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I'maBa 1

IlocTanoBka 3a1a4n

Ha Bxoj nporpamme 1oJaéTcst OIUCAHIE B3BEIIEHHOTO HEOPUEHTUPOBAHHOIO
rpada G = (V,E) B Buje crucka onuncannii pébep. Kaxoe omucanme pebpa
e € E nmeer sug (NODE1 NODE2 WEIGHT), tne NODE1, NODE2 —
arombl, WEIGHT — nejoe mojo:KATeILHOE TICI0. 3aTeM Ha BXOJ IIPOTPaMME
0JIACTCsl 11e/10€e T0JI0XKNTe/IbHOe uncio K u cnucok pédep L. CyiecTByeT Jin B
rpade raMuabToHOB (G IIUKJI, TO €CTh IIyTh, HAUMHAIOIIIIICS 1 3aKaHINBAIOIINICS
B OJIHOIl 1 TOI »Ke BepIHe 1 IPOXOIINil Yepe3 KaxKayio Bepiiuny u3 rpacda G
TOJIBKO OJIH pa3, CTOMMOCTHU He OoJjiee yeM /K, BKJIOUalOIINii B cest Bce pedpa u3
criucka L (u, Bo3MOxKHO, jipyrue)? CTOMMOCTh IyTH — 9TO CyMMapHasi CTOMMOCTh
pédep, coCTaBJIIONINX IyTh. EC/IM MCKOMBIM UK/ He CYLIeCTBYeT, HalledyaTaiiTe
#f. Ecam nckoMbli IUKJI CYIIECTBYET, HalledaTaiiTe #t, najgee CTOMMOCTD KA, a
3aTeM HailJIeHHbII UK/ B Bujie crucka. [IepBbIM 1 TIOCIETHUM 9/IEMEHTOM CITHCKA,
JIOJIZKeH OBbIThb OJUH U TOT K€ aToM. Kcjm cyInecTByeT HECKOJIbKO BO3MOYKHBIX
perrennii, HaiiiuTe pelieHne ¢ MUHUMAJIbHOM CTOMMOCTBIO.

Perrenne 3aja4un pasjiesieHo Ha TPU dTalla;

1. Ha nepBowm sTare pazpadaTbIBalOTCs TECThI, Ha, KOTOPBIX OYy/IeT IIPOBEPATHCs
IIporpamMMma.

2. Ha BTOpoM sTane paspabdaTbiBaeTcst Bepcus MPOrpaMMbl, KOTOpas HAXOUT
pelleHne, HO He BBIOJIHACT BU3YAJIN3AIINIO.

3. Ha Tperbem sTalie pazpabarbiBacTcs IOJIHAS BEPCUSA MPOIPAMMBbI, BBIIIOJI-
HAIOIAA U PelIeHne 3a/1a91, BU3YaJIU3allnio XOAa PElIeHNs, BU3yaJINn3aIuI0
HallJIeHHOT'O OTBETA.



I'maBa 2

I'enepanusa TecTtoB

Ha jannom sTare paccMaTpuUBaINCh TOJHKO HECKOJIBKO BHIOB IpadoB, KaxK-
JIBITT 13 KOTOPBIX 0bJiajaeT CBOMME cBoiicTBamu. Bec j1s1 pebep renepupoBaJics
cayudaiino wa orpeske [0,9]. KosmaecTBo creneprpoBaHHBIX KOHTPOJIBHBIX pebep
pasusioce max([|V] /2] + 1, 1).

2.1 TI'pad-muka

['pacd-tuki IIPEJICTAB/ISIET co0oit 110CJIeI0BATEILHOCTD B2
((v1 v2 weighty 2) (v2 v3 weightas) ... (uy—1 vy weighty_1 n) (VN V1 weighty)).
B kadecrBe KOHTPOJILHOTO Beca Opajiack BeqnunHa, pasHas |V X
MAX WEIGHT |/ 2 + (random (|V| x MAX WEIGHT)), rtue
MAX WEIGHT — qucno, Ha eIuHUILY IIPEBBIIIAlOIee MaKCHMAJIbHBI Bec
pebpa, To ectb 10. B kadecTBe chmcka KOHTPOJILHBIX pebep OBbLI B3SIT IIYCTOIl
CIIUCOK. DTO OObSICHSETCS TEM, UTO I'pad-IUKJ caM 10 cebe SBJIAETCS TaMUIIb-
TOHOBBIM IUKJIOM, U J00OaBJI€HUE IIPOBEPOUHBLIX pedep, KOTOPbIe IeHEepUPYeTCst
CaydaiiHbIM 00pa3oM, ¢ OOJIBINON BEPOSITHOCTHIO NMPUBEAYT K OTPUIATETHHOMY
orBeTy. OTBET HAXOIUTCSA OUYEeHb JIETKO — IUKJI 13 JII000I BEPIINHBI U CYMMa BCEX
BeCcOB. EIMHCTBEeHHBIM KpHUTEpHEM CYIIECTBOBAHUSI OTBETa SIBJISIETCS CBEPKa C
KOHTPOJIbHBIM BECOM.

2.2 I'pad-3Be3ga

I'pad-1uki IPEJICTAB/ISICT coboit IOCJICI0BATCILHOCTD BUJIA
((v1 vy weighty2) (v1 vs weighti3) ... (1 vy weight; n)). Konrposabubrit
Bec 6Lt mpuaaT 3a (random (|V| x MAX WEIGHT)). Konrposbhbie pebpa
reHepupoBauch. Bec n pebpa HUKAaK He BIMAIOT Ha OTBET, T.K. OH 3aBEIOMO
OTPUIATEILHBI U3-3a CTPYKTYPBI JJAHHOIO BUJA IpadoB.



2.3 Ilosansblii rpadp

[Tosmetit rpad — 310 rpad Buja ((v1 ve weight; o) ... (v1 vy weighty n)
(ve vy weighta i) ... (vy—1 Vv weighty_1 n)). KonTposbbLil Bec Taxoii ke, Kax n
B ciaydae rpada-nnkia. Konrposbibie pebpa renepupopaanch. OTBeT HAXOUTCA
nepedbOpHbIM aJITOpUTMOM. B mosiHoMm rpade 3aBejioMO €CTh MaMUJIBTOHOB UK.,
BJIMSIHIE Ha OTBET OKa3bIBAIOT JIMIIL KOHTPOJILHBIE BEC U pedpa.

2.4 Ciyuaiinblii rpad

Corydgalinblit rpad — 9T0 TeHepallds pas3IudHbIX pedep. V3HadgaibHO UX KOJIU-
gectBo pasusiercs (|[V]| — 1) x |V| / 2, T.e. kosmmaecTBy pebep B mosiHOM rpade.
Ho T.x. pebpa renepupyroTcst CaydailHO, ¥ B CIIMCOK He J00aBJIsIioTcs pedpa c
OJINHAKOBBIMU BEPITMHAMU U T€, KOTOPbIE yKe €CThb B CIIUCKE, TO UTOrOBIH rpad
OyzeT He IOJHBIM C O4YeHb OOJIBINON BEeposiTHOCTHIO. Bce BXOjHBIE HapaMeTpbl
TaKme ke, KaK 1 B caydae moHoro rpada. OTBer TakzKe HaXOAUTCsI 1epedOPHBIM
AJITOPUTMOM.

Bcero 0b110 crenepupoBano 150 pa3IndHbIX TECTOBBIX HAOOPOB:

25 rpadOB-IIUKIOB ¢ KOJMIECTBOM BEPIIUH OT 3 J10 27

15 rpadoB-3Be3/1] ¢ KOJIMYECTBOM BepiinH oT 4 10 18

50 mosiHbIX rpadoB: 110 H Ha KaxKJIblil rpad ¢ KOJIMYecTBOM BEPIINH OT 1 J10
10

60 cay4daitHbIX rpadoB: 0 b Ha KarKJblii rpad ¢ KOJUIECTBOM BEPIIUH OT
1 10 12

[Iporpamma reHepalyi TecTOB Obljla HallMcaHa Ha s3bike Scheme. Tak ke
ObLIM HAIMCAHBI JIBa CKPUIITa Ha sI3bIKe Python 1js1 aBTOMATU3UPOBAHUSI IeHe-
pallii TeCTOB M IIPOBEPKHU PabOThl T'€HEeTUUeCKOro aJjiropuTma. [lepBblil CKpUIIT
cozjiaer ailjl, B KOTOPOM OTparKaeTcsl BpeMsl T'eHepallii TeCTOBBIX HAOOPOB JIJIsI
KaykJI0oro Bujia rpada. Bropoil ckpulT B CBOIO odepejib co3jiaer dailia B BUJE
html-crpanuiiel ¢ uHbOPMaIHeil 0 MpoXoXKeHnn TecToB (puc. 2.1): pesysbrar,
KOJIMTYECTBO MPOMJIEHHBIX 1 HEIIPOIAEHHBIX TECTOB, IIPOIEHT IPOiiJeHHBIX TECTOB,
ob1riee BpeMsi pabOThI, CpejiHee KOJMIEeCTBO UTepalnii TeHeTHIECKOro aJropuTMa,
KOJINYECTBO UTepAIil I KayKI0T0 TeCTa.



