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PO3POBKA TA PEAJIIBALIA AJITOPUTMY YHI3HAHHA
I3OMOP®HOCTI I'PA®IB

Cmamms npucesiieHa npob.1emi cmeopeHHs: a120pUmMy ma npo2pamu 6CmaHos1eHHs i3oMopPHocmi deox daHux
epagie memodom nepebopy; 00CAIOHCEHHIO O064UCAI0BANbHOI edekmusHOCMI CMBOPEHO020 a/n20pUMMY  YNIi3HAHHS
i3oMopgHocmi epagpis. [locaidxnceno npobaemy izomopgHocmi epagie ma 3anponoHosaHo ii npakmuyHy peasizayiro Ha
Mo08i npozpamysaHHsa C#. PoszasiHymo meopemuyHi acnekmu 3adadi, 3anponoHO8AaHO a/fzopumm 045 ii eupiweHHA |
npodeMoHCMPOBAHO 1i020 8MiNEHHS Y NPO2PAMHOMY 3a6e3neveHHl, 8 momy 4ucAai, noHamms zpagy, Ak cmpykmypu, wo
cks1adaembcesi 3 06'ekmis (6epwiuH) ma 38's13kie mixc Humu (pebep). [3omopgdHicme dgox epagpie o3Ha4ae, wo Mixec HUMU
icHye ocobausull 38’30k (6ickyis), skull 36epicae cmpykmypy 38'si3kig. [Hwumu ciaoeamu, zpadu moxcHa "nepemeopumu”
00uH 6 O00uH, nepecmas/siV4u mMa hepeliMeHO8YHOHU 6epWUHU, He pYUHyIYU 3a2a1bHOi KapmuHu. BusHavyenHs
isomopgHocmi zpagpie mae saxcause 3HAUEHHS 8 6a2ambox cdepax, makKux K po3pobka Komn'tomepHux 4Yunis, aHaais
e80.110Yii, KOHMpOo1b HAMOo8Ny Ma XiMil.

Po6oma nponoHye anzopumm 0451 8U3Ha4eHHs i3oMopgdHocmi 2paghis, wo rpyHmMyemucsi HA NOPIBHSIHHI MamMpuyb
cymixcHocmi. Mampuysi cymixcHocmi - mabauysi, de KojceH esemMeHm NOKA3YeE, YU ICHYE 38'130K Midc 080Ma nesHUMU
sepwuHamu. [lasa peanizayii aszopummy po3pobaeHo npozpamHe 3ab6esneyeHHst Ha C#. BoHo do3eossie dodasamu ma
sudassimu gepwluHu U pebpa, ompumysamu mampuyi cyMixcHocmi, eusHauamu i3omopgHicme ecpagie ma ix
Kaacugpikyeamu. [IpoepamHe 3a6e3neyeHHs1 YychilHO npomecmo8aHo Ha pizHux munax zpaghie. BidsHayeHo sUKOpUCMAHHS
06'ekmHo-opieHmogaHozo npozpamysarHs (00Il) das yuimkoi ma cmpykmypogaHoi opzanizayii kody. Takoxc peasizoeaHo
3pyuHull iHmepdgpetic komaHdHozo psidka 0451 pobomu 3 zpadamu. 3a2aa0M, npozpama Moxce 6ymu KOPUCHOK 05
gUpiWeHHs pi3HUX 3a0aY, N08'I3aHUX 3 aHai3oM zpadis. Baxcaugum HanpsmMkom docaidxceHb € uac pobomu aazopummy
ma 1020 NOpPIGHSAHHA 3 [HWUMU Memodamu BU3HAa4YeHHsS i3omopdHocmi epagis. KopucHum € docaidumu npukaadu
BUKOPUCMAHHS NPO2PAMHO20 3a6e3neueHHsl 0151 UpPiuleHHsl pedabHUX 3aday, 3pobumu kod npoepamu ei0Kpumum 0.s
ny6ai4H020 UKOPUCMAHHSI.

