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BCTYII

Jlanuif  MOCIOHMK  KOpUCTyBaua  CTBOPEHHMH  JUIsi  O3HAMOMIJIEHHS 3
(GyHKI10HATFHUMU MOXJIMBOCTSIMU MIPOTrpaMHOTo MpoaykTy Routers, sxuit po3po0iaeHo
3 METOIO OINTUMI3allii MOOYyA0BU MapIIPYTIB MEPEMIIIEHHS BaHTaXIB.

OcHoBHa 3ajgaya mporpamMu — 3a0e3neueHHs e(EeKTUBHOTO  YIpaBJIiHHS
JIOTICTUYHUMU TPOLIECaMU MIJIAXOM 1HTErpallii CydacCHUX METOJIB KjacTepu3allli JaHuX
Ta TEXHOJIOTIM aBTOoMartm3arlii. lle mo3BoJisie MiHIMI3yBaTH BUTPATH PECYpPCiB, Yacy Ta
M1BUIIUTH TIPOYKTUBHICTD MMIANPUEMCTBA.

Routers npuznadyenuii 1s:

-~ 1oOyA0BH ONTUMAJIbHUX MapUIPYTIB MEPEBE3CHHS BaHTAXIB 3 ypaxyBaHHSIM
reorpadiyHUX JaHUX, OOMEXKEHb Ta MPIOPUTETIB;

~  aBTOMAaTHU3allii aHaII3y JOTICTUYHUX JTaHUX 1 TPUUHSATTS PIILICHb;

—  BI3yasi3allii MapuipyTiB Ta KJacTepiB Ha IHTEPAKTUBHIN KapTi;

-~ TIATPUMKM ONEPATHBHOIO IUTAHYBAHHS Ta YINPABIIHHS JIOTICTUKOIO Ha
M1IPUEMCTBI.

VY nociOHHMKY MpeCcTaBICHO:

~  ONKUC MPU3HAYEHHS OAATKY Ta HOTO KIIOYOBHUX (YHKIIIH;

~  BUMOTH JIO allapaTHOTO Ta MIPOTrpaMHOT0 3a0e3MeUeHHS 1J11 KOPEKTHOI poOoTH
porpamy,

~  1HCTPYKIIIi 3 HAJAIITYBAHHS Ta BUKOPUCTAHHS OCHOBHUX (DYHKIIIN;

- pexomeHpaii st eeKTUBHOT pOOOTH 3 MPOTPaAMOIO.

Routers po3po0ieHO Ha OCHOBI Cy4acHUX aJITOPUTMIB MAIIMHHOTO HAaBYAaHHS Ta
METOJIIB KJIacTepH3allii, 110 3a0e3Mneuy€e BUCOKY TOUHICTh MOJICIIOBAHHS MapIIpyTiB. Y
pa3i BUHUKHEHHS MUTaHb a00 TPYIHONIIB IMiJ 4ac poOOTH 3 JOJATKOM KOPHUCTyBadl
MOKYTb 3BEPHYTHUCS JI0 JAHOTO MOCIOHUKA ISl OTpUMaHHs HeoOX1HO1 1H(popMallii.

Ile#i MOKYMEHT CTBOPEHHH ISl TOTO, MO0 3pOOWTH B3aEMOJII0 3 MPOTPAMOIO
MaKCUMaJIbHO 3pPYYHOI0, 3a0€3Medyroud 4YiTKI TMOKPOKOBI pEeKOMEHJarii s il

BUKOPHUCTAaHHA.



A. 1 IlpuzHauenHs nomaTrky

Homatoxk Routers mnpu3HaueHud 11 aBTOMAaTH3allli Impoiecy moOya0BU
ONTUMAJIBHUX MAapIIpyTiB TEPEBE3CHHS BAHTAXIB Ha OCHOBI JIOTICTUYHHMX JaHUX
nignpueMcTBa. OCHOBHA MeTa MporpamMu — 3abe3nedyeHHs €(EeKTUBHOTO YIPaBIiHHS
JIOTICTHKOIO 3a JOTIOMOTOI0 CYYaCHUX TEXHOJIOTIN aHalli3y JJaHMX 1 aBTOMaTH3aIlli.

[Iporpama BUKOHY€ Taki (PyHKIIIi:

— ONTHUMI3allis MAPIIPYTiB, BUKOPUCTAHHSA AJITOPUTMIB MAITUHHOTO HABUAHHS JJISI
CTBOPEHHSI ONTUMAJIbHUX IIJISX1B MEPEBE3CHHS 3 ypaxXyBaHHAM TreorpadiqHux, 4aCOBUX
1 peCypCHUX OOMEXEHbD;

— KJacTepu3alisi BaHTaXIiB 1 TOYOK JIOCTaBKH: aHali3 JaHUX I TPyIyBaHHS
MYHKTIB MPU3HAYEHHS, 110 JI03BOJISIE MIHIMI3YBaTH 3arajibHy MPOTSHKHICTh MAPIIPYTIB;

— IHTEpaKTUBHA Bi3yallizallis, BiI0OpaXkeHHs MOOY0OBaHUX MApUIPYTIiB HA KapTi
JUTSl 3pYYHOCTI] HaBITalii Ta KOHTPOJIIO;

— 1HTerpauis JaHUX, CYMICHICTh 13 BHYTPIIIHIMU 1H(QOpMAIHHUMHU CHCTEMaMU
HiAMPUEMCTBA 7151 aBTOMAaTUYHOTO 3aBAHTAKEHHS 1 OHOBJICHHS JIOTICTUYHUX JaHUX;

— MOHITOPHHT 1 aHaJIi3, HAJJaHHS IETAIbHOT CTATUCTUKY PO BUKOHAHI MapIIPYTH,
BUTPATH YaCy Ta PECypciB.

JHonatok Routers € rHy4YKHM 1 MaciITabOBaHUM PIIICHHSIM, SIKE MIIXOAUTH IS
NIAIPUEMCTB PI3HUX MacmTabiB, BIJ Majoro Oi13HECY A0 BEJIMKUX JIOTICTHYHUX
KoMIaHiii. Mloro 3acTocyBaHHs M03BOJsE€ 3MEHIINTH BUTPATH HA TPAHCIIOPTYBAHHS,
NIJBUIIUTH  €(DEKTUBHICTh BUKOPUCTAaHHS pECypciB Ta MOKPALUIUTH  SKICTh

00CITyroByBaHHS KIII€HTIB.

A. 2 TexHidHl BUMOTH

Jlist kopekTHOi poboTH AojnaTky Routers HE0OXiTHO TOTPUMYBATHCS HACTYIMHHUX
TEXHIYHUX BUMOT:
a) araparHe 3a0e3NeyeHHs:

1) npouecop: He MeHite 2.4 1ri1 (4 sapa abo OibIie);



2) onepaTHBHA MaM’ATh: MiHIMyM 8 10 (pekomeHaoBaHo 16 r0 mist podoTH 3
BEJTUKUMH 00CSATaMU JTaHHX);
3) micre Ha AMCKY: MiHIMyM 10 r0 BUIBHOIO MPOCTOPY JJIS BCTAHOBIICHHS
porpaMu Ta 30€peKeHHS JaHUX;
4) BimeokapTa: iHTerpoBaHa a00 JHMCKpeTHa 3 miaTpuMmKoio opengl 3.0 a6o
BUIIIE (PEKOMEHIOBAHO JIJIs IHTEPAKTUBHOI Bi3yasi3ailii);
5) MoHiTOp: po3auIbHa 34aTHICT He MeHIme 1920x1080 mikcenis,
0) nmporpamHe 3a0e3MeYeHHS:
1) onepamiiina cuctema: windows 10/11, macos 11+ a6o linux;
2) mporpaMHi KOMIIOHCHTH:
— python 3.8 a6o HoBIIIE (3 HEOOXITHUMH O10JTI0TEKAMH, SIKI BKa3yIOThCS
y JOKYMEHTallli 10JaTKY);
— Oa3za ganmx mysql abo postgresql (3anmexHO BIJ HaJANITYBaHb
MIIPUEMCTRBA);
— Opaysep google chrome a6o microsoft edge (mis i1HTepaKTHUBHOI
Bi3yasti3alii MapupyTiB);
3) 101aTKOBI IHCTPYMEHTH:
— 1HCTaJabOBaHi 010JIOTEKH I MAITMHHOTO HaBYaHHS Ta KiacTepu3arlii
(manmpukian, scikit-learn, numpy, pandas);
— 1HCTPYMEHTH JyIsi poOOTH 3 KapTorpadiyHuMu nanuMHu (google maps api
abo openstreetmap);
B)MEpEKEBI BUMOTH:
1) inTepHeT-3’€IHAHHS: CTa0lIbHE 3 MIHIMAIBHOO MIBHAKICTIO 10 MOIT/C myst
JOCTYITY J10 KapTorpadiyHUX CEpBICIB 1 OHOBIICHHS JAHUX,
2) JOKaJlbHA Mepeka: MIATPUMKA tCp/ip-MpOTOKONY Ui iHTerpamii 3
BHYTPIIIHIMH 1HGOPMAIIITHUMHU CUCTEMAMU T ITPUEMCTBRA,;
3) n10AaTKOBI BUMOTH:
— oOmikoBu#l 3anuc google api: Ay BUKOpUCTaHHS 1HTErpauii 3 google

maps (3a He0OX1THOCT1);



— CYMICHICTh JaHMX: MIATPUMYIOTbCS ¢opmaTu csv, json, xml ams
IMITOPTY Ta €KCIOPTY JIOTICTUYHUX JaHUX,

— 3aXWCT JaHUX: BCTAHOBJEHHS  AHTUBIPYCHOTO  IMPOTPAMHOTO
3a0€3MEeUCHHS Ta HaJaIlTyBaHHS OpaHaMmayepa i 3a0e3leueHHs Oe3MeKd IMij 4ac

poOoTH.
JloTpuMaHHSI IIMX BUMOT 3a0€31eUUTh CTa0lIbHY Ta IPOJIYKTUBHY POOOTY JI0IaTKY
Routers. ¥ pa3i BUHUKHEHHS TEXHIYHUX TPYIHOIIIB PEKOMEHIYETHCS 3BEPTATUCS IO

CITyKOM TEeXHIYHOT MM ATPUMKH.

A. 3 Onuc ocHOBHUX (DYHKIII

HporpaMa 3allyCKA€ThCA 3 IT'OJIOBHOT'O BiKHa, TOJIOBHE BIKHO InporpamMu — 1Ic BIKHO

aBTopu3auli, puc. A.3.1.
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Pucynok A.3.1 — PesynbTat pob60oTH iporpamu (BiKHO aBTOpHU3AIlii)

Jlaii € MOKIIMBICTB 3apPEECTPYBATUCH, TPEOA HATUCHYTH Ha KHONIKY « (GO0 to reg» ta

MeperTH 10 BIKHA peecTparlii, pucyHok A.3.2.



Eﬂ Login = X

Enter your login: P
/

LLogin
Enter your password: I

FR KKK AAK o
¢ (¢

TN " . .
Repeat your password:
KhkkkhhK

Registration

Pucynok A.3.2 — Pe3ynbratr poO0TH IporpaMu (BIKHO peecTpariii)

VY BiKkHI peecTpallii MOTpiOHO BBECTH CBIil JIOT1H, APOJb Ta MIATBEPIUTH MAPOJIb.
BBenenuii J0oriH MOBUHEH MaTH JIMIIE JIATUHCHKI JITEpH Ta MU(pH, SKIIO CIpoOyBaTH
BBECTH 1HIII CHMBOJIA, TO OTPUMAETE BIAMOBIJHE TMOBIAOMIIEHHA. TaKOX CTOITh

00MeKEeHHS Ha BBEJICHHS CUMBOJIIB, I03BOJISIETHCS BBeCcTH 110 10 cumBomiB, puc. A.3.3.
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Enter your password:

Pucynok A.3.3 — Pesynbrar po60oTu nporpamu (IIOMHUIIKA BBEICHHS JIOT1HY)

Take x came oOMeXeHHs] BUKOPUCTOBYETHCS ISl APOIII0, TOOTO JO3BOJIAETHCS
BBOJIUTHU JIMIIE JIATUHCHKI CUMBOJIM Ta UM(pu HOBXKMHOKO He Ouibiie 10 cuMBOIMiB,

pucyHok A.3.4.



Enter your login: &
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[
Enter your password:

Invalid password format. Please use only latin letters and digits (1-10
characters)

Pucynoxk A.3.4 — Pe3ynbTaTr poO60TH IporpaMu (MMOMUJIKa BBEJICHHS MapOIIIo)

ITicist BBemeHHS TApoJif0, HEOOXITHO MOro MOBTOPHUTH, SKIIO IapoJil

BIJIPI3HSAIOTHCS, TO BUBEAETHCS BIMOBIIHE MOBIAOMIICHHS, pUCYHOK A.3.5.
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Enter your password: I

Repeat your password: I

Pucynox A.3.5 — PesynbTat pob0oTH iporpamu (MOMUIIKA «I1aposii He

CITIBIIAJAI0Th)

SIKI10 KOPEKTHO 3aNIOBHUTH BC1 TI0JISL, ajieé BUKOPUCTOBYBATH JIOT1H, 1110 BXKE ICHYE
TO 3HOB BUBEJICTHCS MTOBIIOMJIEHHS, puc. A.3.6.

Jamni, micnsa peectpalii JIOTIHY 1 Mapojito, MOXKHA MEperTH 10 aBTOpHU3allli, e
BiI0YBa€ThCS NIEPEBIPKA, UM ICHY€E BBEICHUH JIOT1H, puc. A.3.7.

k1110 BBECTH ICHYIOUMH BKE JIOTIH Ta MapoJib, TO BUBEAETHCS MMOBIIOMIICHHS TIPO

YCHIIIHUN BXi/ B CUCTEMY Ta BIAKPHETHCA BIKHO KjlacTepu3aiii, puc. A.3.8.
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Pucynoxk A.3.7 — PesynbTat pob60TH TIpOrpaMu (MIOMHUJIKA «JIOT1HY HE ICHYE))
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Pucynok A.3.8 — PesynpTaT pob0TH TIpOorpaMu (IIOBITOMIICHHS «YCIIITHUN

BX11T»)

PesynpTarom poOoTHM mporpaMu € BHBEACHHA Ha €KpaH Mamm 3

MPOKJIACTEPU30BAHUMHU JIAHUMH 1 MOOYIOBAaHUMHM 32 HUMH MapuipyTamu, puc. A.3.9.
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Pucynok A.3.9 — [1oOyaoBa mapuipyTiB



A.4 Pexomenpartii 1y pobotu

1106 3abe3neunTn ePexkTUBHY poOOTY 3 AogaTkoM Routers, mepes moyaTkom
poboTH TIepeKOHaNTeC s, 10 BCl TEXHIYHI BUMOTH BUKOHAHI, a IPOTpaMHE CEepPEeIOBUIIIE
HaJIAIITOBAHE BIAMOBIIHO /0 BKa3aHUX IMapaMeTpiB. 3aBaHTAXTE aKTyalbHI JaHl PO
TOYKHU JIOCTaBKH, MApIIPyTH Ta 0OMexxkeHHs y miarpumyBaHux ¢opmarax (CSV, JSON)
Ta TIEPEeBIpTE iX HA HAIBHICTh TIOMIJIOK Y HEMOBHOTH. Lle 703BONHMTh YHUKHYTH 3001B
M1J] Yac BUKOHAHHS 00YHUCIIEHb 1 3a0€3MeYnTh TOUHICTh OTPUMAHUX PE3yJIbTaTiB.

JUiss BUKOHaHHA KiacTtepu3alii oOepiTh HaWOUIbII BIANOBIAHUN aJrOPUTM
3aJIeKHO Bij crenudiku Bammx JaHux. Hanpuknan, K-Means migxoauths s
piBHOMIpHOTO po3noairy Touok, DBSCAN kparie nparifoe 3 1aHUMH HEPIBHOMIPHOT
ryctunu, a Agglomerative un Spectral € onTuManbHUMU JJIs1 CKJIQJHUX 1€pApXTUHUX
cTpykryp. Ilepen 3amyckom kiactepusallli HaJAITYWTe MapaMeTpH, Taki sIK KUTbKICTb
KJIacTepiB ab0 pajlyc OXOIUIEHHs, 00 3a0e3MeYUTH BiANOBIIHICTh OTPUMAHUX TPyI
JIOTICTUYHUM BUMOTaM BaIIoro MiIPUEMCTRA.