Pazzed

Failed

Rezulis

Time (zec)

Ave iter.

149

99.00 %o

71

Fezmli

Tteration

Puc. 2.1: html-crpanuna c pe3ysibraraMu paboThl aJTOPUTMA
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I'taBa 3

I'eneTndecknii ajaropmTm

Asroput™ B OOJIBITMHCTBE CBOEM OCHOBBIBAETCSI HA HCC/IEOBAHUN, TPOU3BE-
nenroM B crathe |1]. Kaxkmast ocobb npejcraBisier n3 cebsi HEKUl TaMIIBTOHOB
nuk/1. Hampumep juis rpada ¢ 6-10 BepimmHaMu 0coObIo MOXKET OBITh TOC/IeI0Ba-
tesbHOCTh L = {vl v4 v5 v6 v3 v2}, To ecTh TeHOM siBJIsIeTCs BepiuHa rpada.
HauasbHas momysidnus npejcTaBisger co0oii HEKOTOPOe YHCJIO CreHEePUPOBaHHbBIX
CIIyYaiiHBIM 00pa3oM 0coOeil.

HaJjiee mpoucxouT CKpeIuBane Moy adannn. st KaxKao0it 0ocodu nu3 moIyJisi-
1IN BBIOMPAETCS CJIyYaiiHbIM 00pa30M elle ojHa 0codb. [ToToMm oHM cKpermBaTcst
B 2 9Tala:

1. U3 Broporo pomutesisi 6epercst cpe3 AJAUHOI, paBHOI IIOJIOBUHE €TI0 JJINHBI,
HAUYMHAS C JII00OH O3UIINH, I'/Ie 9TOT Cpe3 BO3MOKeH. JlaHHbI cpe3 npucBa-
UBAETCS ITOTOMKY B Te Ke MMO3UIUU, YTO U Y POJUTEJIS.

2. OcraBInecs redbl 3alI0JIHIIOTCS 13 TCHOB IIEPBOI'o poauTEJIsA: POAUTEIID IIPO-
CMaTpHuBacTCd CIIpaBa HaJiEBO, 1 B ClIydae OTCYTCTBHA I'€Ha Yy IIOTOMKa, I'€H
,ZLO6&BJIH€TCH IIOTOMKY CJIEBa HalIpaBO.

Hampuwmep, ects ocobb Ly = {vl v2 v3 v4 v5 v6}. Jomycrum, B apy eii ObLia
BeIOpaHa 0cobb Ly = {v4d vl v3 v5 v2 v6}. denaercs cpes JMHBL 3, HAYUHAST CO
2-it mo3unuy 1 nomeraercs B notoMka: Ly o = {* v1 v3 v5 * *}. Teneps Gepyrcs
I'eHBI [IEPBOT'O POJAUTEJIA: I'eH v6 eCTh B pOJIUTEsIe B OTCYTCTBYET B IOTOMKE, 3HAUUT
Ha10 100aBUTh — L1 9 = {v6 vl v3 v5 * *}. TakuM 06pa3OM Ha BBIXOJIE HOJLYINUM
Lys ={v6 vl v3 vb v2 vd}.

B pesy/ibrare ckpenuBanus HOMYJIAIMsT yBeIndanBaercs B 2 pasa (2 poaurelis
— 1 noromok ). Ho fasibIiie TpONCXO T CeJIEKITHs: Ha CJIe YOI 3Tall aJrOprTMa
IIPOXO/IAT TOJTBKO OTIpeIeIeHHasT 0I5 JIydImX (10 3HadeHno (huTHeC-(yHKIIN )
ocobeil n3 poInTeILCKO 1 jtoduepHeit nonysranuii. [Tpuaem cymMmma mporenToB J1st
obonx BujioB ocobeit papHsieTcss 100. Tax kak obe MOMYJISIUKM PaBHBI, TO OOIIast
HOIIYJISIIIUsT COKPATUTCSI B JIBa pa3a U CPABHSIETCS 110 KOJIMIECTBY ¢ HaYaJIbHOIA.



XyJmasl I0JI0BIHa 0TOOPaHHBIX 0CO0eil IojBepraeTcs MyTalul ¢ HEKOTOPOI
Josieit BepogTHOoCTH. MyTalus npeacTaBiger coboil epecTaHOBKY JIBYX CJIydaii-
HBIX TeHOB MecTamu. Hampumep mmeercs ocodb Ly = {v6 v2 vl v5 vd v3} u B
KadyecTBE MyTaIlUN [I€PBbIN I'eH MEHSIETCsI MECTOM C YeTBEPTHIM, MOJIYIaeTCsd 0COOb
LY = {v5 v2 vl v6 v4 v3}. Pasmep nomysanun He MeHseTCH.

B kauecTBe 11e/1eB0oit (DYHKIUN CIUTACTCST BEC Iy TH, IIPUYEM eC/in pebpo OTCyT-
cTByeT B rpade 1 KOHTPOJIbHOE pedPOo OTCYTCTBYET B IIyTH, K 3HAYEHUIO (DYHK-
un j1obaBisiercs mrpad (3aMeHsieTcst Ha Bec pebpa B MEPBOM CJIydae), PABHBII
JUIMHE IIyTH, YMHOXKEHHOI Ha YBeJMYEHHbIN Ha eJUHUIY MaKCUMaJbHBII Bec ped-
pa. [ITpad pobapisieTcs 3a Kakji0e OTCYTCTBUE, OH OJIHO3HAYHO OTJIE/IUT OCOOM,
KOTOpPbIE HE MOT'YT OBITH IyTsIMU B T'pade, OT MOTEHINAJbHBIX OTBETOB. B KOHIIE,
ecJi 3HadYeHue (PYHKINMK IPEeBBIIIacT mTpad, To eil npubdaB/isieTcsi KOHTPOJIbHBIIT
BeC ILTIOC OJINH, YTOOBI 0CcOOb He MOTJia ObITh BbIOpaHa B KadecTBe OTBeTa. Ha-
npumep, fgad rpad G = {(vl v2 4) (vl v3 5)} , MmakcuMasbHBIN Bec pebpa —
9, KOHTPOJIbHBIX pebep HeT, KOHTPoJIbHbI Bec — 50, Bec ocobu L = {v2 v3 vl}
pasuderca Wy = 3x10 + 5 + 4 + 50 + 1 = 90.

B kaudecTBe KpuTepueB 0CTaHOBKH PabOThI aJrOPUTMA SIBJIAETCS MaKCHMaJIb-
HOE KOJIMYECTBO UTepalnil U OTJINYNEe CPEIHEr0 Beca HOBO ITOIYJIAINNA OT CTapoOil
MeHbIIIe, YeM Ha HEKOTPOe 0.

B nporpamme ObLIN MCIIOJIB30BAHbBI CJIEIYIONINE TapaMeTPhL:

e MaxkcumasibHbIil Bec pebpa — 9

Pasmep momysranum — 30

BepositHocTs MyTanun ocodbu — 40%

Houg pogureneit B cesexunu — 60%

Maxkcumaabaoe KomdecTBo urepanmii — 10000

e Omymune Becos nonyJstiuit 6 = 0.00001



I'maBa 4

Buzyamzanus

Ha pannom srtane ObLim ucnosb3oBanbl 0ubsmorekn The Racket Graphical
Interface Toolkit, Plot, The Racket Drawing Toolkit. ITosib30BaTesto npempiaraer-
¢ BbIOpaTh BUJ rpada, KoJIMIecTBO BEPIINH B HEM U BCe ITapaMeTPhl i1 paboThI
reHeTHIecKoro ajropurMa. Kpome Toro MoxkKHO: yOpaTh IIOKa3 BeCoB pebdep, T.K.
1pu UX OOJIBIIIOM KOJINYECTBE TPY/IHO IMOHSTH KaKOil Bec K KakKoMy pebpy OTHOCHUT-
Cs1; 3aJ1aTh MeHePaIlnio KOHTPOJILHBIX pebep st paboThl aJropuTMa; YCTAHOBUTD
CKOPOCTD TOKa3a pe3yabraroB (puc. 4.1). Bee BXojHbIe TaHHBIE TPOBEPSAIOTCS HA
KOPPEKTHOCTD.