Kawuosi caosa: zpagu, izomopdHicmsb epagpie, mampuyHuii mMemod, Mampuysi CyMixHOCmi, 06°€KMHO-
opienmosaHe npozpamysarHs, C#, aHaniz epaghis, onmumizayis, anrzopummu.
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ON THE DEVELOPMENT AND IMPLEMENTATION OF THE GRAPH ISOMORPHITY
RECOGNITION ALGORITHM

The article is devoted to the problem of creating an algorithm and a program for establishing the isomorphism of two given
graphs by the iterative method; study of computational efficiency of the created algorithm for graph isomorphism recognition. This paper
delves into the problem of graph isomorphism and presents its practical implementation using the C# programming language. It explores the
theoretical aspects of the problem, proposes an algorithm for its resolution, and demonstrates its embodiment in software. A graph is a
structure composed of objects (vertices) and connections between them (edges). The isomorphism of two graphs implies the existence of a
special connection (bijection) between them that preserves the structure of the connections. In other words, graphs can be "transformed”
into each other by rearranging and renaming vertices without disrupting the overall picture. Determining graph isomorphism is crucial in
various fields, including computer chip design, evolutionary analysis, crowd control, and chemistry. The paper proposes an algorithm for
determining graph isomorphism based on comparing adjacency matrices. An adjacency matrix is a table where each element indicates
whether a connection exists between two specific vertices. Was developed software on C# to implement the algorithm. It allows adding and
removing vertices and edges, obtaining adjacency matrices, determining graph isomorphism, and classifying graphs. The software was
successfully tested on various graph types. It is worth noting the use of object-oriented programming (OOP) for clear and structured code
organization. A user-friendly command-line interface was also implemented for working with graphs. Overall, the program can be beneficial
for solving various tasks related to graph analysis. However, there is room for improvement. An essential research direction is investigating
the algorithm's runtime and comparing it to other graph isomorphism determination methods. It would also be beneficial to include
examples of using the software to solve real-world problems. Ideally, the program's code should be made open-source.

Keywords: graphs, graph isomorphism, matrix method, adjacency matrix, object-oriented programming, C#, graph analysis,
optimization, algorithms.

IHocTaHoBKa Mpo0JIeMH y 3arajibHOMY BUTIsAI Ta 1i 3B’ 30K

i3 BajKJIMBMMH HAYKOBUMH YU MPAKTUYHUMH 3aBAAHHIMHM
JocmipkenHs i30MopdHOCTI rpadiB € OTHIEIO 3 THX TE€M, HaJ SKHUMH MPOJOBXKYIOTHCS TOCTIKSHHS VIS
BU3HA4YeHHS HalleheKTHBHIIIOro crocody nociiypkeHHs rpadiB. OnHielo 3 ramysedd, Je MBHAKICTH 1 Kpami
3’€lHaHHS MalOTh BHpIlAJbHE 3HAYCHHS, € PO3pOOKa KOMMI'IOTEPHUX YHIIB. [HTErpajibHI CXEMM CKIIQIAIOTHCS 3
MUIBHOHIB TpaH3UCTOPIB. [ MOJNIIEHHs NMPOAYKTUBHOCTI 4MIa HEOOXiJHO ONTHUMI3yBaTh 3HAYHY KiJIbKICTh
3B’s13kiB. Teopist rpadiB Takok rpae BakJIMBY pOJib B aHaji3l Ta Bizyaji3auii eBoJroLii TBapyUH i MOB, KOHTPOJIO
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HATOBIY 1 MOIIMPEHHS 3aXBOPIOBaHb. B XiMii rpadi BUKOPUCTOBYIOTH I TIPOTHO3YBAaHHS XIMIYHUX MEPETBOPEHD
Ta Bi3yaJbHOI'O 300pa)KCHHS 3aJIe)KHOCTEH, 3B’sI3KiB, Kiacudikauiid ta iepapxiid. B kinmi XIX cr. A. Keni BusiB
(hopMyIy KiJBKOCTI HEOPIEHTOBAHHMX JEpEB 3 N MOMIYEHHMH BEPIIMHAMM, SKa PO3B’s3yBajia 3a/auy IPO MO>KIIUBI
CTPYKTYPH HacH4eHHX (ab0 IrpaHMYHUX) BYIJICBOAHIB. MoJIeKyla KOXKHOTO T'PaHUYHOTO BYTJICBOJHIO MOXeE OyTH
Npe/ICTaBICHa y BUIIIAIL AepeBa (aunkimigyHoro rpady). Ilpy BupaneHHI aTOMIB BOJHIO pelITa aTOMIB TaKox Oyne
YTBOPIOBAaTH JiepeBa 3 BAJCHTHICTIO BEpPIIMH He Buile 4. UHCIIO MOXIMBHX CTPYKTYp MOXIJIMBUX BYTJICBOJIB €
YHCJIOM CKIHUYCHHM 1 JIOPIBHIOE YHCITy JIepeB 3 BepIIMHAMU cTereHs He Ounbiie 4. Jo xiMiuHUX rpadiB BiqHOCATHCS
MOJICKYJISIpHI, TBOIOJIBHI Ta CUTHANBHI rpady KiHeTHIHa PiBHAHBG [1].
AHaJni3 ocTaHHIX JocaiTKeHb i mydaikaniii