[Ticnst 3aBepiieHHs] KjacTepu3allii BUKOPUCTOBYHTE BIAMOBIAHY (GYHKIIIO IS
noOya0Bu MapuipyTiB. [lepernsiHpTe OTprMaHi pe3yiabTaTH Ha IHTEPAKTUBHIN KapTi, 1100
MEepeBIpUTH iX BIAMOBIAHICTH BalllUM BUMOTaMm. Y pasi MoTpeOu MOKHA BPYUYHY
penaryBaTy OKpeMi MaplipyTH, SKIIIO aBTOMATUYHUN aJITOPUTM HE BpaxyBaB ycCi JAeTalll.
30epexiTh pe3yJIbTaTH POOOTH JJIsl MOAAJBIIOIO0 BUKOPUCTAHHS y BUIJISL 3BITIB a00
EKCIIOPTYHTE iX y hopmaTax, CyMICHUX 13 30BHIIIHIMUA HaBITAIIHTHUMU CUCTEMaMHU.

PexoMeHTyeThCA PETYJSIPHO OHOBIIOBATH 0a3y MaHMX, JOJA0UYM HOBI TOYKH
JIOCTaBKHA YW OHOBJIIOIOYH TapaMeTpH iCHYroUmX. L[e 103BONMHTh 3aBKIU MPAIfOBATH 3
aKTyaJIbHOIO 1H(QOpMAIlIEI0 Ta YHUKAaTH MOMMJIOK Yy MpoIeci MiaHyBaHHA. BaxiuBo
TaKOX YHUKATH BHECEHHSI 3M1H /10 6a3u 1] yac BUKOHAHHS KJIacTepu3allii abo ooy a0Bu
MapHipyTiB, 00 HE MOPYIIUTH X1 OOUHUCIICHb.

JloTpuMaHHs IMX PEKOMEHAAIlii JJO3BOJUTh MOBHICTIO pealli3yBaTH MOJIMBOCTI
nonatky Routers, 3a0e3neuyroud BHUCOKHMM piBEHb aBTOMAaTH3allli Ta oONTUMI3aIli

JOTICTUYHHUX MPOIIECIB.
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OIIHKA AKOCTI KTACTEPH3ANII KOOPTHHAT TEOTPASTUHAX O’ €KTIB
PISHHMH METOTAMH

Jigme: ILFO.. Maxcamoea C.C.

X apKIECHEHHE HAUOHATLHHA VHIBEPCHTET PaJioele KT POHIEH

Vrpaiua. 61166, Xaprie, op. Hayven 14

E-mail: pavle.dowdvk@nure ua

Anomania: V gamil cTaTTi OVI0 POICIEHYTO OWHKY PeIyIBTATH KIACTEPHIAIM HaceleHHX
OVHETIE PORHEMH MeTOmZaMH, a came K-means, DBSCAN. Agglomerative, Spectral Berch
[IpoBeeHO OWHKY AKOCT1 KOXKHOTO METOIY KIACTEPH3IANI 33 JONOMOTOK BINOBLIHHX KPHTEPLiB.
HaHo peKoMeHIAI MO0 MIOHPAHHA BXLIHHX JAHHX A4 KIacTepH2amii

Karmuoei crosa! KIACTepH3AMNA, MeTO. OMHEA TKOCTL

ASSESSMENT OF THE QUALITY OF CLUSTERING GEOGEAPHIC OBJECTS'
COORDINATES USING VARIOUS METHODS.

Didyk P., Maksimova S.

Kharksv National University of Radio Electronics

Ukraine, 61166, Kharkiv. Nauky Ave. 14

Annotation: In this article. an evaluation of clustering results for settlements using various
methods. namely K-means, DBSCAN, Agglomerative, Spectral. and Berch, has been discussed. The
quality assessment of each clustering method was conducted using respective criteria.
Recommendations regarding the selection of input data for clustering have been provided.

Key wards: clustering, method, quality assessment

IMurecnpaMoBaHa OMMHKA AKOCT! KIACTepH2aIii reorpadriHny ob'€KTIE 33 IONOMOTOK PIZHHX
METOMIE € KPHTHYHO BAAIHBOK I [MHPOKOTO KONA JTHCIHMILIH, BETHYMANYH TreoiHdopMaTHEY,
reomeso, MapEeTHHT Ta iHmi chepd. PoivMinHS eQeKTHEHOCTI ETACTEPHIAGIHHX METOME Y
BITHOMIEHH! A0 TeorpadidHux JaHHX MOKE CIPHATH IOMMIINEHHID aHATIZY IPOCTOpPoBoi tHopMan
Ta OPHHHATTI) CTPATETNHHX pIMeHs YV chepax e BasIHBA JOKAMIAINS Ta TEOIPOCTOPOBL
BIAEMOZEB A3KH.

¥V womHTekcTi IHgverpii 4.0, KmacTepHzamid reorpadiMHHX 00'€KTIE BUIIPac KINOTOBY PO ¥
BHpIIEHH] PI3HHX 3aBIAHE, [IOB'T3aHHX 3 ONTHMIZalli€}0 IPOLIECIE, AaHATI20M JaHHX Ta IPHITHATTAM
pimens. OIHHM 3 OCHOBHHMX ACHEKTIE € BHEKODHCTAHHA TeorpadidHHX OaHHX I8 Do0VIOBH
eeKTHBHHX CTpATETiH pO3TAIIVBAHHA BHPOOHHYHX MIIOPHEMCTE, CEIATE Ta 1HOPACTPVETVPH.
Knactepmzama reorpadiiHHx o00'€KTIE J03BOMAE 1IeHTHIKVEATH perioHH ado 30HH 3
KOHIIEHTPAIIER0 IUIIPHEMCTE T4 PECYPCIE, MO cHpHAe edeKTHEHOMY VIIPABIHHIO JIOTICTHIHHMH Ta
NOCTAYATEHHME JTAHIIOTAMH, 4 TAKO® 3ade3nedye ONTHMANbHE PO3TAINVEAHHA BHPOOHHYHX 00'€KTIB
I 3HHACHHA BHTPAT Ta 30UIBIIEHHES IPOIYETHBHOCTL

KpiM Toro, mnacTepH3amis reorpadiiHeEx o0'€KTiE BanHBA I8 aHATIZY Ta IPOTHO3VBAHHA
TEeHASHIMH PO3BHTEY PHHEE Ta perioHie. 1I1sXoM TPYVIVEAHHA DI3HHX reorpadrigmx 30H 3a
OomMOHAMH O3HAKaMH Ta [OapaMeTpaMH, MOXKHA OTPHMATH IHCARTH INOJO CIOAHBYHE 3BHYOK,
[OIHTY Ha PHHKY. A TAKOA BHABHTH MOMUIHEL IOTEHIGH] PHIHKH abo MepcHeKTHBH and OizHecy. Lle
IO3B0MAE MUIIPHEMCTEAM OYTH OUIBIN ATANTHEHHMH Ta THYYKHMH YV BUINOBIT1 HA 3MIHHI VMOBH
Pm}r - . . -

KnacTepHzamia - me mpolec TPYIVEAHHA CXOKHX O0'€KTIE ¥ NUDMHOKHHEH, #KI HAZHBAOTBCH
KIacTepamu. MeToo KiIacTepH3alii € BHABIEHHS NPHPOJHHX CTPYVETVP ab0 NATEpHIE B JaHHX
[IAXOM TPVIIYBEAHHS 00'€KTIB, K1 MAKOTE CXOM1 XAPaKTEPHCTHEH a00 BIACTHBOCTL
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Knactepuzanis reorpadigeux of'€kTi®E MOEe OVIH BHKODHCTAHA I BHPINEHHS NPAaKTHIHHX
33BJaHB. TAKHX K [UIAHYBAHHA MAapIIPYTiB JOCTABKH. POIMINEHHA HOBHX OO'€KTIB. ONTHMIZallid
JIOTICTHYHHX Ta [OCTAYANBHHX JaHUOTE 1 0arato mmoro. KoacTepH3amid Hajae MOAUIHBICTE
CHCTEMATH3IVEATH Ta aHATIZYBATH reorpadiiHi JaH1 J14 eQeKTHEHOIO IPHHHATTA YIPABIHCEEHX Ta
CTPaTeri9HHX piJ]IEHL

AHATI3YIOWH JaHL OTPHMAHI IPH KIACTEPH3ANN PI3HHX TeorpariHHX o0 eKTE VEpaiHH 3a
OOMOMOTOK PI3HHX METOMIE KIACTEpH3alii Ta BHBYAKOYH rpadikH 3 OMEKAMH PISHHX NLIXOXIE,
MOMEHA IPOBECTH OMHEY e eKTHEHOCTL IIHY METO/IIE T4 3POOHTH BHCHOBKH 14 KOMHOTO 3 HHX.
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Prcyveok 1 — Pe3yneTaT aHamizv KIacTepH3anii MeTogoM K-means

a) Imepuid CBITYHTE [OpP0 KOMIOAKTHICTE TOYOK BCEPETHHI KIACTEPIE, TOMY ONTHMANBHHM
BApPIAHTOM € BHOID MEHNIOT [HepIii;

6) Bume 2magenH B:{!E{bi.T.IiEHTa CHIVeTY BEa3Ve Ha OLUIBIN ToUHE Bi,[[ﬂKpEMJIEHI—UI KJIaCTeij'

B) Halimenme 3gavenss maekcy Jerica-Boviaiga BKasye Ha Kpanie po3IUIeHER KIACTEPIB;

3aramoM, aHAMIZVIOWH BC1 TPH MeTOOH OIHEH, MOEHA BEAKATH, N0 ONTHMATEHON KUIBKICTH)
KIACTEPIE A4 JaHoi zamaql € 5.
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Pucyrox 2 — PesyneTar aHamsy KIacTepHzanii Metogom DBSCAN

a) 3 mogaHHK JaHHX BHAHO. o 3HadeHHs Density (eps) 30UBIIVETECHE IOCTVIIOBO, TOOL HK
Density (min samples) zamumaeTeca mocTEHEEM. [IpH eps=1.3 Ta min samples=4 coocTepiracTbes
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omHAaKOBe 3HadeHHA oA Silhouette Score ta Varation, mo pofHTe [l DapaMeTpH MOAIIHEO
ONTHMANEHHMH;

6) Heratueni 3nagenss Silhouette Score, Taki #k -2.5 ta -0.98. cBiI9aTe Opo HH3BKY AKICTH
EIACTEPH3AIITI.

B) Jami eps=1.5 Ta min_samples=5 MalTh HAHBHINE 3HA9eHHEA Variation. o Mo&e CELTIHTH Ipo
3HAUHY 3MIHY BHYTPIIHBOKIACTEPHHX BIICTaHeH.

JaramomM, OpH aHami3sl BCIX TPROX METONE OLIHKH MOMEHA BBAKATH, N0 ONTHMAIGHHMH
3HaUCHHAMH € eps—1.3 Ta min samples=4.
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Prcyaok 3 — PeayneTar agamizy KIacTepHEzamii MeTogoM Agglomerative

a) Bumni 3aagenng Silhouette Score ¢BLTIATE NpO BHOTY KICTE EIACTEPHIAMI,

6) Huaui 3gasenss Davies-Bouldin Index cRiTUaTs mpo Kpamy SKICTE EIACTEPHIALIT

B) Bumn zmauemps Calinski-Harabasz Index BEazyioTE Ha OUIBID KOMIAKTHI Ta POIAUIBHL
EJIACTEpH;

3aramoM, HA OCHOEL IHX MOKA3HHEIE POIMIAN MOXe OVTH cnpaMoBanui Ha 2 abo 3 mmacTepH fk
ONTHMATEHHH BHOIP A1 UBOTO HADOPY JaHHX..
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PucyHoK 4 — Pe3yasTaT aHAN3Y KIacTepH3amii MeTogon Spectral
a) 33 UHMH JAHHMH, MH MOXEMO NOOAYHTH, INO 3HAYEHHA KPHTEPIIO OIMHKH 3MEHIOVETBCH IPH

30UIBINEHH] KUIBKOCT1 EMIACTEPIE Bl 2 g0 4. a MOTiM IOYHHAE 3POCTAaTH;
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0) 3a UHMH JaHHMH, MH 0agHMo. o 3HadeHHEA Silhouetie MakcEMameHe npH 2 KEIacTepax 1
[UTABHO 3HHEVETBCE 31 30UTBIMEHHAM KUTBKOCT] KIACTEPIER;

B) 23 UHMH JAaHHMH, MH 0aiHMO, IO0 2HAYeHHA KoedinieHTa Bapiamii 30UMBIIYETBCE 21
30U IIEHHAM KUTREOCT1 KIACTEPIR;

Jaramon. 3 VpaXyBaHHAM VCIX TPBOX METPHE, MOKHA BBAKATH ONTHMAIBHHM 3HaTeHHAM
ETacTepiE 2 ato 3. PexoMeHIVETHCA TEpeBIpHTH OOHIBA BapIaETH Ta NOPIEHEATH PeIyIbTaTH 1718
BH3HAYEHHT HaHKPaImoro.

Hisch Rilhsusiie fcone hirch Paremasl Clewer firch fGin irckes
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PucyHOE 5 — PesyasTar aHAII3 Y KIacTepH3amii MeTogomM Birch

a) Silhouette Score: U4 METPHEA KOIHBASTRCA Bim -1 mo 1. ge 3Ha<weHHA, mo HaOIHKAROTBRCT 0 1.
CEL9aTh NP0 BHINY AKICTE KIACTEPHIAMI

6) External clusters: ua MeTpHEa BHMIPEOE 30BHINHI0 AKICTh KIACTEPHIALNL e OUIBIN1 3HAYUCHHA
BKA3YIOTH Ha KPally SKICTE;

e) Gini Index: ug MeTpHEa KomHBacTeCE Big 0 mo 1, me 3madenns, mo HabmmmawTecs mo O,
BEA2VIOTE HA BHINY SKICTE KIACTEPHIALI,

JamemHO BiI KOHEPETHHX BHMOT a00 KOHTEKCTY 3aJatdi, BH MOMKETe 0O0paTH ONTHMAIBHY
EUIBKICTE KIAcTepid Ama MeTogy Birch. 3a pesyaeraramu omusn, 10, 9 1a 8 KIacTepis BHABIAKTECA
MEePCHEKTHEHEMH BaplaHTaMH. PeKOMEHIVED cIpoOVBAaTH Il 3HAYEHHA 1 IPOBECTH J0JAaTEOBHH
AHANI3 PE3VIBTATIE LA BHOOPY HAHKPAIIOTO BAPIAHTY.