[Ipn makatun Ha KHONKY "3amycruth ajgroputm' reHepupyercst rpad, st
HEero pemiaeTcst 3a/1a49a 0 IOUCKe IaMIILTOHOBA, K18 MIHUMAJIbHOIO Beca, MeHb-
I1e KOHTPOJILHOI'O Beca, BKJIIOYAIOIIEro KOHTPOJIbHBIE pedpa. AJITOPUTM MOKA3bI-
BaeTcs 10 UTepalusiM, BbIBOJS MHMOPMAIUIO O JIydlleil u Xy/ueil ocodsx, a
Tak:Ke cpejHeM BecoM momyssiun (puc. 4.2). Takxke mokasbiBaeTcss CTaTHCTH-
Ka 00 M3MEHEHUN CPEJHEro Beca TOMYJIANNN Ha Kaxkjoit urepannu (puc. 4.3).

€D Genetic Algorithm — b

Buga rpada: | Moaneiii rpad ~
KonmuecTeo sepiunt

3

KoHTponsHelii Bec

100

Pasmep nomynaumm

30

BepoaTHocTe myTaunn

0.6

MpoueHT poauTenci

0.6

Makc. KonmuecTso uTepaLwii
10000

MpoueHT BEIXOAE M3 ANropUTMa
1e-003

[ KoHTponkHeie pebpa
Mokaswisats seca pebep

CropocTe: | CpeaHe ~
SanycTuTe anropuTm

Puc. 4.1: Ilpumep Hava8ibHOTO COCTOAHUS OKHA
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KonuMHecTen BepLumH

KoHTponsHend sec

Pasmep nomenaunu

BepoATHOCTE MyTalmm

MpoueHT poauTenei

Mlake, KONWMYECTED UTEpaLMI

MpoueHT BEIXOAE M3 AAFOPHTME

|| KoHTponsHele pefipa
|| Nokazwigats Beca pebep

Cropor: Ovememcrs

Puc. 4.2: [Ipumep paborbl mHTEepdeiica. 3eJeHbIM BbIJe/IeHa JIydlias 0coO0b Ha

JIAHHOI uTepanun

Cpennuii pec
—
A
1
1

—
=
|
!

Hrepamia

a0

Puc. 4.3: Crarucruka



I'1aBa 5

Pezynbrarhi

PesynbraTh! aJropuTMa Ha OMUCAHHBIX BBIIIE BXO/IHBIX TApaMeTPax OKa3a/nuCh
CJICLYIOIIMU:

e Cpeanuii IpoenT nIpoxoxKaeHust Tectos ~ 96%

e Cpejnee KojimuecTBO urepanuit ajaroputma =~ 700, a ciydanm BBIXOJa U3
AJITOPUTMA 110 MAKCUMAaJIbHOMY KOJIMIECTBY UTEPAINil € INHITIHBI

e Cpejgnee BpeMsi pabOThI aaropuTMa ~ 9 MUHYT Ha BCeX TecTax, JOJIbIIe
BCero aJropuT™ paboraer Ha rpadax-mukiax (A 30 ceKyHJ Ipu KoJmde-
crBe Bepuina > 20 ). Ho Tem He MeHee obImee BpeMst TOPa3i0 MEHbIIE, IeM
perenne 3a/1a4n nepebopHbIM aJropuT™MOM (R 9 MUHYT TOJBKO Ha TTOJIHBIX

rpadax)

[lannag peannszarus TeHETHUECKOTO aJrOPUTMa He HaXOJMJia BEPHBIN OTBET
B OCHOBHOM J1JisT TPaOB-IINKJIOB (ObLIN €IMHUTHBIE CJIydan Jiisi TTOJHBIX U CJTy-
YJaliHBIX I'padoB, KOIJa aJrOpUTM HAXOJMJI PelieHne, HO OHO He OBLIO JIyUIITIM,
TO €CTh B rpade CyIecTBOBaj MaMUJIBTOHOB UK/ ¢ MEHBIIIM BECOM). DTO 00b-
SICHSIETCS TeM, 9TO TPU OOJILIIIOM KOJIMYECTBE BEPINH OYeHb MaJja BEPOATHOCTD
refepalun ciaydaiiibiM odpasoM Tpada-nukia. B jganbHeiieM Mpu CKpernBa-
HUU ¥ MYTAITUU MOYKET CJIYUUTHCA TaK, UTO BCe I'padbl B MOMYJIAINN KaK He ObLIN
MUKJIAMU, TaK 1 OCTAJUCh, TO €CTh CPEJIHUIl Bce MOy He U3MEHUJICS, TOrJa
cpabaThIiBaeT OCTAHOBKA aJI'OPUTMa. BeposgTHOCTH 9TOr0 PACTET C yBeJINYeHHEM
qucsa BepinH B rpade. lannas mpobsiema periaeTcs, HAIIPUMED, YBEIUICHIEM
qucja 0coboit j1o 50, HO Toryia Bo3pacTaeT BpeMsi PabOThI aJropuTMa.
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SaKJ/JII0YeHue

PeamzoBannas Bepcus reHeTHIECKOTO aJTOPUTMa PelaeT MOCTABIeHHYIO 3a-
Jlady € BBICOKOI TOUHOCTBIO. TaK:Ke aJIrOpUTM BBIUTPBIBAECT Y PeIIeHus 1epedopoM
110 BPEMEHHU. DTO JOCTUTAETCs 3a CUET 3HAUUTEIbHOI'O COKpAIeHUs pacCMaTpH-
BaeMbIX ITOTEHIINAIbHBIX OTBETOB. Y BeJIMYEHNEe YNCJIa BEPIINH B rpade HEeCHIbHO
BJIMSIET Ha BpeMsl pabOThl I'eHEeTHIeCKOro aJropuTMa, B TO BpeMsi Kak y 1epedop-
HOTO OHO PaCTeT TI0 KCIOHeHTe. Tak Kak 3ajiada CeJIbCKOr0 MOUTAIboHa (KaK 1
MOXO02Kast 3a/1a1a KOMMUBOSIZKEPA) IPUHAJIEKUT Kiaccy N P, To MOXKHO CIUTATh,
9TO IeHeTUYCCKNIl aJITOPUTM YCIICIIHO C Heil CIIpaBUJICH.

11



IIpnnaoxxenme. Kon
IIPpOrpaMMBbl

JImctunr 5.1: I'enepanus TecTos

#lang scheme/base
(define (gen-vertex-name n)
(string->symbol (string-append "v" (number->string n))))

(define (weight)
(random 10))

(define folder "tests/")

(define (inc x)
(+ x 1))

(define (push Ist elem)
(if (not (member elem lst)) (cons elem lst) Ist))

(define (all-vertex graph)
(define (helper graph result)
(if (null? graph) result
(helper (cdr graph) (push (push result (caar graph)) (cadar graph)))))
(helper graph '()))

(define (vertex-neighbors vertex graph)
(define (helper edge)
(cond ((and (equal? (car edge) vertex) (mot (equal? (cadr edge) vertex)))
(cons (cadr edge) (caddr edge)))
((and (equal? (cadr edge) vertex) (not (equal? (car edge) vertex)))
(cons (car edge) (caddr edge)))
(e1se '())))
(if (not (member vertex (all-vertex graph))) '()
(filter (lambda (x) (not (null? x))) (map helper graph))))

(define (solver graph control-weight edge-list)
(define (find-hamiltonian-cycle start visited neighbors weight control-edges)
(if (null? neighbors) '()
(if (and (assoc start neighbors) (eq? (length (all-vertex graph))
(length visited)))
(let ((answer (list (reverse (comns start visited)) (+ weight (cdr
(assoc start mneighbors))))))
(if (and (null? (remove (list start (car visited))

