = Math.floor (Math.random() * size);
let end = Math.floor (Math.random() * size);
if (start > end) [start, end] = [end, start];

function ox (parenthA, parentB) {
let child = Array(size).fill (null);
for (let i = start; i <= end; i++) child[i] =
parentA[i];

let fillIdx = (end + 1) % size;

for (let i = 0; i < size; i++) {
let candidate = parentB[(end + 1 + i) % size];
if (candidate && !child.some(b => b && b.num ===
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candidate.num)) {
child[fillIdx] = candidate;
fillIdx = (fillIdx + 1) % size;
}
}
return child.filter(b => b !== null);

}
let childBlocksl = ox(blocksl, blocks2);

let childBlocks?2 oxX (blocks?2, blocksl);

function blocksToSheets (childBlocks) {
let filteredBlocks = childBlocks.filter (b => b &&
b.sheetIndex != null);
let maxSheetIndex = Math.max (0,
...filteredBlocks.map (b => b.sheetIndex));
let sheets = Array.from({ length: maxSheetIndex + 1
Yoo Q) => 11)7
filteredBlocks.forEach (b => {
if (sheets[b.sheetIndex]) {
sheets [b.sheetIndex] .push ({

X: b.x,
y: b.y,
orientation: b.orientation,
w: b.w,
h: b.h,

num: b.num
});
}

});

return sheets;
}
let sheetsl = blocksToSheets (childBlocksl);
let sheets?2 = blocksToSheets (childBlocks?2);

function validSheets (sheets) {
for (let 1 = 0; i < sheets.length; i++) {
if (!isGuillotine(sheets[i], sheetWidth,
sheetHeight)) return false;
for (let j = 0; j < sheets[i].length; j++) {

let bl = sheets[i][7];

if (bl.x < 0 || bl.y < 0 || bl.x +
(bl.orientation === "vertical" ? bl.w : bl.h) > sheetWidth ||
bl.y + (bl.orientation === "vertical”™ ? bl.h : bl.w) >

sheetHeight) {
return false;

}
for (let k = 0; k < sheets[i].length; k++) {

if (k === j) continue;

let b2 = sheets[i] [k];

if (areRectanglesIntersecting(bl, b2))
return false;



}

return true;

}
if (!'validSheets (sheetsl) || !validSheets (sheets?))

return [parentl, parent2];
return [{ sheets: sheetsl }, { sheets: sheets2 }];

// —--- Partially Mapped Crossover (PMX) ---
function pmxCrossover (parentl, parent2, sheetWidth,
sheetHeight) {

let blocksl = [];

parentl.sheets.forEach ((sheet, idx) => sheet.forEach (b
=> blocksl.push({ ...b, sheetIndex: idx })));

let blocks2 = [];

parent2.sheets.forEach ((sheet, idx) => sheet.forEach (b
=> blocks2.push({ ...b, sheetIndex: idx })));

let size = blocksl.length;
let maxAttempts = 10;
let attempt = 0;

function pmx (parentA, parentB, start, end) {
let child = Array(size).fill (null);
let mapping = {};
for (let 1 = start; 1 <= end; i++) {
child[i] = parentA[i];
mapping[parentA[i] .num] = parentB[i].num;

for (let 1 = 0; i < size; 1i++) {
if (i >= start && 1 <= end) continue;
let candidate = parentBI[i];
let mappedNum = candidate.num;
let visited = new Set ()
while
(Object.values (mapping) .includes (mappedNum) ) {
if (visited.has (mappedNum)) break;
visited.add (mappedNum) ;
mappedNum = mapping[mappedNum] ;
}
let block = blocksl.find(b => b.num ===
mappedNum) || candidate;
child[i] = block;
}
return child;

}

let sheetsl, sheets?2;

while (attempt < maxAttempts) {
let start = Math.floor (Math.random() * size);
let end = Math.floor (Math.random() * size);
if (start > end) [start, end] = [end, start];
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let childBlocksl pmx (blocksl, blocks2, start,

end) ;

let childBlocks2 = pmx(blocks2, blocksl, start,
end) ;

function blocksToSheets (childBlocks) {

let filteredBlocks = childBlocks.filter(b => Db
&& b.sheetIndex != null);

let maxSheetIndex = Math.max (0,
...filteredBlocks.map (b => b.sheetIndex));
let sheets = Array.from({ length: maxSheetIndex
+ 1), O = [1);
filteredBlocks.forEach(b => {

if (sheets[b.sheetIndex]) {
sheets[b.sheetIndex] .push ({

X: b.x,
y: b.y,
orientation: b.orientation,
w: b.w,
h: b.h,

num: b.num
})
}

});

return sheets;
}
sheetsl = blocksToSheets (childBlocksl);
sheets?2 = blocksToSheets (childBlocks?2);

function validSheets (sheets) {
for (let 1 = 0; i < sheets.length; i++) {
if (!isGuillotine(sheets[i], sheetWidth,
sheetHeight)) return false;
for (let j = 0; j < sheets[i].length; j++) {

let bl = sheets[i][7];

if (bl.x < 0 || bl.y < 0 || bl.x +
(bl.orientation === "vertical" ? bl.w : bl.h) > sheetWidth ||
bl.y + (bl.orientation === "vertical”™ ? bl.h : bl.w) >

sheetHeight) {
return false;

for (let k = 0; k < sheets[i].length;

k++) |

if (k === Jj) continue;

let b2 = sheets[i] [k];

if (areRectanglesIntersecting(bl,
b2)) return false;

}

return true;

}
if (validSheets (sheetsl) && validSheets (sheets2)) {
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return [{ sheets: sheetsl }, { sheets: sheets?

}
attempt++;
}
return [parentl, parent2];
}
function crossover (parentl, parent?2, sheetWidth,
sheetHeight) {
if (crossoverType === 'pmx') {
return pmxCrossover (parentl, parent2, sheetWidth,
sheetHeight) ;
} else if (crossoverType === 'ox') {
return orderCrossover (parentl, parent?2, sheetWidth,
sheetHeight) ;
} else if (crossoverType === 'one point') {
return onePointCrossover (parentl, parent2,
sheetWidth, sheetHeight);
} else if (crossoverType === 'arithmetic') {
return arithmeticCrossover (parentl, parent2,
sheetWidth, sheetHeight);
} else {
return pmxCrossover (parentl, parent2, sheetWidth,
sheetHeight) ;
}
}

function evaluateFitness (sheets, sheetWidth, sheetHeight) {
let usedArea = 0;
sheets.forEach (sheet => {
sheet.forEach (b => {
usedArea += b.w * b.h;
}) s

1)
let totalArea = sheets.length * sheetWidth *

sheetHeight;
return (usedArea / totalArea);

}

function tournamentSelection (population, tournamentSize) ({
let bestIndividual = population[Math.floor (Math.random ()
* population.length)];
for (let 1 = 1; i < tournamentSize; i++) {
const randomIndividual =
population[Math.floor (Math.random() * population.length)];
if (evaluateFitness (randomIndividual.sheets,
sheetWidth, sheetHeight) >
evaluateFitness (bestIndividual.sheets, sheetWidth, sheetHeight))
{
bestIndividual = randomIndividual;
}
}

return bestIndividual;



function selectParents (population) {
const parentl = tournamentSelection (population, 2);
let parent2 = tournamentSelection (population, 2);
while (parent2 === parentl) {
parent?2 = tournamentSelection (population, 2);

}

return [parentl, parent2];

let population = initialPopulation &é&
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Array.isArray(initialPopulation) && initialPopulation.length ===

populationSize
? initialPopulation
createInitialPopulation (populationSize, blocks,
sheetWidth, sheetHeight);

let bestFitness = -Infinity;

let bestIndividual;

let noImprovementTries = 0;

const maxNoImprovementTries = 200;

for (let generation = 0; generation < generations;

generation++) {
if (noImprovementTries >= maxNoImprovementTries) break;
const newPopulation = [];
while (newPopulation.length < populationSize) {
const [parentl, parent2] =
selectParents (population);
let [childl, child2] = crossover (parentl, parent2,
sheetWidth, sheetHeight);
childl.sheets = mutate(childl, mutationRate,
sheetWidth, sheetHeight);
child2.sheets = mutate (child2, mutationRate,
sheetWidth, sheetHeight);
newPopulation.push (childl) ;
newPopulation.push (child?2) ;
}

population = newPopulation;

let generationBestFitness = -Infinity;
let generationBestIndividual = null;
for (let i = 0; 1 < population.length; i++) {
const fitness =
evaluateFitness (population[i].sheets, sheetWidth, sheetHeight);
if (fitness > generationBestFitness) {
generationBestFitness = fitness;
generationBestIndividual = population(i];