BUCHOBKH. Anamiz NOKa3aB, MO0 KOXKEH METOI Mae CBOT MepeRard Ta obMesenna, 1 BHOID
ONTHMATBHOTO METOIY 3AMeEHTH BUT KOHKPETHHX VMOEB 3313491, Pe3yasTaTH JOCIUTHEHHA
MIKPECTHIH BARIHEICTE [IHOOKOTD PO3IVMIHES EIACTEPHIANGHAX METOME UI1 BIOCKOHATEHH
aHAm3Y reorpadIHHE JaHHX Ta Po3po0EH CTPATerdi VIPARMHHEST pecypcaMH Ta HDPacTpVETYPOow ¥
KoHTeRcT1 Ingyerpii 4.0.
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PEOAKUIMHA KONENIA:
Momoexuil pedakmop:
TapwuH BonoguMup AHSTONIHOBWY, QOKTOP TEXHIYHWY HaYK npodecop,
¥apriBc bKWA HAUIoHANEHWA yHIBEpCoUTET MoBirpatnx Cun is. |. KoxegySa, Yepaida.
JacmynHUK 20708H020 padaKkmopa:
CyxapeBcbkWd Oner Inniy, 4oETop TEXHMHMX Hayk npodecop,
¥apKBC bKWA HaUioHaNsHWA yHiBEpouTeT MNositpaHnx Cun i, |. KowenyGa, Yepaida.
Ynenu pedrKonezii:
# Bapwa 3irmyHg JNex, kaHaAKWAaT TEXHMHMY HayK QOUSHT,
IHCTHUTYT NPOMMKC NOBKX QOCNiIXeHL AETOMATUKM Ta EMMIpIDEaHE, Monbwa,
& Bucoukka Oneda BonoguMupisHa, QOKTOp TEXHIMHKY Hayk npodecop,
HayjioHansHWA SepoKocMIYHWA yHIBEpCUTET iM. M.E_ HyxoBcbkoro “XAI", Yrpaina;
# KapByH Ceprin BiTaniMoswy, JOKTOp EXOHOMIYHMX HEYK npodecop,
XapKiBc bKWA TEXHONOMYHWA yHiBepouTeT “LUAM, Yrpaita;
& Kanawxixos Bayecnas, QoKTop DisMKD-MaTEMATUYHMUX HAYK npodrecop,
MOHTEDPEACLEMH TEXHOMOMYHARA IHCTHTYT, Mescuka;
& Kynuna XpucTody, GOKTOP TEXHMHWY HayK npodecop,
Baplwasc bEWA NONITEXHIYHWA YHIBEPCUTET, Monbwa;
& Kyuyk Meoprii AHaToniioBWy, JOKTOp TEXHIMHKY HayK npodecop,
HalioHanbHWA TEXHIMHWA YHIBEPCMTET “XapKist bKMA NOMITEXHMHAA HCTUTYT", Yrpaita;
& [lys'axndyk Bagus BonoguMWposnd, OOKTOD TEXHIMHMX HayE npodecop,
¥apriBc bKWA HAUioHANEHWA yHIBEpCoUTET MoBiTpatnx Cun is. |. KoseaySa, Yepaida;
= Monogeuska KaTepuia BanepileHa, QOKTOp TEXHMHMX HAyK npodrecop,
AMTOMWDCEEMA HALIOHANBHWA arpoexononiyHuA yHIBEpCHTET, Yipaida,
# DBaig Cancsmad Pawin, kaiquaaT TEXHMHWY HaYE,
Konegx yHiBepcMTeTY Anbk Maped, Ipak;
« Craces Hpin BonogMmuposuy, JOKTOP TEXHRMHWX HAYK npodecop,
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USAGE OF CLUSTERING ALGORITHMS FOR AUTOMATING ROUTE PLANNING
IN TRANSPORTATION ROUTING TASKS

This soantiffc paper explore: the comprehensive evaluation af clustermg results applied to the geographical
seftbements of Ukraine. Diverse clustering methods, mcluding E-means, DESCAN, Agglomeranve, Spectral, and
Birch, were employed to analyze the spatial diztribution gf sertlementz. The arsessment of each clustering method
imvelved the application gf relevant guality critaria, contributing fo a thorough understanding of their performance
in the context of Ukrainian settiements. The findingz from thiz smudy offer valuable insights inte the strengths and
lmitations of each clustering approach, faclitating iformed decision-making i the selecton of an appropriaie
mathod bazed on specific peorraphical characteristics. Additionally, the paper provides practical recommendations
Jor oprimizing the mput data wtilized in the clustering process, enhancing the overall gfficacy af sertlement analysiz
methodologies. Thiz research comribuses o the advancement of clustering technigues tailored fo gpeographical da-
tazets, with potential implicanions for urban plamning, regional development, and geographic myformation systems.

Eaywords: clustering, vehicle routing problem, pick-up and delrvery problem, clustering evalugtion.

Introduction

Problem statement. For numerous years, research
efforts have extensively focused on wansport routing and
logisdcs issues, a substantal aspect of contemporary
mmgquiry. The wgency of these problems escalates with
the inreasing interconnectedness, opemness, and lack of
barriers in the modem world The rapid dissemination of
information results in global awareness of humanitarian
pleas for aid from ordinary individuals and public orzan-
izations siteated in crisis zones dunng disasters or chal-
lenging conditions. The vigor of the volunteer move-
ment, coupled with horizontal conmections among peo-
ple, facilitates the aggregation of essentzl mmanitanan
assistance in small increments from varions contributors.
This aid can then be dispatched to multple recipients
situated in different sectors of a disaster or conflict zone.
A specislized field known as the Pick-up and Delivery
Vehicle Fouting Problem is dedicated fo addressing
transportation challenges of this namre

This encompasses 3 broad category of optimization
challengzes that mimror diverse real-world scenanoes. Ex-
amples include the imperative t0 meet specific time con-
straints for delivering goods, taking info account general
or specific limitations on trock loading, as well as con-
siraints on the sequence of loading and unloading vehi-
cles. What defines this category is the mmltdimensional
nature of the input data, the necessity for decisiom-
making amid uncertainty, and the demand for swifily
generating solutions. It's noteworthy that the imporance
of obtaining an approximate soloton with a specified
level of accuracy can vary depending on the particular
problem’s scope. Some sifzations may prioritize acquir-
ing a splution that is roughly accurate, allowing the use
of any mumber of computing and time resources. In con-
trast, other scenarios may be time-sensitive, emphasizing

the need for 2 heuristic acceptable solution that expedites
the essenfial cargo delivery (Fig. 1).

Pickup
lozation

[EE—— —

== % Cusiomer

¥ehich:

Depot

Fiz. 1. Example of a one-to-one
Pickup and Delivery Problem soluwtion
Source: [1].

In instances where mmldple mucks are engaged I
addressing the pick-up and delivery challenge, mvoling
goods fom momerous senders to mmltple recipients, a
wisble approach imvolves clustering the pomis slated for
visitation [2—4]. Subsequently, these chusters can be allo-
cated among the verious wehicles. Vanouns clustermg
methods can be employed o penerate clusters comespond-
ing to each wehicle. The sohmion obtxined can then be
further evaliated based on a specific chustering approach.

Analysis of the latest research and publications.
In the realm of machine leaming, three distinct ap-
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proaches are employed based on the namre of the avail-
able data: supervised leaming, semi-supervised leamn-
ing, and unmpervized leaming [5-9]. Supervised leam-
ing imvolves uilizing labeled data, where known outputs
serve 35 definitive valoes for the comesponding mputs
[10~13]. This can be likened to having explicit
knowledge of car prices determined by festures such as
make, model, style, drivetrain, and other attributes.
Semi-supervised leaming, on the other hand, deals with
a substantial dataset where some data points are labeled,
while the majority remain unlabeled [14-16]. This ap-
proach accommedates real-world datasets where acquir-
ing expert labeling for every data point proves ecomommi-
cally impractical A pragmatic workaround involves
integrating a combination of both supervised and unsu-
pervizsed leaming technigues. Unsupervised learning is
characterized by a dataset entirely devoid of labels, ren-
dering unknown any inherent patterns within the data.
In this scenario, the slgorithm is entusted with the task
of sutonomonsly identifying any discernible pattems.

Clustering algorithms [17-19] play a pivotal mole
In unsupervisad leamning, presenfing one of the method-
ologies available for tackling wnmpervised leaming
problems [4; 20]. Approaches to constucting clusters
can vary significantly in terms of how objects are
grouped within the same cluster and how the search for
them is efficiently conducted The capsbility te form
closters exists based on factors such as the distance be-
rween objects, density plots in the data space, intervals,
or specific statisdcal distmbutons. The selecdon of a
specific approach hinges on the characteristics of the
dataset and its intended wse.

It's important o note that chister analysis is not a
fully antomated process; rather, it is iterative. Experi-
mentation with data processing methods and model pa-
rameters is often necessary umntil the desired propertes
and results are achieved. The ambiguity in solving chis-
tering problems arises for several reasons. Firstly, there
15 mo universal criterion for assessing clostering quality.
While there are numerous effective criteria and algo-
rithms available for constructing hizh-quality chisters,
onicomes can vary. Secondly, the number of closters is
rypically not predetermined and is subjectively deter-
mined by a criterion. Thirdly, the resolts of clostering
are significantly inflnenced by the choice of the metric
p, & subjective decision made by a skilled individoal in
the Seld.

The purpose of the research is to compare the ef-
fectiveness of different chustering alzorithms for solving
complex fransport legistics problems. The problem of
routing vehicles for receiving and delivering humanitar-
ian aid is considered This involves uiliznng clostering
algorithms, pardonlarly in unsuopervised leaming, to
efficiently allocate resowrces and opomize delivery
routes amid the dynamic and uncertain namre of boman-
itarian crises.

Summary of the main material

1. Chowosing clustering methods
with distinct usage specifics

Application of chistering methods in data analysis
to geospatial data, such as ladmde and longitude, allows
not only identify groups with similar profiles but also
pinpoint members within a specified location or region
[21; 22]. These geographical patterns offer practical
solutions to various location-based challenges, incloding
demand forecasting, persomalized branch marketing,
Toute optimization, and fand prevention.

Crotlined below are three of the most extensively
employed machine leaming slgorithmes for clhostering
geospatial data

1. Partition-Based — this slgorithm partitions the
data inte k subsets by establishing virtual or acmal cen-
roids and measoning their distance from the remaining
datapoints. Notable examples in this category encom-
pass the widely recognized K-means alporitm and its
variations, incloding K-mesn, E-modes, K-medoids,
and Fuzzy C-means.

2. Hierarchical — this alporithm assesses the simi-
larity between datapoints within a hisrarchical stucture
to accomplish chistering. The hierarchical simucture can
be either agzlomerative (botom-up) or divisive (fop-
down) based on the chosen appreach. BIRCH (Balanced
Tterative Fieducing and Chistering nsing Hierarchies) and
DIANA (Divisive Anatysis) fall within this category.

3. Density-Based — this algorithm primarily niliz-
es the distance to the nearest point to delineate regions
with higher concentration from those with lower densi-
tv. The most widely ntilized algorithm in this category
is DBSCAN (Density-based spatial clustering of appli-
cations with noisa).

In the context of the aforementioned considera-
tioms, the cuwment research was methodically strucmred
to encompass 8 diverse amay of results. The objective
was o compare the effectivensss of vanous clostering
algorithms, thereby adopting distimct approaches to
clustering methods. Specifically, a selection was made
from the family of partition-based algorithms, with the
standard E-mean: algorithm chosen as the allegorical
“starting point™. This cheice aimed to ensure the compa-
rability of our research with nomerons other scientific
papers that employ K-means as a benchmark.

Cormespondingly, for the other broad zroups of
clustering techniques, two zlgorithms were selected
from each category. The hierarchical family of chaster-
ng algorithms is represented by agglomerative chister-
ing and the BIF.CH algorithm The density-based ap-
proach is implemented using DBSCAN. The fifth and
final method chosen for this stody is spectral clustering.
In cases where the identification of comnected graph
components with ne cut edges is wivial, a speciral im-
plementation of DBSCAN is linked to spectral choster-

114



CucmeMn ofpodxn ingopsayil, 2024, sunyex 1 (176)

IS5N 1681-7710

ing. However, due to computational performance con-
siderations, the original DBSCAN algerithm is often
preferred over its speciral implementation [23].

2. Clustering method effectiveness evaluation

Assessing the efficacy and precizsion of clustering
methods involves gauging their success in effectively
grouping similar objects within a dataset This evahia-
tiom is crucial in oomerows machine leaming and data
analyszis tasks that necessitate the chistering of similar
objects [24; 25].

Varions metrics are available for appraising clus-
termg mathods, and these include:

— the similarify metric measures the degree of
similarity between clusters. This memic can be calculat-
ed using vanous formmlzs, such as the Jaccard imdes,
the Fandy index, the Fowler index, and others;

— the stability metric measares the stability of clos-
ters when the chistering method is repeated on the same
data. It can be calculated using indicators such as the Jac-
card index, the Cohen index, the Fandy index, and others;

— internal meirics are used o evaluate the quality
of clnsters within one mn of the clustering method For
example, the silbouette metric, Kalinin-Harabas metric,
Davis-Baldwin metric, and others can be used for this
prarpose;

— axternal meirics are nsed o evaluste the guality of
closters based on external data. For example, the quality
of clusters can be evalusted by comparing them with the
classification of objects in a “zold standard™ or other set
of comect classifications. One example of such external
memics is the Adjusted Fand Index (AFT) metrc, which
measures the degree of agreement between the clustering
and the “gold standard™ Orher external metrics, such as
the F-mer metmic, can be used to assess the quality of
closters when a “gold standard™ is not available.

3. Data preparation and features
of the program interface

In current research it was decided to use all of the
abovementioned clostering methods for real life data,
such as lecation of the main populatdon cenmters of
Ukraine Data about cities were stored in a MySQL data-
baze where each record has the following stucume:
idCiry (city identifier), Wame (city name), x (latimde) and
¥ (longimde). The program takes information abowt coor-
dinates from the database in the format of latimde and
longitade {x and ), which is then used for chastering.

Aleo in the propram interface are the following
btutions comesponding to data clisterng functons:
“Clhuster K-Means”, “Cluster DBSCANT, “Cluster Ag-
glomerative”, “Cluster Spectral” and “Birch Cluster™.
Accordingly, when pressed, each button opens a win-
dow with the result of clustering by its method using the
create_ukraine map fonction. The funcdon ore-
ate_ukraine map is Tesponsible for creating a window
with the result of clustering on the map of Ukraine. This

feature wses the folium library to create inferactive
maps. The create_ukraine map function uses data about
the coordinates of citdes fom the data list and their cor-
responding clusters from the clusters list to create a map
of Ukraine with marked markers that represent the clus-
TeTs.

In addition, the program interface contains five op-
tioms responsible for checking the quality of clostering
by one or another mathod. The result of pressing thesa
btattons will be the display of graphs showing the results
of the analysis of the comesponding clustering method.
With the belp of the obtzined results, you can analyze a
separate clustering method, determine the optimality of
the imput parameters, and speculate on recommenda-
tioms for further choosing a clostering methed.

4. Results interpretation

The analysis of the clustering guality evaliation
resulis of Ukrainian setflements using the K-means
method imchodes the smdy of three key parameters.
From the inertia graph it can be concloded that if the
mumber of chisters increases from 2 to 10, the imertia
contineously decreases (Fig. I).

This parameter indicates the compacmess of the
points inside the clusters, and therefore, choosing a
smaller mertia is considered preferable.

From the amalysis of the zraph, it can be deter-
mined that the acceptable mumber of chosters fom the
point of view of mertia is 5-7, since the zraph changes
the slope sharply and then slowly decresses. Om the
graph of the silhouette coefficient, it can be seen that
with #n increase in the oumber of chasters fom 2 o 10,
the vales of the silhouette coefficient flucmate. A high-
er value of the silhonette coefficient indicates a2 more
accourate separation of closters. The highest value of the
silhouette coefficient is achieved with the number of
clusters of 2, but values of 4 and 5 are also acceptable.
The last parameter to consider is the Davis-Bouldin in-
dex zraph, om which the index values fluctuate as the
number of clnsters increases from 2 to 10. The minimum
value of the Davis-Bouldin index indicabes a better sepa-
ration of clhisters. The minmum wvalne of the Davis-
Bouldn mdex is reached when the number of clusters is
5,6, 8, 10. Summarizing the results of the three svalua-
tion methods, it can be assumed that the optimal nomber
of closters when using the K-means method for this
problem is 5. The DBSCAN method nvolves two cu-
cial parameters for consideration. The first parameter is £
(epsilon or Eps) which establishes the maximuom dis-
tance allowed between two points within the same chis-
ter. The second parameter is the minimum samples (Min
Samples), dictating the mininmm oumber of data points
neCessary to comstimte a distinct cluster (Fig. 3).

When considering the clostering quality evaluation
results of major towm cities of Ukraine by the DBSCAN
method, the following was found
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Fig. 3. The result of the clustering analysis by the DESC AN method
Source: developed by the suthors.

The values of the Density(Eps) plot show a gradual
increase im Eps, while Density(Min Samples) remains
constant. At Eps=1.3 and Min Samples=4, the same wval-
ues were noted for Silhonette Score and Variation, which
may make these parameters optimal. It is important to
consider other valnes, as each case may require an indi-
vidual spproach Regarding Silhouette Score(Eps) and

Silhoustte Score(Min Samples) plots, negative vahes
such as —2.5 and —0 98 indicate poor clustering quality.
However, Eps=1.3 has a Silhoustte Score close to zero
(0.008), which may indicate more acceptable clnstering.
For Variztion{Eps) and VariationMin Samples) plots,
Variation values indicate the change m miracluster dis-
tances. Data st Eps=1.5 and Min Samples=5 have the
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highest Variation value, which may indicate a significant
change in infrachoster distances. Summariang the results
of the three evaluation methods, it can be considered that
when applying this method to the clostering of geograph-
ical data om the settlements of Ukraine, it is possible to
give preference to choosing the walues Ep+1.3 and
Min Samples=4.