JocmimkeHHI0 METOIB po3B’si3aHHI0 TpadiB nmpucesdeHi podotu H. Pobeprcona, C. Cefimypa, JI. babkok,
M. Xomn, A. Kayncer Tta i, OcoOmmBuii BHecok BHIC Y. C. Keitni, skuit BBiB MOHATTS 130Mop(dHOCTI Tpadis, Ta
JIOBIiB, IO 1Ba rpadu € i30MOp(PHUMH, SKIIO ¥ JHIIE SKIIO0 BOHM MAalOTh OJHAKOBY CTPYKTYpy 3B’s3KiB. Takox JI.
Ioca 3amporoHyBaB ifel0 B SKii 3HaXOMKEHHS 130MOP(GHOCTI I'PYHTYETHCS Ha PO3KJIaJaHHI rpadiB Ha MeHII
miarpadu. Byno noseneno, mo Bu3HaueHHs i3oMopdHOcTi rpadiB € NP-nmoBHHM 3aBaaHHSM, TOOTO HE iCHYE
BIZIOMOTO alrOpUTMY, SIKHH OW MIr po3B'si3aTu mio 3a7ady Juisi Oyab-skoro rpady 3a mosiHOMiadbHUE dac. Ale 3a
MEBHUX YMOB, OT sIK ainroput™ baOkoka-CeiliMypa, sSKuMil MOKe BHM3HAUUTH i30MOp(QHICTE ABOX TrpadiB 3a
MOJIIHOMIQILHUIM Yac, 3a yMoOBH, 10 e IwiaHapHi rpadu [1]. HesBakarouum Ha 3HAYHHI Oporpec, BCE e
3aJIMIIAI0THCS HEBHpIiLIeHI uTaHHs. Po3poOka yHiBepcalbHOrO METOJY, SIKMH OW MiIXOMUB JUIS PO3B'SI3aHHS BCIX
3amad 3 i3omopdHOCTI TpadiB, € ckIagHUM 3aBHaHHAM. EdekTuBHICTE anroputmiB i3omopdHOCTI TpadiB MoxKe
3HAYHO BapiIOBATHCS 3aJEXKHO BiJ XapakTepHUCTHK rpadiB. Po3poOka HOBHX METOMIB A PO3B'SI3aHHA 3a4ad 3
130MOp®HOCTI rpadiB BEIUKAX PO3MIPIB € aKTYaTBHOIO TEMOIO JOCTI[KECHb.