12



(remove (list (car visited) start)
control-edges))) (not (> (cadr answer)
control-weight))) answer '()))

(if (member (caar neighbors) visited)
(find-hamiltonian-cycle start visited (cdr neighbors) weight

control-edges)

(let ((ansl (find-hamiltonian-cycle start
(cons (caar neighbors)

visited)
(vertex-neighbors (caar
neighbors) graph)
(+ weight (cdar neighbors))
(remove (list (caar
neighbors) (car visited))
(remove (list (car
visited) (caar
neighbors))
control-edges))))
(ans2 (find-hamiltonian-cycle start visited (cdr
neighbors) weight control-edges)))
(null? ansl) ans2)
(

null? ans2) ansl)
(< (cadr ansl) (cadr ans2)) ansl)

else ans2)))))))

(cond

(
(
(
(

(if (or (null? graph) (< control-weight 0)) #f
(let ((v-list (all-vertex graph)))
(if (null? (cdr v-list)) (list #t 0 v-list)
(let ((answer (find-hamiltonian-cycle (car v-list) (list
v-list)) (vertex-neighbors (car v-list) graph) 0 edge-list)))
(if (not (null? answer))
(list #t (cadr answer) (car answer)) #f))))))

(car

(define (gen-test-edges num-of-vertex)
(define (helper iters result)
(if (= iters 0) result
(let* ((nl (inc (random num-of-vertex))) (n2 (inc (random
num- of - vertex))) (new (list (gen-vertex-name nl) (gen-vertex-name

n2))))

(if (or (= nl n2) (member new result) (member (reverse new) result))
(helper iters result)
(helper (- iters 1) (cons new result))))))
(helper (random (max (+ (quotient num-of-vertex 2) 1) 1)) '()))

(define (gen-cycle n)
(define (helper n result)
(if (= n 1) result
(helper (- n 1) (cons (list (gen-vertex-name (- n 1)) (gen-vertex-name
n) (weight)) result))))
(if (> n 2)
(helper n (list (list
'0))

(define (gen-star n)
(define (helper n result)
(if (= n 1) result

(gen-vertex-name n) (gen-vertex-name 1) (weight))))
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(helper (- n 1) (coms (list (gen-vertex-name 1) (gen-vertex-name n)
(weight)) result))))
(if (> n 3)
(helper n '()) '()))

(define (gen-full n)
(define (helper n result)
(if (= n 1) result
(helper (- n 1) (foldr cons result (map (lambda (x) (list
(gen-vertex-name (inc x)) (gen-vertex-name n) (weight))) (build-list
(- n 1) values))))))
(cond ((= n 1) (list (list (gen-vertex-name 1) (gen-vertex-name 1) (weight))))
(> n 0) (helper n '()))))

(define (gen-random v-count)
(define (push elem list)
(if (and (not (equal? (car elem) (cadr elem)))
(not (assoc (cadr elem) (vertex-neighbors (car elem) list)))

(not (assoc (car elem) (vertex-neighbors (cadr elem) list))))
(cons elem list)

list))

(define (add-single graph)
(define all (all-vertex graph))
(foldr cons graph

(map (lambda (x) (list (gen-vertex-name x) (gen-vertex-name Xx)
(weight)))
(filter (lambda (x) (not (member (gen-vertex-name x) all)))
(build-list v-count inc)))))

(define (helper e-c v-c¢ result)
(if (= e-c 0)
(if (= (length (all-vertex result)) v-c) result (add-single result))
(helper (- e-c¢ 1) v-c¢ (push (list (gen-vertex-name (inc (random v-c)))
(gen-vertex-name (inc (random v-c¢))) (weight)) result))))
(if (> v-count 0)
(helper (/ (¥ (- v-count 1) v-count) 2) v-count '()) '()))

(define (gen-cycle-tests count)
(define num-of-vertex (+ count 2))
(define (summ-of-cycle cycle)

(foldl + 0 (map caddr cycle)))

(let ((cycle (gen-cycle num-of-vertex)) (w (+ (* num-of-vertex 5) (random (x
num- of - vertex 10)))))
(call-with-output-file (string-append folder "cycle-test-v" (number->string
num- of - vertex) ".in'")
(lambda (out)
(begin
(writeln cycle out)
(writeln w out)
(writeln '() out)))
#:exists 'truncate)
(call-with-output-file (string-append folder "cycle-test-v" (number->string
num- of - vertex) ".out'")
(lambda (out)
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(if (< w (summ-of-cycle cycle))
(write #f out)
(begin
(writeln #t out)
(writeln (summ-of-cycle cycle) out)
(write (cons (gen-vertex-name 1) (map cadr cycle)) out))))
#:exists 'truncate))
(if (> count 1)
(gen-cycle-tests (- count 1)) '()))

(define (gen-star-tests count)
(define num-of-vertex (+ count 3))
(call-with-output-file (string-append folder
num- of - vertex) ".in")
(lambda (out)
(begin
(writeln (gen-star num-of-vertex) out)
(writeln (random (% num-of-vertex 10)) out)
(write (gen-test-edges num-of-vertex) out)))
#:exists 'truncate)
(call-with-output-file (string-append folder "star-test-v" (number->string
num- of - vertex) ".out")
(lambda (out)
(write #f out))
#:exists 'truncate)
(if (> count 1)
(gen-star-tests (- count 1)) '()))

n N

star-test-v" (number->string

(define (gen-full-tests count)
(for ([1i (build-1list 5 inc)])
(Let ((full (gen-full count)) (weight (+ (% count 5) (random (* count
10)))) (edges (gen-test-edges count)))
(call-with-output- file (string-append folder "full-test-v"
(number->string count) "-" (number->string i) ".in")
(lambda (out)
(begin
(writeln full out)
(writeln weight out)
(writeln edges out)))
#:exists 'truncate)
(call-with-output-file (string-append folder "full-test-v"
(number->string count) "-" (number->string i) ".out")
(lambda (out)
(let ((answer (solver full weight edges)))
(if answer
(begin
(writeln (car answer) out)
(writeln (cadr answer) out)
(write (caddr answer) out))
(write #f out))))
#:exists 'truncate)
))
(if (> count 1)
(gen-full-tests (- count 1)) '()))

(define (gen-random-tests count)
(for ([i (build-1list 5 inc)])

15



(let ((rnd (gen-random count)) (weight (+ (% count 5) (random (* count
10)))) (edges (gen-test-edges count)))
(call-with-output-file (string-append folder "random-test-v"
(number->string count) "-" (number->string i) ".in")
(lambda (out)
(begin
(writeln rnd out)
(writeln weight out)
(writeln edges out)))
#:exists 'truncate)
(call-with-output-file (string-append folder "random-test-v"
(number->string count) "-" (number->string i) ".out'")
(lambda (out)
(let ((answer (solver rnd weight edges)))
(if answer
(begin
(writeln (car answer) out)
(writeln (cadr answer) out)
(write (caddr answer) out))
(write #f out))))
#:exists 'truncate)
))
(if (> count 1)
(gen-random-tests (- count 1)) '()))

(define (gen-tests)
(call-with-output-file "testsLog.txt"
(lambda (out)
(define alltime (current-seconds))
(define timeC (current-seconds))
(gen-cycle-tests 25) ;25
(display "CYCLE-TESTS-GENERATED, TIME_ELAPSED_ (sec):_" out)
(displayln (- (current-seconds) timeC)out)
(define timeS (current-seconds))
(gen-star-tests 15) ;25 + 15 = 40
(display "STAR-TESTS-GENERATED, _TIME_ELAPSED_ (sec):." out)
(displayln (- (current-seconds) timeS)out)
(define timeF (current-seconds))
(gen-full-tests 10) ;40 + 5 % 10 = 90
(display "FULL-TESTS-GENERATED, 'TIME_ELAPSED_ (sec):_" out)
(displayln (- (current-seconds) timeF)out)
(define timeR (current-seconds))
(gen-random- tests 12) ;90 + 5 * 12 150
(display "RANDOM-TESTS-GENERATED, -TIME_ELAPSED_ (sec):_" out)
(displayln (- (current-seconds) timeR)out)
(display "ALL-TESTS-GENERATED, TIME_ELAPSED_ (sec):_" out)
(display (- (current-seconds) alltime)out))
#:exists 'truncate))

(gen-tests)

Jlmcrunr 5.2: I'enerndecknit aaropuTm

#lang scheme/base
(define pop-size 30)
(define mutate-prob 0.6)
(define par-percent 0.6)
(define max-iter 10000)
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(define exit-percent 0.00001)