The analysis of the resnlts of the quality assessment
of data clustering using the agglomerative method re-
vealed the followmg (Fiz 4). It is known that higher
values of the Silhouette Score parameter indicate a bettar
guality of clostering. The maximum valoe of this pa-
rameter is Teached with 2 clusters, after which there is a
sharp decrease in the valie of the parameter, the mini-
mum of which iz reached with four clusters. When the
mumber of clusters is more than 4, an increase and stabi-

lization of the value at the level of (0.45-0425) is ob-
served. On the Davies-Bouldin Index zraph, lower val-
ues indicate better clustering quality. In this case, it is
also possible fo observe 3 substantdal increase in the
indicator with 4 clusters and a slow stabilization with an
incTease in the momber of clusters. Fegarding the Ca-
linzki-Harabasz Index plot, higher values indicate more
compact and separated clusters. The maximum value is
reached at 10 closters, bur this may case the risk of
overraining or insufficient generalization of the modal.
‘When choosing the optimal number of clusters, it is
Important to maintain a balance between the oomber of
clusters and the acouracy of clustering. Sommarizing, it
can be considered that the optimal choice for this da-
tazet is either am extremsly small number of clusters,
i.e., 2 or 3, or a substantially larger number of chisters.

Agglomerative Silhouette Score ﬂlumlwwnm !ﬂhﬂmm Calingi Harabasz Coeff
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Fiz_ 4. The result of the clustering analysis by the Azglomerative method
Source: developed by the suthors.

‘When using the Spectral method for chistering the
cities of Ukraine, the following patterns can be deter-
mined (Fig. ¥). The Evalnation Criterion graph shows
that the value of the evalustion criterion first decreases
when the number of clusters increases from 2 to 4, and
then begins to increase. The opimal value of closters can
be more than 4, as point where the criterion reaches the
minimum valwe before increasing The 5ilhoustte score
and Vanation graphs indicate that the acceptable vahe
of these coefficients is achieved with the minimum pos-
sible mumber of clusters. Summanizing, we can conclude
that in the case of using the Spectral method on simdlar
data, it will be necessary to fine-tune this method, taking
it account the behavior of the evaluation parameters.
Cme of the parameters, namely the Evaluation Criterion,

tends to increase the mumber of chisters, while the other
two parameters have a substantial deterioration with the
increase in the nomber of clasters.

Analyzing the results of Birch clostering quality
assessment (Fig. §), the following was found: the 5Sil-
honette Score graph indicates that the hizhest values of
this metric are achieved with the momber of clusters 2
(0.525), 6 (0.45) and 10 {44). The Extemnal closters
graph, which measures the extermal gquality of chaster-
ing, shows that the highest valwes of this metric are
achieved with the munber of chusters 10 (117), @ (110)
and 8 (108). The Gini Index zraph, which indicates the
guality of clustering, shows that the lowest values of
this metric are achieved with the munber of clusters 10
(0.55), @ (0.67) and B (0.68).
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Conclusions

The comprehensive evaluation of clustering results
applied to the geosraphical settlements of Ukraine has
provided valhuable insights into the performance of vari-
ons clostering methods, mchoding K-means, DBSCAN,
Agplomeratdve, Speciral, and Birch. Each clustering
method was systematically assessed using relevant qual-
ity criteria, such as imertia, silbouette coefficient and
Davies-Bouldin index, offering 3 nuanced understand-

ing of their effectiveness in grouping spatial data. The
findings suggest that the choice of clustering method
should be tailored to specific geopraphical charactenis-
tics and the objectives of the amalysis, with considera-
tioms for factors like compacmess of clusters, separation
of data points, and computational efficiency. Practical
recommendations have been provided for optmizing
imput data and selecting appropriate chistering tech-
nigues, which can enhance the efficacy of settlement
analysis methodologies for applications in urban plan-
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ning, regional development, and geopraphic information
systems. The evalation of clustering methods high-
lighiz the importance of considering both imternal and
external metrics to gauge clustering quality accarately,
ensuring rabust and reliable resmlts in real-world appli-
catons. The smdy underscores the siznificance of fine-
nming clustering algorithms and parameters based on
the behavior of evaluation parameters, acknowledzing
the iterative namre of the clustering process and the
nesd for sdaptive spproaches. Amnalysis of the results
demonsirates that different chistering methods may ex-
hibit varying performance scross different datasets, em-
phasizing the need for careful consideration and exper-
imentation to identify the most suitable approach for a

given problem The insighis gained from this research
coniribute to advancing clustering techniques tailored to
geographic datasets, fostering advancements in data-
driven decision-making processes and optmization
srategies in fransportation routing tasks and beyomd.
Future research directions may include exploring hybrid
clustering approaches, incorporating domain-specific
knowledze, and addressing challenges related to scala-
bility and robusmess in real-world applications. Orverall,
thiz smdy underscores the importance of leveraging
clustering alzorithms for automating route planming in
transportation routing tasks, offering valisble contribu-
tons o the Selds of machine learning, geographic in-
formation science, and lopistics optimization.
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from tkinter import *

from tkinter import messagebox

from tkinter import ttk # J{ns Bunmagarounx crmckis (Combobox)

from PIL import ImageTk, Image

import pickle

import re

from sklearn.cluster import (KMeans, DBSCAN, AgglomerativeClustering, SpectralClustering, Birch)

import numpy as np

import mysgl.connector

import folium

import webview

import json

import itertools

import googlemaps

from sklearn.metrics import (silhouette_score, davies_bouldin_score,
calinski_harabasz_score)

from scipy.spatial.distance import pdist

import os

import colorsys

import random

# I'no0anbHi CIIOBHUKH JJTs 30epEKEHHS Pe3y IbTaTiB
cluster_results = {
"km™: {"clusters_with_ramp": None, "clusters_without_ramp": None, "data_with_ramp": None,
"data_without_ramp": None},
"db™: {"clusters_with_ramp": None, "clusters_without_ramp": None, "data_with_ramp": None,
"data_without_ramp": None},
"ag": {"clusters_with_ramp": None, "clusters_without_ramp": None, "data_with_ramp": None,
"data_without_ramp": None},
"sp": {"clusters_with_ramp": None, "clusters_without_ramp": None, "data_with_ramp": None,
"data_without_ramp": None},
"br': {"clusters_with_ramp": None, "clusters_without_ramp": None, "data_with_ramp": None, "data_without_ramp":
None}
}
button_disabled color = {"bg": "#555555", "fg": "#ccccee"} # Cipuit
button_enabled color = {"bg": "#918DA2", "fg": "#{fftff"} # Cumiii
os.environ["LOKY_MAX_CPU_COUNT"] ="4"
city_entry ='None'
latitude_entry = None
longitude_entry = None
root = Tk()
db_config ={
'host": 'localhost’,
‘user': 'root’,
‘password': 'root1234',
'database': 'database’
}
gmaps = googlemaps.Client(key="AlzaSyBzolZur_pkncvPbYPHsRkYHgtU3s9i860")
manual_params_with_ramp ={
"km": None,
"db": None,
"ag": None,
"sp": None,
"br": None,

¥

manual_params_without_ramp = {
"km": None,
"db": None,
"ag": None,
"sp": None,
"br": None,



¥

try:
route = gmaps.directions("Kyiv, Ukraine", "Lviv, Ukraine", mode="driving", departure_time="now")
print(route)

except Exception as e:
print("Error:", e)

def build_route_with_google_maps(cluster_points, api_key, color):
print(f"Total points for routing: {len(cluster_points)}") # Debugging output

gmaps = googlemaps.Client(key=api_key)
routes =[]

# Po30nBaeMO TOYKHM Ha MiArPyNH
subgroups = list(split_points(cluster_points, max_waypoints=23))
print(f"Number of subgroups created: {len(subgroups)}") # Debugging output

for idx, subgroup in enumerate(subgroups):
try:
print(f"Processing subgroup {idx + 1}/{len(subgroups)} with {len(subgroup)} points™) # Debugging output

# SIxmro miArpyma MiCTUTh OTHY TOUKY, OyIyeMo MapmipyT Bif Hei 1o cebe (amst kopexTHocTi API)
if len(subgroup) == 1:
start_point = end_point = subgroup[0]
route = gmaps.directions(
origin=f"{start_point[0]},{start_point[1]}",
destination=f"{end_point[0]},{end_point[1]}",
mode="driving"
)
if route:
routes.append((route, color))
print(f"Subgroup {idx + 1} (single point) processed successfully.")
else:
print(f"Subgroup {idx + 1} (single point) returned no route.")
continue

# IToyaTKoBa 1 KiHIIEBA TOYKH
start_point = subgroup[0]
end_point = subgroup[-1]
waypoints = subgroup[1:-1]

# 3ammut 1o Google Maps API

route = gmaps.directions(
origin=f"{start_point[0]}{start_point[1]}",
destination=f"{end_point[0]},{end_point[1]}",
waypoints=[f"{point[0]},{point[1]}" for point in waypoints],
optimize_waypoints=True,
mode="driving"

)

if route:
routes.append((route, color))
print(f"Subgroup {idx + 1} processed successfully.")

else:
print(f"Subgroup {idx + 1} returned no route.")

except Exception as e:
print(f"Error building route for subgroup {idx + 1}: {e}")

print(f"Total routes generated: {len(routes)}") # Debugging output



return routes

def build_routes_only(algorithm, api_key):
global cluster_results
if cluster_results[algorithm]["clusters_with_ramp"] is None or cluster_results[algorithm][
"clusters_without_ramp"] is None:
messagebox.showwarning("Warning", f*No clusters available for {algorithm}. Please run clustering first.")
return

if algorithm in cluster_results:
results = cluster_results[algorithm]
clusters_with_ramp = results["clusters_with_ramp"]
clusters_without_ramp = results["clusters_without_ramp"]
data_with_ramp = results["data_with_ramp"]
data_without_ramp = results["data_without_ramp"]

if clusters_with_ramp is not None and clusters_without_ramp is not None:
def build_routes_for_clusters(cluster_dict, colors):
routes = []
for cluster_id, points in cluster_dict.items():
if len(points) == 0:
print(f"Cluster {cluster_id} has no points. Skipping.")
continue
print(f"Building routes for cluster {cluster_id} with {len(points)} points™) # Debugging output
color = colors[cluster_id % len(colors)]
cluster_routes = build_route_with_google_maps(points, api_key, color)
routes.append(cluster_routes)
return routes

# [lepeTBOpeHHS KJIACTEPIB Y CIOBHUKH
cluster_dict_with_ramp = {}
for i, cluster_id in enumerate(clusters_with_ramp):
if cluster_id not in cluster_dict_with_ramp:
cluster_dict_with_ramp[cluster_id] =[]
cluster_dict_with_ramp[cluster_id].append([float(data_with_ramp[i][2]), float(data_with_ramp[i][3])])

cluster_dict_without_ramp = {}
for i, cluster_id in enumerate(clusters_without_ramp):
if cluster_id not in cluster_dict_without_ramp:
cluster_dict_without_ramp[cluster_id] =]
cluster_dict_without_ramp|[cluster_id].append(
[float(data_without_ramp[i][2]), float(data_without_ramp[i][3]])

# I'eHepallist KOIBOPIB LTI KJIacTepiB
total_clusters = len(set(clusters_with_ramp)) + len(set(clusters_without_ramp))
all_colors = generate_bright_colors(total_clusters)

# Po3monin kobopiB
colors_with_ramp = all_colors[:len(set(clusters_with_ramp))]
colors_without_ramp = all_colors[len(set(clusters_with_ramp)):] # Pemrra kombopin

# Bynyemo mMapmpyTi
routes_with_ramp = build_routes_for_clusters(cluster_dict_with_ramp, colors_with_ramp)
routes_without_ramp = build_routes_for_clusters(cluster_dict_without_ramp, colors_without_ramp)

# Bizyauizanist MapupyTiB

create_map_with_routes(
data_with_ramp, clusters_with_ramp, routes_with_ramp, colors_with_ramp,
data_without_ramp, clusters_without_ramp, routes_without_ramp, colors_without_ramp

)



print(f"MapmpyTtu nodyzoBaHo ans {algorithm}.")
else:
print(f"Hemae marux mis noOynoBu MapmpyTiB ais {algorithm}.")
else:
print(f"AnroputMm {algorithm} He 3HalineHO B pe3ynprarax KiacTepusarii.")

def create_map_with_routes(data_with_ramp, clusters_with_ramp, routes_with_ramp, colors_with_ramp,
data_without_ramp, clusters_without_ramp, routes_without_ramp, colors_without_ramp):

Bioobpascae mapwpymu i kracmepu 015 oanux 3 pamnoiro i be3 pamnu.

# LlenTp xaptu

map_center =[48.379433,31.165580] # Llentp Ykpainu

route_map = folium.Map(location=map_center, zoom_start=6, tiles='OpenStreetMap")

# 3aBanTaxxeHHs GeoJSON mnst kopaoHiB Ykpainu
try:
with open('Ukraine.geojson’) as file:
geojson_data = json.load(file)
folium.GeoJson(geojson_data, name="Ukraine borders').add_to(route_map)
except FileNotFoundError:
print("®aiin Ukraine.geojson He 3HaiineHo. Kapra Oyne BimoOpakeHa 6e3 KopIoHiB.")

# Bizyamizaris MapmpyTiB
def visualize_routes(routes):
for route_group in routes:
for route, color in route_group:
for leg in route[0]["legs"]:
for step in leg["steps"]:
start = (step["'start_location"]["lat"], step["start_location"]["Ing"])
end = (step["end_location"]["lat"], step["end_location"]["'Ing"])

# JlomaeMo JTiHIFO MapIIpyTy 3 TOHKAM YOPHUM 001IKOM
folium.PolyLine([start, end], color="black", weight=4, opacity=1).add_to(route_map)
folium.PolyLine([start, end], color=color, weight=4.5, opasity=0.9).add_to(route_map)

visualize_routes(routes_with_ramp)
visualize_routes(routes_without_ramp)

# JlomaBaHHs TOUOK KJIacTepiB
def add_cluster_markers(data_group, clusters, color_palette, shape):
for city, cluster_id in zip(data_group, clusters):
color = color_palette[cluster_id % len(color_palette)]
if shape == "circle":

folium.CircleMarker(
location=(city[2], city[3]),
radius=13,
color="black",
fill=True,
fill_color=color,
fill_opacity=0.9,
weight=0.5,
popup=f"Cluster: {cluster_id + 1}"

).add_to(route_map)

# JlomaBaHHs nugp NOBEpX KPy>KEUKiB

folium.Marker(
location=(city[2], city[3]),
icon=folium.Divlcon(

html=f"<div style="font-size: 13px; color: black; font-weight: bold; text-align: center;>{cluster_id}</div>"

)



).add_to(route_map)
elif shape == "square":
folium.RegularPolygonMarker(
location=(city[2], city[3]),
number_of sides=4,
radius=12,
color="black",
fill=True,
fill_color=color,
fill_opacity=0.9,
weight=0.5,
popup=f"Cluster: {cluster_id + 1}"
).add_to(route_map)
# JlomaBanHs Ep TOBEPX KBAIpaTiB
folium.Marker(
location=(city[2], city[3]),
icon=folium.Divicon(
html=f"<div style="font-size: 13px; color: black; font-weight: bold; text-align: center;">{cluster_id}</div>

).add_to(route_map)

# JlomaeMo KJ1acTepH 3 pamItor0 (KpyKeUKn)

add_cluster_markers(data_with_ramp, clusters_with_ramp, colors_with_ramp, “circle™)

# Jlomaemo kmactepu 0e3 pamma (KBaJpaTUKH)

add_cluster_markers(data_without_ramp, clusters_without_ramp, colors_without_ramp, "square™)

# 30epekeHH 1 BiToOpakeHHS KapTH

route_map.save('map_with_routes.html")

webview.create_window("Map with Routes", "map_with_routes.html", width=800, height=600, resizable=True)
webview.start()

def split_points(points, max_waypoints=23):

