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1. BBEAEHUE

1.1. HaumeHoBaHue pa3padoTKu

HaumenoBanue pa3p360TKI/I Ha PYCCKOM fI3bIKE! ((HpI/IJIO)KeHI/IC IJId BU3yaliIn3allii aJirOpuTMa CKaTusa

IIBETKOB».

HanmeHoBanue pa3pafoTku Ha aHrauiickom si3bike: «Application for visualization of Blossom

algorithm»

1.2.  OcHoBaHmue 111 pa3padoTKu
JIOKyMeHT, Ha OCHOBAHHH KOTOPOTO Be/eTcsl pa3padorka:

OcHoBaHWeM JUIS pa3pabOTKH SBISETCS y4eOHBIH IUIAH TIOATOTOBKHM OakajaBpOB MO HAMPaBICHUIO
09.03.04 «IIporpamMMHasi MHXKEHEPHUS» W yTBEP)KIACHHAS aKaJAEMHUYECKUM PYKOBOJIUTENIEM IPOTPAMMEI

TEMAa KypCOBOI'O IIPOCKTa «HpI/IJ'IO)KCHI/Ie JJI BU3yaJIu3alluy aJITOPUTMaA CKAaTUs IBETKOB)

1.3.  Kparkas XxapaKTepUCTHKA U 00J1aCTh IPUMEHEHM S

B mpouecce peanuzanuu TOro WM HMHOIO ajirOpUTMa WIM CTPYKTYpbl JAHHBIX, a TAaKXKe pEIleHUs
pasNUYHbIX 3a/a4 MO0 JAHHOM TeMaTHKe 4YacTo MOSBIIAETCS HEOOXOIMMOCTh HArJsIHO INPEACTaBUThH
IPUHLUIBI Pa0OThl AITOPUTMOB M OCOOCHHOCTH CTPYKTYp AaHHbIX. “TIpmiioskeHue ais BU3yalnu3aluu
JITOPUTMA CXKATHUsL LIBETKOB” — 3TO Web-IIPUIIOKEHHE, KOTOPOE 00JIErYUT MOJIb30BATEISIM IOHUMAaHUE U
3alIOMMHAHUE 11aroB aIrOpUTMa CHKATUS LIBETKOB.
AJITOPUTM CKaTUsl I[IBETKOB HCIOJB3YeTCS M HAaXOXKACHUS MAaKCHUMaJbHOTO I1apOCOYETaHUs B
HEOPUEHTUPOBAHHOM HEB3BEILIEHHOM rpade 3a HOJTMHOMHAIBLHOE BpeMsl.
JlaHHO€ MpUJIoKEHHE OyJIeT IKCIUTYaTUPOBAThCs CIEAYIOIUMU KaTETOPUSIMH MOJIb30BaTENeH:
1) CryneHTbl yHUBEPCUTETOB, H3yJaIOIIUE KypPChI [0 aJITOPUTMAM U CTPYKTYPaM JaHHBIX
2) IlpenonaBaTenu, BeIylye 3aHATHS HA Kypcax, CBSI3aHHBIX C H3YYCHHEM aJTOPUTMOB M CTPYKTYD
JAHHBIX
3) Pa3paboTuMKH, KOTOPHIM HEOOXOAWMO PEajn30BaTh AITOPUTM CXKATHUS IBETKOB, MEPEd ITUM
HarJIsIHO U3YYUB MPUHLUIBI €r0 paboThI

4) HccnegoBarenu B 00JIacT MaTeMaTUKH U KOMITBIOTCPHBIX HAaYK

U3m. Jlnct Ne nokym. Moan. Jata
RU.17701729.10.03-01 81 01-1
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2. HABHAYEHMUE U OBJIACTb IIPUMEHEHUSA

2.1. ®yHKIHOHA/ILHOE HA3HAYEeHUe
OYHKIMOHAIBHBIM HA3HAYCHUEM MPUIOKEHUS SIBIISIETCS HAIJISIIHOE M300pakeHUE KaXJoro Iiara

AIropuTMa CXXaTusa HIBCTKOB I IOUCKAa MAKCHUMAJIBHOTO ITapOCOYCTaHUA B HCOPUCHTUPOBAHHOM

HEB3BEILIEHHOM Tpade.

2.2.9KcniyaTalMoOHHOE Ha3HAYeHue

PaspaboranHoe WeDb-mpuiioskeHne TMO3BOJIHT MOJB30BATENIO OOJICTYHTh M3YUCHHE AITOPUTMA CHKATUS
LBETKOB. Takxe ¢ MOMOIIBIO JaHHOTO MPUJIOKEHUSI MOJIb30BaTENb CMOKET HAXOAUTh MapOCOYETaHUs B

rpadax Juisi pelieHrs TeX WIK UHBIX MPUKIaJHbIX 3ajjad, TECTUPOBATH CBOK COOCTBEHHYIO pealn3aluio

aAJIropuTMa CxXaTus IBCTKOB.

n3am.

Jlncer

Ne nokym.

Mopn.

Jata

RU.17701729.10.03-01 81 01-1

MHB. Ne noan.
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NHB. Ne aybn.

Mopn. u gata




5
RU.17701729.10.03-01 81 01-1

3. TEXHUYECKHE XAPAKTEPUCTUKHA

3.1.ITocTaHoBKA 32/1a4u HA Pa3padoTKy NPOrpaMMsbl

I[aHHOC Web'HpI/IJIO)KeHI/IG JOJDKHO COACPIKATH TOJIbKO KIIMCHTCKYIO YacCThb.

[Tpunoxenne DOHKHO 00MIagaTh CIEAYIOMNUM ()YHKIIMOHAIOM:

1)

2)

3)

JloyKHA PUCYTCTBOBATH BO3MOKHOCTh CAMOCTOSITEIILHO HApUCOBATh rpad.

1.1)  JlomkHa MpeaoCTaBasSThCS BO3MOKHOCTE 100aBUTh BepIIUHY rpada.

1.2)  [lomxkHa ObITH peaii30BaHa BO3MOXHOCTh BBIICIHUTh BEPIIUHY HIH PEOPO IMyTeM HaKaTHsI

Ha Hee KypcopoM.

1.3) JlomkHa MPEIOCTaBIASATHCS BO3MOXKHOCTH J00aBleHHS peOpa, COCAMHSIONIErO JBE

,2106aBJ'IeHHI)Ie paHeC BEPUINHEL.

1.4)  JlomkHa OBITH pean30BaHa BO3MOKHOCTh YIaJCHHS BEPIIUHBI HIIH pedpa.

1.5)  JlomkHa MpeaoCcTaBasSThCS BO3MOXHOCTh OUHUCTHTD TOJIC U PHCOBaHMS rpada.

JomxHa OBITh MpEeayCMOTpPEHa BO3MOKHOCTb CO3JaTh CIy4YailHbIH HEOPUEHTHUPOBAHHBIN

HEB3BEIICHHBIHN rpad, UMEIOIU XOTs Obl IB€ BEPILHHbI, COCAMHEHHBIE PEOPOM.

Iloce HaxxaTHs Ha KHOIIKY 3aITyCKa BU3yaJIn3alluy DOJI?KHbI OBITE I/I306pa}KeHI>I IOCJICA0BATCIbHBIC

maru paboThl aAIropuTMa.

31) Ha xaxpon HUTCpallU TIIOHMCKa YBCIIMYUBAIOLICTO IIYTH II0JIB30BATCIIb HOJLKCH UWMCETb

BO3MOXHOCTh BBIOMPATh MPOCMATPUBAEMYIO BEPIIMHY U IIpOCMaTpruBaeMoe pedpo.

3.2) TTocne HaXOXACHHST OYEPETHOTO YBETMUYMBAIOIIETO MyTH HEOOXOAMMO TOICBEUNBATH JaHHbIH

IIYTb KOHTPACTHBIM IBETOM.

33) Ha xaxmom 1miare AJIropyuT™Ma  1OJB30BATCIIb JOJOKCH BUIACTH TCKYIICC HaliJICHHOE

napocodetanue rpaga.

n3am.

Jlnct Ne nokym. Moan. Jata
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3.4) Tlocne ompeneneHusl YBEIUYMBAIOUICTO ITyTH JODKHO OBITh H300paKEHO HW3MEHCHUE

apOCOYCTAHMSL.

3.5) Ha kaxx/1oM I11are ajropuTMa rmoJib30BaTesio0 T0JHKSH ObITh BUJICH TEKCT, ONUCHIBAIOIINN CYTh

OTOrO miara.

3.6) Taxoke Ha Ka)JIOM IIare aJropuTMa JI0JHDKHO 0TOOPaXKaThCsl COCTOSIHUE “Jieca” pedep U BepIuH

rpada.

3.7) Ilpu HaxoxJeHuu 1BeTKa (IIMKJIa HEUYETHOM JTMHBI) TI0JIb30BaTENb JIO/DKEH BUJETh CKATHE

rpada.

3.8) Bo3sparienue rpada B nepBoHaYaIbHOE COCTOSTHHE (70 CKATHS IBETKOB) TAKXKE JTOJDKHO OBITH

MIPOAEMOHCTPUPOBAHO B BU3yAJIN3AIUH.