}

if (generationBestFitness > bestFitness) {
bestFitness = generationBestFitness;
bestIndividual = generationBestIndividual;
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noImprovementTries = 0;
} else {
noImprovementTries++;
}
}

if (!'bestIndividual) {
for (let 1 = 0; i < population.length; i++) {
const fitness =
evaluateFitness (population[i].sheets, sheetWidth, sheetHeight);
if (fitness > bestFitness) {
bestFitness = fitness;
bestIndividual = population[i];

}

return bestIndividual.sheets.map (sheet => ({
width: sheetWidth,
height: sheetHeight,
blocks: sheet.map(b => ({
block: { w: b.w, h: b.h, num: b.num },
x: b.x,
y: b.y,
orientation: b.orientation

b.1.2 BestFit.js

var BestFit = {
cutBlocks: function (blocks, sheetWidth, sheetHeight) {
blocks.sort((a, b) => b.area - a.area);
const sheets = [];
let currentSheet = new Sheet (sheetWidth, sheetHeight);
for (const block of blocks) {
let placed = false;

for (const sheet of sheets) {
if (BestFit.placeBlock(block, sheet)) {
placed = true;
break;

}

if (!'placed) {
if (!BestFit.placeBlock(block, currentSheet)) {
block.rotate () ;
if (!BestFit.placeBlock(block, currentSheet)) {
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sheets.push (currentSheet) ;

currentSheet = new Sheet (sheetWidth, sheetHeight);
block.rotate();

BestFit.placeBlock (block, currentSheet);

sheets.push (currentSheet) ;
return sheets;

by

placeBlock: function (block, sheet) {
const fittingPosition = BestFit.findFittingPosition (block,
sheet) ;
if (fittingPosition) {
BestFit.splitSheet (sheet, block, fittingPosition);
return true;
}

return false;

by

findFittingPosition: function (block, sheet) {
if (!sheet.availableSpaces) {
sheet.availableSpaces = [{ x: 0, y: 0, w: sheet.w, h:
sheet.h }1];
}

for (const space of sheet.availableSpaces) {
if (block.w <= space.w && block.h <= space.h) {
return space;

}
if (block.h <= space.w && block.w <= space.h) {

block.rotate();
return space;
}
}

return null;

by

splitSheet: function (sheet, block, space) {
block.x = space.x;
block.y = space.y;
sheet.blocks.push(block);

const newSpaces = [];

if (space.w - block.w > 0) {
newSpaces.push ({ x: space.x + block.w, y: space.y, w:
space.w - block.w, h: space.h });

}
if (space.h - block.h > 0) {
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newSpaces.push ({ x: space.x, y: space.y + block.h, w:
block.w, h: space.h - block.h });
}

sheet.availableSpaces = sheet.availableSpaces.filter(s => s
== space) .concat (newSpaces) ;

}
}s

b.1.3 antColonyAlgorithm.js

function runACO (blocks, sheetWidth, sheetHeight, antCount = 300,
iterations = 1000, alpha = 1, beta = 2, evaporation = 0.5) {

const pheromones = {};

const getKey = (blockIdx, x, y, orientation) =>
"S{blockIdx} ${x} ${y} S{orientation}’;

const step = Math.max (1, Math.floor (Math.min (sheetWidth,

sheetHeight) / 20));
for (let b = 0; b < blocks.length; bt++) {

for (let orientation of ["vertical", "horizontal"]) {

let w = orientation === "vertical" ? blocks[b].w
blocks[b] .h;

let h = orientation === "vertical" ? blocks[b].h

blocks[b] .w;
for (let x = 0; x <= sheetWidth - w; x += step) {

for (let y = 0; y <= sheetHeight - h; y += step)

pheromones[getKey (b, x, y, orientation)] =

let bestSolution = null;
let bestFitness = -Infinity;
let noImprovementTries = 0;
const maxNoImprovementTries = 200;
for (let iter = 0; iter < iterations; iter++) {
if (noImprovementTries >= maxNoImprovementTries) break;

const antSolutions = [];
for (let ant = 0; ant < antCount; ant++) {
let remaining = blocks.map((b, idx) => ({ ...b, idx
1))
let sheets = [];
while (remaining.length > 0) {
let placed = [];
let used = Array(remaining.length).fill (false);
let availableSpaces = [{ x: 0, y: 0, w:
sheetWidth, h: sheetHeight }];

for (let i = 0; i < remaining.length; i++) {
let block = remainingl[i];
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let candidates = [];
for (let orientation of ["vertical",
"horizontal"]) {
let w = orientation === "vertical" ?
block.w block.h;
let h = orientation === "vertical" ?
block.h block.w;
for (let area of availableSpaces) {

if

pheromones[getKey (block.idx, x, v,

(w <= area.w && h <= area.h) {
let x
let heuristic
let pher

area.x, y area.y;

w * h;

orientation)] || 1.0;

candidates.push ({

idx: block.idx,

* Math.pow (heuristic, beta)

}
}
if
let

+ c.score, 0);

let
let
for

r
acc

0,

(candidates.length === 0)
sumScore = candidates.reduce ( (s,

Math.random ()
chosen
(let ¢ of candidates) {

X, y, orientation, w, h,

score: Math.pow(pher, alpha)

continue;

c) => s

* sumScore;
null;

acc += c.score;

if

(acc >= r) {

chosen = c¢;

break;
}
}
if (!chosen)
let ok = true;
for
if
{ x:
orientation:
{ x:
b.orientation }

)) A
ok

block.w, h: block.h,

orientation:

}
}
if (!ok)
X:
block.h, orientation:

b1);
if

chosen

b.x,

(!isGuillotine (testPlaced,

candidates[0];

(let b of placed) {
(areRectanglesIntersecting(
chosen.x,

y: chosen.y, w:
chosen.orientation },

y: b.y, w: b.w, h: b.h,

false;
break;

continue;
let testPlaced
chosen.
chosen.orientation,

placed.concat ([{
y: chosen.y, w: block.w,
num: block.num

X, h:

sheetWidth,
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sheetHeight)) continue;
placed.push ({
x: chosen.x, y: chosen.y, w: block.w, h:
block.h, orientation: chosen.orientation, num: block.num

1)

used[i] = true;
let arealdx = availableSpaces.findIndex (a =>
a.x === chosen.x && a.y === chosen.y && a.w >= chosen.w && a.h
>= chosen.h);
if (arealdx !== -1) {
let area = availableSpaces[arealdx];
let newSpaces = [];
if (area.w - chosen.w > 0) {

newSpaces.push ({ x: area.x +
chosen.w, y: area.y, w: area.w - chosen.w, h: chosen.h });
}
if (area.h - chosen.h > 0) {
newSpaces.push ({ x: area.x, y:
area.y + chosen.h, w: area.w, h: area.h - chosen.h });
}
availableSpaces =
availableSpaces.filter(( , idx) => idx !==
arealdx) .concat (newSpaces) ;
}
}

if (placed.length === 0) break;
sheets.push (placed) ;
remaining = remaining.filter(( , idx) =>

lused[idx]) ;
}
antSolutions.push (sheets);
}
for (let key in pheromones) {
pheromones[key] *= (1 - evaporation);
if (pheromones[key] < le-6) pheromones[key] = le-6;
}
let improved = false;
for (let sheets of antSolutions) {
let fitness = calculateFitness (sheets, sheetWidth,
sheetHeight) ;
if (fitness > bestFitness) {

bestFitness = fitness;
bestSolution = sheets;
improved = true;

}
sheets.forEach ((sheet) => {

sheet.forEach ((b, idx) => {
let key = getKey(idx, b.x, b.y,
b.orientation);
pheromones[key] += fitness;
}) s
});



if (improved) {
noImprovementTries = 0;
} else {
nolmprovementTries++;
}
}
return bestSolution.map (sheet => ({
width: sheetWidth,
height: sheetHeight,
blocks: sheet.map(b => ({
block: { w: b.w, h: b.h, num: b.num },
x: b.x,
y: b.y,
orientation: b.orientation
1))
}))
function areRectanglesIntersecting(rectl, rect2) {
let rectlWidth = rectl.orientation === "vertical"
rectl.w : rectl.h;

let rectlHeight = rectl.orientation === "vertical"
rectl.h : rectl.w;
let rect2Width = rect2.orientation === "vertical"
rect2.w : rect2.h;
let rect2Height = rect2.orientation === "vertical"
rect2.h : rect2.w;
if |
rectl.x + rectlWidth <= rect2.x ||
rect2.x + rect2Width <= rectl.x ||
rectl.y + rectlHeight <= rect2.y ||
rect2.y + rect2Height <= rectl.y

) A

return false;

}

return true;

}

function isGuillotine (blocks, sheetWidth, sheetHeight)
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I3

?