Pos3oinse cnucox moyox Ha nioepynu, KOX’CHA 3 AKUX MICIUMb He OLibuie max_waypoints mo4ok.
for i in range(0, len(points), max_waypoints):
yield points[i:i + max_waypoints]

def create_ukraine_map(data, clusters_km, clusters_db, clusters_ag, clusters_sp, clusters_br, show_cluster_names):
map_center = [48.379433, 31.165580]
map_clusters = folium.Map(location=map_center, zoom_start=6, tiles='"OpenStreetMap")
# 3aBaHTa)XeHHs JaHHUX MPO KOpaoHHu Ykpaiuu 3 dainy Ukraine.geojson
with open('Ukraine.geojson’) as file:
geojson_data = json.load(file)
# Bu3sHaueHHS A TPU KOJIBOPIB
colors = ['red', 'green’, 'blue’, 'pink’, 'brown’, 'yellow', 'orange’, ‘violet', 'black’, ‘purple’]
folium.GeoJson(geojson_data, name="geojson’).add_to(map_clusters)

# IlepeBipka KO>KHOTO KiacTepa Ha None Ta CTBOPEHHSI ITyCTOT'O CIHCKY, SKIIO MOTPiOHO

clusters_km =[] if clusters_km is None else clusters_km

clusters_db =[] if clusters_db is None else clusters_db

clusters_ag = [] if clusters_ag is None else clusters_ag

clusters_sp = [] if clusters_sp is None else clusters_sp

clusters_br =[] if clusters_br is None else clusters_br

color ="yellow'

# Ilepedip ycix AaHMX 1 BCIX THIIB KilacTepiB

for city, cluster_km, cluster_db, cluster_ag, cluster_sp, cluster_br in itertools.zip_longest(data, clusters_km,
clusters_db,
clusters_ag,



clusters_sp,
clusters_br):
lat, lon = city[2:4]
cluster list =[] # Crmcok kiacTepiB Uil BimoOpaskeHHs NP HaBEeIEHHI Ha MapKep

if cluster_km is not None:
color = colors[cluster_km % len(colors)] # Bubip koap0opy 3 HaJiTpH 3a iHACKCOM KJIACTEPy
if show_cluster_names:
cluster_list.append(f"K-Means: {cluster_km + 1}")
else:
cluster list.append(str(cluster km + 1)) # BukopucroByBatu e 1mudpy 0e3 Ha3BH KiacTepa
if cluster_db is not None:
color = colors[cluster_db % len(colors)] # Bubip konpopy 3 maiiTpu 3a iHAEKCOM KIacTepy
if show_cluster_names:
cluster_list.append(f"DBSCAN: {cluster_db + 1}")
else:
cluster list.append(str(cluster_db + 1)) # BukopucroByBartu yuiie udpy 63 Ha3BH Kiactepa
if cluster_ag is not None:
color = colors[cluster_ag % len(colors)] # BuOip konbopy 3 mamiTpu 3a iHAEKCOM KJacTepy
if show_cluster_names:
cluster_list.append(f*Agglomerative:</span>{cluster_ag + 1}")
else:
cluster list.append(str(cluster _ag + 1)) # BuxopuctoByBaTu jumie mudpy 0e3 Ha3BH KiiacTepa
if cluster_sp is not None:
color = colors[cluster sp % len(colors)] # Bubip xonpopy 3 mayiTpH 3a iHIEKCOM KIIacTepy
if show_cluster_names:
cluster_list.append(f'Spectral: {cluster_sp + 1}")
else:
cluster list.append(str(cluster_sp + 1)) # BukopucroBysatu e nudpy 0e3 Ha3BU KiacTepa
if cluster_br is not None:
color = colors[cluster_br % len(colors)] # Bubip koip0py 3 MaITPH 3a iHACKCOM KJIacTepy
if show_cluster_names:
cluster_list.append(f'Birch: {cluster_br + 1}")
else:
cluster list.append(str(cluster_br + 1)) # BukopucrtoByBatu snmmie mudpy 6e3 Ha3BH Kiactepa

folium.CircleMarker(location=[lat, lon], radius=10, color=color, fill=True, fill_color=color).add_to(
map_clusters)

# BinueHtpyBaHHs 1udpyu B cepeinHi Mapkepa
style = "font-size: 12pt; text-align: center; display: flex; justify-content: center; align-items: center; width: 100%;
height: 100%;"
folium.Marker(location=[lat, lon],
icon=folium.Divlcon(html=f"<div style="{style}>{'<br>"join(cluster_list)}</div>")).add_to(
map_clusters)

map_clusters.save(‘cluster_map.html")
webview.create_window(""Clustered Data", "cluster_map.html", width=800, height=600, resizable=True)
webview.start()

def open_ukraine_map():
conn = mysql.connector.connect(**db_config)
cursor = conn.cursor()
query = "SELECT * FROM data"
cursor.execute(query)
data = cursor.fetchall()
cursor.close()
conn.close()
create_ukraine_map(data, None, None, None, None, None, False)



def get_data_from_database():
try:
conn = mysql.connector.connect(**db_config)
cursor = conn.cursor()
query = "SELECT * FROM data where oblast_idoblast = 23 or oblast_idoblast = 18 or oblast_idoblast = 20 or
oblast_idoblast = 22"
# query = "SELECT * FROM data"
cursor.execute(query)
data = cursor.fetchall()
cursor.close()
conn.close()
return data

except mysgl.connector.Error as error:
messagebox.showerror("Tlommika migkmroueHHs 10 6a3u JaHUX:", error)
return

def add_data_to_database():
city = city_entry.get()
latitude = latitude_entry.get()
longitude = longitude_entry.get()

if city and latitude and longitude:
try:
conn = mysql.connector.connect(**db_config)
cursor = conn.cursor()
query ="SELECT MAX(idCity) FROM data"
cursor.execute(query)
result = cursor.fetchone()

if result[0]:

max_id = result[0] + 1
else:

max_id =1

insert_query = f"INSERT INTO data (idCity, Name, x, y) VALUES ({max_id}, '{city}, {latitude}, {longitude})"
cursor.execute(insert_query)
conn.commit()
cursor.close()
conn.close()
messagebox.showinfo("'Success”, "Data added successfully!™)

except mysql.connector.Error as error:
messagebox.showerror("Error”, f"Error while adding data to database: {error}")

else:
messagebox.showwarning(“Incomplete Fields", "Please fill in all fields.")

def delete_data_from_database():
city = city_entry.get()

if city:
try:
conn = mysql.connector.connect(**db_config)
cursor = conn.cursor()
delete_query = f'DELETE FROM data WHERE Name = '{city}"
cursor.execute(delete_query)
conn.commit()
cursor.close()
conn.close()
messagebox.showinfo("Success”, "Data deleted successfully!™)
except mysql.connector.Error as error:
messagebox.showerror("Error", f"Error while deleting data from database: {error}")
else:



messagebox.showwarning(“Missing City", "Please enter a city name.")

def add_geographical_features(data, rivers, mountains):
Jlooae eeoepaghiuni 03naxu 00 Oanux.
:param data: Macus xoopounam mouok [[latl, lonl], [lat2, lon2], ...]
:param rivers: Cnucox koopournam piuok [[latl, lonl], [lat2, lon2], ...]
:param mountains: Cnucok xoopounam 2ip [[latl, lonl], [lat2, lon2], ...]
:return: Macue oanux 3 HOGUMU O3HAKAMU
enhanced_data =[]
for point in data:
# Binctanp 10 HAHOMHKYOL piuKH
river_distances = [np.linalg.norm(np.array(point) - np.array(river)) for river in rivers]
min_river_distance = min(river_distances)

# Bincranp 10 HaWOMMKIOT ropu
mountain_distances = [np.linalg.norm(np.array(point) - np.array(mountain)) for mountain in mountains]
min_mountain_distance = min(mountain_distances)

# JlomaeMo HOBI O3HAKU
enhanced_data.append(list(point) + [min_river_distance, min_mountain_distance])

return np.array(enhanced_data)
rivers = [

[50.4501, 30.5234
[48.6239, 35.2256

, # lninpo, Kuis

, # J{uinpo, [ninpo

[46.4775, 30.7326], # Iduictep, Oneca

[47.8390, 35.1383], # Camapa, 3anopixks
[48.2732,25.9358], # Ilpyr, UepHiBui

[49.0000, 31.2000], # Poc, LlentpansHa Ykpaina

[48.7000, 37.6000], # CiBepcekuii [loHeup, JJorbac
[49.8400, 30.1300], # Terepis, XKuromup

[47.8388, 35.1396], # [dnuinpo, 3amopixoks
[46.6524,32.6178], # duinpo, XepcoH

[46.6332, 32.6149], # Iurynenp, XepcoH

[48.7808, 24.1900], # Huicrep, IBano-PpaHkiBChbk
[48.9245, 24.7118], # bucrpuus HansipusHcbka, HangipHa
[48.8790, 24.6925] # Buctpuirt CoiaoTBUHCHKA, IBaHO-DpaHKIBChK

]

mountains = [
[48.1607,24.4995], # 'oBepna
[48.1726, 24.5794], # Ilerpoc
[48.4011, 23.6054], # I1in Isan
[48.4477,24.3663], # [loBOymanka
[47.9958, 24.2061], # Menuyn
[48.0326, 24.4236], # bpebeneckyn
[47.9606, 23.7243], # Ctpumba
[48.5603,23.2234], # Kpacna 'opa
[48.2667, 24.4167], # Typkyn
[48.1720, 24.6640] # Xom'six

—_

—_ e —_

def evaluate_data(rivers, mountains):

Oyinioe knacmepusayiio 0 080X epyn OAHUX. 3 pAMNOIO i be3.
36epicae pesyromamu 6 okpemi mekcmogi paiiu ma UHA4AE ONMUMATLHI napamempu OJis KOJICHOI 2pynu.



# OTpuMaHHS JaHUX i3 0a3n
data = get_data_from_database()
if not data:
print("He Bmamocst orpumary naHi 3 6a3u gaHux.")

return {3}, {3

# Po3moain gaHuX Ha JBi rpynu
data_with_ramp = [row for row in data if row[-1] == 2 or row[-1] == 3] # 3 pamnoro abo KoMbiHOBaHi
data_without_ramp = [row for row in data if row[-1] == 1 or row[-1] == 3] # Be3 pammu a6o KkoMGiHOBaHi
# Barosi koe}iIlieHTH UIT METPUK
metric_weights = {
"kmeans": {

‘'silhouette”: 2,

‘calinski_harabasz": 2,

'davies_bouldin'; -1,

'density_variation": 1,

‘inertia": -2

¥

bscan™: {

'silhouette”: 1,
‘calinski_harabasz": 1,
‘davies_bouldin": -2,
‘density_variation': 2,
'inertia”: 0

}

gglomerative™; {
'silhouette”: 2,
‘calinski_harabasz": 2,
'davies_bouldin": -1,
'density_variation": 1,
'inertia: 0

}

pectral: {
'silhouette”: 2,
‘calinski_harabasz": 1,
‘davies_bouldin": -1,
‘density_variation": 1,
‘inertia”: 0
b
"birch": {
'silhouette”: 1,
‘calinski_harabasz": 2,
'davies_bouldin": -1,
'density_variation": 1,
'inertia”; -1
}
}

def calculate_density variation(data, clusters):

Obuyucnioe eapiamugHicms WinbHOCMI K1ACmepis.
unique_clusters = set(clusters)
if -1 in unique_clusters:
unique_clusters.remove(-1) # Bukirogaemo TOukH 1ymy (kiacrep -1)

if not unique_clusters: # SIkmo HemMae >k0JHOTO KiacTepa
return 0.0

densities =[]
for cluster in unique_clusters:



cluster_points = data[clusters == cluster]
if len(cluster_points) > 1:
distances = pdist(cluster points) # Bci maphi BiacTani
mean_distance = np.mean(distances)
densities.append(1 / mean_distance if mean_distance > 0 else 0)
else:
densities.append(0) # Skuio kmacTep CKIaAaeThCs 3 OHIET TOUKU

return np.var(densities)

def select_best_params(results, weights):

best_score = float('-inf")
best_params = None

for params, metrics, clusters in results:
if any(list(clusters).count(c) == 1 for c in set(clusters)):
continue # [IpormycTuTH pe3ysbTaTH 3 KJIacTepaMu po3MipoMm 1

# Po3paxyHOK 3aranbHoro oaiy
score = sum(
weights.get(metric, 0) * value
for metric, value in metrics.items() if metric in weights

)

if score > best_score:
best_score = score
best_params = params

return best_params
def evaluate_single_group(data_group, algorithm):

Oyinroce knacmepu3sayito 0151 00HIEL epynu 0aHux i nidOUpac MempuKu 3aiedcHo 8i0 ancopummy.

if not data_group:

return {}, [1

numeric_data = np.array([[float(coord) for coord in row[2:4]] for row in data_group])
numeric_data = add_geographical_features(numeric_data, rivers, mountains)

# # Bubip METpHK 3aJIe)KHO Bifl AITOPUTMY
# metrics = {

# "kmeans": ["silhouette", "calinski_harabasz", "inertia"],
# "dbscan": ["silhouette”, "density_variation", "davies_bouldin"],
# "agglomerative": ["silhouette", "calinski_harabasz", "cophenetic"],
#  "spectral": ["silhouette”, "davies_bouldin", "spectral_gap"],
#  "birch™: ["silhouette”, "calinski_harabasz", "cluster_diameter"]
#}
param_grid = {
'kmeans": {
'n_clusters": range(2, 16),
'n_init": [10, 20],
‘random_state"; [42]
}
'dbscan": {

'eps’: np.arange(0.2, 1.6, 0.1),
'min_samples': range(2, 6)

}!

‘agglomerative': {
'n_clusters": range(2, 16)

}



'spectral’; {
'n_clusters'; range(2, 16),
‘random_state": [42],
‘affinity": ['nearest_neighbors', 'rbf']

h
‘birch": {
'n_clusters': range(2, 16)
}
¥
results =[]

for param_comb in itertools.product(*param_grid[algorithm].values()):
param_dict = dict(zip(param_grid[algorithm].keys(), param_comb))

try:
# Iaimianizamis Moaei
if algorithm == 'kmeans":
model = KMeans(**param_dict)
elif algorithm == 'dbscan":
model = DBSCAN(**param_dict)
elif algorithm == "agglomerative":
model = AgglomerativeClustering(**param_dict)
elif algorithm == "spectral":
model = SpectralClustering(**param_dict)
elif algorithm == "birch’:
model = Birch(**param_dict)
else:
continue

# HaBuanus momei
clusters = model.fit_predict(numeric_data)

if len(set(clusters)) < 2: # Minimym 2 kiactepu
continue

# OOunCIIeHHS 00paHUX METPHUK
metric_results = {}
if "silhouette” in metric_weights[algorithm]:
metric_results["silhouette™] = silhouette_score(numeric_data, clusters)
if "calinski_harabasz" in metric_weights[algorithm]:
metric_results["calinski_harabasz"] = calinski_harabasz_score(numeric_data, clusters)
if "davies_bouldin™ in metric_weights[algorithm]:
metric_results["davies_bouldin"] = davies_bouldin_score(numeric_data, clusters)
if "density_variation" in metric_weights[algorithm]:
metric_results["density_variation"] = calculate_density_variation(numeric_data, clusters)
if "inertia" in metric_weights[algorithm] and hasattr(model, ‘inertia_"):
metric_results["inertia"] = model.inertia_

results.append((param_dict, metric_results, clusters))

except Exception:
continue

# BuOip Halikpammx mapaMeTpiB
best_params = select_best_params(results, metric_weights[algorithm])
return best_params, results

# 3amuc ycix pe3ynbTaTiB y JBa (aiinu (3 pamioro i 6e3 pamiin)
with open(“cluster_results_with_ramp.txt", "w") as file_with_ramp, open("cluster_results_without_ramp.txt",
"w") as file_without_ramp:
summary_with_ramp =]
summary_without_ramp =]



for algo in ["kmeans", "dbscan", "agglomerative", "spectral”, "birch"]:
best_params_with_ramp, results_with_ramp = evaluate_single_group(data_with_ramp, algo)
best_params_without_ramp, results_without_ramp = evaluate_single_group(data_without_ramp, algo)

file with_ramp.write(f" Anropurm: {algo}\n")
for params, metrics, clusters in results_with_ramp:

file with ramp.write(f'[lapamerpu: {params}, Merpuku: {metrics}\n")
summary_with_ramp.append((algo, best_params_with_ramp))
file_with_ramp.write("\n")

file_without ramp.write(f" Anropurm: {algo}\n")

for params, metrics, clusters in results_without_ramp:
file_without_ramp.write(f"TTapamerpu: {params}, Merpuku: {metrics}\n")

summary_without_ramp.append((algo, best_params_without_ramp))

file_without_ramp.write("\n")