(define (genetic-algorithm graph
control-weight
control-edges
pop-size
mutate-prob
par-percent
max-iter
exit-percent)

(define daughter-percent (- 1 par-percent))

(define (push 1st elem)
(if (not (member elem lst)) (cons elem lst) Ist))

(define (all-vertex graph)
(define (helper graph result)
(if (null? graph) result
(helper (cdr graph) (push (push result (caar graph)) (cadar graph)))))
(helper graph '()))

(define (pick-random lst)
(list-ref 1lst (random (length Ist))))

(define (slice lst start count)
(define (get-n-items lst num)
(if (and (> num 0) (not (null? Ist)))
(cons (car lst) (get-n-items (cdr lst) (- num 1))) '()))
(if (> start 0)
(slice (cdr lst) (- start 1) count)
(get-n-items lst count)))

(define (path-weight path)
(define penalty (% (length path) 10))
(define (find-weight edge)
(define (helper x)
(if (or (and (equal? (car x) (car edge)) (equa17 (cadr x) (cdr edge)))
(and (equal? (car x) (cdr edge)) (equal? (cadr x) (car edge))))
(if (equal? (car edge) (cdr edge)) 0 (caddr x)) '()))
(filter (lambda (x) (mot (null? x))) (map helper graph)))

(define (helper path result)
(if (null? (cdr path)) result
(let ((w (find-weight (cons (car path) (cadr path)))))
(if (null? w)
(helper (cdr path) (+ penalty result))
(helper (cdr path) (+ (car w) result))))))
(helper (cons (car path) (reverse path)) 0))

(define (fitness-function individ)
(define penalty (* (length individ) 10))
(define (check-edges path)
(define (find-next y)
(cadr (member y path)))
(define (find-control x)
(ormap equal? (map find-next x) (reverse x)))
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(* (length (filter (lambda (z) (mot z)) (map find-control
control-edges))) penalty))
(let ((res (+ (path-weight individ) (check-edges (cons (car individ)
(reverse individ))))))
(if (> res penalty)
(+ res control-weight 1)

res)))

(define (fitness-pop population)
(define (results x)
(cons x (fitness-function x)))
(sort (map results population) > #:key (lambda (x) (cdr x))))

(define (selection par-pop daughter-pop)
(let ((par-threshold (- (length par-pop)(round (x (length par-pop)
par-percent))))
(daughter-threshold (- (length daughter-pop) (round (% (length
daughter-pop) daughter-percent)))))
(append (slice (map car (fitness-pop par-pop)) par-threshold (- (length
par-pop) par-threshold))
(slice (map car (fitness-pop daughter-pop)) daughter-threshold (-
(length daughter-pop) daughter-threshold)))))

(define (gen-first-pop n graph)
(define (fact n)
(if (=n 0) 1

(* n (fact (- n 1)))))

(define (helper vertices n result)
(define (gen-random-list vertices result)
(if (null? vertices) result
(let ((rnd (pick-random vertices)))
(gen-random- list (remove rnd vertices) (cons rnd result)))))
(if (= n 0) result
(let ((current (gen-random-list vertices '())))
(if (member current result)
(helper vertices n result)
(helper vertices (- n 1) (cons current result))))))
(let ((vertices (all-vertex graph)))
(if (> n (fact (length vertices)))
(helper vertices (length vertices) '())
(helper vertices n '()))))

(define (cross-pop population)
(define (cross parl par2)
(define (fill Istl 1st2 to from tmp)
(cond ((or (null? 1st2) (= (+ (length 1stl) (length tmp)) (length
parl))) (append tmp lstl))
((member (car 1st2) lstl) (fill 1stl (cdr 1st2) to from tmp))
((> to 0) (fill 1stl (cdr 1st2) (- to 1) from (cons (car lst2)
tmp) )
((> from 0) (fill (append lstl (list (car 1st2))) (cdr lst2) to
(- from 1) tmp))))
(let* ((n (quotient (length parl) 2)) (g (random (- (length parl) n -1)))
(child (slice par2 g n)))
(fill child (reverse parl) g (- (length parl) g n) '())))
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(define (helper pop result)
(if (null? pop) result
(helper (cdr pop) (cons (cross (car pop) (pick-random population))
result))))
(helper population '()))

(define (mutate-pop population)
(define (mutate individ)
(define (swap indl ind2 lIst)
(append (slice 1lst 0 indl) (list (list-ref lst ind2)) (slice lst (+
indl 1) (- ind2 indl 1)) (list (list-ref lst indl)) (slice Ist (+
ind2 1) (- (length 1st) ind2 -1))))
(define (gen-other-index index)
(let ((mew (random (length individ))))
(if (= index new) (gen-other-index index) new)))
(let* ((indexl (random (length individ))) (index2 (gen-other-index
index1)))
(if (> index2 indexl1)
(swap indexl index2 individ)
(swap index2 indexl individ))))

(define (helper population result)
(if (null? population) result
(if (> (random) mutate-prob)
(helper (cdr population) (cons (mutate (car population)) result))
(helper (cdr population) (cons (car population) result)))))
(let* ((sorted-pop (map car (fitness-pop population))) (half (quotient
(length sorted-pop) 2)))
(append (helper (slice sorted-pop 0 half) '()) (slice sorted-pop half (-
(length sorted-pop) half)))))

(define (population-weight population)
(/ (foldl + 0 (map fitness-function population)) (length population) 1.0))

(define (evolution population iter total-sum)
(if (or (= iter max-iter) (= total-sum -1))
(let ((answer (car (reverse (fitness-pop population)))))
(if (> (cdr answer) control-weight) (list iter #f)
(if (null? (cdar answer))
(list iter #t (cdr answer) (car answer))
(list iter #t (cdr answer) (cons (car (car answer)) (reverse
(car answer)))))))
(let* ((new-pop (mutate-pop (selection population (cross-pop
population))))
(new-weight (population-weight new-pop)))
(if (not (> (abs (- total-sum new-weight)) (% exit-percent
total-sum)))
(evolution new-pop (+ iter 1) -1)
(evolution new-pop (+ iter 1) new-weight)))))
(let ((first (gen-first-pop pop-size graph)))
(evolution first 1 (population-weight first))))

(define (cmd-parser)
(define (parse file)
(call-with-input- file file
(lambda (in)
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(list (read in) (read in) (read in)))))

(define (display-list lst)
(if (null? Ist) '()
(begin (displayln (car lst)) (display-list (cdr 1st)))))

(let ((cmd (vector->list (current-command-line-arguments))))
(cond ((null? ecmd) (display "EMPTY"))
((not (null? (cdr emd))) (display "EXPECTED_1_ARGUMENT"))
(else (let ((args (parse (car cmd))))
(let ((answer (genetic-algorithm (car args) (cadr args)

(caddr args) pop-size mutate-prob par-percent max-iter
exit-percent)))
(display-list answer)))))))

(cmd- parser)

JImeruar 5.3: I'enerndecknit aaropuTm

#lang scheme/base
(require racket/gui)
(require plot)

;genetic-algorithm

(define (genetic-algorithm graph
control-weight
control-edges
pop-size
mutate-prob
par-percent
max-iter
exit-percent)

(define daughter-percent (- 1 par-percent))

(define (push lst elem)
(if (not (member elem lst)) (cons elem lst) Ist))

(define (all-vertex graph)
(define (helper graph result)
(if (null? graph) result
(helper (cdr graph) (push (push result (caar graph)) (cadar graph)))))
(helper graph '()))

(define (pick-random Ist)
(list-ref 1lst (random (length Ist))))

(define (slice 1st start count)
(define (get-n-items lst num)
(if (and (> num 0) (not (null? Ist)))
(cons (car lst) (get-n-items (cdr Ist) (- num 1))) '()))
(if (> start 0)
(slice (cdr lst) (- start 1) count)
(get-n-items lst count)))

(define (path-weight path)
(define penalty (x (length path) 10))
(define (find-weight edge)
(define (helper x)
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(if (or (and (equal? (car x) (car edge)) (equal? (cadr x) (cdr edge)))
(and (equal? (car x) (cdr edge)) (equal? (cadr x) (car edge))))
(if (equal? (car edge) (cdr edge)) 0 (caddr x)) '()))
(filter (lambda (x) (mot (null? x))) (map helper graph)))

