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Harnmagraa nHTepOpeTannsa HeKOTOPBIX allOPITMOB
Ha rpadax

I'. Paurep N. Conmn

(Yuusepcurer Ceepront Kapoaussi, r. [llapaoT)

Boasiioe MmecTo B Teopunu rpadoB 3aHIMAT aJropuTMbl. Haxox genne kpaTdan-
MIUX OyTeH, TOCTPOEHNE OCTOBHBIX AEPEBBEB C HYXKHBLIMH CBOMCTBAMME, TIOCTPOEHUE
mapocoveTaHnil, packpacka BEPIIUMH — BOT JajJeKO He MOJHBIN TiepeveHb 3aad, pe-
[IeHNe KOTOPBIX COCTOUT B ONMCAHUH aJTrOPUTMA.

HekoTopbie cTyIeHTHl CTAIKUBAIOTCA C TPYAHOCTAMHA TPU MOHUMAHUHA AJTOPUT-
MoB. Kak mpaBuio, airopuTMbel Ha rpadax OCHOBaHBI Ha JOBOJBHO MPOCTHIX MIEAX.
Ho ux ¢opmanbhoe uzioxenmne GBIBaeT IIVNHHBIM, a TOHUMAaHWE TaKOTO M3JIOKEHUA
MOXeT TpebOoBaTh ONpeNeNeHHON MaTeMaTHYeCcKOU MOATOTOBKH. Eile ogHa TPYI-
HOCTBH COCTOUT B TOM, YTO AJTrOPUTMBI 3a9aCTYI0 3aNUCHIBAIOTCA B TICEBIOKOIE —
OYeHb YAOOHO i MPOTrPaMMUPOBAHNA KOMIIBIOTEDA, HO HE /IS BOCIIPUATHUS HeJOBe-
koM. [loaTOMy HYyX HBI Kakme-TO MHEMOHUYECKHWE TPUEMBI [ OOMETIEHUS 3AIOMU-
HaHWUS W MOHUMAaHUSA TaKWX ajJropuTMOB. Halll moaxom cocTouT B TOM, YTOOBI HHTED-
MPeTUPOBATH HEKOTOPBIE AJITOPUTMBI U3 TeopuH rpad)OB B 3HAKOMOM OOMBIITHHCTBY
CTY€HTOB KOHTEKCTE: BCTYILIEHNE B KIAY6.

Mycrs G(V, E) — rpad ¢ MHOXecTBOM BepiiiH V 1 MHOXKecTBOM pebep F. Betoay
Jajiee CUMTaeM 5TOT rpad CBASHBIM (B MPOTHBHOM CIydae MOXHO MPOCTO PaccMa-
TPUBATh BCE €T0 CBA3HBIE KOMIOHEHTHI Mo oTjeabHocTH). Hamomunwm, aro rpad H
HasbiBaeTcA nodepadom G, ecin OH ModydaeTcss BHIGOPOM HEKOTOPHIX Bepuma G u
9aCTH COEWHAIMNX STH Bepmuubl pebep G. /Jepeso — 3To cBsa3HbIN Tpad 6e3 1nu-
kiaoB. Ocmosnoe depeso rpada G — 1o noarpad G, cogepkammi Bce Bepumabl G
u ABAAIOUIANCS depeBoM. Mbr 6yjleM paccMaTpUBATh AT OPUTMBI TIOCTPOEHUS OCTOB-
moro jgepena 1 rpada G. [locTpoenne 0CTOBHOTO jlepeBa HAYUHAETCA € BBIIEJEHHON
BEPINITHBI, KOTOPYIO 6y IeM Ha3bIBATH KOPHEM NEPEBa.

W pes cocTonT B TOM, 9TOGH MHTEPIPETUPOBATEH V KaK MHOXKeCTBO aojei. PeGpo
COEINHAET ABYX JIOJEN, €CAU OHU 3HAKOMBI. ECTh KIy6, B KOTOPBIA XOTAT BCTYNHUThH
Bce »Tu Jioau. [locTenenHo, ouH 3a APYTUM, OHU TyjJa BCE W BCTYNAT. dTOGH He-
JOBEK 1% MOT BCTYIUTH B KAy, y HEMO JOMKEH OBITH NOpyuumesdp: <ieH Kiayba v,
3HAKOMBIU ¢ u. JmeH kayba MOXKeT GBITH TOPYUNTENEM, €CIAN OH 3HAKOM XOTS OBI C
KEM-TO He u3 kayba, TaKoro dieHa Kiayba GyjeM Ha3blBaThb omkpbimbimk. KoHewHO,
o Mepe pocTa KIyba, OTKPHITHIN WieH KaAy6a MOXKET TepecTaTh ObITH TAKOBBIM, HO
ue Hao60poT. [IpuBeeHHbIe HUXKE TPABUJIA OMPEAEIAIOT IS KAk J0T0 MOMEHTA, KTO
BCTYMAeT B KJAYG CIAEIYIONIAM U KTO €0 MOPYUUTEb.