# JlomaBaHHs MiZCyMKOBOI Tabmuui 1o daitnis

file_with_ramp.write(" \n")
file with_ramp.write("Anroput™ | Haiikpamii mapamerpu\n)
file_with_ramp.write(" \n")

for algo, params in summary_with_ramp:
file_with_ramp.write(f"{algo} | {params}\n")

file_without_ramp.write(" \n")
file_ without ramp.write(" Anroputm | Haiikparui napamerpu\n')
file_without_ramp.write(" \n")

for algo, params in summary_without_ramp:
file_without_ramp.write(f"{algo} | {params}\n™)

return summary_with_ramp, summary_without_ramp

def add_geographical_features(data, rivers, mountains):
Jlooae eeoepaghiuni 03naxu 00 Oanux.
:param data: Macus koopounam mouok [[latl, lonl], [lat2, lon2], ...]
:param rivers: Cnucox koopournam piuok [[latl, lonl], [lat2, lon2], ...]
:param mountains: Cnucok xoopounam 2ip [[latl, lonl], [lat2, lon2], ...]
‘return: Macue danux 3 HOBUMU O3HAKAMU
enhanced_data =[]
for point in data:
# Bincranp 10 HAHOIMKYOT PIUKK
river_distances = [np.linalg.norm(np.array(point) - np.array(river)) for river in rivers]
min_river_distance = min(river_distances)

# BincTanp 10 HAHOIMKYOT TOPH
mountain_distances = [np.linalg.norm(np.array(point) - np.array(mountain)) for mountain in mountains]
min_mountain_distance = min(mountain_distances)

# JlomaeMo HOBi O3HAKH
enhanced_data.append(list(point) + [min_river_distance, min_mountain_distance])

return np.array(enhanced_data)

def cluster_data(algorithm, best_params_with_ramp, best_params_without_ramp):
Vuigepcanona gpynxyis kiacmepusayii' 3 6paxy8aHHAM HAA6HOCME PAMNUL.
Hiompumye pisui aneopummu Kracmepusayii.



print (aldo’, algorithm)
data = get data from_database() # Otpumyemo nani 3 6a3zu
if not data:
print("He Bmamocst orpumary naHi 3 6a3u gaHux.")
# IloBepTaeMo MOPOKHI Pe3yIbTATH, OO YHUKHYTH TOMIJIOK

return [], [1, {1 I

# Mara cKopOYeHHX Ha3B aJITOPUTMIB Ha ITOBHI
ALGORITHM_KEYS ={
"km": "kmeans",

"db": "dbscan",

"ag": "agglomerative",
"sp": "spectral”,

"br": "birch"

¥

# OTpuMaTH MTOBHY Ha3BY aJITOPUTMY

full_algorithm_name = ALGORITHM_KEY S.get(algorithm, algorithm)

print(f"BuxopucroByerscs anroputm: {full algorithm name}")

# Posmonin naHux

data_with_ramp = [row for row in data if row[-1] == 2 or row[-1] == 3] # 3 pammoro abo KoMOiHOBaHi
data_without_ramp = [row for row in data if row[-1] == 1 or row[-1] == 3] # Be3 pammu a6o komMGiHOBaHi
print("best paramsl1", best_params_with_ramp)

print("best params2", best_params_without_ramp)

print("OtpumaHni naHi 3 6azu:")

print(f"ani 3 pammoro: {len(data with ramp)} 3amucis")

print(f" Iani 6e3 pammu: {len(data_without ramp)} 3ammcis")

# OyHKIIA I OTPUMaHHS apaMeTPiB IS adrOPUTMY
def get_algorithm_params(algorithm_name, params_list):
for algo, params in params_list:
if algo == algorithm_name:
return params
return {} # SIki1o anropuT™ He 3HaHEHO

def cluster_group(data_group, algorithm, params):
if data_group:
lat_lon_data = np.array([[float(coord) for coord in row[2:4]] for row in data_group])

# BuBin BXiTHUX JAHUX JJIS KIACTEPH3AIii

print(f"\n[ Anropurm: {algorithm.upper()}]")

print(f"Bxigni mapameTpu: {params}")

print(f"Tlepiux 5 Touok nanux: {lat lon data[:5]}")
print(f"Kinbkicts TOUOK ayst kiactepu3arii: {lat lon_data.shape[0]}")

# Tmimiamizargis Mojaerni
if algorithm == "kmeans":
model = KMeans(**params)
elif algorithm == "dbscan":
model = DBSCAN(**params)
elif algorithm == "agglomerative":
model = AgglomerativeClustering(**params)
elif algorithm == "spectral":
model = SpectralClustering(**params)
elif algorithm == "birch":
model = Birch(**params)
else:
raise ValueError(f"Unknown algorithm: {algorithm}")

# BukoHaHHS KiacTepu3arii

clusters = model.fit_predict(lat_lon_data)

print(f"Kinbkicts yHikanpHEX KiacTepiB: {len(set(clusters))}")
print(f"Kmnacrepn: {clusters}")



return clusters

else:
print(f"[AmropurMm: {algorithm.upper()} ]| Hemae marmx mis kiaacrepuzarii.")
return []

def create_map_with_shapes(data_with_ramp, data_without_ramp, clusters_with_ramp, clusters_without_ramp,
colors_with_ramp, colors_without_ramp):

Bioobpaoicae knacmepu na mani 3 piznumu popmamu ma Koibopamu.
map_center = [48.379433, 31.16558] # Llentp Ykpainu
map_clusters = folium.Map(location=map_center, zoom_start=6, tiles='OpenStreetMap")

# 3aBaHTa)kKeHHS TaHUX IIPO KOPJOHU YKpaiHu
try:
with open('Ukraine.geojson’) as file:
geojson_data = json.load(file)
folium.GeoJson(geojson_data, name="geojson’).add_to(map_clusters)
except FileNotFoundError:
print("®aiin Ukraine.geojson He 3HaiineHo. [lepeBipTe nuisix o daiiny.")

def add_cluster_points(data_group, clusters, marker_shape, color_palette):
for city, cluster_id in zip(data_group, clusters):
color = color_palette[cluster_id - 1] if cluster_id > 0 else "gray" # lllywm cipuit
if marker_shape == "circle":
folium.CircleMarker(
location=(city[2], city[3]),
radius=13,
color="black",
fill=True,
fill_color=color,
fill_opacity=0.9,
weight=0.5,
popup=f"Cluster: {cluster_id}"
).add_to(map_clusters)
# JlomaBaHHS UQP TOBEPX KPYKEUKIB
folium.Marker(
location=(city[2], city[3]),
icon=folium.Divicon(
html=f"<div style="font-size: 13px; color: black; font-weight: bold; text-align:
center;">{cluster_id}</div>"
)
).add_to(map_clusters)
elif marker_shape == "square":
folium.RegularPolygonMarker(
location=(city[2], city[3]),
number_of_sides=4,
radius=12,
color="black",
fill=True,
fill_color=color,
fill_opacity=0.9,
weight=0.5,
popup=f"Cluster: {cluster_id}"
).add_to(map_clusters)
# JlomaBanHs (P MOBEPX KBAIpaTiB
folium.Marker(
location=(city[2], city[3]),
icon=folium.Divlcon(
html=f"<div style="font-size: 13px; color: black; font-weight: bold; text-align:
center;'>{cluster_id}</div>"

)



).add_to(map_clusters)

# JlomaBaHHS KJ1acTepiB
add_cluster_points(data_with_ramp, clusters_with_ramp, "circle", colors_with_ramp)
add_cluster_points(data_without_ramp, clusters_without_ramp, "square”, colors_without_ramp)

# 30eperxeHHs Ta BiOOpakeHHS KapTH

map_clusters.save('cluster_map_with_shapes.html")

webview.create_window("Clustered Data", "cluster_map_with_shapes.html", width=800, height=800, resizable=True)
webview.start()

# OTpuMyeMo mapaMeTpH U KilacTepu3arii

params_with_ramp = get_algorithm_params(full_algorithm_name, best_params_with_ramp)
params_without_ramp = get_algorithm_params(full_algorithm_name, best_params_without_ramp)
print(f'TTapamerpu s {full algorithm name} (3 pammoro): {params_with ramp}")
print(f'Tlapamerpn mns {full algorithm name} (6e3 pammm): {params_without ramp}")

# Knacrepuzauis 1y 000X rpyn
clusters_with_ramp = cluster_group(data_with_ramp, full_algorithm_name, params_with_ramp)
clusters_without_ramp = cluster_group(data_without_ramp, full_algorithm_name, params_without_ramp)

# Ilepenymepailis KJacTepiB

def renumber_clusters(clusters):
unique_clusters = sorted(set(clusters) - {-1}) # Irnopyemo mym (-1)
cluster_mapping = {old: new + 1 for new, old in enumerate(unique_clusters)}
cluster_mapping[-1] =0 # llym 3anumaerses 0
return [cluster_mapping[c] for ¢ in clusters]

clusters_with_ramp = renumber_clusters(clusters_with_ramp)

# Oxpema Hymepallis JJIs KJI1acTepiB 0e3 pammu

def renumber_clusters_separately(clusters):
unique_clusters = sorted(set(clusters) - {-1}) # Irnopyemo mrym (-1)
cluster_mapping = {old: new + 1 for new, old in enumerate(unique_clusters)}
cluster_mapping[-1] =0 # llym 3anumaerscs 0
return [cluster_mapping[c] for ¢ in clusters]

clusters_without_ramp = renumber_clusters_separately(clusters_without_ramp)

# I'enepaitisi KOJIBOPIB

num_clusters_with_ramp = len(set(clusters_with_ramp)) - (1 if O in clusters_with_ramp else 0)
num_clusters_without_ramp = len(set(clusters_without_ramp)) - (1 if O in clusters_without_ramp else 0)
total_clusters = num_clusters_with_ramp + num_clusters_without_ramp

# T'eHepy€eMO KOJBOPH IS BCIX KJIaCTEPiB
all_colors = generate_bright_colors(total_clusters)

# Po3ainseMo KOJBOPH LIS TPYII
colors_with_ramp = all_colors[:num_clusters_with_ramp]
colors_without_ramp = all_colors[num_clusters_with_ramp:]

# CTBOpEHHS KapTH 3 KJIACTEpaMHU
create_map_with_shapes(
data_with_ramp, data_without_ramp,
clusters_with_ramp, clusters_without_ramp,
colors_with_ramp, colors_without_ramp

)

return clusters_with_ramp, clusters_without_ramp, data_with_ramp, data_without_ramp

def generate_bright_colors(num_colors):



Tenepye sckpasi ynikanvhi koarvopu 8 HEX-ghopmami.
colors = set()
max_attempts = num_colors * 20 # 36UIbIIyeMO KITBKICTB CIIPOO Il YHUKHEHHS [TOBTOPIB

for _ in range(max_attempts):
if len(colors) >= num_colors:
break

# I'eHepyeMo TceBIOBUTIAKOBHI hue

hue = random.uniform(0, 1)

saturation = 0.8

lightness = 0.5

rgb = colorsys.hls_to_rgb(hue, lightness, saturation)

hex_color = #{:02x}{:02x}{:02x}".format(int(rgb[0] * 255), int(rgb[1] * 255), int(rgb[2] * 255))

# [epeBipsieMo, U KOJIIp YHIKaJIbHUN
if hex_color not in colors:
colors.add(hex_color)

# Jlomaemo pe3epBHI KOJbOPH, SKIIO 0A30BHX HE BUCTAYUIIO
fallback_colors = ["#FF0000", "#00FF0Q", "#0000FF", "#FFFFO0Q", "#FFOOFF", "#00FFFF", "#FFFFFF", "#000000"]
while len(colors) < num_colors:
for fallback_color in fallback_colors:
if fallback_color not in colors:
colors.add(fallback_color)
if len(colors) >= num_colors:
break

# SIKIO HaBITH MICIS pe3epBY KOJIbOPIB HEAOCTATHBO
if len(colors) < num_colors:
raise ValueError(f"HemoctaTHbo 10oCTYHUX KOJIBOPIB. 3reHepoBano {len(colors)} 3 {num_colors}.")

return list(colors)

def update_clusters(algorithm, best_params_with_ramp, best_params_without_ramp):
global cluster_results, manual_params_with_ramp, manual_params_without_ramp

# BusHauaeMo mapaMeTpu I KilacTepu3aii
params_to_use_with_ramp = (
best_params_with_ramp if manual_params_with_ramp[algorithm] is None else
manual_params_with_ramp[algorithm]
)
params_to_use_without_ramp = (
best_params_without_ramp if manual_params_without_ramp[algorithm] is None else manual_params_without_ramp[
algorithm]
)

print(params_to_use_with_ramp)
print(params_to_use_without_ramp)
# BUKOHY€eMO KJacTepu3allito
try:
clusters_with_ramp, clusters_without_ramp, data_with_ramp, data_without_ramp = cluster_data(
algorithm, params_to_use_with_ramp, params_to_use_without_ramp
)

if clusters_with_ramp is not None and clusters_without_ramp is not None:
cluster_results[algorithm]["clusters_with_ramp"] = clusters_with_ramp
cluster_results[algorithm]["clusters_without_ramp"] = clusters_without_ramp



cluster_results[algorithm]["data_with_ramp"] = data_with_ramp
cluster_results[algorithm]["data_without_ramp"] = data_without_ramp

enable_route_buttons(algorithm)

else:
messagebox.showerror("Error”, f'"He Baanocsi BUKOHaTH Kiactepu3aiiito s {algorithm}.")
except Exception as e:
messagebox.showerror("Error", f'Tlommika knacrepuzanii muist {algorithm}: {e}")

def click_reg():
width = 540
height = 580
framel = Frame(root)
framel.place(x=0, y=0, relheight=1, relwidth=1)
img = Image.open("bg.webp")
img = img.resize((width, height), Image.LANCZOS)
bg_img = ImageTk.Photolmage(img)
bg_label = Label(framel, image=bg_img)
bg_label.image = bg_img
bg_label.place(x=0, y=0, relwidth=1, relheight=1)
inputlog_lable = Label(framel, text="Enter your login:", font="Arial 15", bg="grey77",
width=20, relief=RAISED, bd=5)
inputlog_lable.place(x=15, y=15)
temp_log_inl = lambda name: log_in1.delete(0, "end")
log_inl = Entry(framel, bg="SkyBlue", width=20, font="Arial 15")
log_inl.insert(0, "Login")
log_inl.bind("<FocusIn>", temp_log_inl)
log_inl.place(x=15, y=65)
inputpas_lable = Label(framel, text="Enter your password:", font="Arial 15", bg="grey77",
width=20, relief=RAISED, bd=5)
inputpas_lable.place(x=15, y=115)
temp_pas_inl = lambda name: pas_inl.delete(0, "end")
pas_inl = Entry(framel, bg="SkyBlue", width=20, font="Arial 15", show="*")
pas_inl.insert(0, "Password")
pas_inl.bind("<FocusIn>", temp_pas_inl)
pas_inl.place(x=15, y=165)
inputpasl_lable = Label(framel, text="Repeat your password:", font="Arial 15", bg="grey77",
width=20, relief=RAISED, bd=5)
inputpasl_lable.place(x=15, y=215)
temp_pas_in2 = lambda name: pas_in2.delete(0, "end")
pas_in2 = Entry(framel, bg="SkyBlue", width=20, font="Arial 15", show="*")
pas_in2.insert(0, "Password")
pas_in2.bind("<Focusln>", temp_pas_in2)
pas_in2.place(x=15, y=265)
but_reg2 = Button(framel, text="Registration’,
command=lambda: save(log_inl.get(), pas_inl.get(), pas_in2.get()),
activebackground="grey40",
font="Arial 15', bg="grey77', width=10, relief=RAISED, bd=5)
but_reg2.place(x=15, y=315)
but_back = Button(framel, text="Back’', command=lambda: main_win(), activebackground="grey40",
font="Arial 15', bg='grey77', width=10, relief=RAISED, bd=5)
but_back.place(x=15, y=365)

def click_log(log_in, pas_in):

try:
f = open("login.txt", "rb")



login_pass_save = pickle.load(f)
f.close()

if log_in in login_pass_save:
if pas_in == login_pass_save[log_in]:
messagebox.showinfo("Successful”, "Hello", type=messagebox.OK)
root.withdraw()
open_main_win()
else:
messagebox.showerror("er", "Invalid password")
else:
messagebox.showerror("erlog”, "Invalid login")
except FileNotFoundError:
messagebox.showerror("erlog”, "Invalid login"™)

# I'moGanpHa 3MiHHA 1715 30epiraHHs HalKpaIiyux napaMeTpiB
best_params = {}

# OYHKIIIS A7 OLIHKY BCIX QJITOPUTMIB 1 30epeKeHHs pe3yJIbTaTiB
def evaluate_and_store():

IIposooumyv oyinky knacmepuszayii 01 0aHux 3 pamnoro i be3 pamnu ma 30epieae pe3yibmamu.

global best_params_with_ramp, best_params_without_ramp

# Buxumk oHOBIIeHOI QyHKIIi evaluate data
best_params_with_ramp, best_params_without_ramp = evaluate_data(rivers, mountains)

print("Orinka 3aBepuieHa. ONTUMAaNBHI TapamMeTpu 30epexeHo.")