(define (helper path result)
(if (null? (cdr path)) result
(let ((w (find-weight (cons (car path) (cadr path)))))
(if (null? w)
(helper (cdr path) (+ penalty result))
(helper (cdr path) (+ (car w) result))))))
(helper (cons (car path) (reverse path)) 0))

(define (fitness-function individ)
(define penalty (* (length individ) 10))
(define (check-edges path)
(define (find-next y)
(cadr (member y path)))
(define (find-control x)
(ormap equal? (map find-next x) (reverse x)))
(# (length (filter (lambda (z) (mot z)) (map find-control
control-edges))) penalty))
(let ((res (+ (path-weight individ) (check-edges (cons (car individ)
(reverse individ))))))
(if (> res penalty)
(+ res control-weight 1)

res)))

(define (fitness-pop population)
(define (results x)
(cons x (fitness-function x)))
(sort (map results population) > #:key (lambda (x) (cdr x))))

(define (selection par-pop daughter-pop)
(let ((par-threshold (- (length par-pop)(round (x (length par-pop)
par-percent))))
(daughter-threshold (- (length daughter-pop) (round (x (length
daughter-pop) daughter-percent)))))
(append (slice (map car (fitness-pop par-pop)) par-threshold (- (length
par-pop) par-threshold))
(slice (map car (fitness-pop daughter-pop)) daughter-threshold (-
(length daughter-pop) daughter-threshold)))))

(define (gen-first-pop n graph)
(define (fact n)
(if (=n 0) 1

(+ m (fact (- n 1)))))

(define (helper vertices n result)
(define (gen-random-list vertices result)
(if (null? vertices) result
(let ((rnd (pick-random vertices)))
(gen-random- list (remove rnd vertices) (cons rnd result)))))
(if (= n 0) result
(let ((current (gen-random-list vertices '())))
(if (member current result)
(helper vertices n result)
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(helper vertices (- n 1)

(let ((vertices (all-vertex graph)))

(if (> n (fact (length vertices)))

(helper vertices (length vertices) '())
(helper vertices n '()))))

(cons current result))))))

(define (cross-pop population)
(define (cross parl par2)
(define (fill Istl 1st2 to from tmp)
(cond ((or (null? 1st2) (= (+ (length lstl) (length tmp)) (length
parl))) (append tmp lstl))
((member (car lst2) lstl) (fill 1stl (cdr 1st2) to from tmp))
((> to 0) (fill 1stl (cdr 1st2) (- to 1) from (cons (car lst2)
tmp) )
((> from 0) (fill (append lstl (list (car 1st2))) (cdr lst2) to

(- from 1) tmp))))

(let* ((n (quotient (length parl) 2)) (g (random (- (length parl) n -1)))
(child (slice par2 g n)))
(fill child (reverse parl) g (- (length parl) g n) '())))

(define (helper pop result)
(if (null? pop) result
(helper (cdr pop) (cons (cross (car pop) (pick-random population))
result))))
(helper population '()))

(define (mutate-pop population)
(define (mutate individ)
(define (swap indl ind2 lIst)
(append (slice 1lst 0 indl) (list (list-ref lst ind2)) (slice lst (+
indl 1) (- ind2 indl 1)) (list (list-ref 1lst indl)) (slice Ist (+
ind2 1) (- (length 1st) ind2 -1))))
(define (gen-other-index index)
(let ((mew (random (length individ))))
(if (= index new) (gen-other-index index) new)))
(let* ((indexl (random (length individ))) (index2 (gen-other-index
index1)))
(if (> index2 indexl)
(swap indexl index2 individ)
(swap index2 indexl individ))))

(define (helper population result)
(if (null? population) result
(if (> (random) mutate-prob)
(helper (cdr population) (cons (mutate (car population)) result))
(helper (cdr population) (cons (car population) result)))))
(let* ((sorted-pop (map car (fitness-pop population))) (half (quotient
(length sorted-pop) 2)))
(append (helper (slice sorted-pop 0 half) '()) (slice sorted-pop half (-
(length sorted-pop) half)))))

(define (population-weight population)
(/ (foldl + 0 (map fitness-function population)) (length population) 1.0))

(define (info population)
(let ((sorted-pop (fitness-pop population)))
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(list (car sorted-pop) (car (reverse sorted-pop)) (quotient (foldl + 0
(map cdr sorted-pop)) (length sorted-pop)))))

(define (evolution population iter total-sum results)
(if (or (= iter max-iter) (= total-sum -1))

(let ((answer (car (reverse (fitness-pop population)))))
(if (> (cdr answer) control-weight) (list results (lis

graph)

(if (null? (cdar answer))
(
(

t iter #f)

list results (list iter #t (cdr answer) (car answer)) graph)
list results (list iter #t (cdr answer) (cons (car (car
answer)) (reverse (car answer)))) graph))))
(let* ((new-pop (mutate-pop (selection population (cross-pop
population))))
(new-weight (population-weight new-pop)))
(if (mot (> (abs (- total-sum new-weight)) (% exit-percent
total-sum)))
(evolution new-pop (+ iter 1) -1 (append results (list (info

new-pop))))
(evolution new-pop (+ iter 1) new-weight (append results (list

(info new-pop))))))))
(let ((first (gen-first-pop pop-size graph)))
(evolution first 1 (population-weight first) (list (info first)))))

;gen-graphs
(define (gen-vertex-name n)
(string->symbol (string-append "v" (number->string n))))

(define (weight)
(random 10))

(define (inc x)
(+ x 1))

(define (push lst elem)
(if (not (member elem lst)) (cons elem lst) Ist))

(define (all-vertex graph)
(define (helper graph result)
(if (null? graph) (reverse result)
(helper (cdr graph) (push (push result (caar graph)) (cadar graph)))))

(helper graph '()))

(define (vertex-neighbors vertex graph)
(define (helper edge)
(cond ((and (equal? (car edge) vertex) (mot (equal? (cadr edge) vertex)))
(cons (cadr edge) (caddr edge)))
((and (equal? (cadr edge) vertex) (not (equal? (car edge) vertex)))
(cons (car edge) (caddr edge)))
(e1se '())))
(if (not (member vertex (all-vertex graph))) '()
(filter (lambda (x) (not (null? x))) (map helper graph))))

(define (gen-test-edges num-of-vertex)

(define (helper iters result)
(if (= iters 0) result
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(let* ((nl (inc (random num-of-vertex))) (n2 (inc (random
num- of - vertex))) (new (list (gen-vertex-name nl) (gen-vertex-name
n2))))
(if (or (= nl n2) (member new result) (member (reverse new) result))
(helper iters result)
(helper (- iters 1) (cons new result))))))
(helper (random (max (+ (quotient num-of-vertex 2) 1

(define (gen-cycle n)
(define (helper n result)
(if (= n 1) result
(helper (- n 1) (cons (list (gen-vertex-name (- n 1)) (gen-vertex-name
n) (weight)) result))))
(if (> n 2)
(helper n (list (list (gen-vertex-name n) (gen-vertex-name 1) (weight))))

'0))

(define (gen-star n)
(define (helper n result)
(if (= n 1) result
(helper (- n 1) (cons (list (gen-vertex-name 1) (gen-vertex-name n)
(weight)) result))))
(if (> n 3)
(helper n '()) '()))

(define (gen-full n)
(define (helper n result)
(if (= n 1) result
(helper (- n 1) (foldr cons result (map (lambda (x) (list
(gen-vertex-name (inc x)) (gen-vertex-name n) (weight))) (build-1list

(- n 1) values))))))

(cond ((= n 1) (list (list (gen-vertex-name 1) (gen-vertex-name 1) (weight))))
((> n 0) (helper n '()))))

(define (gen-random v-count)
(define (push elem list)
(if (and (not (equal? (car elem) (cadr elem)))
(not (assoc (cadr elem) (vertex-neighbors (car elem) list)))
(not (assoc (car elem) (vertex-neighbors (cadr elem) list))))
(cons elem list)
list))

(define (add-single graph)
(define all (all-vertex graph))
(foldr cons graph
(map (lambda (x) (list (gen-vertex-name x) (gen-vertex-name x)
(weight)))
(filter (lambda (x) (not (member (gen-vertex-name x) all)))
(build-list v-count inc)))))