3.2 Onucanue aaropuTMa 1 QyHKIUMOHMPOBAHMUS MPOrPaMMBbI

[Tocne oTKpBITHS IIaBHOW CTPAHUIIBI IPUIIOKEHUS M0JIb30BATENb YBUAUT HA SKpaHe TPH MaHEIH:
“Blossom graph” — manenb, B KOTOpoii OyzneT oToOpakatbes rpad, K KOTOpoMy Oy1eT MPUMEHEH alrOPUTM.
“Forest” — maHenb, B KOTOpO# OyeT 0ToOpakaThCs COCTOSIHUE jieca pedep u BepimuH rpada. HazHauenue
JAHHOTO 00OBEKTa U €ro PoJib B IOHUMAaHUU aIropuTMa OyJIeT OMHUCaHo Jaiee.

“Algorithm description” — maHenb, B KOTOPOH MOXKHO OyJeT YBHJIETbh ONMCAHWUE PE3YJIbTATOB KaXKJIOTO
1iara ajiropuTMa u JIeHCTBHI MOIb30BATESL.

B camom nauane B manenu “Blossom graph” Oyamer uzobpaxen rpad “mo ymonuaHuio”. 31ech
MOJIb30BATENIO MPEIOCTABIIACTCS TPU BO3MOXKHOCTH: HApHCOBATh CBOM rpad, HaxaB Ha KHOMKY ‘“‘Create
graph”, creHepupoBath ciy4aiiHblii rpad, HaxkaB Ha KHOMNKY “Generate graph”, Ha4uaTh aNrOpUTM, HaXKaB

Ha KHomKy “Start blossom algorithm”.

3.2.1 PucoBanue rpaga

Busyanuzanus rpada ocyiiecTBisieTcs ¢ MOMOIIBI0 cpeacTB oubnuoreku “Cytoscape”.

[Mocne waxatuss Ha kHomky “Create graph” mosBUTCS BCIUIBIBAIOIEE OKHO C XOJICTOM U
BCIIOMOTATEbHBIMU KHOTIKAMU I prcoBaHUs. [lomp30BaTeb CMOKET OCYIIECTBISATH CIEIYIOIIHE

JIENCTBU.

U3m. Jlnct Ne nokym. Moan. Jata
RU.17701729.10.03-01 81 01-1

MHB. Ne noan. Mopgn. v aata B3am. nHs. No NHB. Ne aybn. Mopn. u gata
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Job0aBuTh BepmnHy rpadga:

JloGaBiieHNe BEPIIMHBI MOKET OBITh PEATM30BAHO MOCPEICTBOM JABOMHOTO KIIMKa MO xoicty. [Ipu
3TOM C ucnojib3oBanueM APl 6ubnuorexu oopabareiBaetcs coobiTue “dblclick”, 6epercs mo3umnms
KJIMKa OTHOCHUTEIILHO XO0JICTa, ¥ B 3TO MECTO J00aBiisseTcs y3en rpada (¢ momornibio ¢pyHkimu add,
B KOTOPYIO Tiepenaercsi nHpopmarust 06 y3ie rpada B popmare YAML). Ilpu srom B Meron add
nepenaercs id y3ia, KOTOPBIi BCeraa Ha OJJMH OOJIbIIE, YeM KOJIMYECTBO YKe T00aBJICHHBIX Y3JIOB.
Eme oguum mapamerpom y3ma siisiercst label, B koTopom otoOpaxaercss MopsaKOBBIA HOMEp
N00aBJICHHOMN BEPIIUHBI, TaHHBIH HOMEp Beera paseH Id y3ia. Takxke B pynkuuto add mepenaercs
Mo3ulUsl (OTHOCUTENIBHO XOJICTa), B KOTOPOW OBbLIO MOMMAaHO COOBITHE U B KOTOPYIO HEOOXOIUMO

00aBUTH y3EIl.

Yaanurs BepuinHy rpaga:

y)IaJ'II/ITB BCPIIMHY MOXXHO IOCPEACTBOM BBIACICHUA BEPIINHBI (C IIOMOIIBXO OJHOI'0 KJIHWKa Ha
BepUIMHY) U Haxkatus Ha kHonky “Delete”. TIpu aTom oOpabatsiBaeTcs cobbiThe “select”, mocne
OCYIIECTBIICHHS KOTOPOro 3amoMuHaercsi I BBIOpaHHOTO y3ja, a Mmocie 0O0pabOTKH COOBITHS
Hakatus Ha kHOTKY “Delete”, ymansercs mocimemaHuii BBIOpaHHBIA y3€JI ¢ MOMOINBIO (DYHKIIMU

remove.

Jdob6aButs pedpo rpada:

YroObl 100aBUTH pebpo, HEOOXOAMMO HaXkaTh KiaBuiny Ctrl u BeIOpaTh cpasy aBa y3ia rpada
MOCPEJICTBOM OJIHOTO KIIMKa Ha KaXKIIbIH y3eJ (BHIOpATh /1B y3J1a OJJHOBPEMEHHO BO3MOKHO, €CIIU
70ro aepkath Kiasuiny Ctrl Hakatoit). Ilpm 3TOM HakaTHe IBYX Y3J0B OJHOBPEMEHHO
OTCJIeKUBAETCsA W 3amomuHaroTcs Id obenx BepimH. Jlanee ¢ momoinsio Gyaknuu add B rpad

nobassiercst pebpo, B Gpyukuuio add nepenarotces id Hayana pebpa (Source) u konma (target).

Ynaauts pedpo rpagda:
VYnanute pedpo rpada MoxHO, BIOpaB peOpo MyTeM OJHOTO KJIMKA 110 HEMY M HaXkKaB Ha KHOIKY
“Delete”. ITpu 3toM 3anomuHaetcs id mociienHero BIOpaHHOTO pedpa, U mpu 00paboTKe COOBITHS

Hakatust Ha KHONKy “Delete” nannoe peOpo yaansiercs ¢ moMOIIbIO (GYHKIHH [emoVe.

O4YUCTUTE XOJICT:
YToObl OYMCTUTH XOJICT JJIs1 pUCOBaHUs rpada, MoJIb30BaTeI0 HY)KHO HakaTh Ha kHomKy “Clear”.

[Ipu 3TOM € momoIbio GPyHKIUU remove u3 rpada yaaastoTcs Bce y3Ibl U pedpa.

n3am.

Jlnct Ne nokym. Moan. Jata
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OTMeHHMTDb prcoBaHue rpada u 3aKpbITh OKHO:
Jlns aToro Hy)KHO Haxath Ha KHonky “Cancel”, mpu sTom panee HapucoBaHHBIN rpad He Oyner

IEPCHCCCH B OCHOBHOC OKHO.

3aBepIMTH prcoBaHue rpada u 3aKpPbITh OKHO:

Ji1st 3TOr0 HE0OX0AMMO HaXKaTh Ha KHONIKY “OK”, mpu 3TOM OKHO /17151 prcoBaHus rpada 3aKkpoeTcs,
a HaApUCOBaHHBIM Tpad TmepeHeceTcs B OCHOBHOE OKHO B maHenb ‘“Blossom graph”. 210
peann30BaHo IyTeM TOJTHOTO KOTIMPOBaHUS dK3eMIuTsipa rpada Cyt0SCape u3 BCIUTBIBAIOMIETO OKHA

B 9K3eMIuTsIp rpada cytoscape u3 okna “Blossom graph”

3.2.2 T'enepanus ciay4yaiiHoro rpaga
[Tocne Haxkatus Ha kHOMKY “Generate graph” B okHe “Blossom graph” mosiBuTCs ciydaitHbii rpad.

AnroputM reHepanuu rpada ciaeayonimii:

1)

2)

3)

4)

5)

CHayvaJia reHepHpyeTCcsl KOJIMYECTBO BEPIIHH rpada. ITo KOJIHIECTBO MOKET MPUHUMATh 3HAUCHUS
oT 2 1o 10, cnegoBaTenbHO, KOJTMYECTBO TeHEPUPYETCs 1o popMyiie max (2; Math.random() * 10 + 1).
JHanee B rpad mo0aBist0OTCS BEPIIMHBI CO 3HaYueHUsIMHU label oT 1 10 MakCHMaTbHOTO KOJIMYECTBA
BepmuH. [lo ymorganuio B rpad yxe 100aBiIeHBI TIEPBBIC BE BEPIIUHBI M peOPO MEKIY HUMHU.
JInst ka0 BEpUIMHBI TEHEPUPYETCS ClydailHas MO3UIUS HAa MaHENu: JIJIsl TeHepalu CITy4aiHOM
KOOpAMHATHI X OepeTcst MpUHA TTAHEIH ¥ YMHOAETCS Ha CIIyJaifHOE BelIeCTBEHHOE Yrcio oT 0
1m0 1 (Math.random()), aHaJIOTMYHO HAaXOAUTCS ClydaiiHas KOOPJWHATA Y, TOJIBKO JUIS TOJCUYEeTa
Oepercst BBICOTA MTAHEIH.

Tenepb 3aMeTHM, YTO MEXTY JTFOOBIMH JBYMS BEPIIMHAMHU PEOPO MOXKET KaK CYIIECTBOBATh, TAK U
HE CYIIECTBOBATh. IIyCTh BEpOSATHOCTH TOTO, YTO MEXIY JABYMS OTICIHHO B3SITHIMH BEPITUHAMHU
ectb pebpo, paBHa 0.5. Torma s KaxaoW mapbl CO3JaHHBIX BEPIIUH OyaeM TeHEpUPOBAThH
BemecTBeHHoe uncio ot 0 g0 1 (¢ momombto Math.random()). Ecnu moxydenHnoe uucio 6osblie
0.5, 106aBuM pedpo, COSNUHSIONIEE TAHHYIO ITapy BEPIIKH, B IPOTHBHOM Cilydae He OyJIeM HUYEro
100aBJIIATh.