{

let areas = [{ x: 0, y: 0, w: sheetWidth, h: sheetHeight

for (let i = 0; i < blocks.length; i++) {

let block blocks[i];

let w = block.orientation === "vertical” ? block.w
block.h;

let h = block.orientation === "vertical" ? block.h
block.w;

let bx = block.x, by = block.y;
let found = false;
for (let 7 = 0; j < areas.length; j++) {
let area = areas|[J];
if |
bx === area.x && by === area.y &&
w <= area.w && h <= area.h
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let ok = true;
for (let k = 0; k < i; k++) {
let prev = blocks[k];
if (areRectanglesIntersecting(block,

prev)) |
ok = false;
break;
}
}
if ('ok) continue;
let newAreas = [];
if (area.w - w > 0) {

newAreas.push({ x: area.x + w, y:
area.y, w: area.w - w, h: h });
}
if (area.h - h > 0) {
newAreas.push({ x: area.x, y: area.y +
h, w: area.w, h: area.h - h });

}
for (let k = 0; k < areas.length; k++) {

if (k !== J) newAreas.push (areas[k]);
}
areas = newAreas.filter(a => a.w > 0 && a.h
> 0);
found = true;
break;
}

}
if (!found) return false;

}

return true;

}

function calculateFitness (sheets, sheetWidth, sheetHeight) {

let usedArea = 0;
sheets.forEach (sheet => {

sheet.forEach(b => {

usedArea += b.w * b.h;

}) s
1)
let totalArea = sheets.length * sheetWidth *

sheetHeight;

return usedArea / totalArea;

}

b.1.4 simulatedAnnealing.js

function areRectanglesIntersecting(rectl, rect2) {
let rectlWidth = rectl.orientation === "vertical" ? rectl.w
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rectl.h;
let rectlHeight = rectl.orientation === "vertical" ? rectl.h
rectl.w;
let rect2Width = rect2.orientation === "vertical" ? rect2.w
rect2.h;
let rect2Height = rect2.orientation === "vertical" ? rect2.h
rect2.w;
if |
rectl.x + rectlWidth <= rect2.x ||
rect2.x + rect2Width <= rectl.x ||
rectl.y + rectlHeight <= rect2.y ||
rect2.y + rect2Height <= rectl.y

) A

return false;

}

return true;

}

function isGuillotine (blocks, sheetWidth, sheetHeight) {

let areas = [{ x: 0, y: 0, w: sheetWidth, h: sheetHeight }1];
for (let i = 0; i < blocks.length; i++) {
let block = blocks[i];
let w = block.orientation === "vertical" ? block.w
block.h;
let h = block.orientation === "vertical" ? block.h
block.w;

let bx = block.x, by = block.y;
let found = false;
for (let 7 = 0; j < areas.length; j++) {
let area = areas|[]J];
if (
bx === area.x && by === area.y &&
w <= area.w && h <= area.h

let ok = true;
for (let k = 0; k < 1i; k++) {
let prev = blocks[k];
if (areRectanglesIntersecting(block, prev))

ok = false;
break;
}
}
if (!ok) continue;
let newAreas = [];
if (area.w - w > 0) {

newAreas.push({ x: area.x + w, y: area.y, Ww:
area.w - w, h: h });
}
if (area.h - h > 0)
newAreas.push ({
area.w, h: area.h - h });

—_

b

area.x, y: area.y + h, w:
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}
for (let k = 0; k < areas.length; k++) {

if (k !== J) newAreas.push (areas[k]);
}
areas = newAreas.filter(a => a.w > 0 && a.h >
0);
found = true;
break;
}

}
if (!found) return false;

}

return true;

}

function getFreeGuillotineAreas (blocks, sheetWidth, sheetHeight)
{

let areas = [{ x: 0, y: 0, w: sheetWidth, h: sheetHeight }];
for (const block of blocks) {
let w = block.orientation === "vertical" ? block.w
block.h;
let h = block.orientation === "vertical" ? block.h
block.w;

let bx = block.x, by = block.y;
let newAreas [1;
for (let j = 0; 7 < areas.length; j++) {
let area areas|[j];
if (bx === area.x && by === area.y && w <= area.w &&
h <= area.h) {

ol

if (area.w - w > 0) {
newAreas.push({ x: area.x + w, y: area.y, Ww:
area.w - w, h: h });
}
if (area.h - h > 0)
newAreas.push ({
area.w, h: area.h - h });
}
} else {
newAreas.push (area) ;

—_

b

area.x, y: area.y + h, w:

}
}

areas = newAreas.filter(a => a.w > 0 && a.h > 0);

}

return areas;

}

function generateInitialSolution(blocks, sheetWidth,
sheetHeight) {
let remaining = blocks.slice();

let sheets = [];
while (remaining.length > 0) {
let placed = [];

let used = Array(remaining.length).fill (false);
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let availableSpaces = [{ x: 0, y: 0, w: sheetWidth, h:
sheetHeight }];
for (let i = 0; i < remaining.length; i++) {
let block { ...remaining[i] };
let orientations = ["vertical", "horizontal"];
let placedBlock = null;
for (let orientation of orientations) {
let w = orientation === "vertical" ? block.w

|~

block.h;

let h = orientation === "vertical" ? block.h
block.w;

for (let j = 0; J < availableSpaces.length; j++)

let area = availableSpaces|[]j];
if (w <= area.w && h <= area.h) {
let x = area.x, y = area.y;
let newBlock = {
X, y, orientation,
w: block.w, h: block.h, num:
block.num
};
let ok = true;
for (let b of placed) {

if
(areRectanglesIntersecting (newBlock, b)) {
ok = false;
break;
}
}
if (!ok) continue;

let testPlaced =
placed.concat ([newBlock]) ;
if (isGuillotine (testPlaced, sheetWidth,
sheetHeight)) {
placedBlock = { ...newBlock };
let newSpaces = [];
if (area.w - w > 0) {
newSpaces.push ({ x: area.x + w,
y: area.y, w: area.w - w, h: h });
}
if (area.h - h > 0) {
newSpaces.push ({ x: area.x, y:
area.y + h, w: area.w, h: area.h - h });
}
availableSpaces =
availableSpaces.filter(( , idx) => idx !== j).concat (newSpaces);
break;

}

}
if (placedBlock) break;

}
if (placedBlock) {
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placed.push (placedBlock) ;

used[i] = true;
}
}
if (placed.length === 0) break;
sheets.push (placed) ;
remaining = remaining.filter(( , idx) => l!used[idx]);

}
return sheets;
}
function generateNeighbor (sheets, sheetWidth, sheetHeight) {
let newSheets = sheets.map(sheet => sheet.map(b => ({ ...b
}))) g
let mutationType
if (mutationType
let sheetlIdx
newSheets.length) ;
let sheet = newSheets[sheetIdx];
if (sheet.length < 2) return newSheets;
let idxl = Math.floor (Math.random() * sheet.length);
let idx2 = Math.floor (Math.random() * sheet.length)

Math.random() ;
0.33) {
Math.floor (Math.random() *

A

while (idx2 === idx1l) idx2 = Math.floor (Math.random () *
sheet.length) ;

let newSheet = sheet.slice();

[newSheet [idx1], newSheet[idx2]] = [newSheet[idx2],

newSheet [1dx1]];
if (isGuillotine (newSheet, sheetWidth, sheetHeight)) {
newSheets [sheetIdx] = newSheet;
}
}
else 1if (mutationType < 0.66) {
let sheetlIdx = Math.floor (Math.random() *
newSheets.length) ;
let sheet = newSheets[sheetIdx];
if (sheet.length === 0) return newSheets;
let blockIdx = Math.floor (Math.random() * sheet.length);
let block = sheet[blockIdx];

let newOrientation = block.orientation === "vertical" ?
"horizontal"™ : "vertical";
let newBlock = { ...block, orientation: newOrientation
}i
let newSheet = sheet.slice();
newSheet [blockIdx] = newBlock;
if (isGuillotine (newSheet, sheetWidth, sheetHeight)) {
newSheets[sheetIdx] = newSheet;
}
}
else {

let sheetIdx = Math.floor (Math.random() *
newSheets.length) ;

let sheet = newSheets[sheetIdx];

if (sheet.length === (0) return newSheets;

let blockIdx = Math.floor (Math.random() * sheet.length);
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let block = sheet[blockIdx];

let orientations = ["vertical", "horizontal"];
let otherBlocks = sheet.filter(( , 1) => 1 !==
blockIdx) ;
let freeAreas = getFreeGuillotineAreas (otherBlocks,
sheetWidth, sheetHeight);
let candidates = [];
for (let orientation of orientations) {
let w = orientation === "vertical" ? block.w
block.h;
let h = orientation === "vertical" ? block.h
block.w;

for (let area of freeAreas) {
if (w <= area.w && h <= area.h) {
candidates.push ({
X: area.x,
y: area.y,
orientation