DopMyIIOBAHHA Lijed cTATTI

MeTor0 podOTH € JOCHiIKeHHsS IMpobieM po3B’sa3yBaHHs 3aiad, MOB’sA3aHUX 3 130MOpQHIicTIO TpadiB Ta
aHaJi3 CTBOPEHOTO MPOTPaMHOTO 3a0e3MeUeHHS A PO3B’sI3aHHS TaKOTO TUITY 3a]ad.

VY cratrTi onmcaHo NOCHiPKeHHS Liel TeMH 1 11 peatizawii Ha MOBi mporpamyBaHHsi C# i BUKOPUCTaHHS TaKoi
napagiurMu nporpamMmyBaHHs, ik 00’ €KTHO-opieHTOBaHe nporpamysanns (OOIT).

BuxJiag ocHOBHOT0 MaTepiany

I'pap — me cykynHicTh 00’ekTiB Ta 3B’a3kiB Mik HUMHU [1]. OO’eKTH pPO3IIANAIOTHCS K BY31IU abo

BEpIINHH, a 3B’513KU K pedpa. ['pad MoxkHa 300pa3uTH K TOUKHU Ta BiApi3KH M HUMH (puc. 1).

Puc. 1. 300paskeHHs rpady

I'padm po3pi3HAIOTH 32 HANPABICHICTIO, TOBHOTOI. [IpHKiiag BUTIAAY HampsmileHoro rpady (puc. 2) i
HenoBHOTrO Tpady (puc. 3) [2].

Puc. 2. 300paxkenHss HanpsAMJIEHOTo rpady

Puc. 3. 300paikeHHs1 HEMOBHOIO rpagy
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Orxe, TpadhoM € TeBHI 00’€KTH 1 3B’S3kM MK HUMH. Hampukmnam, o0’€KTOM MoO)ke OyTH JIIOJIMHA, a
3B’SI3KOM Y 3HA€E MICBHA JIFOJIMHA 1HINY JIFOIUHY [3].

I3omopdHicTs rpada — aBa rpada Ha3UBAIOTBCA 130MOPGHHMHU SKIIO ICHYE OIEKIS MiXK IXHIMHU
BEpIIUHAMH, [0 MAa€ BIACTUBICTH: SAKIIO B mepuiomy rpadi € pedbpo, To y apyromy rpadi mae OyTu BiamoBimHe
pedpo, siKke MPOXOAUTH Yepe3 BiIOBIIHI Bepuuau [4].

IMuTanHs PO CKIAAHICTH 3a1a4i i3oMopdHOCTI TpadiB [5] € 10Ci BITKPUTUM 1 Ha IIe# Yac He TOBeleHA Hi 1i
NP — noBHoTa Hi ii HaJexXHicTh 10 Kiacy P. SIkmio 1ie Bce y3aranbHUTH, TO Tpeba B3iTH J1Ba Tpada i HepeBipuTH 41
ICHYIOTh MK HIMU BiAIIOBiIHI BepIIHHU Ta pedpa (puc. 4).

Puc. 4. 300pa:keHHs ABoX i3o0Mmoppuux rpadis

OpmHuM i3 croco0iB 3HAXOKEeHHS i30MopdHOCTI nBOX TpadiB € MeTon mepebopy MaTpHIli CyMiKHOCTEH.
[epesipka i3omMopdHOCTI rpadiB 3a MATPUICI0 CYMDKHOCTEH Mae Ha yBa3i MEPECTAHOBKY PSOKIB i CTOBIIIB y
MAaTpHII CYMDKHOCTI o1HOTO Tpada, mod y pe3ynbTaTi BUHIIAa MATPHI CYMIXKHOCTI iHIIOTO rpada, SKIIo Taka € —
To rpadu i3omopdHi. o mpuknamy (puc. 5) HaBe#eHi ABI MaTPUIl CyMiXKHOCTEH st ABOX rpadis (puc. 5 ).