ITomy4ennslii rpag otoOpaxaercs B manenu “Blossom graph”.

3.2.3 OnucaHue aJITOPUTMA CHKATHS LIBETKOB
Anroputm cxatis UBeTKOB [1-4] mpumeHsieTcst Ui TOMCKa MaKCHMAIbHOTO MapOCOYETaHHs B

POU3BOJIHHOM HEOPHEHTUPOBAHHOM HeB3BelleHHOM rpade 3a Bpems: O(n3). Ilapocoueranuem B rpade

Ha3bIBACTCA Ha6op pe6ep 9TOTO rpa(ba, TaKOﬁ, YTO HUKAKUEC ABa pe6pa HE UHIUACHTHBI OJJHOM BCPIIHHC.

n3am.
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OcHOBHas HJIes AITOPUTMA 3aKITI0YASTCs B MOMCKE TaK HA3bIBAEMbIX YBEIMUYMBAIOLIHMX MTyTei (augmenting
paths). YBenuuuBaromum myTeM Ha3bIBaeTCs MyTh, B KOTOPOM pedpa, BXOIIUE B TEKYyIIee HalJACHHOE
napocoveTaHue, YepeayloTcs ¢ pedpaMu, HE BXOAAUIMMH B 3TO MApoCOYeTaHHe, MPUYeM B Hadajie U B
KOHILIE TaKOro IyTH JIOJDKHBI HAXOJMTHCSI BEPILMHBI, HE BXOJALIME B NApOCOYETAHHME. 3aMETHM, YTO B
TaKOM IIyTH BCETIa HEUETHOE KOJIMUECTBO pedep, mpuueM pedep, He BXOSIIUX B TapocodeTaHne, 0oibiie.
DTO0 3HAYUT, YTO B TAKOM IIyTHU MOKHO YBEJIMYUTH KOJUYECTBO pedep, BXOAALIUX B IApOCOYETaHue, Ha 1,
myTeM A00aBIieHHs B TapocoveTaHune pedep, He BXOAMWBIINX B HETO 10 3TOTO, M HCKIIIOYESHHUS U3 HEro pedep,

BXOJUBIIUX B HETO JI0 DTOTO.

[Ipumep yBenuyeHusi KoiuyecTBa pebdep B MapOCOUYETAHWU C TOMOILBIO YBEIMYMBAIOLIETO MYyTU

n300pakeH Ha pucyHkax 1-2:

—0—0—

 — e )

Pucynox 1-2 — npumepol ygeruuusarowux nymeii u ygeiuueHus Koauuecmaa peoep, Haxoo0auwuxcs 8
napocoyemanuu, ¢ NOMOUbI0 HUX

VcnoBue HaXO0XXJACHUA MaKCUMAJIbHOT'O IMapOCOYECTaHHs OIIMCBIBACTCA JIEMMOH Bep>Ka, KOTOpas roBopur,
4qT0, €CJIM B rpacbe HENIB3s HalTH YBCHHIIHBaIOH_[Plﬁ IIyTb OTHOCUTECJIBPHO TCKYHICTO IIapOCOUYCTaHUA M, TO

IaHHOE Mapocovyeranue M MakcrumanbHO.
CrnenoBarebHO, MOKHO KPATKO ONHKCATh OOIIYIO CXEMY IIIaroB ajropuTMa
ITycte umeercs rpad G u mapocoyeranue M.

1) TlIbITaeMcs HAWTH YBETMYMBAOIIMN TyTh
2) Ecnu yaanocek HallTH, TO:
2.1 — YBenuuuBaeM TeKyIlee NapOCOUYETaHHE C IOMOIIIbIO HAlIEHHOTO YBEIUYUBAIOLIETO MTyTH

2.2 - VlieM HOBBIH yBEIMYUBAIOLIUHN MYTh B TOM ke rpade, HO YK€ ¢ HOBBIM MapOCOUYETaHUEM
3) unHaue:

MakcumanbHOE napoco4€TaHuc HaﬁﬂCHO, 3dKaHYMBACM aJITOPUTM.

U3m. Jlnct Ne nokym. Moan. Jata
RU.17701729.10.03-01 81 01-1

MHB. Ne noan. Mopgn. v aata B3am. nHs. No NHB. Ne aybn. Mopn. u gata
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Haxo:xnenue YBCJIMYMBAOUIECTI0 IYTHU

1) Bce peOpa u BeplIMHBI, Ha ONPEICICHHOM JTale BXOMSIIME B MAapoOCOYETaHHE, OMEYAIOTCS B
MIPHIOKCHUN KPACHBIM I[BETOM.

2) Bce BepIHHbI, KOTOPBIC HE BXOIAT B IAPOCOYCTAHUE, B TPUIIOKECHUH TOMEYAIOTCS CHHUM IBETOM
(cm. puc. 3).

Blossom graph Algorithm description

Looking at vertexes <> and <>

o Thie tistacice becween thi 24satid The toot SEthe res ineven
Ve o and <g>have different roats

So we have found the augmenting path

The augmenting path: <v>,<4>

Forest

Start Blossom Algorithm

Pucynox 3 — eepuunvl u pebpa, éxooswue 6 napocouemanue, 8bl0eleHbl KPACHbIM UBEMOM,
8epuLUnbl, He 6X005uUue 8 NapocodemaHue, 8bl0eNeHbl CUHUM YEEOM.

3) s KakI0¥# BEPIINHBI, HE BXOSAIIEH B TApOCOYETaHHE, CO3aeM JICPEBO U3 OHOM 3TON BEPIIMHBI

Y TIOMeEIIaeM 3TO JepeBo B Jiec (manens “Forest™), nanHas BepimHa OyJeT KOpHeM JepeBa (CM. puc.

4),

Blossom graph Algorithm description

Looking at vertexes <2» and <3
The distance between the <3>and the 1ot of the tree is even
Vertexes <2» and <3-have different roots
So we have found the augmenting path
The augmenting path: <2»,<3>

Matching is found!
Matching Size: 2

e Forest
(1] (2] © (4]
Start Blossom Algorithm | %
U3m. Jlnct Ne nokym. Moan. Jata
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Pucynox 4 — eepwunvl 1, 2, 3, 4 — ne 6xoosam 6 napocovemanue, u na naneau “‘Forest” mor suoum
4 Oepesa u3z 00HOU 6epULUHbL, OaHHbIE BePULlHbL 0OV KOPHAMU CBOUX 0EPEeBbEs.

Teneps Hamo BEIOpaTh MpocMaTpuBaeMyto BepiuHy. [IpocmaTprBaeMoil BepIIMHON MOXKET OBITH

BEpIIMHA, HE BXOJAIIAsl B MMapOCOYETaHUE, TO €CTh, BEpIIMHA, MOMEUCHHAs CHHHM LBETOM. B

MPUIIOKEHUN STH BEPIIUHBI OYAYT KIMKAaOEIbHBIMH, U TIOJH30BATEIh CMOXKET BHIOPATh OJHY U3

Hux. [Tocne 3Toro0 BCe MHIMACHTHBIC JAHHOH BepIIMHE pedpa MOACBETATCS CHHUM IIBETOM (CM. pHC.

5).

Blossom graph Algorithm description

Working on vertex 4

Forest

]| Start Blossom Algorithm

Pucynok 5 — eepuwuna 4 b6vina svlopana nonvzosamenem, OHA NOOCEBEUUBAENICSL HCETMBIM YBEHOM,
uHyuoenmuwie et peopa (4-3 u 4-1) nooceeuenvl cuHuM Yeemom.

5) Temnepb HEOOXOMMO PACCMOTPETH BCE UHIIMICHTHBIC BRIOPAHHO# BepIlInHE pedpa, MPOCMaTpUBaTh

WX MOXXHO B pPa3HOM MOpsJAKe, MO3TOMY IOJB30BaTENI0 IMpeajaraercs BeIOpaTh pedpo cpenu
MOJICBEUEHHBIX CHHUM IIBeTOM pebep. IlycTh ceifuac Mbl paccMaTpuBaeM HEKOTOpoe pedpo €,
WHIUJCHTHOE BBIOPAHHOM BEpIIMHE V.

Bo3mosxHbI 4 ciydast:

1 cyuaii
Jpyrast BepiinHa (Ha30BeM ee W), HHIMACHTHAs peOpy €, He PAacIoIokKeHa B Jiecy (B MPUIOKCHUH
nec oroOpaxaercs B maHenu “Forest”), sHauuT, OHa IPUHAUIEKUT apocodeTaHuo. PaccMoTpum
peOpo U3 mapocoyeTaHusi, MHIUJICHTHOE BepIINHE W, HaliZileM BTOPYIO BEPIIUHY, TPUHAICKALTYIO
naHHoMy pebpy. HasoBem ee X. Bepmmna V yxe Haxomutcs B yecy. Jlo6aBum Tyma pebpo e,

BepUIMHY W, peOpo M3 MapocoveTaHus, HHIUISHTHOE peOpy W, BepuIrHy X (TO €CTh, OJABECHM K

n3am.
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BEpILMHE V Mapy CIEAYIOUINX APYT 3a APYroM pedep: pedpo, He MpHHAIeKAIee TApOCOYECTAaHHIO,
U peOpo, prHAIeKalee napocoyetannto). [Ipu 3ToMm BepirHa X CTaHET CUHEH, €€ MOXKHO OyleT
BBIOpaTh Ha CIEAYIOLIEM IIare, mpocMarpuBaeMas BepIIMHA V U peOpo € B NPHIOKEHUH

MIOJICBETATCA 3€JICHBIM (CM. puc. 6).