(define (helper e-c v-c¢ result)
(if (= e-c 0)
(if (= (length (all-vertex result)) v-c) result (add-single result))
(helper (- e-c 1) v-c¢ (push (list (gen-vertex-name (inc (random v-c)))
(gen-vertex-name (inc (random v-c¢))) (weight)) result))))
(if (> v-count 0)
(helper (/ (x (- v-count 1) v-count) 2) v-count '()) '()))
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;gui
(define (gui)

(define red (make-object color% 221 0 0))
(define green (make-object color% 0 170 0))
(define white (make-object color% 255 255 255))
(define grey (make-object color% 192 192 192))
(define blue (make-object color% 0 128 255))
(define pic-height 600)

(define pic-width 850)
(define sphere 45)

(define pop-size 30)

(define mutate-prob 0.6)
(define par-percent 0.6)
(define max-iter 10000)
(define exit-percent 0.00001)

(define (check-pop-size)
(define (helper value)
(let ((val (string->number value)))
(cond ((or (mot val) (mot (integer? wval))) "memoe_uncino_or_1_mo_50")
((or (< wval 1) (> wval 50)) "or_l_mo_50")
(e1se '()))))
(let ((check (helper (send i-pop-size get-value))))
(if (not (null? check))
(begin
(send i-pop-size set-field-background red)
(send i-pop-size set-value check)
A1)
(begin (send i-pop-size set-field-background green) #t))))

(define (check-mutate-prob)
(define (helper value)
(let ((val (string->number value)))
(cond ((or (mot val) (mot (real? wval))) "seur. _uucioo_or_0_mo_1")
((or (< val 0) (> val 1)) "or_O_mo_1")
(e1se '()))))
(let ((check (helper (send i-mutate-prob get-value))))
(if (not (null? check))
(begin
(send i-mutate-prob set-field-background red)
(send i-mutate-prob set-value check)
#f)
(begin (send i-mutate-prob set-field-background green) #t))))

(define (check-par-percent)
(define (helper value)
(let ((val (string->number value)))
(cond ((or (mnot val) (mot (real? wval))) "sem._uncioo_or_0_mo_1")
((or (< val 0) (> val 1)) "or_0O_mo_1")
(e1se '()))))
(let ((check (helper (send i-par-percent get-value))))
(if (not (null? check))
(begin
(send i-par-percent set-field-background red)
(send i-par-percent set-value check)

#t)
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(begin (send i-par-percent set-field-background green) #t))))

(define (check-max-iter)
(define (helper value)
(let ((val (string->number value)))
(cond ((or (mot val) (mot (integer? wval))) "memoe_wucino_or_1_mo_10000")
((or (< wval 1) (> wval 10000)) "or_1l_mo_10000")
(e1se '()))))
(let ((check (helper (send i-max-iter get-value))))
(if (not (null? check))
(begin
(send i-max-iter set-field-background red)
(send i-max-iter set-value check)
1)
(begin (send i-max-iter set-field-background green) #t))))

(define (check-exit-percent)
(define (helper value)
(let ((val (string->number value)))
(cond ((or (mot val) (mot (real? wval))) "seur _uucioo_or_0_mo_1")
((or (< val 0) (> val 1)) "or_0O_go_1")
(else '()))))
(let ((check (helper (send i-exit-percent get-value))))
(if (not (null? check))
(begin
(send i-exit-percent set-field-background red)
(send i-exit-percent set-value check)
)
(begin (send i-exit-percent set-field-background green) #t))))

(define (check-vertices-num)
(define (helper type value)
(let ((val (string->number value)))
(cond ((or (mnot val) (mot (integer? wval))) "mesnoe_uncno')
((equal? type "Ilojmniii_rpad")
(if (or (< wval 1) (> wval 10)) "or_l_go_10" '()))
(equal? type "I'pab-ssesma')
(if (or (< val 4) (> val 25)) "or_4_m0_25" '()))
((equal? type "I'pad-ruka")
(if (or (< wval 3) (> wval 25)) "or_3_0.25" '()))
(equal? type "Cuoyuaiinbiii_rpad")
(if (or (< wval 1) (> wval 12)) "or_l_no_12" "'())))))
(let ((check (helper (send graph-type get-string-selection) (send
vertices-num get-value))))
(if (not (null? check))
(begin
(send vertices-num set-field-background red)
(send vertices-num set-value check)
4£)
(begin (send vertices-num set-field-background green) #t))))

(define (check-control-weight)
(define (helper value)
(let ((val (string->number value)))
(cond ((or (mnot val) (mot (integer? wval))) "mesoe_uncino_or_1_no_1000")
((or (< wval 1) (> wval 1000)) "or_l_mo_1000")

(else '()))))
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(let ((check (helper (send control-weight get-value))))
(if (mot (null? check))
(begin
(send control-weight set-field-background red)
(send control-weight set-value check)
A1)
(begin (send control-weight set-field-background green) #t))))

(define (check-info)
(member #f (list (check-vertices-num)
(check-control-weight)
(check-pop-size)
(check-mutate-prob)
(check-par-percent)
(check-max-iter)
(check-exit-percent))))
(define (gen-graph num)
(let ((type (send graph-type get-string-selection)))
(cond ((equal? type "Ilosuwii_rpad") (gen-full num))
((equal? type "I'pad-s3Besna") (gen-star num))
((equal? type "TI'pad-nukn") (gen-cycle num))
((equal? type "Cayuaiinsii_rpad") (gen-random num)))))

(define (need-edges v-count)
(if (send gen-edges get-value)
(gen-test-edges v-count) '()))

(define (get-coords vertices alpha coef coords radius type)
(define (helper 1st alpha coef)
(if (null? Ist) '()

(cons (cons (car 1st) (cons (+ (car coords) (* radius (sin
(degrees->radians alpha)))) (- (edr coords) (* radius (cos
(degrees->radians alpha))))))

(helper (cdr Ist) (+ alpha coef) coef))))
(if type
(helper vertices alpha coef)
(cons (cons (car vertices) (comns (car coords) (cdr coords))) (helper
(cdr vertices) alpha coef))))

(define (visualize type result graph v-coords coords radius control-edges spd)
(define (draw-answer ans)
(send dc draw-text (string-append "UMrepanusa:." (number->string (car
ans))) 0 535)
(send dc draw-text "Owrser:_" 0 550)
(if (cadr ans)
(begin
(send dc draw-text "Jla" 55 550)
(send dc draw-text (string-append "Bec:_'
ans))) 0 565)
(send dc draw-text (string-append "Ilyrs:_." (Ta (cadddr ans))) 0
580))
(send dc draw-text "Her" 55 550)))

!

(number->string (caddr

(define (make-full-path path)
(cons (car path) (reverse path)))
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(define (get-stats st)
(define (helper stats iter results)
(if (null? stats) (reverse results)
(helper (cdr stats) (+ iter 1) (cons (list iter (caddar stats))
results))))
(helper st 1 '()))

(define (draw stats iter)
(define (draw-graph)
(define (draw-edges graph)
(if (null? graph) '()
(if (not (equal? (caar graph) (cadar graph)))
(begin
(let* ((cl (cdr (assoc (caar graph) v-coords))) (c2 (cdr
(assoc (cadar graph) v-coords))) (rnd (quotient (round
(abs (- (cdr ¢2) (edr cl)))) 15)))
(send dc set-pen "black" 3 'hilite)
(send dc draw-line (+ (car cl) (/ sphere 2)) (+ (cdr cl)
(/ sphere 2)) (+ (car c¢2) (/ sphere 2)) (+ (cdr c2) (/
sphere 2)))
(if (send show-weight get-value)
(send dc draw-text (number->string (caddar graph)) (-
(/ (+ (car ¢l) (car ¢2) sphere) 2) rnd) (- (/ (+
(cdr ¢1) (cdr c2) sphere) 2) rnd)) '())
(send dc set-pen "black" 3 'solid))
(draw-edges (cdr graph))) '())))

(define (draw-path path)
(if (or (null? (cdr path)) (equal? (car path) (cadr path))) '()
(begin
(let ((cl (cdr (assoc (car path) v-coords))) (c2 (cdr (assoc
(cadr path) v-coords))))
(send dc set-pen green 3 'short-dash)
(send dc draw-line (+ (car cl) (/ sphere 2)) (+ (cdr cl) (/
;??fre 2)) (+ (car c2) (/ sphere 2)) (+ (cdr ¢2) (/ sphere

(send dc set-pen "black" 3 'solid))
(draw-path (cdr path)))))