0 1 2 3 4
0 1 1 1
1 1 1 1
2 1 1 1
3 1 1 1 1
4 1 1 1

0 1 2 3 4
0 1 1 1
1 1 1 1
2 1 1 1
3 1 1 1 1
4 1 1 1

Puc. 5. MaTtpuui cymizkHocTi 10 rpagis Ha puc. 4

lono peamizanii B 11bOMY aJIrOPUTMIi, KUIBKICTh oniepaiiii N Oyne 10opiBHIOBAaTH (akTopiaiy BiJl JOBKHHU
MOMHOXKEHY Ha (pakTopiaj BUCOTH MaTpHIL CyMDKHOCTI, OCKUIbKM MaTpHLs 3aBXKIM KBaJpaTHa, TO Le MOXHA
CKOPOTHTH /0 JOBXHHUA MaTpulli y kBaaparti. To6To 3a HoTamiero Jlangay Buxoauth O(n!2), ne n - 1ie AOBXKHHA
MAaTpHuIli, a00 KiJbKICTh BEpIIUH B rpadi, 10 € THM caMuM. MOKHA TOO0AYUTH SIK MIBUIKO 3pocTae GyHKIIist (puc. 6).

To6To KiNbKiCTh ONepalliif, a Ha/lali i 4ac BU3HAYSHHS 130MOP(HOCTI Iy’Ke Uy TIMBI 0 KUIbKOCTI BEpIIXH B rpadi.

N .
250{},,1

0 80
n

Puc. 6. 'padiune 300paxxennss O(n!2)
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3BiJICK BUIUIMBAE, IO PIMIEHHS HE € Halle()eKTHBHIIINM CIOCOOOM BHUpIIIEHHS IaHOi 3amadi, aje Iie
HaWnpoCTIMi cnoci® BupinieHHS MojaHoi 3aja4i 1 Juid HiATBepKeHHS i1 poOOTH po3po0JIEeHO HACTyIHY
apXiTeKTypy MporpaMHoro koxy, Ha ociosi UML niarpawm [8] (puc. 7).

+ RemoveEdge(int)

+ GetAdjecencyMatrix(): int[.]

+ GetAllPermutations(int): List<List<int>>
+ IsIsomorphicTo(Graph): bool

+ PossibleEdges(): List<Edge>

+ DefineType(): string

Program Graph Edge
+Main() - Nodes: List<Nodes> + from: Node
+Add() - Edges: List<Edges> +to: Node
+Remove() + Label: string + isDirected: bool
+Show()

+ AddNode(int)
+ AddEdge(Node, Node, bool) Node
+ RemoveNode(int) -

+ Value: int

Puc. 7. UML 300paskeHHsl CTPYKTYPH NPorpaMu

Knac Program Bucrymae inTepdeiicom BBoIy/BHBOAY iH(opMAIii 3a momomoroto korcoui. Kiac Graph, B
SKOMY OMFcaHi Bci moTpiOHI QyHKI 1 o, OyIe OCHOBHUM KJIacoOM UIA poOOTH 3 Tpad)aMyl Ta BU3HAYCHHS IXHBOI
i3omopdHOCTi. Takox 3acrocoBaHo aBi cTpykTypu Edge ta Node, mo6 ommcatu HOau (TOYKH, 00 €KTH) i 3B S3KH
rpada, U 3pYUHIMIOT peani3amii mporpaMHOTO KOIY.
PeanizyBaBim 1o porpamy, ONMUPArOYNCh HA HOPMH 1 peKOMEHAALII] HalMCaHHs Koy [7], MpoTecTyBaBLIH
i, MOYXHA OTPHIMAaTH HACTYITHI pe3yIbTaTH.