Blossom graph Algorithm description

Looking at vertexes <6> and <5>

The vertex <s»is in the matching, so we have found the
adjacent vertex <g>which is also in the matching

‘ Vertexes <65 , <5 , <4> added to forest

Forest

| H ‘ Start Blossom Algorithm ‘

Pucyrnox 6 — 30ece paccmompum eepuuny 6 u peopo 6-5, 5 npunadnedcum napocovemanuio,
C1e008amelbHO, HYICHO d0basums 6 iec peopa 6-5 u 5-4, cnpasa 6 naneau Forest suoum oepeso
6-5-4, ananocuurno moxcno ckazams u o sepuunax 2-3-10.

2 cay4aii
Bepmirina W HaxouTCs B Jiecy, U PacCTOSTHUE OT Hee IO KOPHS JepeBa, B KOTOPOM OHA HaXOJUTCS
(TO ecTh, AMMHA KpaTyaillliero MyTu OT JAaHHOW BEPIIMHBI 10 KOPHSA), HEUYeTHO. B 3TOM cityuae Mbl
HUYEro He JeslaeM, MpocMaTpruBaeMoe pedpo momeyaeTcsl Kak MpocMOTpeHHoe. B mpuiioxxeHuu
JaHHOE pedpo MPUMET MepBOHAYATBHBIN LIBET (CBETI0-PO30BbIN), a IpOCMaTpUBaeMasi BEpILIUHA HE

TIOMEHSIET 1IBET.

PaccmoTpum pucynox 7. I[ycte anst paccMoTpeHus Mbl BRIOpanu pedpo 6-3. [TocMoTprM Ha aHenb
Forest. Bepmmna 3 yxe ectb B Jecy. OHa HaxOQUTCs B JIepeBE, B KOTOPOM KOPHEM SIBJISETCS
BepuinHa 2. PaccTosHue OT BepuIMHbI 3 10 BepIIUHbI 2 paBHO 1, U oHO HedeTHO. Pebpo 3-2 He
JISKUT B MAapoCOYeTaHUH, peOpo 6-3, Tak Kak paccTosiHUE OT 6 10 KOPHS YETHO, TOXKE HE JISKUT B
MapoCcoYeTaHuH, CIEeIOBATENLHO, MyTh 6-3-2 HE SBISETCS YBEIMYMBAIOIIUM, U HUYETO JeNaTh He

HYXHO. Pe3yJ'IBTaT 9TOI'0 Iara 1nnoka3aH Ha pUCYHKC 8.

U3m. Jlnct Ne nokym. Moan. Jata
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Blossom graph

[ Groph | 6 - _ Start Blossom Algorithm

Blossom graph

| [ Start Blossom Algorithm

Pucynox 7

Pucynox 8

Cayuaii 3

Algorithm description

Looking at vertexes <6» and «5»

The vertex <5is in the matching, so we have found the
adjacent vertex <pwhich is also in the matching

Vertexes <6» , <5» , <4> added to forest

Forest

Algorithm description

Looking at vertexes <6> and <3»

The distance between the <3>and the root of the tree is odd,
so we do nothing

Forest

U3m. Jlnct Ne nokym. Moan. Jata
RU.17701729.10.03-01 81 01-1
MHB. Ne noan. Mopgn. v aata B3am. nHs. No MHB. Ne ay6n. Mopn. u gata
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BepmmHa W HaxouTCs B Jiecy, pacCTOSTHHE OT Hee /10 KOPHs JIepeBa, B KOTOPOM OHa HAXOTUTCA,
YCTHO. BepH_II/IHBI VU W HaxXOoIdaTCs B Pa3HbIX ICPCBbIX. HaHHaSI CUTyalusd 03Ha4acT, 4YTO Mbl HAIIIJIA
YBEIIMYHMBAIONIMI TyTh. Y BEeIMYHBaeM napocoueranue Ha 1 (cm. puc. 9-10).

Blossom graph Algorithm description

Looking at vertexes <6> and <3»

The distance between the <3>and the root of the tree is odd,

? so we do nothing

Forest

[ [ [ Start Blossom Algorithm |

Pucynox 9 — svibupaem pedopo 6-10, 10 naxooumcs 6 necy, paccmosinue 00 KopHs paero 2, 6 u 10
8 PA3HBIX 0epesbsxX, C1ed08amenbHo, Mbl Hauau yeeiuvusaowui nyme 6-10-3-2 (uoem om xophs
oepesa, 8 KOMOPOM HAXOOUMCsL Nep8as 8epuluHa, 00 NepEoti EPULUHbL, 3aMeM NepexooUM Ko
8MOpOLL Bepuiute U udem 00 KOPHs 0epesd, 8 KOMOpOM HAXOOUMCsl 8MOPAsL 6EPUIUHA).

Blossom graph Algorithm description

Looking at vertexes <6> and <10>

The distance between the <10>and the root of the tree is even
Vertexes <6> and <1o>have different roots

’ ° 40 So we have found the augmenting path
The augmenting path: <65,<105,<3>,<2>

Forest

| || Start Blossom Algorithm

Pucynox 10 — ysenuuusaem napocowemanue na 1, peopa 6-10 u 3-2 nomewaromes 6
napocouemanue, pebpo 3-10 ucknrouaemes uz napocouemanus.

U3m. Jlnct Ne nokym. Moan. Jata
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Tenepb HEOOXOAMMO TIPOBEPUTH, SBISETCS U HAWJICHHOE MapOCOUYETaHNEe MaKCUMAaIbHBIM. J1Jis
aToro rpad pa3buBaeTcs Ha KOMIOHEHTBI CBSI3HOCTH, U B KQXKI01 KOMIIOHEHTE WIYTCS BEPIIHUHBI,
HE TpUHAJISKAIINEe TMapocodyeTaHuto. Eciyu XoTs Obl B OJHOM W3 KOMIIOHEHT HAMJIEHO Kak
MHHUMYM JIB€ BEPILIHMHBI, HE MPUHAIICKAIINE TAPOCOUYECTAHUIO, AITOPUTM Mpoaosrkaercs. Ecim B
MPOLECCE BBINOJHECHUS AJITOPUTMA BO3HHMKAET CUTyalus, IpPU KOTOPOW 3aKaHUYMBAKOTCS
MPOCMAaTPUBAEMbIC BEPIIMHBI, AJITOPUTM 3aKAHUYMBAETCS, & HAWJIEHHOE K TOMY MOMEHTY

MMapoCOYCTAaHUC MMPHU3HACTCA MAKCUMAJIbHBIM.

4 cnyuaii

Bepmmaa W HaXouTCs B JIECY, PACCTOSHUE OT HEe 70 KOPHS JIepeBa, B KOTOPOM OHA HaXOJUTCS,
YCTHO. BepHH/IHI)I VU W HaxoadTcsa B OJHOM JACPEBE. I[aHHaSI CUTyalus O3Ha4acT, 4YTO MbI HAIILJIX B
HamieMm rpade nuki HedeTHOW anuHbl. CoXKMEM JaHHBIA UK B OJHY BEPIIMHY U MPOJOJIKUM
HNCKaATh YBGJ'II/I'-II/IBa}OHII/Iﬁ IIyThb B C)KaTOM rpaq)e, IIpr 5TOM BO3MOKHBI )IaJ'II)HeI\/IIIHI/Ie CXXaTui IIUKJIIOB
HEUYETHOU JUTHHBI B yKe cxkaToM rpade. Cpa3y mocie HaX0K/IeHUs YBETNYUBAOIIETO ITyTH B TAKOM
rpadge BCe IBETKH, KOTOPBIE JO ITOrO OBLIM CXKAThI, Pa3KUMAIOTCS, M Tpad BO3BpalIacTcs K

MEpPBOHAYAIBHOMY COCTOSHUIO (cM. puc. 11-16).

Blossom graph Algorithm description

Working on vertex 4

N o—*
< X)" /\

|| Start Blossom Algorithm

Pucynox 11 — paccmompum sepuiuny 4 u pebpo 4-7, éepuiuna 7 HaXo0Uumcs 8 iecy, paccmosiHue
om Hee 00 KOPH: paBHO 2, U OHO 4emHO, 8epulUHbL 4 U 7 HaxX00amcs 6 00HoM Oepege. Mbi Hawinu
ysemoxk 9-5-4-7-8. Bepwuna 9 ne naxooumcs 6 napocouemanuu u A151emcs KOpHeM YeemKa.

n3am.
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Blossom graph Algorithm description

Looking at vertexes «4» and <7»

f the tree is even

<gr<5r<qr 7B
Contraction Lo <9

Forest

# %

[ [ Start Blossom Algorithm

Pucynok 12 — ysemox 9-5-4-7-8 coxcam 6 sepuiuny 9.