1)

}
}
if (candidates.length > 0) {
let chosen = candidates[Math.floor (Math.random() *
candidates.length) ];
let newBlock = {
x: chosen.x,
y: chosen.y,
orientation: chosen.orientation,
w: block.w,
h: block.h,
num: block.num
};
let newSheet = otherBlocks.concat ([newBlock])
if (isGuillotine (newSheet, sheetWidth, sheetHeight))

newSheets [sheetIdx] = newSheet;

}
}
return newSheets;
}
function calculateEnergy (sheets, sheetWidth, sheetHeight) {
let usedArea = 0;
sheets.forEach (sheet => {
sheet.forEach (b => {
usedArea += b.w * b.h;
1)
1)
let totalArea = sheets.length * sheetWidth * sheetHeight;
return usedArea / totalArea;

}
function runSimulatedAnnealing(blocks, sheetWidth, sheetHeight,
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options = {})
{
const {
initialTemperature = 1000.0,
finalTemperature = le-4,
alpha = 0.98,
maxIterations = 1000
} = options;
let currentSolution = generatelInitialSolution (blocks,

sheetWidth, sheetHeight);
let currentEnergy = calculateEnergy(currentSolution,
sheetWidth, sheetHeight);

let bestSolution = currentSolution;

let bestEnergy = currentEnergy;

let temperature = initialTemperature;

for (let iter = 0; iter < maxIterations && temperature >

finalTemperature; iter++)

{

let newSolution = generateNeighbor (currentSolution,
sheetWidth, sheetHeight);
let newEnergy = calculateEnergy(newSolution, sheetWidth,
sheetHeight) ;
if (newEnergy > currentEnergy || Math.random() <
Math.exp ( (newEnergy - currentEnergy) / temperature)) {
currentSolution = newSolution;
currentkEnergy = newkEnergy;
if (newEnergy > bestEnergy) {
bestSolution = newSolution;
bestEnergy = newEnergy;

}

temperature *= alpha;
}
return bestSolution.map (sheet => ({
width: sheetWidth,
height: sheetHeight,
blocks: sheet.map(b => ({
block: { w: b.w, h: b.h, num: b.num },
Xx: b.x,
y: b.y,
orientation: b.orientation

b.1.5 hybridGeneticAlgorithm.js

function runHybridGeneticAlgorithm (populationSize, mutationRate,
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generations, blocks, sheetWidth, sheetHeight, crossoverType) ({
function createBestFitPopulation (populationSize, blocks,
sheetWidth, sheetHeight) {
const population = [];
for (let i = 0; i < populationSize; i++) {
let shuffled = blocks.slice();
for (let j = shuffled.length - 1; 3 > 0; Jj--) {
let k = Math.floor (Math.random() * (3 + 1)),
[shuffled[j], shuffled[k]] = [shuffled[k],
shuffled[j]];
}
let sheets = BestFit.cutBlocks (shuffled, sheetWidth,
sheetHeight) .map (sheet => {
return sheet.blocks.map(b => ({

X: b.x,
y: b.y,
orientation: "vertical",
w: b.w,
h: b.h,

num: b.num
1))
}) g
population.push ({ sheets });
}
return population;
}
const initialPopulation =
createBestFitPopulation (populationSize, blocks, sheetWidth,
sheetHeight) ;
return runGeneticAlgorithm (populationSize, mutationRate,
generations, blocks, sheetWidth, sheetHeight, initialPopulation,
crossoverType) ;

}

b.2 Buxiguuii Ko Kiacis

b.2.1 Knacc Block

class Block {
constructor(w, h, num) {

this.w = w; // Width of the block

this.h = h; // Height of the block

//this.isPlaced = false; // Indicates if the block is placed
on a sheet

this.x = 0; // X-coordinate of the block's position on the
sheet

this.y = 0; // Y-coordinate of the block's position on the
sheet

this.num = num; // A unique identifier for the block
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this.area = w * h; // Area of the block
this.rotation = 0; // 0 - horizontal, 1 - vertical (current
rotation state)

}

// Method to rotate the block

rotate () {
[this.w, this.h] = [this.h, this.w]; // Swap the width and
height wvalues
this.rotation = this.rotation === 0 2 1 : 0; // Toggle the

rotation state between horizontal and vertical

}

b.2.2 Knacc Sheet

class Sheet {
constructor(w, h) {
this.w = w; // Width of the sheet
this.h = h; // Height of the sheet
this.blocks = []; // Array to store placed blocks on the
sheet

}

b.3 lomaTkoBi Moyl

b.3.1 Moayns details.js

var details = {
list: [],

add block: function() {

var result = [];
if ((parselnt (Demo.el.block w.val()) <=
parselnt (Demo.el.size w.val()) &&
parselnt (Demo.el.block h.val()) <= (Demo.el.size h.val())) ||
(parselInt (Demo.el.block h.val()) <=
parselnt (Demo.el.size w.val()) &&
parselnt (Demo.el.block w.val()) <= (Demo.el.size h.val()))) {
result.push( new Block(parselInt (Demo.el.block w.val()),
parselnt (Demo.el.block h.val()),
parselnt (Demo.el.block n.val()),));

}

for (i = 0 ; i < result.length ; i++) {
for (j = 0 ; j < result[i].num ; J++) {
var newNum;
if (details.list.length == 0) {
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newNum = 1;
} else {
newNum = details.list[details.list.length - 1].num

}
details.list.push(new Block(result[i].w, result[i].h,
newNum) ) ;

}

Demo.run () ;

by

edit block: function () {
var result = [];
let exist = false;
let newEl = new
Block (parselInt (Demo.el.edit block w.val()),
parselnt (Demo.el.edit block h.val()),
parselnt (Demo.el.edit block n.val()));

for (const item of details.list)

{

if (item.num == newEl.num)
{
item.w = newEl.w;
item.h = newEl.h;
exist = true;

}

if(!exist && ! (newEl.num > details.list.length)) {
details.list.splice (newEl.num-1, 0, newEl)

}

Demo.run () ;

by

del block: function (id) {
var newArray = details.list.filter(el => el.num != id);
details.list.length = 0;
newArray.forEach (element => {
details.list.push(element) ;
1)
Demo.run() ;

by

print det: function() {
var det = document.getElementById("details");
det.innerHTML = '';

details.list.forEach (element => {
var closeButton = document.createElement ('button');
closeButton.className = 'delButton';
closeButton.id = element.num;
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closeButton.innerText = 'X';
closeButton.addEventListener ('click', function() {
details.del block(closeButton.id);

}) s

var textNode = document.createTextNode (element.num + ".
" + element.w + " x " + element.h);
var container = document.createElement ('div');

container.append (textNode) ;
container.append(closeButton) ;

Demo.el.details.append(container) ;
b) g
Yo

populateDropdownList: function(element, wvalues) {
var dropdownList =
document.getElementById (element) .nextElementSibling;

dropdownList.innerHTML = '';

values.forEach (function (value) {
var listItem = document.createElement ('li');
listItem.textContent = value;
dropdownList.appendChild(listItem) ;
1)

if (dropdownList.style.display === "block") {
dropdownlList.style.display = "none";
Jelse(
dropdownList.style.display = "block";

dropdownList.addEventListener ('click', function (event) {
if (event.target.tagName === 'LI') {
var selectedValue = event.target.textContent;
document.getElementById (element) .value =
selectedValue;
dropdownList.style.display = "none";
Demo.run () ;
}
1)
b

saveValuesToLocalStorage: function (name) {
var maxValues = 4;
switch (name) {

case 'block h':
var block h = Demo.el.block h.val();
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var savedH = localStorage.getItem('block h') [[] "';

var valuesH = savedH.split (', '),
valuesH.unshift (block h);

if (valuesH.length > maxValues) {
valuesH = valuesH.slice (0, maxValues):;
}

localStorage.setItem('block h', valuesH.join(','));

break;
case 'block w':
var block w = Demo.el.block w.val();

var savedW = localStorage.getItem('block w') [[ "'';

var valuesW = savedW.split (', '),
valuesW.unshift (block w);

if (valuesW.length > maxValues) {
valuesW = valuesW.slice (0, maxValues);