# BinoOpaskeHHs pe3yJbTaTiB
print("Pe3ynpTaTi KiIacTepusarii 3 pamroro:")
for algo, params in best_params_with_ramp:
print(f"Anroputm: {algo}, Haiikpami mapamerpu: {params}")

print(*\nPe3ysnpratu kiacrepusanii 6e3 pammu:")
for algo, params in best_params_without_ramp:
print(f" Anroputm: {algo}, Haiikpaii napamerpu: {params}")

# ABTOMaTHYHE BIJIKPUTTS 3reHEPOBAHUX (haililiB

try:
os.startfile("cluster_results_with_ramp.txt")
os.startfile("cluster_results_without_ramp.txt")

except AttributeError:
os.system("open cluster_results with_ramp.txt") # Jlns macOS/Linux
os.system("open cluster_results_without_ramp.txt")

def open_main_win():
global main_window, but_km, but_db, but_ag, but_sp, but_br
global but_km_routes, but_db_routes, but_ag_routes, but_sp_routes, but_br_routes
global button_disabled_color, button_enabled_color

width = 1855

height = 975

screen_width = root.winfo_screenwidth()
screen_height = root.winfo_screenheight()
X = (screen_width // 2) - (width // 2)

y = (screen_height // 2) - (height // 2)-50
global main_window



main_window = Toplevel(root)
main_window.title("['omoBHe BikHO")
main_window.geometry(f"{width}x{height}+{x}+{y}")
main_window.resizable(width=False, height=False)

frame = Frame(main_window)
frame.place(x=0, y=0, relheight=1, relwidth=1)

img = Image.open(""bg_main.webp")
img = img.resize((width, height), Image.LANCZOS)
bg_img = ImageTk.Photolmage(img)

bg_label = Label(frame, image=bg_img)
bg_label.image = bg_img
bg_label.place(x=0, y=0, relwidth=1, relheight=1)

# 3aBaHTa)XeHHs 300pakeHHS

param_image = Image.open('"bg_param.webp") # 3aMiHiTh HUIIX 10 300paskeHHS

# param_image = param_image.resize((width, height), Image.LANCZOS)

param_image = param_image.resize((620, 430), Image. LANCZOS) # Po3mip cekuii 500x465
param_photo = ImageTk.Photolmage(param_image)

# JloJaTu CEKIIiIo I BBECHHS napaMeTpiB
frame_manual_params = Frame(frame, bg="white", relief=RAISED, bd=2)
frame_manual_params.place(x=70, y=30, width=620, height=430)

# BcraBuTH 300pakeHHS B CEKIIIIO

param_label = Label(frame_manual_params, image=param_photo, bg="white™)
param_label.image = param_photo # 30epiraeMo nocuiaHHsl, 1100 YHUKHYTH BUIATICHHS
param_label.place(x=0, y=0, relwidth=1, relheight=1)

# # JlomaTy 3aroJIOBOK MOBEPX 300paKeHHs
# Label(frame manual params, text="BBeneHns napameTpis Bpyuny",
#  font="Arial 12 bold', bg="white").place(x=10, y=10)

# JlomaTtu eneMeHTH KepyBaHHS MOBEPX 300paXKCHHS
add_manual_param_controls(frame_manual_params)

def add_info_tooltip(widget, text):
def show_tooltip(event):
tooltip = Toplevel(widget)
tooltip.wm_overrideredirect(True)
tooltip.geometry(f"+{event.x_root + 10}+{event.y root + 10}")
Label(tooltip, text=text, bg="lightyellow", relief="solid", borderwidth=1, font="Arial 10").pack()
widget.tooltip = tooltip

def hide_tooltip(event):
if hasattr(widget, 'tooltip"):
widget.tooltip.destroy()

del widget.tooltip

widget.bind("<Enter>", show_tooltip)
widget.bind(""<Leave>", hide_tooltip)

# City Entry
city label = Label(frame, text="MicTto:", font='Arial 12', bg="white")
city label.place(x=1480, y=60)

global city_entry
city_entry = Entry(frame, font="Arial 12', width=20)
city_entry.place(x=1480, y=90)



# Latitude Entry
latitude label = Label(frame, text="I1Iupora:", font='Arial 12', bg='white")
latitude_label.place(x=1480, y=150)

global latitude_entry
latitude_entry = Entry(frame, font='Arial 12', width=20)
latitude_entry.place(x=1480, y=180)

# Longitude Entry
longitude label = Label(frame, text="/losrota:", font="'Arial 12', bg="white')
longitude_label.place(x=1480, y=210)

global longitude_entry
longitude_entry = Entry(frame, font="Arial 12', width=20)
longitude_entry.place(x=1480, y=240)

add_button = Button(frame, text='/logaru’', command=add data to database,
font="Arial 12', width=19, relief=RAISED, bd=5, state="normal", bg=button_enabled_color["bg"],
fg=button_enabled_color["fg"])

add_button.place(x=1480, y=290)

delete_button = Button(frame, text='"Bugamutu', command=delete_data from_database,
font="Arial 12', width=19, relief=RAISED, bd=5, state="normal",
bg=button_enabled_color["bg"], fg=button_enabled_color["fg"])
delete_button.place(x=1480, y=340)

but evaluate all = Button(frame, text='TIpoBecTH OL[IHKY aJrOpUTMIB',
command=lambda: evaluate_and_enable_clustering_buttons(),
font="Arial 14', width=22, relief=RAISED, bd=5, state="normal",
bg=button_enabled_color["bg"], fg=button_enabled_color["fg"])

but_evaluate_all.place(x=70, y=870)

add_info_tooltip(but_evaluate all, "Anani3ye Bci migxoau st oOyA0BH MapIipyTis.")

but_km = Button(frame, text="Metox K-Means',
command=lambda: update_clusters("km", best_params_with_ramp, best_params_without_ramp),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled", bg=button_disabled_color["bg"],
fg=button_disabled_color["fg"])

but_km.place(x=70, y=730)

add_info_tooltip(but_km, "OnTumizye MapmpyTH, pO3NOAUISIOUH IX Ha TPYITH 32 OJIM3bKICTIO TOYOK.")

but_db = Button(frame, text="Metog DBSCAN',
command=lambda: update_clusters("db", best_params_with_ramp, best_params_without_ramp),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled", bg=button_disabled_color["bg"],
fg=button_disabled_color["fg"])

but_db.place(x=430, y=730)

add_info_tooltip(but db, "Po3paxoBye MapmpyTH I TyCTUX IPYyII TOUOK.")

but_ag = Button(frame, text="Merton Agglomerative',
command=lambda: update_clusters("ag", best_params_with_ramp, best_params_without_ramp),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled", bg=button_disabled_color["bg"],
fg=button_disabled_color["fg"])

but_ag.place(x=770, y=730)

add_info_tooltip(but ag, "I'pymye Touku It MapIIpyTiB HAa OCHOBI iepapxigHoro miaxony.")

but_sp = Button(frame, text="Metox Spectral’,
command=lambda: update_clusters("sp", best_params_with_ramp, best_params_without_ramp),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled", bg=button_disabled_color["bg"],
fg=button_disabled_color["fg"])

but_sp.place(x=1110, y=730)



add_info_tooltip(but_sp, "Onrnmizye MapmipyTy Ha OCHOBI CIIEKTPaIBHOTO PO3KIIAAy NaHUX.'")

but_br = Button(frame, text='MeToz Birch',
command=lambda: update_clusters("br", best_params_with_ramp, best_params_without_ramp),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled", bg=button_disabled_color["bg"],
fg=button_disabled_color["fg"])

but_br.place(x=1450, y=730)

add info_tooltip(but br, "Po3nozinse Mapmpy T 1uist BEIMKOT KiIBKOCTI TOYOK.")

open_ukraine map_button = Button(frame, text="Mamna Ykpainu',
command=open_ukraine_map,
font="Arial 14', width=22, relief=RAISED, bd=5, state="normal",
bg=button_enabled_color["bg"], fg=button_enabled_color["fg"])
open_ukraine_map_button.place(x=1450, y=870)
add _info_tooltip(open_ukraine map_button, "Binkpusae marry 3 ycimMa Mictamu YKpaiHu, [0 T01aHi 10 mporpamu')

but km routes = Button(frame, text="TloOynyBaTu Mmapmpytu K-Means',
command=lambda: build_routes_only("km", "AlzaSyBzolZur_pkncvPbYPHsRkYHgtU3s9i860"),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled",
bg=button_disabled_color["bg"], fg=button_disabled_color["fg"])

but_km_routes.place(x=70, y=800)

add_info_tooltip(but_km_routes, "Byaye ontuMansHi MappyTH st oopasoro miaxoay K-Means.")

but_db_routes = Button(frame, text="Tlo6yayBaru mapiupyta DBSCAN,
command=lambda: build_routes_only("db", "AlzaSyBzolZur_pkncvPbYPHsRKYHgtU3s9i860"),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled",
bg=button_disabled_color["bg"], fg=button_disabled_color["fg"])

but_db_routes.place(x=430, y=800)

add info tooltip(but db routes, "bynye mappyTu s ryctux rpyn touok DBSCAN.")

but_ag routes = Button(frame, text="TloOyayBaTu mapuipytu Agglomerative',
command=lambda: build_routes_only("ag", "AlzaSyBzolZur_pkncvPbYPHsRKYHgtU3s9i860"),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled",
bg=button_disabled_color["bg"], fg=button_disabled_color["fg"])

but_ag_routes.place(x=770, y=800)

add_info_tooltip(but_ag_routes, "[loOymoBa MapmpyTiB Ha OCHOBI iepapxidHOi Kilactepu3arii.")

but_sp_routes = Button(frame, text="TloOyayBaTu mapmpytu Spectral’,
command=lambda: build_routes_only("'sp", "AlzaSyBzolZur_pkncvPbYPHsRKYHgtU3s9i860"),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled",
bg=button_disabled_color["bg"], fg=button_disabled_color["fg"])

but_sp_routes.place(x=1110, y=800)

add_info_tooltip(but sp routes, "Byaye MapuipyTy 3 BAKOPUCTaHHSM CHEKTPAJIBHOTO aHaIizy.")

but_br_routes = Button(frame, text="TIoOyxyBaTu Mapipytu Birch',
command=lambda: build_routes_only("br", "AlzaSyBzolZur_pkncvPbYPHsRkYHgtU3s9i860"),
font="Arial 14', width=22, relief=RAISED, bd=5, state="disabled",
bg=button_disabled_color["bg"], fg=button_disabled_color["fg"])

but_br_routes.place(x=1450, y=800)

add info tooltip(but br routes, "Byye MapmpyTH 3 BAKOPUCTaHHSIM METOMY JUIsl BENMKOI KibkocTi Birch.")

def unlock_buttons():
# CnHCcOK KHOTIOK, SIKi HOTpiOHO po30sIoKyBaTH
buttons = [but_km, but_db, but_ag, but_sp, but_br]
for button in buttons:
button.config(state="normal", bg=button_enabled_color["bg"],
fg=button enabled color["fg"]) # AKTHBHI KHOIIKH — SICKpaBi

def evaluate_and_enable_clustering_buttons():
global best_params_with_ramp, best_params_without_ramp



# BUkImKaeMo OCHOBHY (DYHKITIIO OIIHKH
evaluate_and_store()
unlock buttons() # Po36moxyBaHHS KHOTIOK

def enable_route_buttons(algorithm):
global cluster_results
if cluster_results[algorithm]["clusters_with_ramp"] is not None and cluster_results[algorithm][
"clusters_without_ramp"7] is not None:
# P030110KOBYy€EMO BiINOBIAHI KHOTIKH AJISI MapIIPYTiB
if algorithm == "km";
but_km_routes.config(state="normal", bg=button_enabled_color["bg"], fg=button_enabled_color["fg"])
elif algorithm == "db":
but_db_routes.config(state="normal", bg=button_enabled_color["bg"], fg=button_enabled_color["fg"])
elif algorithm == "ag":
but_ag_routes.config(state="normal", bg=button_enabled_color["bg"], fg=button_enabled_color["fg"])
elif algorithm == "sp™:
but_sp_routes.config(state="normal", bg=button_enabled_color["bg"], fg=button_enabled_color["fg"])
elif algorithm == "br":
but_br_routes.config(state="normal", bg=button_enabled_color["bg"], fg=button_enabled_color["fg"])

else:
messagebox.showwarning("Warning", f*Clustering for {algorithm} is not completed. Please run clustering first.")

def main_win():

width = 540

height = 580

screen_width = root.winfo_screenwidth()

screen_height = root.winfo_screenheight()

X = (screen_width // 2) - (width // 2)

y = (screen_height // 2) - (height // 2)

root.title("Login")

root.geometry(f*{width}x{height}+{x}+{y}")

root.resizable(width=False, height=False)

root.iconbitmap(“icon.ico")

frame = Frame(root)

frame.place(x=0, y=0, relheight=1, relwidth=1)

# 3aBaHTa)XCHHS Ta 3MiHa PO3Mipy 300paskeHHS

img = Image.open("'bg.webp")

img = img.resize((width, height), Image.LANCZOS)

bg_img = ImageTk.Photolmage(img)

# CTBOpeHHs 300paxeHHs Ha (oHi frame

bg_label = Label(frame, image=bg_img)

bg_label.image = bg_img

bg_label.place(x=0, y=0, relwidth=1, relheight=1)

but_log = Button(frame, text="Login’, font="Arial 15',
command=Ilambda: click_log(log_in.get(), pas_in.get()),
bg="grey77', width=10, relief=RAISED, bd=5, activebackground="grey40") #

but_log.place(x=80, y=450)

but_reg = Button(frame, text="Go to reg', command=click_reg, activebackground="grey40",
font="Arial 15', bg="grey77', width=10, relief=RAISED, bd=5) #

but_reg.place(x=320, y=450)

log_label = Label(frame, text="Login", font="Arial 35", bg="grey77",
width=10, relief=RAISED, bd=5)

log_label.place(x=125, y=25)

temp_log_in = lambda name: log_in.delete(0, "end")

log_in = Entry(frame, bg="SkyBlue", width=20, font="Arial 25")

log_in.insert(0, "Login")

log_in.bind("<FocusIn>", temp_log_in)

log_in.place(x=70, y=190)

temp_pas_in = lambda name: pas_in.delete(0, "end")



pas_in = Entry(frame, bg="SkyBlue", width=20, font="Arial 25", show="*")
pas_in.insert(0, "Password")

pas_in.bind("<FocusIn>", temp_pas_in)

pas_in.place(x=70, y=250)

def save(reg_log, pas, reg_pas):

try:
f = open("login.txt", "rb")
login_pass_save = pickle.load(f)
f.close()

except FileNotFoundError:
login_pass_save = {}

if not re.match("~[a-zA-Z0-9]{1,10}$", reg_log):
messagebox.showerror("Error",

"Invalid username format. Please use only latin letters and digits (1-10 characters).")

return

if reg_log in login_pass_save:
messagebox.showerror("Error", "Username already exists")
return

if not re.match("~[a-zA-Z0-9]{1,10}$", reg_pas):
messagebox.showerror("Error”,
"Invalid password format. Please use only latin letters and digits (1-10 characters).”)
return

if pas !=reg_pas:
messagebox.showerror("Error", "Passwords do not match")
return

login_pass_save[reg_log] = reg_pas
f = open("login.txt", "wb")
pickle.dump(login_pass_save, f)
f.close()

main_win()