Blossom graph Algorithm description

7

Working on vertex 6

Forest

Start Blossom Algorithm |

Pucynox 13 — paccmompum eepuiuny 6 u pebpo 6-9, éepwiuna 9 naxooumces 6 necy, ee
paccmosiHue 00 KopHs pagHo 0, ono uemno, u eepuiunvl 6 u 9 Hax00amcs 8 0OHOM Oepese,
cnedosamenvro, mvl cHosa Hautiu yeemox 9-10-6 ¢ xoprem 9.

Blossom graph Algorithm description

at vertexes <6

Forest

)6 Stars Blossom Algorithm

Pucynox 14 — ysemox 9-10-6 coicam 6 sepuiuny 9

U3m. Jlnct Ne nokym. Moan. Jata
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Blossom graph Algorithm description

Working on vertex 1

o—"9
\ ) \

| || Start Blossom Algorithm

Pucynox 15 — paccmampusaem sepuuny 1 u peopo 1-9 — naxooum yeenuuusarowuii nymo 1-9,
menepb He0OX0OUMO PA3HCAMb Ce YBEMKU, KOMOopble DbLIU CHCambl 00 IMO20.

Blossom graph Algorithm description

Looking at vertexes <> and <9

1> and <g>have different 1o

o__/e S e An Tk ety
The augmenting path: <1>,<9>
Lifting blossom <g,<105,<6>
The augmenting path: <1,<9>
Lifting blossom «93,¢5»,<4%,c75,<8>
The augmenting path: <1»,<42,<5>,<9>
Matching is found!

Matching Size: 5

Forest

% %
Stort Blossom Algorithm |

Pucynok 16 — ece yeemku pazorcamoi, epag 6epnyncsa K nep8oHaAUANIbHOMY COCMOAHUIO,
MAaKkcuManbHoe napocoiemanue HatloeHo, mak Kax 6 paghe b6onvuie Hem y8eruuusaruux nymetl
AJITOPUTM CKATHS IIBETKA

1) CHauana HaxXOASATCS BCE Y3JIbl, IPUHAUIEKAIIHE IBETKY. OT BEpIIMHBI V HIEM BBEPX KpaTUaiIImM
IIyT€M [0 BETKE JepeBa 0 KOpHA, KIAJEeM BEpLIMHBI B MAacCHUB, IIOTOM JTOT MAaCCUB
[IEpEBOPAYMBAEM U UAEM OT KOPHS 10 BEPUIMHBI W BHU3 110 BETKE JE€PEBa, KJIaJIeM OTU BEPLIUHBI B
MAaCCHB — [I0JIy4a€M MaCCUB BEPILINH LBETKA.

2) VYnanstotes Bce pedpa, 00pas3yromue HailICHHbI HeYeTHBIN [IUKIL.

3) s kax10# BepIIMHBI IIBETKA YIAISIOTCS BCE MHIUACHTHBIC €if peOpa

U3m. Jlnct Ne nokym. Moan. Jata
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Kaxas He mpuHajuiexamias BETKy BEpIINHA, KOTOpast 10 3TOro Obljia CBsA3aHa PeOpOM C KakKoii-

TO BEPLIMHOM I[BETKA, CBA3BIBAETCS peOpPOM C KOPHEM LIBETKA.

AJ'[I‘OpI/ITM pa3kaTusl IBETKaA

Ecnu nBeTok He BXOJUT B COCTaB HAMJEHHOTO YBEJIUYMBAIOILIETO IYTH, TO IPOCTO JIEJIAEM BCE €TI0
BEPIIUHBI U pedpa BUIMMBIMH, yIaJIsIeM JIMITHIE peOpa, He BXOSIINE B MPEIBbIIYIINE COCTOSHHUS
rpada (10 ckaTHs IBETKA).

Ecnu 1BeTok BXOJIUT B YBEIMUMBAIOMIMNA MyTh, TO HAXOJUM HHJAEKC BEPUIMHBI, KOTOpas Oblia
cXKaTa, B YBEJIMYMBAOIIIEM ITyTH.

Jlanee uieM WHAEKC BEPLIMHBI, MpPUHAAJIEXKAIIEHd BETKY W CBA3aHHOW cO cienymoomen (wim
MpenbIayIiel B clydyae KOHILA YBETUUYUBAIOIIETO IyTH) BEPUINHON YBETUYMBAIOIIETO ITyTH.

B 3aBHCHMOCTH OT YETHOCTH MHJEKCOB, HalJIGHHBIX BO 2 M 3 MyHKTaX, pelaeM, Kak 0OXOIUTh
LBETOK (AmHaA 00X0Ja Bcerja J0JbKHA ObITh 4eTHOM). Eciau 1BeTok HaxoauTcs B Hayaje WU B
KOHIIE YBEIMUMBAIOIIErO MyTH, TO HY’)KHO 00XOJUThH LIBETOK OT KOPHS JI0 BEPIINHbI, MHIUJICHTHON
UCXOJALIEMY U3 I[BETKa peOpy B HAIPABIEHHUM IyTH YETHOM JUIMHBL EcnM 1BETOK B cepeanHe
YBEJIMUUBAIOLIETO IyTH, TO HY)KHO UATH OT BEPLIMHBI, MHIIUJIEHTHON BXOAAILIEMY B IIBETOK peOpy
710 BEPLINHBI, NHIUICHTHON HCXOAAIIEMY U3 LIBETKA PeOpy, B HAPaBJICHUU IyTH YETHOU JJIUHBI.

Takum 0Opa3oM Hax0UM MOJIHBIN YBEIMUMUBAIOIIUN MTyTh U YBETUYUBAEM ITaAPOCOYETAHHUE.

3.3 Opranu3anusi BXOJHbIX JJaHHBIX

3.3.1 OmnwucaHue OpraHu3anuu BXOAHBIX JAHHBIX
Ha Bx0J1 aJiropuT™Ma 1moaaeTcst Mporu3BOJIbHBIA HEOPUCHTHPOBAHHBIN HEB3BEIICHHBIN Tpad.

I'pad nomxen uMeTh XOTs ObI IB€ BEPIIUHBI, COEAMHEHHBIE PEOPOM.

[Ipu renepanuu ciydaitHoro rpada KoJIMYeCcTBO BepIlnH rpada He npesbimaet 10.

I'pad, koTopeiii OyneT momaBaThCcs HA BXOJ ajlrOpPUTMa, MOYKHO MOJNYYUTHh ABYMS CIIOCOOaMU:
HapucoBaB rpad B pazzaene “Create graph” wiu creHepupoBaTh cllydaiiHblii rpad), HaXaB Ha KHOIKY

“Generate graph”.

3.3.2 O0ocHOBaHUE OPTraHU3ANNH BXOAHBIX JTAHHBIX
Bun rpada, koTopblii mogaeTcs Ha BXOJ alropuTMa, o0ycIoBIeH 0COOCHHOCTSIMH U LIETISIMU

BBIIIOJIHCHHUSA aJITOpUTMaA.
YcnoBue o ABYX BCPHIMHAX, COCAUHCHHBIX pe6p0M, CBsA3aHO C TEM, UTO HCT CMBICIIa UCKATh
mapoCO4YCTaHUC B rpa(be, B KOTOPOM MCHBIIC JIBYX BCPIIHWH HJIU HET pe6ep.

OTpaHI/IquI/IC Ha KOJIMYECTBO BCPHIMH IIPpU TI'CHCPpALIUU rpa(ba CBA3aHO C YIIO6CTBOM

n3am.
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BOCIpUsSITHS BU3yalbHOU wuHpopmanmu. [lpunoxenne wumeeT o00pa3oBaTEIbHBIC IIENH,
MMOATOMY MTOHSATHOCTh M KOMITAKTHOCTh BU3YaJIU3allUU UTPAIOT OOJIBIIYIO POJIb.

PucoBanue rpada — 310 Hambosiee TOHSTHBIM W yHOOHBIM cmocob 3amatek rpad as
noJsib3oBarens. ['eneparus rpada takxke ynoOHA Ui MOJIB30BATENs, TaK KaK MOXET OBITH

IIPOU3BE/ICHA 110 OJTHOMY KIIMKY Ha KHOIIKY.

3.4 Opramnaunﬂ BbIXOAHBIX JAHHBIX
3.4.1 Onucanne Opraums3alnuu BbIXOAHBIX JaHHBIX

[IporpamMmma KOppeKTHO M300pakaeT MOATAMHYIO BU3yalU3alUi0 pabOThl alrOpuTMa CKATUS
LIBETKOB.

[locne oxoHuaHusi paOOTHI ajropuTMa pedbpa M BeplIMHBI Tpada, NTpUHAIEKAIINEe
HalJeHHOMY MaKCHUMaJIbHOMY NIapOCOYETaHHIO, BbIJENIEHbI KPACHBIM LIBETOM.

Bo Bpems Bu3yanu3zanMM anropuTMa KakIblii €ro Imar COMpOBOXKIAETCS TEKCTOBBIM
KOMMEHTapHeM, OMHMCHIBAIOLIUM, YTO Ha 3TOM IIIary MPOUCXOIMT.

Ha xaxxmoit uteparuu airoputMa 0ToOpa)xaeTcsi COCTOSIHHE “Jieca’ pedep ¥ BEPIIHH.