Bunanok 1

B 1ipomy Bunaky 0yso CTBOpeHO JiBa He i30MOp(hHUX rpada i mepeBipeHo IXHI0 i30MOPQHICTS.
Bseoeni komanou:

add graph firstGraph

add graph secondGr aph

add node firstGraph 10

add node firstGraph 20

add node firstGraph 15

add node secondGraph 10

add node secondGraph 20

add node secondGraph 15

add edge firstGraph 1 2 false

add edge firstGraph 2 3 false

add edge secondGraph 2 3 false

show isIsomorphic firstGraph secondGraph

I y BiamoBigs Oyno orpumano false, i BiAOBiAb NMpaBUIIbHA, MATPHUII CYMDKHOCTI ABOX rpadiB MOXHa

moOaYnTH Ha PUCYHKY 8.

show matrix firstGraph

show matrix secondGraph

Puc. 8. MaTpuus cymizkHoCTi 1BOX HeizomopHuX rpadis
Bunanok 2
B oMy Bumnaiky Oyiio cTBOpeHO J1Ba i30MOp(dHI rpadu i MpoJeMOHCTPOBAHO pe3yJbTar (puc. 9).
Beeoeni komanou:
add graph firstGraph
add graph secondGraph
add node firstGraph 10
add node firstGraph 20
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add node firstGraph 15

add node secondGraph 10

add node secondGraph 20

add node secondGraph 15

add edge firstGraph 1 2 false

add edge firstGraph 2 3 false

add edge secondGraph 2 3 false

add edge secondGraph 1 2 false

show isIsomorphic firstGraph secondGraph

True

show matrix firstGraph

show matrix secondGraph

Puc. 9. MaTpuus cymizkHocTi 1BoX i3oMopduux rpadis

Bunapnox 3

B oMy BUIIaAKy MPOTECTOBAHO MOXIIMBICT MPOrpaMu BU3HAa4YaTH THII rpady. byno crBopeHo nBa rpadu
3 3 Homamu, ane B firstGraph € mBa 3B’s3ku Mix 1 1 2, Ta Mk 2 1 3, a ocs B secondGraph 11i 3B’s3KH BiICTYHI.
BignosigHo firstGraph e mpoctim rpadom, a secondGraph € HyIp0BUM, OCKITEKH B HHOTO HeMae 3B's13kiB (puc. 10).

Beeoeni komanou:

add graph firstGraph

add graph secondGraph

add node firstGraph 10

add node firstGraph 20

add node firstGraph 15

add node secondGraph 10

add node secondGraph 20

add node secondGraph 15

add edge firstGraph 1 2 false

add edge firstGraph 2 3 false

show graphType firstGraph
simple graph

show graphType secondGraph

null graph

Puc. 10. Pe3yibTaT nepeBipku NporpamMyu Ha CIIPOMOKHICTL BU3HAYATH THII rpada

BucHoBKH 3 JaHOT0 AOCTIN:KEHHS i NePCNEKTHBY MOJANBIINX PO3BIIOK Yy JaHOMY HANIPAMI

VY mporpamHOMy Koni peamizoBaHo kiac Graph sikuii J103BoJIsie j0/laBaTH BEpIIMHM, J0JaBaTH pedpa,
BUJIAJISITH BEPLIMHY, BUIAIATH pedpa, OTPUMYBATH MATPUIIO CyMIXXHOCTI, 3HaXOUTH 130MOp(HICTh 1BOX rpadiB Ta
knacudikyBaTu rpad. Lle Bce Ha0UHO MOKHA TOOAYNTH HE TUIBKH B KoJi, ane 1 B UML niarpamax.

PeanizoBaHo po0oTy mporpaMu K KOHCOJBHOI MPOTpaMHy UIS 3pyYHOCTI KOPHUCTyBadya ONEpyBAaTH HEIO 1
BUKOHYBaTH HaBeJICHI BHIE omepamii Haax MHOXHHOI Tpadi. I[lapagurma 00’€KTHO-OpPiI€HTOBAHOTO
IIporpaMyBaHHS Ty’Ke BAAJIO BIIMCANACh B YMOBH IIi€i 3a7adi i BAKOPUCTaHHA i€l HapaAurMH OyJI0 JOILITBHUM, TaK
camo sk 1 BuOip moBu C#.
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