# Jlonmatu moiisg BBeAeHHs 1 kHonku B GUI
def add_manual_param_controls(frame):

global kmeans_n_clusters_with_ramp, kmeans_n_init_with_ramp, kmeans_n_clusters_without_ramp,
kmeans_n_init_without_ramp

global dbscan_eps_with_ramp, dbscan_min_samples_with_ramp, dbscan_eps_without_ramp,
dbscan_min_samples_without_ramp

global agglomerative_n_clusters_with_ramp, agglomerative_n_clusters_without_ramp

global spectral_n_clusters_with_ramp, spectral_affinity_with_ramp, spectral_n_clusters_without_ramp,
spectral_affinity_without_ramp

global birch_n_clusters_with_ramp, birch_n_clusters_without_ramp

col_offset=0
row_offset =1

# Jlomatn 3aronoBok "HanamTyBaHHS mapaMeTpiB BpydIHY"
Label(frame, text="Hanamrysanus napamerpis Bpyuny", font="Arial 14 bold", bg="#C0C0C0", fg="#000000") \
.grid(row=0, column=0, columnspan=5, pady=10)

def add_info_icon(row, col, text):
"""/looae ikOHKY IH@hopmayii 3 niOKA3KO0I0 NPU HABEOEeHHI.
icon = Label(frame, text="i", font="Arial 12 bold", fg="blue", cursor="hand2")
icon.grid(row=row, column=col, padx=5)

mneee



# OYHKIISA 11 CTBOPEHHS T KA3KH
def show_tooltip(event):
tooltip = Toplevel(frame)
tooltip.wm_overrideredirect(True) # Ilpubupaemo pamky
tooltip.geometry(f"+{event.x_root + 10}+{event.y root + 10}")
Label(tooltip, text=text, bg="lightyellow", relief="solid", borderwidth=1, font="Arial 10").pack()
icon.tooltip = tooltip

# OyHKIIS A1 BUTAICHHS MiTKa3KK
def hide_tooltip(event):
if hasattr(icon, 'tooltip):
icon.tooltip.destroy()
del icon.tooltip

# IlpuB'a3yemMo nomii 10 iKOHKHI
icon.bind(""<Enter>", show_tooltip)
icon.bind("'<Leave>", hide_tooltip)

# Bunamaroui ciimcku it K-Means (3 pammoro i 6e3 pamitin)

Label(frame, text="Bxinui qani Benuxoradbaput K-Means", font="Arial 10 bold", bg="#C0C0CQ",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)

kmeans_n_clusters_with_ramp = ttk.Combobox(frame, values=list(range(2, 16)), width=10)

kmeans_n_clusters_with_ramp.grid(row=row_offset, column=col_offset + 1)

kmeans_n_clusters_with_ramp.set(*2")

kmeans_n_init_with_ramp = ttk.Combobox(frame, values=[10, 20], width=10)

kmeans_n_init_with_ramp.grid(row=row_offset, column=col_offset + 2)

kmeans_n_init_with_ramp.set("10™)

add_info_icon(row_offset, col offset + 3, "KinpKicTh rpym BIUITHBaE Ha JAeTaNi3alil0 MapIIpyTiB. biiblia KiITBKICTh TPy
3a0e3neuye OiIblIe BapiaHTiB, ajle MOXKE CTBOPIOBATH HaIMIpHY po31pibieHicTb. JIpyruii napaMeTp BIUIMBaE HA TOYHICTh
BUMIPIOBaHb, OLIIbIIA KITBKICTB - BUILIA TOYHICTH'")

row_offset += 1

Label(frame, text="Bximui qani manorabaput K-Means", font="Arial 10 bold", bg="#C0C0CO0",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)

kmeans_n_clusters_without_ramp = ttk. Combobox(frame, values=list(range(2, 16)), width=10)

kmeans_n_clusters_without_ramp.grid(row=row_offset, column=col_offset + 1)

kmeans_n_clusters_without_ramp.set("2")

kmeans_n_init_without_ramp = ttk.Combobox(frame, values=[10, 20], width=10)

kmeans_n_init_without_ramp.grid(row=row_offset, column=col_offset + 2)

kmeans_n_init_without_ramp.set(""10")

add_info_icon(row_offset, col offset + 3, "KinbkicTb rpyn BIIMBaE Ha JieTalli3allifo MapIpyTiB. /nbinbiia KibKiCTh
rpyn 3abe3neuye OiIbliie BapiaHTIB, ajic MOYKE CTBOPIOBATH HaAMIPHY PO3api0ieHicTh. Jpyruii mapaMeTp BILIHBAE Ha
TOYHICTh BUMIPIOBaHb, OLIIbIIIA KITBKICTh - BUILIA TOYHICTH'")

Button(frame, text="3actocyBaru", command=lambda: apply manual params("km")).grid(row=row_offset - 1,

column=col_offset + 4)
Button(frame, text="BigHoBuTtH", command=lambda: reset_to_optimal params("km")).grid(row=row_offset,
column=col_offset + 4)

row_offset +=1

# Bunanmaroui criucku it DBSCAN

Label(frame, text="Bxigni nani Benmukoradaput DBSCAN", font="Arial 10 bold", bg="#C0C0C0",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)

dbscan_eps_with_ramp = ttk.Combobox(frame, values=[round(x, 1) for x in np.arange(0.2, 1.6, 0.1)], width=10)

dbscan_eps_with_ramp.grid(row=row_offset, column=col_offset + 1)

dbscan_eps_with_ramp.set("0.2")

dbscan_min_samples_with_ramp = ttk. Combobox(frame, values=list(range(2, 6)), width=10)

dbscan_min_samples_with_ramp.grid(row=row_offset, column=col_offset + 2)

dbscan_min_samples_with_ramp.set(*"2")

add_info_icon(row_offset, col offset + 3, "Paxiyc oxonneHHs BU3Ha4ae, Ki TOYKU OYAyTh BKIKOYEHI O MapIIpyTy.
MiHiMaJIbHa KiJIBKICTh TOYOK 33/1€, CKUTBKH X MOTPiOHO ISt CTBOPEHHS MapiipyTy.")



row_offset += 1

Label(frame, text="Bxinni maxi manorabaputr DBSCAN", font="Arial 10 bold", bg="#C0C0CO0",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)

dbscan_eps_without_ramp = ttk.Combobox(frame, values=[round(x, 1) for X in np.arange(0.2, 1.6, 0.1)], width=10)

dbscan_eps_without_ramp.grid(row=row_offset, column=col_offset + 1)

dbscan_eps_without_ramp.set("0.2")

dbscan_min_samples_without_ramp = ttk. Combobox(frame, values=list(range(2, 6)), width=10)

dbscan_min_samples_without_ramp.grid(row=row_offset, column=col_offset + 2)

dbscan_min_samples_without_ramp.set(*'2")

add info icon(row_offset, col offset + 3, "Paxiyc oXomieHHs BU3Hauae, sIKi TOYKH OyyTh BKJIIOYEHI 10 MapIpyTy.
MinimanpHa KiTBKICTh TOUOK 33/1a€, CKUTBKH 1X TTOTPIOHO 71 CTBOPEHHS MapuIpyTy.")

Button(frame, text="3actocyBarn", command=lambda: apply manual params("db")).grid(row=row_offset - 1,

column=col_offset + 4)
Button(frame, text="BigHoBuTtH", command=lambda: reset to optimal params("db")).grid(row=row_offset,
column=col_offset + 4)

row_offset +=1

# Bunazaroui ciucku s Agglomerative

Label(frame, text="Bxinni naui Benukoradbaput Agglomerative", font="Arial 10 bold", bg="#C0CO0CO0",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)

agglomerative_n_clusters_with_ramp = ttk.Combobox(frame, values=list(range(2, 16)), width=10)

agglomerative_n_clusters_with_ramp.grid(row=row_offset, column=col_offset + 1)

agglomerative_n_clusters_with_ramp.set(*2")

add_info_icon(row_offset, col offset + 3, "3amaiiTe KUTBKICTb TPYII A1 CTBOPEHHS KOMITAaKTHUX MapIIPYTiB.")

row_offset +=1
Label(frame, text="BxinHi naxi mangorabaput Agglomerative", font="Arial 10 bold", bg="#C0C0CO0",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)
agglomerative_n_clusters_without_ramp = ttk. Combobox(frame, values=list(range(2, 16)), width=10)
agglomerative_n_clusters_without_ramp.grid(row=row_offset, column=col_offset + 1)
agglomerative_n_clusters_without_ramp.set(""2")
add_info_icon(row_offset, col offset + 3, "3anaiiTe KijbKICTh IPYII IS CTBOPEHHS! KOMIIAKTHUX MapLIpyTiB.")
Button(frame, text="3actocyBarn", command=lambda: apply manual params("ag")).grid(row=row_offset - 1,
column=col_offset + 4)
Button(frame, text="BigHoBuTtH", command=lambda: reset_to_optimal params("ag")).grid(row=row_offset,
column=col_offset + 4)

row_offset += 1

# Bunazaroui ciucku s Spectral

Label(frame, text="Bxinni naui Benukoradbapur Spectral”, font="Arial 10 bold", bg="#C0C0C0",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)

spectral_n_clusters_with_ramp = ttk.Combobox(frame, values=list(range(2, 16)), width=10)

spectral_n_clusters_with_ramp.grid(row=row_offset, column=col_offset + 1)

spectral_n_clusters_with_ramp.set(""2")

spectral_affinity_with_ramp = ttk. Combobox(frame, values=["nearest_neighbors", "rbf"], width=15)

spectral_affinity_with_ramp.grid(row=row_offset, column=col_offset + 2)

spectral_affinity_with_ramp.set(""nearest_neighbors")

add_info icon(row_offset, col offset + 3, "[lapameTpu BrunBaroTh Ha BHOip MeTOiB 00poOKH JuIs 10Oy 10BH
MapmpyTis.")

row_offset += 1

Label(frame, text="Bxinni nani mamorabapur Spectral”, font="Arial 10 bold", bg="#C0CO0C0",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)

spectral_n_clusters_without_ramp = ttk. Combobox(frame, values=list(range(2, 16)), width=10)

spectral_n_clusters_without_ramp.grid(row=row_offset, column=col_offset + 1)

spectral_n_clusters_without_ramp.set(*"2")

spectral_affinity_without_ramp = ttk.Combobox(frame, values=["nearest_neighbors", "rbf"], width=15)

spectral_affinity_without_ramp.grid(row=row_offset, column=col_offset + 2)

spectral_affinity_without_ramp.set("nearest_neighbors™)

add_info icon(row_offset, col offset + 3, "[lapameTpu BrumBaroTh Ha BHOIp MeToiB 00poOKH JuIs 10Oy 10BH



MapupyTiB.")

Button(frame, text="3actocyBarn", command=lambda: apply manual params("sp")).grid(row=row_offset - 1,
column=col_offset + 4)
Button(frame, text="BignoBuTH", command=lambda: reset to optimal params("sp")).grid(row=row_offset,
column=col_offset + 4)

row_offset +=1

# Bunanaroui criucku i Birch

Label(frame, text="Bxiani nani BenmukoraGapur Birch", font="Arial 10 bold", bg="#C0CO0C0",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)

birch_n_clusters_with_ramp = ttk. Combobox(frame, values=list(range(2, 16)), width=10)

birch_n_clusters_with_ramp.grid(row=row_offset, column=col_offset + 1)

birch_n_clusters_with_ramp.set("2")

add_info_icon(row_offset, col offset + 3, "Lleit mapameTp Biamosinae 3a 00pOOKY BENHUKOI KiINBKOCTI TOYOK JIS
MappyTy.")

row_offset += 1

Label(frame, text="Bxinui gani mangorabapur Birch", font="Arial 10 bold", bg="#C0C0C0",
fg="#000000").grid(row=row_offset, column=col_offset, pady=5, padx=5)

birch_n_clusters_without_ramp = ttk.Combobox(frame, values=list(range(2, 16)), width=10)

birch_n_clusters_without_ramp.grid(row=row_offset, column=col_offset + 1)

birch_n_clusters_without_ramp.set(*2")

add_info_icon(row_offset, col offset + 3, "Lleit mapameTp BiamoBinae 3a 00pOOKY BEIHUKOT KINTEKOCTI TOYOK IS

MapupyTy.")

Button(frame, text="3actocyBaru", command=lambda: apply manual params("br")).grid(row=row_offset - 1,
column=col_offset + 4)
Button(frame, text="BignosuTtu", command=lambda: reset_to_optimal_params("br")).grid(row=row_offset,
column=col_offset + 4)

def apply_manual_params(algorithm):
global manual_params_with_ramp, manual_params_without_ramp

try:
if algorithm == "km":

manual_params_with_ramp["km"] = [('kmeans', {
"n_clusters": int(kmeans_n_clusters_with_ramp.get()),
"n_init": int(kmeans_n_init_with_ramp.get()),
"random_state": 42

b))

manual_params_without_ramp["km"] = [(kmeans', {
"n_clusters™: int(kmeans_n_clusters_without_ramp.get()),
"n_init": int(kmeans_n_init_without_ramp.get()),
"random_state": 42

bl

elif algorithm == "db":
manual_params_with_ramp["db"] = [(‘'dbscan’, {
"eps": float(dbscan_eps_with_ramp.get()),
"min_samples": int(dbscan_min_samples_with_ramp.get())
B!
manual_params_without_ramp["db"] = [(‘dbscan’, {
"eps": float(dbscan_eps_without_ramp.get()),
"min_samples": int(dbscan_min_samples_without_ramp.get())

bl

elif algorithm == "ag":



manual_params_with_ramp["ag"] = [(‘agglomerative', {
"n_clusters": int(agglomerative_n_clusters_with_ramp.get())

)

manual_params_without_ramp["ag"] = [(‘agglomerative', {
"n_clusters": int(agglomerative_n_clusters_without_ramp.get())

bl

elif algorithm == "sp™:

manual_params_with_ramp["sp"] = [(‘'spectral’, {
"n_clusters": int(spectral_n_clusters_with_ramp.get()),
"random_state": 42,
"affinity": spectral_affinity_with_ramp.get()

)

manual_params_without_ramp["sp"] = [(‘spectral’, {
"n_clusters": int(spectral_n_clusters_without_ramp.get()),
"random_state": 42,
"affinity": spectral_affinity_without_ramp.get()

bl

elif algorithm == "br":
manual_params_with_ramp["br"] = [(‘birch’, {
"n_clusters": int(birch_n_clusters_with_ramp.get())
b))
manual_params_without_ramp["br"] = [(‘'birch’, {
"n_clusters™: int(birch_n_clusters_without_ramp.get())

bl

else:
raise ValueError(f"HeBinomuii anropurm: {algorithm}")

messagebox.showinfo("Success", f'Tlapamerpu st {algorithm} ycmimito 3acrocoBani!")
except Exception as e:
messagebox.showerror("Error", f'Tlomuka 3actocyBants mapamerpis qis {algorithm}: {e}")

def reset_to_optimal_params(algorithm):
global manual_params_with_ramp, manual_params_without_ramp

try:
manual_params_with_ramp[algorithm] = None
manual_params_without_ramp[algorithm] = None

# Onosnenns GUI

if algorithm == "km":
kmeans_n_clusters_with_ramp.set("2")
kmeans_n_init_with_ramp.set("10")
kmeans_n_clusters_without_ramp.set("'2")
kmeans_n_init_without_ramp.set(*10")

elif algorithm == "db":
dbscan_eps_with_ramp.set("0.2")
dbscan_min_samples_with_ramp.set("'2")
dbscan_eps_without_ramp.set("0.2")
dbscan_min_samples_without_ramp.set("'2")

elif algorithm == "ag":
agglomerative_n_clusters_with_ramp.set("2")
agglomerative_n_clusters_without_ramp.set("2")

elif algorithm == "sp™:
spectral_n_clusters_with_ramp.set(""2")
spectral_affinity_with_ramp.set("nearest_neighbors")



spectral_n_clusters_without_ramp.set("2")
spectral_affinity_without_ramp.set("nearest_neighbors")

elif algorithm == "br":
birch_n_clusters_with_ramp.set("2")
birch_n_clusters_without_ramp.set(""2")

else:
raise ValueError(""Unknown algorithm")

messagebox.showinfo("Success", {'OnrumansHi mapamerpu ans {algorithm} ycmimmao BixHOBNCHI!")
except Exception as e:
messagebox.showerror("Error", f'TloMnnka BiZHOBICHHS ONTHMAIBHIX MapaMeTpiB i {algorithm}: {e}")

main_win()
root.mainloop()
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