[locne HaxoXAE€HHS MAaKCUMaJbHOTO TApOCOYETAaHHs BBIBOJUTCS KOJMYECTBO pedep,
BXOJSIIIMX B HETO (pa3Mep MapocoyeTaHus).

3.4.2 QOo6ocHOBaHNE OPraHU3ANMNH BBIXOHBIX JAHHBIX

OpraHI/I3aI_[I/IH BBIXOJHBIX JAaHHBIX HallpaBJI€Ha Ha MAaKCHMAaJIbHOE oOjeryeHre MNOHUMAaHUS

I0JIb30BATEIEM TOTO, YTO MPOUCXOIUT HA KaXKJIOM IIare ajirOpuTMa C>KaTusl IBETKOB.
3.5 Onucanue u 0600cHOBaHME BHIOOPA U COCTABA TEXHUYECKHUX H MPOrPAMMHBIX CPEICTB

3.5.1. Onucanue TeXHUYECKUX U MPOrPaAMMHBIX CPe/ICTB

1) Jns SKciulyaTalMM TNPWIOXKEHUs Tpedyercs Hanuuue BeO-Opaysepa, 3allylIEeHHOTO Ha

KOMITBIOTEPE, @ TAKKE JOCTYI K ceTh MHTEpHeT.
2) Jlnst Bu3yanu3anuu rpada ucrosb3yercst oubnuoteka “cytoscape” [6].

3) AnropuTMm M €ro BU3yaJH3allus pealn30BaHbl Ha s3bike JavaScript (cm. [punoxenus 1, 2).

3.5.2. O6ocHoBaHHe BbIOOPA TeXHHUYECKHX U MPOrPAMMHBIX CPeICTB

1) TlpuioxeHUe MOXKET DKCIUTyaTHPOBATHCS TOJBKO Ha KOMIIBIOTEpPE, TaK Kak Ha IPYTUX
YCTPOMCTBaX y IOJIb30BaTeNsl MOTYT BO3HUKHYTh TPYAHOCTH C pHCOBaHMEM Tpada
(HeynnoOHO nienaTh IBOMHOM KIIMK) M ¢ CAMUM aJITOPUTMOM (HEy100HO BHIOMpATh BEPLIMHY
u pebpo), Oojee TOro, TSHKENO BOCIPUHMMATH BH3YAIM3aLMIO alTOPUTMA Ha HKpaHax

MAaJICHBKHUX Pa3sMEpOB.

n3am.
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Beibop  OubmmoTexu

MIPEIOCTABJICHHBIX B OMOJIIMOTEKE MPOTPAMMHBIX CPEIICTB: €CTh BO3MOYKHOCTh BHIOHMPATH
BEpIIMHBI U pedpa, peaan3oBaHbl BCe HEOOXOIUMBIC COOBITHS, MOXKHO M3MEHSTH I[BETa
pebep W BepIIHH, €CTh BO3MOXKHOCTh CO3/IaTh aHUMAIIUIO, €CTh BO3MOXKHOCTH J00aBIISITH

BEPIIMHBI M pedpa U ynaisaTh ux 1o id, ecTh BO3MOKHOCTD CAETIaTh peOpo UM BEPIIUHY

Cytoscape

00ycIoBJICH

y100CTBOM

APl wu mnoxHOTOMH

HEBHUIUMBIMH (0€3 yIalieHus ), MOKHO TIOJTyIUTh 3JIeMeHT rpada 1o ero id.

U3m. Jlnct Ne nokym. Moan. Jata
RU.17701729.10.03-01 81 01-1
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4.1 llpeanosiaraemasi NOTPeOHOCTH

Heo06x01uMOCTh B JAHHOM IPOTPAMMHOM MPOYKTE UMEIOT HECKOJIBKO KAaTETOPHA MOJIb30BaTeNeH:

1) TlpenonmaBatenu BY3oB, Bemyime Kypchl, CBS3aHHBIC C QITOPUTMaMH U CTPYKTYpaMH

JAaHHBIX.

2) Crynentsl BY30B, u3yuaronue alroputMbl B CTPYKTYPbI JAHHBIX.

3) Pa3paboTunku, KOTOPHIM TPEOYETCS PeaTn30BaTh STOT AJITOPUTM JUTS PEIICHHUS TPUKIIATHBIX

3aaa4.

4) Wccnenosarenu B 00JIaCTH MaTEMATHKU U KOMITBIOTEPHBIX HaYK.

4.2 OpueHTHPOBOYHAS IKOHOMUYeCKasi 3PPEeKTUBHOCTD

[IporpaMma 1o3BOJIUT OBICTPO U 3(D(HEKTUBHO H3YyYUTh MNPUHIUINBI PaOOTHl aIrOpUTMa, YTO

IIOMOKET 3HAYUTCIBbHO COKOHOMUTE BPEMH, Tpe6y}01ueec;{ JJI IOHMMaHus aJIrOpruTMa U €ro pcajin3alvu.

4.3 DxoHoOMHYeCKHMEe TpPeuMYyIlIecTBA Pa3padOTKH MO0 CPaBHEHHID C

aHaJIoramMu
CpaBHeHHE KOHKYPEHTOB
Tabnuya 1. Ananus KouKypenmos.
IMpunoxenne | Algorithm | VisuAlgo | Algorith Vamonos [Data
TSt Visualizer m Wiki structure
BU3YaIH3AIUH visualizat
aJIrOpUTMa ions
cKaTus
IIBETKOB
Ectp
BU3YyalIu3alus + ) ) ) _
anropuTMa
CXKaTus [IBETKOB
ITosichenus k
Ka)XJ0My LIary + + + + +
anropuT™a
U3m. Jlnct Ne nokym. Moan. Jata
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Bo3MO0XHOCTH
CaMOCTOSTCIBLHO +
3a1aTh rpad

Bo3sMmoxxHOCTB + - - + = +
Cr'€HEpPUPOBATh
rpag
NHTEpakTUBHOCTH
(BO3MOXHOCTh
M0JIb30BaTeNs
camomy
BBITIOJTHSTh
AJIITOPUTM WIIN
BIIUSTH HA €T0
BBITIOJTHEHHE)

N3o6paxenue
“reca” BEpIIUH U
pebep rpada
(TONBKO TSt
BH3YyaJTH3AIHH + - - - - -
aIropuT™Ma
CKaTHsI IBETKOB)

Takum 00pa3oM, cpear KOHKYPEHTOB BU3YAIM3AIHIO aIrOPUTMA CXKATUS IIBETKOB UMEET TOJIBKO
VisuAlgo, ognako B VisuAlgo HeT n3zo0paxkenus “neca’” BepmuH U pedep rpada. bonee Toro, Hu oauH U3
aHAJIOTOB HE MMEET BO3MOXXHOCTH U3y4aTh aJIrOPUTM MHTEPAKTHUBHO (BO BCEX aHAJIOTaX MOXKHO TOJBKO

3aIlyCTUTh aJITOPUTM U IPOCTO CMOTPETH HA €ro BhinojHeHue) (cM. Tabnuiy 1).
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HPUJIOKEHHUE 1

ONNMCAHHUE U ®YHKIHHUOHAJIBHOE HABHAYEHHUE CKPUIITOB JAVASCRIPT

Tabruya 1.
Cxpunr Ha3nauyenue
algorithm CoIepKUT METOIbI, CBSI3aHHBIC C pean3aluei
IIaroB aIrOpUTMa U 00pabOTKON BEPIINH U
pebep, BHIOpaHHBIX MOJIB30BATEIIEM
graph Conepsxut kinacc Graph u ero MeTo ipl

auxiliaryFunctions

CoiepkuT BcioMoraTesibHbIe (DYHKITHH,
MIPUMEHSIEMBIE JIJIS1 OCYILIECTBJICHHUS IIarOB
ajropuTMa

edge CopepxuT Kiacc edge u ero MeTo bl
lifting PazxaTme nBeTka
vertex CoziepKuT Kiacc VErtex u ero MeTo bl
drawGraph Pucosanue rpada B ocHoBHO# manesnu “Blossom
graph”
initialization [TpuBs3pIBaHNEe 00PAOOTUYMKOB COOBITHH K
KHOTIKaM, TeHeparius rpada, pucoBanue rpada u
NIEPEHOC €r0 B OCHOBHYIO TAHE b
forest PucoBanue neca pedep 1 BEpIIMH
makeVisual MeTobl Tt BU3yaaH3aliK ajirOpuT™Ma
U3m. Jlnct Ne nokym. Moan. Jata
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INPUJIOKEHME 2