}
localStorage.setItem('block w', valuesW.join(',"));

break;
case 'block n':
var block n = Demo.el.block n.val();

var savedN = localStorage.getItem('block n') [] '';

var valuesN = savedN.split (', '),

valuesN.unshift (block n);

if (valuesN.length > maxValues) {
valuesN = valuesN.slice (0, maxValues);

}

localStorage.setItem('block n', valuesN.join(',"'));
break;

case 'size h':
var size h = Demo.el.size h.val();
var savedSH = localStorage.getItem('size h') []| '';
var valuesSH = savedSH.split(',"');

valuesSH.unshift (size h);

if (valuesSH.length > maxValues) {
valuesSH = valuesSH.slice (0, maxValues);
}

localStorage.setItem('size h', valuesSH.join(','));
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break;
case 'size w':
var size w = Demo.el.size w.val();
var savedSW = localStorage.getItem('size w') || '';
var valuesSW = savedSW.split(',"'):;

valuesSW.unshift (size w);

if (valuesSW.length > maxValues) {
valuesSW = valuesSW.slice (0, maxValues);

}

localStorage.setlItem('size w', valuesSW.join(',"'));
break;
}
Yo
report: function (sheets, blocks, w, h ) {

var fit = 0, block, n, len = blocks.length;
for (n = 0 ; n < len ; n++) {
block = blocks[n];
fit += block.area;
}
Demo.el.ratio.text (Math.round (100 * fit / (w * h)));
Demo.el.numSheets.html ( ("KinbxicTe JsgucrTire (wT): " +
sheets));
|
i

b.3.2 Monaynb canvas.js

var canvas = {
reset: function(width, height) {
Demo.el.canvas.width = width + 1;

Demo.el.canvas.height = height + 1;
Demo.el.draw.clearRect (0, 0, Demo.el.canvas.width,
Demo.el.canvas.height);

by

rect: function(x, vy, w, h, color, num) {

Demo.el.draw.fillStyle = color;
Demo.el.draw.fillRect(x + 0.5, v + 0.5, w, h);
Demo.el.draw.fillStyle = "#222';
Demo.el.draw.font = "13px Inter, Arial, sans-serif";
Demo.el.draw.textAlign = "center";
Demo.el.draw.textBaseline = "middle";
Demo.el.draw.fillText (

num.toString(),

x+ 0.5 +w/ 2,

vy + 0.5+ h / 2
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) ;
},

stroke: function(x, vy, w, h) {
Demo.el.draw.save () ;
Demo.el.draw.strokeStyle =
Demo.el.draw.lineWidth = 1;
Demo.el.draw.strokeRect(x + 0.5, yv + 0.5, w, h);
Demo.el.draw.restore() ;

"#90caf9";

I

blocks: function(sheets, algorithm) {
var diffSheets = 0;
for (let i = 0; 1 < sheets.length; i++) {
for (let n = 0 ; n < sheets[i].blocks.length ; n++) {

var block = sheets[i].blocks[n];
if (algorithm === "genetic" || algorithm ===
"hybrid genetic" || algorithm === "simulated annealing" ||
algorithm === "ant colony") {
if (block.orientation === "vertical") {

canvas.rect (block.x, block.y + diffSheets,
block.block.w, block.block.h, canvas.color(n), block.block.num);
canvas.stroke (block.x, block.y + diffSheets,
block.block.w, block.block.h);
lelse{
canvas.rect (block.x, block.y + diffSheets,
block.block.h, block.block.w, canvas.color(n), block.block.num);
canvas.stroke (block.x, block.y + diffSheets,
block.block.h, block.block.w);
}
} else {
canvas.rect (block.x, block.y + diffSheets,
block.w, block.h, canvas.color(n), block.num);
canvas.stroke (block.x, block.y + diffSheets,
block.w, block.h);
}
}

Demo.el.draw.save () ;

Demo.el.draw.strokeStyle =
Demo.el.draw.lineWidth = 1;
Demo.el.draw.strokeRect (0, diffSheets,

"#cceccee";

parselnt (Demo.el.size w.val()), 1);
Demo.el.draw.restore () ;
diffSheets += parselnt (Demo.el.size h.val());

}

canvas.calculateEfficiency (sheets);

by

calculateEfficiency: function (sheets) {
let minX = Infinity, minY = Infinity, maxX = 0, maxY¥ =

sheets.forEach (sheet => {
sheet.blocks.forEach (block => {



minX = Math.min (minX, block.x);
minY = Math.min (minY, block.y):;
maxX = Math.max (maxX, block.x + (block.w ?
block.w : block.block.w)):;
maxY = Math.max (maxY, block.y + (block.h ?
block.h : block.block.h));
}) s
1)
let totalArea = (maxX - minX) * (maxY¥ - minY);
let usedArea = sheets.reduce((sum, sheet) => {
return sum + sheet.blocks.reduce((blockSum, block)
=> {
return blockSum + (block.w ? block.w * block.h
block.block.w * block.block.h);
by 0);
by 0);
let efficiency = (usedArea / totalArea) * 100 /
sheets.length;
Demo.el.efficiency.text (" OuiHka:
S{efficiency.toFixed(2)1}%");
Yo

saveToPdf: function () {
var doc = new JsSPDF();

var imgData = Demo.el.canvas.toDataURL('image/png') ;

var canvasWidth = Demo.el.canvas.width;
var canvasHeight = Demo.el.canvas.height;

var availableWidth = 210;
var availableHeight = 290;

var scale = Math.min (availableWidth / canvasWidth,
availableHeight / canvasHeight);

var imageWidth = canvasWidth * scale;

var imageHeight = canvasHeight * scale;

doc.addImage (imgbhata, 'PNG', 0, 0, imageWidth,
imageHeight) ;

doc.save ('canvas image.pdf');

by

color: function(n) {
var cols =["#b3e5fc"];

o)

return cols[n % cols.length];

by
}s

b.3.3 Moaynbs demo.js
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import { runGeneticAlgorithm, } from
'../Model/geneticAlgorithm.js"';
import { Block } from '../Model/Block.]js’';

import { runACO } from '../Model/antColonyAlgorithm.js';

Update import for CommonJS module

import { runSimulatedAnnealing } from
'../Model/simulatedAnnealing.js"';

import { BestFit } from '../Model/BestFit.]js';
import { runHybridGeneticAlgorithm } from
'../Model/hybridGeneticAlgorithm.js"';

var Demo = {
init: function () {

// Initialize DOM elements

Demo.el = {
details: $('#details'),
block h: $('#block h'),
block w: $('#block w'),
block n: $('#block n'),
canvas: $('#canvas') [0],
size h: $('#size h'),

(

size w: S ('#size w'),

numSheets: $('#numSheets'),

ratio: $('#ratio'),

edit block n: $('#edit block n'),
edit block w: $('#edit block w'),
edit block h: $('#edit block h'),

add block: $('#add block'),

edit block: $('#edit block'),
run_button: $('#run_button'),
algorithm select: $('#algorithm select'),
execution time: $('#execution time'),
efficiency: $('#efficiency'),

toggle details: $('#toggle details')

if (!Demo.el.canvas.getContext)
return false;
Demo.el.draw = Demo.el.canvas.getContext ("2d");

$ (Demo.el.add block) .click(function (event) {
if (parselnt (Demo.el.size h.val()) <= 3000 &&
parselnt (Demo.el.size w.val()) <= 3000) {

details.add block();
Demo.run() ;

} else {
var el = document.getElementById('size report');
el.style.display = 'block';

//
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$ (Demo.el.edit block).click(function (event) {
details.edit block();
Demo.run () ;

1)

Demo.el.size h.change (function (ev) {

if (parselnt (Demo.el.size h.val()) <= 3000) {
details.saveValuesToLocalStorage('size h');
var el = document.getElementById('size report');
el.style.display = 'none';

} else {
var el = document.getElementById('size report');

el.style.display = 'block';
}
});

Demo.el.size w.change (function (ev) {

if (parselnt (Demo.el.size h.val()) <= 3000) {
details.saveValuesToLocalStorage('size w');
var el = document.getElementById('size report');
el.style.display = 'none';

} else {
var el = document.getElementById('size report');
el.style.display = 'block';

}
1)

Demo.el.block h.change (function (ev) {
details.saveValuesToLocalStorage ('block h');

1)

Demo.el.block w.change (function (ev) {
details.saveValuesToLocalStorage ('block w');

)

Demo.el.block n.change (function (ev) {
details.saveValuesToLocalStorage ('block n');
) ;

}
$ (Demo.el.size h).click(function (event) {

var savedSH = localStorage.getItem('size h');
details.populateDropdownList ('size h', savedSH ?
savedSH.split (',") : [1);

)