(define (draw-vertices v-coords)
(if (null? v-coords) '()

(begin
(send dc draw-ellipse (cadar v-coords) (cddar v-coords) sphere
sphere)

(send dc set-font (make-object font% 14 'roman 'normal 'bold))
(send dc draw-text (symbol->string (caar v-coords)) (+ (cadar
v-coords) 10) (- (cddar v-coords) -10))
(draw-vertices (cdr v-coords)))))
(send dc set-brush blue 'xor)
(send dc set-pen "black" 3 'solid)
(draw- vertices v-coords)
(draw-edges graph)
(draw-path (make- full-path (caadar stats))))
(if (null? stats) '()
(begin
(send dc clear)
(send dc set-font (make-object font% 12 'roman 'normal 'bold))
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(draw-answer (cadr result))
(if (not (null? control-edges))

(send dc draw-text (string-append "Kounrpossuoie_péopa:_." (Ta
control-edges)) 0 90) '())
(send dc draw-text (string-append "Urepamnusg:_" (number->string
iter)) 0 0)

(send dc draw-text "Jlyumas_ocobn_-_Ilyre:_" 0 15)
(send dc set-text-foreground green)
(send dc draw-text (Ta (make-full-path (caadar stats))) 160 15)
(send dc set-text-foreground "black™)
(send dc draw-text "Bec:_" 124 30)
(send dc set-text-foreground green)
(send dc draw-text (number->string (cdadar stats)) 160 30)
(send dc set-text-foreground "black™)
(send dc draw-text "Xymmas_ocobn_-_Ilyre:_ " 0 45)
(send dc set-text-foreground red)
(send dc draw-text (Ta (make-full-path (caaar stats))) 160 45)
(send dc set-text-foreground "black™)
(send dc draw-text "_Bec:_" 118 60)
(send dc set-text-foreground red)
(send dc draw-text (number->string (cdaar stats)) 160 60)
(send dc set-text-foreground "black")
(send dc draw-text "Cpejnee_suauenne_durnaec-byuaxnun:_" 0 75)
(send dc set-text-foreground "blue")
(send dc draw-text (number->string (caddar stats)) 265 75)
(send dc set-text-foreground "black™)
(draw-graph)
(send picture set-label target)
(if (nmot (null? (cdr stats)))
(sleep spd) '())
(draw (cdr stats) (+ iter 1)))))

(draw (car result) 1)

(define

targ (plot-bitmap (lines (get-stats (car result))) #:x-min 0

#:y-min 0 #:x-label "lUrepamua" F#:y-label "Cpemnunii_sec" #:width 800
#:height 600))

(send pl

set-label targ)

(send ploting show #t)
(send frame show #t))

(define (start-genetics)
(map (lambda (x) (send x enable #f)

(

send x set-field-background grey)) (cdr inputs))

send gen-edges enable #f)
send show-weight enable #f)

send st

art enable #f)

send end enable #t)

send dc set-font (make-object font% 18 'default))
send dc draw-text "Barpyska_pesyasratos...” 0 0)
send picture set-label target)

let* ((

(
(
(
(
(send dc clear)
(
(
(
(

values (map (lambda (x) (string->number (send x get-value))) (cdr

inputs)))

(
(
(
(

graph (gen-graph (car values))) (edges (need-edges (car values)))
all (all-vertex graph))
coords (cons (/ pic-width 2)

(/ (+ pic-height 100 -65) 2)))
radius (/ (- pic-height 200) 2)

)
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(type (not (equal? (send graph-type get-string-selection)
"Tpad-3Besga"))))
(visualize type

(genetic-algorithm graph (cadr values) edges (caddr values)
(cadddr values) (car (cddddr values)) (cadr (cddddr
values)) (caddr (cddddr values)))

graph

(get-coords all 0 (/ 360 (length all)) coords radius type)

coords radius edges

(- 2 (send speed get-selection)))))

(define (end-genetics)

(send ploting show #f)
(map (lambda (x) (send x enable #t)

(send x set-field-background white)) (cdr inputs))
(send ploting show #f)
(send gen-edges enable #t)
(send show-weight enable #t)
(send dc clear)
(send picture set-label target)
(send start enable #t)
(send end enable #f))

(define frame (new frame% [label "Genetic_Algorithm"] [width 1024] [height
600] [alignment (list 'right 'top)] [style (list 'no-resize-border)]))

(define main-panel (new horizontal-panel% |[parent frame]| [style (list
"border)| [alignment (list 'right 'top)] [stretchable-height #f]
[stretchable-width #t]))

(define target (make-object bitmap% pic-width pic-height))

(define dc (new bitmap-dc% [bitmap target]))

(send dc set-background (make-object color% 176 224 230))

(send dc clear)

(define picture (new message% [label target] [parent main-panel] [auto-resize
#f] [stretchable-height #t] [stretchable-width #t]))

(define info-panel (new vertical-panel% [parent main-panel| [style (list
"border)| [alignment (list 'right 'top)]| [stretchable-height #t]
[stretchable-width #f]))

(define graph-type (new choice%

[label "Bun_rpada:_"] [parent info-panel| [choices
(list "Honmwii_rpad" "TI'pad-ssesga" "I'pad-muka"
"Couyuaaitasii_rpad ") ] [horiz-margin 10| [min-width
200] [stretchable-width #f]))

(define vertices-num (new text-field%

[label "Koauuecrso_sepmmu"] [parent info-panel]
[init-value "3"] [style (list 'single
'vertical-label)] [horiz-margin 10] [min-width
200] [stretchable-width #f]))

(define control-weight (new text-field%

[label "Konrpossnsiii_sec"] [parent info-panel]
[init-value "100"] [style (list 'single
'vertical-label)] [horiz-margin 10] [min-width
200] [stretchable-width #f]))

(define i-pop-size (new text-field%

[label "Pasmep_nonynsmun'"] [parent info-panel]
[init-value (number->string pop-size)]| [style
(list 'single 'vertical-label)]| [horiz-margin 10]
[min-width 200] [stretchable-width #f]))

30



(define i-mutate-prob (new text-field%

[label "Beposruocrs_myranun"] [parent info-panel]
[init-value (number->string mutate-prob) ]
[style (list 'single 'vertical-label)]
[horiz-margin 10] [min-width 200]
[stretchable-width #f]))

(define i-par-percent (new text-field%

[label "IIponenr_pojurencii"] [parent info-panel]
[init-value (number->string par-percent)]
[style (list 'single 'vertical-label)]
[horiz-margin 10] [min-width 200]
[stretchable-width #f]))

(define i-max-iter (new text-field%
[label "Maxc._komuuecrso_urepanuii| [parent
info-panel] [init-value (number->string max-iter)|

[style (list 'single 'vertical-label)]

[horiz-margin 10] [min-width 200]

[stretchable-width #f]))

(define i-exit-percent (new text-field%

[ label "IIpomenr_sbixoma _us_ajgropurma’” ] [ parent
info-panel| [init-value (number->string
exit-percent)]| [style (list 'single
"vertical-label)] [horiz-margin 10] [min-width
200] [stretchable-width #f]))

(define gen-edges (new check-box%
[label "Konrpomsueie_pebpa'] [parent info-panel]
[min-width 160]))
(define show-weight (new check-box%
[label "IlokasweiBars_seca_pebep"] [parent info-panel]
[value 1] [min-width 160]))
(define speed (new choice%
[label "Cxopocrs:_"] [parent info-panel| [choices (list
"Memnenno" "Cpempue" "()‘10111,H61>1(i'1'p()")] [Selection 1]
[horiz-margin 10] [min-width 140] [stretchable-width
4))

(define inputs (list graph-type vertices-num control-weight i-pop-size
i-mutate-prob i-par-percent i-max-iter i-exit-percent))
(define start (new button% [parent info-panel] [label "3anycrurs

[min-width 160] [stretchable-width #f]

[callback (lambda (button event) (if (not (check-info))
(start-genetics) '()))]))

(define end (mew button% [parent info-panel| [label "Basepmurs_amropura |

[enabled #f] [min-width 160] [stretchable-width #f]

[callback (lambda (button event) (end-genetics))]))

(define ploting (new frame% [label "Crarmcruxa]| [style (list

'no-resize-border)] [x 0] [y 0]))
(define pl (new message% [label target] [parent ploting]| [auto-resize #t]))
(send frame show #t))

(gui)

asropurm " |
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