OINMNCAHME U ®YHKIIMOHAJIbHOE HA3BHAYEHUE METO/OB, KJIACCOB Y IOJIEN

algorithm

Tabnuya 1.
Ilons
Hms Ha3znauenue
matching napocoveTaHue

clickedVertex

nocCIeHsIsl BBIOpaHHas BEpILUHA

forestRoots MDII, B KOTOPOM XPaHATCS BEPLINHBI,
HaAXOJISIIIHAECS B JIECY, © UM B COOTBETCTBHE
MIPHUBE/ICHBI KOPHU JICPEBHEB, B KOTOPHIX OHU
HaXOISTCS

forestParents napbl pOJAUTENb-PEOCHOK U3 JIeca

forestChild [Tapsr peOEHOK-POIUTENH U3 JIeca

forestHeights Mbi11, KOTOPBIH XpaHHT aphl BEPIIHHA — ITyOHHa,
Ha KOTOPOW OHA HAXOJHUTCS B ICPEBE

vertexesToCheck BepiiuHbl, KOTOpbIE MOXKHO TIPOCMAaTPUBATh Ha
JTAHHOM JTarie ajiropuTMa

augPath [Tocnenuuii HallICHHBIN YBEIUYUBAIOLIUN YT

matchingConditions

CocrosHUS mapoCO4Y€TaHuA IOCIIE KaXXa0Io
CXXaTus IBETKa

blossoms Bce 1BeTKH, KOTOpBIE OBLIH CHKATHI
graphConditions CocrostHus rpada mocie Kaxaoro CxKaTus [BETKa
contractedVertexes Bce cxxatble BepIIUHBI

graph I'pad, Kk KOTOpOMY OyIET IPUMEHSTHCS AITOPUTM
adjacentEdges WNununenTHpie pedpa uis TeKyleld BhIOpaHHOU

BCPIIINHBI

contrMatching

Cxaroe apoco4Y€TaHuc

notContractedGraph

Cocrosnue rpa(l)a J0 IIOCJICAHETO CXKaTus LIBETKA

n3am.
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Ne nokym. Moan. Jata
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Meronnt

HNma

ApryMeHTHI

Ha3znauenmue

findAugmentingPath

graph, matching,
blossomVertexes, cy

VHunnanu3upyer yBeInuUBarOINiA ITyTh,
OYHINAET JIEC, HAXOJUT BCE BEPIUIMHBI, KOTOpPhIE
MOTyT OBITh 00paboTaHbl HA JAHHOM JTale

processingExposedVertexes

blossomVertexes, cy

OxparmrBaeT BEpIIMHbI, HE TPUHAISKAIIIE
apOCOUETAHHIO, J00ABIISIET UX B JIeC

findAugPathWithBlossom

contractedGraph,
contractedMatching,
blossomVertexes, cy

OxpalrBaeT BepIIMHbI, HE TPUHAAISKAIIHIE
[IapOCOYETAHUIO, IIOCIIE CXKATHS LBETKA

vertexProicessing

cy

OO0pabaTbiBaeT BEpIINHY, BHIOPAHHYIO
MOJIb30BATENEM, HAXOJUT BCE WHITHICHTHBIC €i
pebpa, He JIeKaIme B MapoCOYETaHNH, |
OKpalllMBaeT uX.

edgeProcessing

cy, source, target

Oo6pabaTtsiBaer pedpo, BHIOpaHHOE
TI0JIb30BATEIIEM, U 3aIIyCKaeT IIar alrOPUTMa

checkingSelectedEdge

w, cy

I/ICXOJISI M3 TOr'o, Kakas BEpIIMHA U KaKO€
pebpo ObUTH BEIOpPAHBI TTOJTE30BATEIIEM,
OIIpeJIeNsieT, K KAKOMY CITY4at0 OTHOCHTCS
JIaHHas CUTYalUs U 3aIyCKaeT
COOTBETCTBYIOIIUI METOH

secondVertexInMatching

Peanusyer nepBbliii ciaydait (100aBjieHHE IBYX
pebep B Jec)

foundAugmentingPath

cy, W

Peanmuzyer Tperuit ciaydait (HaXoxIeHHE
VBEITMYIHBAIOIIETO ITYTH)

initializeOrDrawAugPath

wasBlossomed, cy

Ecnu rpad 1o aToro ObLT pa3kaT, 3aHOBO
WHUIHAIN3NPYET BCE MO, MHaYe n300paxkaer
M3MEHEHHEe MapOCOYETaHNus B COOTBETCTBUU C
HallJICHHBIM YBEJTMYMBAIOIINM ITYTEM.

endOrGoNext

graphToCheck, cy

IIpoBepsier, MOXKHO JIH €ITe HailTH B Tpade
YBEIWYUBAIOIIANA TTyTh, €CIIH J1a, TO
MIPOAOIDKAET alITOPUTM, €CITH HET, TO
BO3BpaIaer rpad B U3HaYaIbHOE COCTOSTHHE U
BBIBOJTUT HH(POPMAIIMIO O MAPOCOYETAHUN

lifting

i, cy

PazXuMaeT UBETOK C ONpeaeIeHHbIM
WHIEKCOM B Maccuse blossoms.

foundNothing

cy, W

Peanm3yer BTOpO#i cirydaii (korna He HY)KHO
HHAYEro JIeIaTh)

blossomFound

w, cy

Peanm3yer deTBepThIi cnydail (HaXoXIeHHE
IIBETKA)

endingAlgorithm

selectingEdge, cy

[IpoBepsier, MOXKHO JIM 3aKOHYUTH AITOPUTM, U
€CJIM /13, TO YBEITMYUBAET [1apOCOYETaHNE
BEIBOJTUT (PUHATIHHYIO HHPOPMAIIHIO O
apOCOYETaHUH

fullLifting cy Pazxumaer Bce [[BETKH, KOTOPBIE 0 3TOTO
OBLIINA CXKATBI
addToForest V, W, X JloGaBiisier BepIIMHBI V, W, X B JIeC

blossomConstruction

cy, matching, forestRoots,
forestParents, forestChild,
forestHeights

DopMuUpoBaHKE LBETKA, KOTOPBIH HEOOXOIUMO
CKaTh

contraction

blossomVertexes, cy

Cxartne IBCTKA W TCKYHICTO MAPOCOYCTAHUS

contractBlossom

graph, blossom, cy

CkaTure 11BeTKa

n3am.
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Moan. Jata
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initializeFields Nnunuanuzanus nojiei

checkAndStart cy [TpoBepka BBezeHHOro rpada u cTap
QJITOpUTMA

selectingVertexEvent cy O6paboTka coObITHsI BRIOOPa BEPIIMHBI

selectingEdgeEvent cy O06paboTka coObITHsI BEIOOpa pedpa

addEdgesAndVertexesToGraph | cy WNuumanuzaims moss graph HapucoBaHHBIM
Ha naHenau rpadom (Cy)

getGraphFromCanvas cy Wuvnnuanu3aiws mosst graph, HaxoxaeHue ero

KOMITOHEHTOB CBSI3HOCTH, IIPUBSI3Ka OCHOBHBIX
COOBITHIA, CTAPT AJITOPUTMA

auxiliaryFunctions

Tabnuya 3.
Metonasl
Nwmsa AprymMeHThI Haznauenue
finalOutput matching BoIBOAMT pa3Mep mapocodeTanus 1
aKTHBHPYET 3a0JIOKUPOBAHHBIE JI0
3TOr0 KHOIIKH
correctingNodesAndEdges cy Jenaer Bce y3isl 1 pebpa

HEKJINKAOEILHBIMU

checkingComponent

component, matching,
graph

IIpoBepsier KOMIOHEHT CBSI3HOCTH
rpada Ha BO3MOXXHOCTh HAXOXKJICHUS
HOBOT'O YBEJIMYMBAIOIIEr O MyTH

findAnotherVertexIinMatching

edges, vertex

Tlonyuaer Ha BXOX1 BEpUIUHY,
KOTOpast HAXOJUTCA B
MapoCOYEeTaHUU M BO3BpAIIIAET
MIAPHYIO el BEPITNHY OTHOCHUTEIHHO
MapOCOYETaHHSI.

containsEdgeWithVertex

path, vertex

TIpoBepser, ecTh i1 B
YBEIMYUBAIOIIEM IyTH JTaHHAS
BEpIIHA

findOutgoinglndex

vertex, blossom, graph

Bo3sBpariaer nHIEKC BEPIIUHEI B
IIBETKE, MHITUICHTHOM 3aJJaHHON
BEpIIIIHE, CIeTYIOIIEH 3a IBETKOM

findingoinglndex

vertex, blossom, graph

BosBpariaer uHaekc BEpIINHBI B
IIBETKE, HHITUICHTHON 3aJJaHHON
BEpIHE, UYIIeH Mepe] IBETKOM

inverseAugPath augPath, graph, WHBepTHPYET yBEITNYNBAIOIIHI
matching nyTh (YBETMYMBAET pa3Mep
napocoyeranus Ha 1)
returnAugPath forestParents, v, w Bo3Bpainaer yBeaIMuMBarOINi MyTh

OT BEpIIMHBI V 10 BEPIIMHBI W

contractMatching

contracted, matching,

Cxartne apoco4YCTaHus

blossom,
contractedVertex
getExposedVertexes graph, [Momy4yeHue BCeX BEPIINH TEKYIIEro
blossomVertexes, rpacda, He JexaIux B
matching, napocoyeTaHuu
U3m. Jlnct Ne nokym. Moan. Jata
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graph — coaep:xut kiaace Graph, onuceiBawoumii rpag), K KOTOPOMY NPUMEHSIETCS AJITOPUTM