$ (Demo.el.size w).click(function (event) {
var savedSW = localStorage.getItem('size w');
details.populateDropdownList ('size w', savedSW ?
savedSW.split (', ") : [1]);
1)

$ (Demo.el.block w).click(function (event) {
var savedW = localStorage.getItem('block w');
details.populateDropdownList ('block w', savedW ?
savedW.split (', ") : []1);

113



114

)

$ (Demo.el.block h).click(function (event) {
var savedH = localStorage.getItem('block h');
details.populateDropdownList ('block h', savedH ?
savedH.split (', ") =: []1);
}) s

$ (Demo.el.block n).click(function (event) {
var savedN = localStorage.getItem('block n');
details.populateDropdownList ('block n', savedN ?
savedN.split(',") =: []);
}) s
$ (Demo.el.run button).click(function (event) {
Demo.run() ;

1)

$ (Demo.el.toggle details) .change (function (event) {
Demo.el.details.toggleClass ('hidden') ;
1)
Yo

run: function () {
var newBlocks = details.list.slice(0);
if (newBlocks.length > 0) {
var algorithm = Demo.el.algorithm select.val();
var resSheets;
var startTime = performance.now();
if (algorithm === "genetic") {
resSheets = runGeneticAlgorithm (5000, 0.01, 5000,
newBlocks, parselnt (Demo.el.size w.val()),
parselnt (Demo.el.size h.val()), undefined, 'ox');
} else if (algorithm === "best fit") {
resSheets = BestFit.cutBlocks (newBlocks,
parselnt (Demo.el.size w.val()), parselnt(Demo.el.size h.val()));
} else if (algorithm === "ant colony") {
resSheets = runACO (newBlocks,
parselnt (Demo.el.size w.val()), parselnt(Demo.el.size h.val()),
500, 1000, 1, 2, 0.5);
} else if (algorithm === "simulated annealing") {
resSheets = runSimulatedAnnealing(newBlocks,
parselnt (Demo.el.size w.val()), parselnt (Demo.el.size h.val()));
} else if (algorithm === "hybrid genetic") {
resSheets = runHybridGeneticAlgorithm (5000, 0.01, 5000,
newBlocks, parselnt (Demo.el.size w.val()),
parselnt (Demo.el.size h.val()));
}
var endTime = performance.now();
var executionTime = endTime - startTime;
Demo.el.execution time.text ( Execution Time:
S{executionTime.toFixed (2)} ms ) ;

var hCanvas = parselnt (Demo.el.size h.val()) *



resSheets.length;

canvas.reset (parselInt (Demo.el.size w.val()), hCanvas);

canvas.blocks (resSheets, algorithm);
details.report (resSheets.length, newBlocks,
parselnt (Demo.el.size w.val()), hCanvas);
details.print det();
}
}I
}

function getTestBlocks (n) {
const base = [

new Block (50, 50, 1), new Block (50, 50, 2), new Block (60,

40, 3), new Block(e0, 40, 4),

new Block (70, 30, 5), new Block (10, 40, 6), new Block (10,

40, 7), new Block (30, 50, 8),

new Block (30, 50, 9), new Block(80, 10, 10),
20, 11), new Block (10, 20, 12),

new Block (10, 20, 13), new Block (10, 20, 14),
20, 15), new Block (30, 20, 106),

new Block (75, 13, 17), new Block (75, 13, 18),
46, 19), new Block (12, 46, 20),

new Block (45, 27, 21), new Block (45, 27, 22),
77, 23), new Block (56, 77, 24),

new Block (83, 55, 25), new Block (83, 55, 26),
21, 27), new Block (23, 21, 28),

new Block (33, 33, 29), new Block (33, 33, 30),
33, 31), new Block (63, 33, 32),

new Block (19, 24, 33), new Block (19, 24, 34),
10, 35), new Block (24, 10, 36),

new Block (56, 11, 37), new Block (56, 11, 38),
38, 39), new Block(69, 38, 40),

new Block (25, 25, 41), new Block (25, 25, 42),
45, 43), new Block (35, 45, 44),

new Block (55, 15, 45), new Block (15, 55, 406),
55, 47), new Block (45, 35, 48),

new Block (45, 35, 49), new Block (85, 15, 50),
25, 51), new Block(1l5, 25, 52),

new Block (15, 25, 53), new Block (15, 25, 54),
25, 55), new Block (35, 25, 56),

new Block (77, 17, 57), new Block(77, 17, 58),
48, 59), new Block (14, 48, 60),

new Block (41, 41, ©l1), new Block (41, 41, 62),
21, 63), new Block(e6l, 21, 64),

new Block (22, 22, 65), new Block (22, 22, 66),
32, 67), new Block(32, 32, 68),

new Block (62, 32, 69), new Block (62, 32, 70),
28, 71), new Block (18, 28, 72),

new Block (28, 12, 73), new Block (28, 12, 74),
13, 75), new Block (58, 13, 76),

new Block (71, 36, 77), new Block (71, 36, 78),
44, 79), new Block (44, 44, 80),

new Block (21, 21, 81), new Block (21, 21, 82),

new Block (10,

new

new

new

new

new

new

new

new

new

new

new

new

new

new

new

new

new

new

Block (30,
Block (12,
Block (56,
Block (23,
Block (63,
Block (24,
Block (69,
Block (35,
Block(1l5,
Block (15,
Block (35,
Block (14,
Block (61,
Block (32,
Block (18,
Block (58,
Block (44,

Block (31,
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31, 83), new Block (31, 31, 84),

new Block (61, 31, 85), new Block(6l, 31, 86), new Block (17,
26, 87), new Block(17, 26, 88),

new Block (26, 11, 89), new Block (26, 11, 90), new Block (57,
12, 91), new Block (57, 12, 92),

new Block (70, 35, 93), new Block (70, 35, 94), new Block (43,
43, 95), new Block (43, 43, 9%0),

new Block (20, 20, 97), new Block (20, 20, 98), new Block (30,
30, 99), new Block (30, 30, 100)

if (n === 20) return base.slice (0, 20);
if (n === 40) return base.slice (0, 40);
if (n === 60) return base.slice (0, 60);
if (n === 80) return base.slice (0, 80);
if (n === 100) return base;
return [];
}
//const crossovers = [ 'one point', 'arithmetic','ox', 'pmx'];
const crossovers = [ 'arithmetic'];
// TecToBa OYHKI1A OJ9 TE€HETUUHOTO aJITOPUTMY
function runGeneticAlgorithmTests () {
const blockCounts = [20, 40, 60, 80, 1007;
//const blockCounts = [40];
//const populationSizes = [1000, 2000, 3000, 4000, 5000];
const populationSizes = [5000];

const sheetWidth = 300;
const sheetHeight = 300;
const repeats = 5;

blockCounts.forEach (blockCount => {
const blocks = getTestBlocks (blockCount) ;
populationSizes.forEach (popSize => {
crossovers.forEach (crossoverType => ({
let totalTime = 0;
let totalSheets = 0;
let totalEfficiency = 0;
for (let rep = 0; rep < repeats; rep++) {
const startTime = performance.now();
let resSheets = runGeneticAlgorithm
popSize, 0.01, popSize, blocks, sheetWidth,
sheetHeight, undefined, crossoverType
) ;
const endTime = performance.now();
const executionTime = endTime - startTime;
totalTime += executionTime;
totalSheets += resSheets.length;
totalEfficiency +=
parseFloat (calculateEfficiency (resSheets));
}
const avgTime = totalTime / repeats;
const avgSheets = totalSheets / repeats;
const avgEfficiency = totalEfficiency / repeats;
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console.log ('=".repeat (60));

console.log( TEST: Blocks=${blockCount},
Population=${popSize}, Crossover=${crossoverType} );

console.log('-".repeat (60));

console.log( Average Execution Time:
S{avgTime.toFixed (2)} ms’);

console.log( Average Number of Sheets:
${avgSheets.toFixed (2)}");

console.log( Average Efficiency:
S{avgEfficiency.toFixed(2)}");

console.log('='.repeat (60) + '\n');

function calculateEfficiency(sheets) {
let minX = Infinity, minY = Infinity, maxX
sheets.forEach (sheet => {

Il
o
~e

0, maxy¥Y

sheet.blocks.forEach (block => {
minX = Math.min (minX, block.x);
minY = Math.min (minY, block.y);
maxX = Math.max (maxX, block.x + (block.w ? block.w

block.block.w)) ;
maxY = Math.max (max¥Y, block.y + (block.h ? block.h
block.block.h));
1) ;
1)
let totalArea = (maxX - minX) * (maxY¥ - minY);
let usedArea = sheets.reduce((sum, sheet) => {
return sum + sheet.blocks.reduce ((blockSum, block) => {
return blockSum + (block.w ? block.w * block.h
block.block.w * block.block.h);
Yo Q)5
by 0);
let efficiency = (usedArea / totalArea) * 100 / sheets.length;
return efficiency.toFixed(2);

}

// TecToBa OGYyHKLU1A OJ8 MypamMHOTO ajropuTma (ACO)
function runACOTests () {

// VumnmopTupyiTe runACO, ecnu HyxXxHO: import { runACO } from
'../Model/antColonyAlgorithm.js';

//const blockCounts = [20, 40, 60, 80, 100];
const blockCounts = [20, 40, 60, 80, 1007;

const antCounts = [100, 300, 500, 1000];

//const iterationsArr = [1000, 2000, 3000, 4000];
const iterationsArr = [10007];

const sheetWidth = 300;
const sheetHeight = 300;
const repeats = 5;

blockCounts.forEach (blockCount => {
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const blocks = getTestBlocks (blockCount) ;
antCounts.forEach (antCount => {
iterationsArr.forEach (iterations => {
let totalTime = 0;
let totalSheets = 0;
let totalEfficiency = 0;
for (let rep = 0; rep < repeats; rept++) {
const startTime = performance.now();
let resSheets = runACO(
blocks, sheetWidth, sheetHeight,
antCount, iterations, 1, 2, 0.5
) ;
const endTime = performance.now();
const executionTime = endTime - startTime;
totalTime += executionTime;
totalSheets += resSheets.length;
totalEfficiency +=
parseFloat (calculateEfficiency (resSheets));
}
const avgTime = totalTime / repeats;
const avgSheets = totalSheets / repeats;
const avgEfficiency = totalEfficiency / repeats;
console.log ('=".repeat (60));
console.log( ACO TEST: Blocks=${blockCount},
Ants=${antCount}, Iterations=S${iterations}’);
console.log('-'".repeat (60));
console.log( Average Execution Time:
${avgTime.toFixed (2)} ms’);
console.log( Average Number of Sheets:
S{avgSheets.toFixed(2)}");
console.log( Average Efficiency:
S{avgEfficiency.toFixed(2)}");
console.log('="'.repeat (60) + '\n');

// TecTtoBa obyHkUlsg nmg cumynguii omxury (Simulated Annealing)

function runSimulatedAnnealingTests () {
const blockCounts = [20, 40, 60, 80, 1007;
const initialTemperatures = [100];
const alpha = 0.5;
const maxIterationsArr = [leo, le7, 1le8, 1le9];

const sheetWidth = 300;
const sheetHeight = 300;
const repeats = 5;

const maxIterations = 1000

blockCounts.forEach (blockCount => {
const blocks = getTestBlocks (blockCount) ;
initialTemperatures.forEach(initialTemperature => {
//maxIterationsArr.forEach (maxIterations => {



let totalTime = 0;
let totalSheets = 0;
let totalEfficiency = 0;
for (let rep = 0; rep < repeats; rept++) {
const startTime = performance.now () ;
let resSheets = runSimulatedAnnealing(
blocks, sheetWidth, sheetHeight,
{

initialTemperature,

alpha,
maxIterations
}
) ;
const endTime = performance.now() ;
const executionTime = endTime - startTime;

totalTime += executionTime;
totalSheets += resSheets.length;
totalEfficiency +=
parseFloat (calculateEfficiency (resSheets));
}
const avgTime = totalTime / repeats;
const avgSheets = totalSheets / repeats;
const avgEfficiency = totalEfficiency / repeats;
console.log ('=".repeat (60));
console.log( SA TEST: Blocks=${blockCount},
TO=${initialTemperature}, alpha=${alpha},
maxIter=${maxIterations} ) ;
console.log('-".repeat (60));
console.log( Average Execution Time:
S{avgTime.toFixed(2)} ms’);
console.log( Average Number of Sheets:
S${avgSheets.toFixed(2)}");
console.log( Average Efficiency:
S{avgEfficiency.toFixed(2)}");
console.log('='.repeat (60) + '\n');
1)
/1Y)
}) g
}

// TecToBa OyHKLUla njasg ajaropurMa Best Fit
function runBestFitTests () {
const blockCounts = [20, 40, 60, 80, 1007;
const sheetWidth = 300;
const sheetHeight = 300;
const repeats = 5;

blockCounts.forEach (blockCount => {
const blocks = getTestBlocks (blockCount) ;
let totalTime = 0;
let totalSheets = 0;
let totalEfficiency = 0;
for (let rep = 0; rep < repeats; rept++) {
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const startTime = performance.now();
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let resSheets = BestFit.cutBlocks (blocks, sheetWidth,

sheetHeight) ;
const endTime = performance.now();
const executionTime = endTime - startTime;
totalTime += executionTime;
totalSheets += resSheets.length;
totalEfficiency +=
parseFloat (calculateEfficiency(resSheets));
}
const avgTime = totalTime / repeats;
const avgSheets = totalSheets / repeats;
const avgEfficiency = totalEfficiency / repeats;
console.log('=".repeat (60));
console.log( BEST FIT TEST: Blocks=${blockCount}
console.log('-".repeat (60));
(

V)

console.log( Average Execution Time: ${avgTime.toFixed(2)}

ms ") ;
console.log( Average Number of Sheets:
${avgSheets.toFixed (2)} )
console.log( Average Efficiency:
S{avgEfficiency.toFixed (2)}");
console.log('='.repeat (60) + '\n');
}) g
}

// TecToBa ObyHkLUlig ona ribpupgHoro anropurMma (Hybrid Genetic)

function runHybridGeneticAlgorithmTests () {
const blockCounts = [20, 40, 60, 80, 1007;
const populationSizes = [5000];
const sheetWidth = 300;
const sheetHeight = 300;
const repeats = 5;
const crossoverType = 'arithmetic';

blockCounts.forEach (blockCount => {
const blocks = getTestBlocks (blockCount) ;
populationSizes.forEach (popSize => {
let totalTime = 0;
let totalSheets = 0;
let totalEfficiency = 0;
for (let rep = 0; rep < repeats; rept++) {
const startTime = performance.now () ;
let resSheets = runHybridGeneticAlgorithm (
popSize, 0.01, popSize, blocks, sheetWidth,
sheetHeight, crossoverType
)5
const endTime = performance.now();
const executionTime = endTime - startTime;
totalTime += executionTime;
totalSheets += resSheets.length;
totalEfficiency +=
parseFloat (calculateEfficiency(resSheets));
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}

const avgTime = totalTime / repeats;

const avgSheets = totalSheets / repeats;

const avgEfficiency = totalEfficiency / repeats;

console.log ('=".repeat (60));

console.log (" HYBRID GENETIC TEST: Blocks=${blockCount},
Population=${popSize} ) ;

console.log('-"'.repeat (60));

console.log( Average Execution Time: ${avgTime.toFixed(2)}
ms ") ;

console.log( Average Number of Sheets:
${avgSheets.toFixed (2)}");

console.log( Average Efficiency:
S{avgEfficiency.toFixed(2)}");

console.log('='.repeat (60) + '\n');

S (Demo.init) ;

//runSimulatedAnnealingTests () ;
//runACOTests () ;
//runGeneticAlgorithmTests () ;
//runBestFitTests () ;
//runBestFitTests () ;
//runHybridGeneticAlgorithmTests ()

b.4 Kox cropinku Ta ii cTrmizaris

b.4.1 ®aiin index.html

<!DOCTYPE HTML>

<html>

<head>
<meta charset='utf-8' />
<title>Bin Packing</title>

<link href='../View/demo.css' rel='stylesheet' type='text/css'
media='screen' />
</head>
<body>

<h1>Po3kpilli JMCTOBOTO MarTepiany</hl>
<div id="container">
<fieldset id="settings">

<legend>HamamryBaHHa</legend>

<div class='size'>
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<label for='size' class="blockLabel">Posmip mamcrTa (cM)
<span class='example'><b>W</b>x<b>H</b></span></label>

<br>
<input id="size w" value="" size="5"><ul id="dropdownSW"
class="dropdown-list"></ul>x<input id="size h" value=""

size="5"><ul id="dropdownSH" class="dropdown-list"></ul><div
class="size report" id="size report">0O6mexenHsa no 3000cm!</div>
</div>