Tabnuya 4.
[Tonsa
Nms Ha3nauenue
nodeMap XpaHUT Napel 3HaYCHUE-BEPIINHA

adjacencyL.ist

JI1s1 KaX 01 BEPIIMHBI XPaHUT MHOKECTBO
WHIIUJIEHTHBIX el pedep

edgeSet CoBOKYITHOCTB Bcex pebdep rpada
contractedVertex [Mocnenuss cxatas BepImHa
components KomnonenTs! cBs3HOCTH Tpada
used Maccus, xpassiuii HHGOPMAIIUIO O TOM, ObLiIa
JIM BEpIIMHA MPoiiieHa Bo BpeMs dfs
Tabnuya 5.
Mertonpt
Nmsa AprymMeHTbI Ha3navenmne
dfs v O6xoz rpada B riryOHHY, HAYUHAS OT
BEPILIHHBI V

findComponents

HaxoxxaeHne KOMIIOHEHT CBSI3HOCTH

rpaga

size Bo3Bpaliaer KOIM4eCTBO BEPIIHH B
rpade

addEdgeByTwoVertexes first_vertex, Ho6asisier B rpad pedpo ¢ AByMs

second_vertex JIAHHBIMH BePLIMHAMHU

addEdge edge JoGaisier 3aaHHOE pedpo B rpad

addVertex value JobGagisier B rpad BEpIIMHY C JaHHBIM
3HAYCHHEM

getVertex value BosBparmiaer BepmnHy rpada 1o ee
3HAUYCHHIO

getAllEdges Bo3sBpainaer Bce pebpa rpada

getAllVertexes

BosBpamaer Bce BepiirHbI rpada

getAdjacentEdges

v, matching Bo3sBpainaer Bce HHIMICHTHbIC
BEpIIMHE pebpa, He BXOIAIIKME B
apocoYeTaHue

getAdjacentVertexes

vertex Bo3sBpamiaer Bce BepIIMHBI, KOTOPHIE
CBSI3aHBI C JAHHOW BEPIIMHON
WHITUICHTHBIMU el pedpamu

n3am.

Jlncer

Ne nokym. Moan. Jata
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MHB. Ne noan.

Mopgn. v aata

B3am. uHB. No NHB. Ne aybn. Moan. u pata
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getContractedVertex Bo3sBpaiaer Tekyuiyro cxxaTyro
BEPLINHY
getEdge first_vertex, Bosspamaer pedpo rpada no aBym
second_vertex BEpIIHAM
removeEdge first_vertex, VY nanser pedpo rpada no 1sym
second_vertex BEPIIMHAM.
addContractedVertex vertex [IpucBanBaeT HOBOE 3HAYCHHE
TEKYLIEHN CKAaTON BEpIIMHE
toString Bo3sepaiaer cTpokoBoe

MPEJCTAaBJICHUE CITUCKA BEPIIMH rpada

edge — conep:xut kiaacc Edge, onucwhiBawmuii pedpo rpaga

Tabauya 6.

Tlomns

Umsa

Ha3znauenue

firstVertex

[lepBas BepimHa pedpa

secondVertex Bropas BepmmHa pebpa
Tabnuya 7.
MeTtoanl
Nwms APpPryMeHTbI Ha3nauenue
getAnotherEnd first_vertex BosBpamaer BTOPYIO BEpIIHHY
pebpa
toString Bo3sBpaiaer CTPOKOBOE
npencTaBieHue pedpa
lifting
Tabnuya 8.
MeTtoabl
Nwms ApryMeHTBbI Ha3nauyenue
liftPathWithBlossom cy, augPath, PazxuMaer 1BETOK
blossom,
notContractedGraph,
contractedGraph

Vertex — copep:kKuT Kjace VErtex, onuceIBalIui Bepuuny rpaga

n3am.

Jlncer

Ne nokym.

Mopn.

Jata
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MHB. Ne noan.

Mopgn. v aata

B3am. nHs. Ne

NHB. Ne aybn.

Mopn. u gata
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Tabauya 9.
[Tons
Nms Ha3nauyenue
value 3HaueHue, NOPsAKOBbII HOMEP BEPIIMHbI
visible [Toste, kKOTOPOE OIIPEIEISACT, SIBJISCTCS JIU B TAHHBIH
MOMEHT BEpIIIHHA BHIAMOHM.
Tabauya 10.
MeTtonanl
Nwms AprymeHTsl Ha3nauyenue
toString Bo3sspaiaer CTPOKOBOE
NpeJICTaBICHUE BEPITUHBI
drawGraph
Tabauya 11.
MeTtoanl
Nwms APryMeHTbI Ha3nauenue
main Cosnaer Jsiec u pucyet rpad 1o
YMOJIYAHHIO B OCHOBHOW TTAHEIIH
makeFirstGraph Pucyer rpad mo ymosr4anuio B
nanenu “Blossom graph”
Initialization
Tabnuya 12.
Metoasl
Nmsa APryMeHTbI Ha3znauenmue
init WNunnmanusupyer  00paboTINKU
COOBITUH HaXKaTUs HAa KHOIIKU B
OCHOBHOM OKHE
graphGenerator ['enepupyet ciay4aiHblii rpag
initial Wunnmanmsupyer  rpagp  BO
BCIUTBIBAIOIIEM OKHE u
00paboOTYNKU COOBITUIl KHOIIOK
BCIUTBIBAIOIIETO OKHA
N3m. Nucer Ne nokym. MNoan. [JaTa
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MHB. Ne noan. Mopgn. v aata B3am. nHs. No NHB. Ne aybn. Mopn. u gata
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Forest
Tabauya 13.
Metoabl
Nms AprymeHTsl Ha3nauyenue
makeForest MHnnmanusupyeT u BCTABIISAET B
nanens Forest mycroii iec pedep
Y BEPIINH
getForest Bo3sBpamiaer Texymuii gec pedep
Y BEPIINH
initial WNuunmanmsupyet rpad Bo
BCIUTBIBAIOIIEM OKHE U
00paboTUUKHU COOBITHIT KHOTIOK
BCIUIBIBAIOIIIETO OKHA
makeVisual
Tabruya 14.
MeTtoanl
Nmn AprymeHTsl Hasnauyenue

colorAdjacentEdges

cy, adjacentEdges,
matching

PackpammBaer Bce WHIMICHTHBIC
JaHHOW  BepmuHEe pebpa, HE
BXOJISIIIIUE B TAPOCOYCTAHUE

finalColoring

cy, matching

PackpammBaer Bce BepUIMHBI U
pebpa, BXod11ue B TapOCOYETaHHE,
KPacCHBIM I[BETOM.

unColorEdge

selectedEdge, cy

BosBpariaer 3aganHomMy pedpy ero
NEePBOHAYANIbHBIN 1IBET

uncolorAdjacentEdges cy, matching BosBparmaer BceM pedbpam, KOTOpbIE
HE B [APOCOYETAHWH,  HUX
HePBOHAYAIBHBIN IBET

drawAugmentingPath augPath, cy N300pakaeT HU3MEHCHHE
YBEJIMYMBAIOIIETO ITyTH C TOMOIIIBIO
aHUMAIHH

colorExposedVertexes vertexesToCheck, OkxpammBaeT BCE BEpUIMHBI, HE

cy BXOJAIIME B MApOCOYETaHHE, B

CHHMU IIBET

drawAddingToForest V, W, X, CY JloGaBiisieT BEpIIUHBL V, W, X B JieC

Ha na”enu “Forest”

drawRemovingEdge

firstVertex,
secondVertex, cy

CkpbIBaeT 3a1aHHOE pedpo

drawAddingEdge

firstVertex,
secondVertex, cy

HobGasnser pebpo K
HapHCcOBaHHOMY Tpady

n3am. Jlncer

Ne nokym.

Mopn.

Jata
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MHB. Ne noan. Mopgn. v aata

B3am. nHs. Ne

NHB. Ne aybn.

Mopn. u gata
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drawShowingEdge

firstVertex,
secondVertex, cy

[Toka3piBae€T CKpBITOE IO 3TOTO
pebpo

drawAddingEdgeToForest

forest,
secondVertex,
forestRoots,
forestParents,
forestChild

firstVertex,

Jlo6aBisier HOBOE peOpo Ha MaHEeNb
“Forest”, mpu 3TOM pacCUUTHIBAET
MO3HIIMIO BEPIIUH pedpa UCXOAS U3
TOTO, YTO HENB3S  HapylIaTh

JPEBOBUJIHYIO CTPYKTYPY

drawAddingNodeToforest

Forest, vertex, size,

number

JloOaBnsieT BeplIMHY B JieC, NpHU
ATOM PACCUMTHIBAS €€ MO3HIMIO Ha
MaHEeJH, UCXO/Is U3 KOJMYECTBA yiKe
JI00ABJICHHBIX BEPIIIHH.

hideBlossomVertexes

blossomVertexes,

CkpbiBaeT BCE BEpPILMHBL,

Cy, NpyuHaJIC)KaIMMe LBETKY, KpoMe
contractedVertex TOM, B KOTOPYIO I[BETOK CKHMAETCSI
U3m. Jlnct Ne nokym. Moan. Jata
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MHB. Ne noan.

Mopgn. v aata

B3am. nHs. Ne

NHB. Ne aybn.

Mopn. u gata
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Jlucr perucrpanyu U3MEHEHUN

Howmepa nuctoB (cTpanuir)

Bcero
JIMCTOB
(cTpanwuig
B JIOKYM.)

Ne
JOKyMEHTa

Bxo s
Ne
COIPOBOJIUT
€IIbHOI0
JIOKYM. U
JaTa

Iloarm.

Jlata

N3m.

N3menen
HBIX
3aMeHeH
HBIX
HoBbix

AHnynmn

pOBaHX
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