<div class='blocks'>
<label for='blocks'>Ierani (cMm) <span
class="'example'><b>W</b>x<b>H</b>x<b>N</b></span></label>
<br>
<input id="block w" value="" size="5"><ul id="dropdownW"
class="dropdown-list"></ul>x<input id="block h" value=""
size="5"><ul id="dropdownH" class="dropdown-list"></ul>x<input
id="block n" wvalue="" size="5"><ul id="dropdownN"
class="dropdown-1list"></ul>
<button name="add block" id="add block">INonmaTu
nerans</button>
<label class="toggle-switch">
<input type="checkbox" id="toggle details">
<span class="slider"></span>
</label>
<div id="details" class="details"></div>
<div>
<label for="algorithm select">BuGepiTes anropmrm:</label>
<select id="algorithm select">
<option value="best fit">Best Fit</option>
<option value="genetic">Genetic</option>
<option value="ant colony">Ant colony</option>
<option value="simulated annealing">Simulated
annealing</option>
<option value="hybrid genetic">Hybrid Genetic</option>
</select>
</div>
<button name="run button" id="run button">3anycrturu
anropuTM</button>
<br>
<div id="execution time" class="info-box">Yac BuxoHaHHA: O
Mc</div>
<div id="efficiency" class="info-box">Ouiuka: 0%</div>
<div id="numSheets" class="info-box">KinvkxicTe jguctir: 0
mr</div>
<button name="edit block" id="edit block" >Pemarysatu 1.
N</button>

<input id="edit block n" value="" size="1">
<input id="edit block w" value="" size="1">x<input
id="edit block h" value="" size="1">
</div>

<div id="numSheets" class="numSheets"></div>



Sorry, this example cannot be run because your
browser does not support the &lt;canvasé&gt; element
</div>
</canvas>
</div>

</div>

<script src='../Libraries/jquery.]js'></script>

<script src='../Libraries/jspdf.min.js'></script>

<script src='../Controller/demo.]js'></script>

<script src='../Model/Block.js'></script>

<script src='../Model/Sheet.js'></script>

<script src='../View/canvas.js'></script>

<script src='../Model/details.js'></script>

<script src='../Model/BestFit.js'></script>

<script src='../Model/antColonyAlgorithm.js'></script>

<script src='../Model/simulatedAnnealing.js'></script>

<script src='../Model/hybridGeneticAlgorithm.js'></script>

<script src='../Model/geneticAlgorithm.js'></script>
</body>
</html>

B.4.2 CSS ¢aiin

*

}

<button name="saveToPdf"
onclick="canvas.saveToPdf () ">36eperTtu pes3yibTarT y PDF</button>

id="saveToPdf"
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<span id="definitions">*W - mmpora<br>*H - Bucorta<br> *N -
kinpkicTe</span>
</fieldset>

<div id="packing">
<canvas id="canvas">
<div id="unsupported">

margin: 0;
padding: O;
box-sizing: border-box;
font-family:

body {
background: #b3ebfcle;

display:
padding:
color:
min-height:

#333;

'Inter', sans-serif;

flex;
lrem 2rem;

100vh;

flex-direction: column;
align-items:

position:

center;
relative;
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hl {
text-align: center;
width: 100%;
margin-top: 0;
margin-bottom: 1.5rem;
font-size: 2.2rem;
font-weight: 800;
letter-spacing: 0.02em;
color: #lalala;
line-height: 1.1;
background: transparent;
pointer-events: auto;

}

/* Layout */

#container {
display: flex;
width: 100%;
max-width: 1400px;
margin: 0 auto;
padding: O;
gap: 2em;

}

.sidebar, #settings {
width: 300px;
min-width: 300px;
padding: l.lrem l.lrem O.7rem 1.lrem;
background: #fff;
border-radius: 9px;
box-shadow: 0 4px 10px rgba(0,0,0,0.17);
margin: 0;
display: block;
float: none;
border: none;

}

#settings legend,

.sidebar h2 {
font-size: 1.23rem;
color: #222;
font-weight: 700;
background: none;
border: none;
padding: O;
text-align: center;
display: block;

}

label {
font-weight: 600;
color: #222;
font-size: 0.97em;
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}

#size w {
margin-bottom: 12px;

}

select {
width: 98%;
display: inline-block;
padding: 0.32rem;
border: 1lpx solid #ccc;
border-radius: 6px;
font-size: 0.97em;
background: #fff;
color: #222;
outline: none;
transition: border 0.2s;
margin-top: 12px;

}

input {
width: 22%;
display: inline-block;
padding: 0.32rem;
margin-top: 0.7rem;
border: 1lpx solid #ccc;
border-radius: 6px;
font-size: 0.97em;
background: #fff;
color: #222;
outline: none;
transition: border 0.2s;

}

input:focus, select:focus {
border: 1.5px solid #007bff;
}

button {
width: 100%;
padding: 0.55rem;
background-color: #007bff;
color: white;
border: none;
border-radius: 6px;
font-weight: 600;
cursor: pointer;
font-size: 0.97em;
transition: background 0.18s, transform 0.18s;
margin-top: 12px;

}

button:hover, button:focus {



}

background: #0056b3;
transform: translateY (-2px) scale(l

.info-box {

}

padding: 0.55rem;
border: 1lpx solid #ccc;
border-radius: 6px;
background: #f0f0f0;
text-align: center;
margin-top: 0.7rem;
color: #222;
font-weight: 500;
font-size: 0.96em;

.size report ({

display: none;

border: 1px solid #ffbdbd;
background: #fffo6fo;
color: #b30000;
margin-bottom: 0.7rem;
padding: 0.5em 0.7em;
border-radius: 5px;
font-size: 0.95em;

.details.hidden {

}

display: none;

#definitions {

}

color: #8b8b8b;
font-style: italic;
font-size: 0.93em;
margin-top: 0.4rem;
display: block;

.ratio, #settings .ratio {

}

background: #f0f0f0;
border-radius: 6px;
padding: O0.5rem 0.7rem;
font-size: 0.96em;

color: #222;

font-weight: 500;
margin-bottom: 0.7rem;
border: 1lpx solid #e0e0e0;

.toggle-switch {

position: relative;

.02);
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display: inline-block;
width: 32px;

height: 18px;
vertical-align: middle;
margin: O0.7rem O;

}

.toggle-switch input {
opacity: O0;

width: 0O;
height: 0;
}
.slider {

position: absolute;
cursor: pointer;
top: O;

left: 0;

right: 0;

bottom: 0;
background: #e0e0e0;
transition: .3s;
border-radius: 22px;

}

.slider:before {
position: absolute;
content: "";
height: 12px;
width: 12px;
left: 2px;
bottom: 3px;
background: #fff;
transition: .3s;
border-radius: 50%;
box-shadow: 0 1lpx 3px rgba(0,0,0,0.07);

}

input:checked + .slider {
background: #007bff;

}

input:checked + .slider:before {
transform: translateX (12px);

}

.dropdown-1list {
display: none;
position: absolute;
list-style: none;
margin: 0O;
padding: O;
background: #fff;



}

border: 1lpx solid #e0e0e0;
border-radius: 5px;

box-shadow: 0 2px 8px rgba(0,0,0,0.07);

z—-index: 9999;
min-width: 48px;

.dropdown-1list 1i {

}

color: #222;

padding: 5px 10px;

cursor: pointer;

font-size: 0.96em;

border-bottom: 1lpx solid #f2f2f2;
transition: background 0.15s;

.dropdown-1list li:last-child {

}

border-bottom: none;

.dropdown-1ist li:hover {

}

background: #f5f5f5;

#dropdownH, #dropdownSH { left: 150px;
#dropdownN { left: 230px; }

.delButton {

}

color: #fff;
font-size: 9px;
font-weight: bold;
display: inline-block;
margin: 0 O 4px 4px;
background: #b30000;
width: 35px;
height: 35px;
text-align: center;
cursor: pointer;
border: none;
transition: background 0.2s;

.delButton:hover {

}

background: #ff3b3b;

.main, #results {

flex-grow: 1;

display: flex;

align-items: flex-start;
justify-content: flex-start;

}
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#packing {
margin: Opx 20px;
padding: 0;

width: 50%;

min-width: 320px;

display: flex;

align-items: flex-start;
justify-content: flex-start;

}

#canvas {
border: 2px solid #ddd;
border-radius: 9px;
background: #fff;
display: block;
margin: 0 auto;

}

#unsupported {
border: none;
background: #ffeaea;
color: #b30000;
padding: 1.2em;
margin: lem;
border-radius: 8px;
font-size: 1.lem;

}

.block {
background-color: #b3e5fc;
border: 1lpx solid #90caf9;
border-radius: 4px;
box-shadow: 0 1lpx 3px rgba(0,0,0,0.1);
display: flex;
align-items: center;
justify-content: center;
font-size: 12px;

}

.input-row {
display: flex;
gap: 2.5%;
margin-bottom: 0.7rem;

}

.input-row input,

.input-row select {
width: 100%;
margin-bottom: O0;