Hamre ocHOBHOE TpaBmiIo MOPOXK AT MUPOKUH KJIACC KOPHEBBIX OCTOBHBIX [epe-
BBeB. [lOMOMHUTENBHBIE K OCHOBHOMY MPABUIY YCIOBUA TO3BOAAIOT TIOCTPOUTDH TAKUE
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JKypHaJIa U aBTOPOB.
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OCTOBHBIE JIepeBbA KakK jepeBo noncka B mmpuHy (Breadth First Search, BFS), me-
peBo noncka B ray6uny (Depth First Search, DFS), kpaTyaiiuias cBA3bIBaonas ceTh
(Minimal Total, MT), nepeBo kpardaiumx myTein (Shortest Path, SP). Otu gepe-
Bbf BCTPEYAIOTCA TIPU PEIIeHNN MHOTHX 3ajad. Hanmpumep, 1epeBo MOMCKa B MIUPUHY
MOXKHO WCIONB30BATh [UIA ONpPEIeNeHus [UIMHBL KpaT4dauiero (copepxkaiiero Hau-
MeHblIlee YUCI0 peGep) MyTH U3 KOPHA B X06YI0 ApYTyio BepiuuHy. [lepeBo moncka
B TIy6UHY MO3BOJAET HAXOAUTH MOCTHI B rpade, a B ciydae UX OTCYTCTBUA — TIO-
CTPONTH CUIBHO CBA3HYIO opueHTanmio rpada. (Mocm — pebpo, yaaieHne KoTopo-
ro jgenaeT rpad HecBA3HBIM. OpuecHmayus — TPUNUCHIBaHUEe peGpaM HalpaBICHUS,
OPUEHTUPOBAHHBIN Tpad CUAbHO C6A3€H, ECAU U3 060N BEPIINHBI MOXKHO MPOUTH B
Mo6y1o Mo pebpaM BOMb YKAa3aHHBIX Ha HUX HAMPABICHWI, TPUMEP CM. Ha puc. 3.)

OCHOBHOE TPABUJIO. Eemb poeno odun ocHosameab kayba. Bece ocmaabuvie
scmynaiom 6 kAyb no odHomMy, noka ewe ecmb Komy ecmynams. Kaxedwiti scmyna-
owul 8 Kayb umMeem nopyuumens.

OcHOBHOE TTPaBMJIO TOPOXK AAET MOCIE0BATETLHOCTE TOATpadoB. HavnHaem ¢ Boi-
JIeIeHHOT'0 KOPHA (OCHOBATENb Ug), Ha KaX oM Iare B noarpad jgobapiadeTcsa ojHa
BepllHa (HOBBIN “WieH) W offHO pebpo (0T mopyunTens K HOBOMY 4ieHy), puc. 1. As-
TOPUTMBI, KOTOPBIE MBI OOCYIUM, OTINYAIOTCA MPEATNCAHUAMEI TO BHIGOPY HOBOTO
<ieHa U ero nopydurend. Eciau e man Gosee map «HOBBIU 9J€H — MOPYIUTENb) MMe-
0T PaBHBIN TMPUOPUTET BCTYIIEHUA B KJAYO, BHIOMpaeM OJHY W3 HUX MPOU3BOJIBHO.
OTO coTaalieHne MPUMEHIMO KO BCEM OOCYXK Ta€MBIM fajee ajJrOpUTMAaM.

JlaBanTe yGequmcs, 9To aro6ol moarpad, moaydaeMbin B coorBeTcTBuE ¢ OCHOB-
HBIM TIPABUJOM W JIOOBIM €ro YTOYHEHHWEM, — OCTOBHOE J€pPEBO. 3aMeTHM, 9TO B
JI060 MOMEHT MHOXKECTBO WIEHOB KiaybGa M pebep, COeUHAMNINX HJIEHOB C UX MO-
pyunTensMu, sBiaseTcs cBa3HBIM moarpadom rpada G. [Ipeanosoxum, 9To mocste
BCTYTIEHUA HEKOTOPOTO HieHa u obpaszoBajicd MUKJA. AcHO, 9TO u He ABIAAETCA HU-
9bUM TOPYYHUTENEM — MOCJAe HErO B KaAy6 HUKTO He BCTyMad. JHAYUT, oba €ieHa
kayba, cBA3aHHBIE ¢ U peOpaMu UUKJIA, — €ro MopyduTenn, 4To npotuBopednT Oc-
HOBHOMY mpaBuiy. [losToMy B a060W MOMEHT MBI UMEEM CBSI3HBIN AlWKINIECKUH
rpad. HakoHer, ecin B HEKOTOPBI MOMEHT €Ille €CTh HEWIEHBI KIyba, TO — Belb
rpad G CBA3HBIN — KTO-TO W3 WIEHOB KIyba MOJAXKeH OBITH OTKPHITHIM. Tak 49TO
TIpoTIecC TPOJOMKAETCA A0 TEX TIOP, MOKA BCe HEWJIeHBI BCTYNAT B Kayb. U B aToT
MOMEHT Kay6 3ajaeT JIepeBo, cofepikallee Bce BepmuHbl (7, — ocToBHOE fepeBo (.
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Puc. 1. llpumeHeHne 0CHOBHOI O IPABHIa IPHBOJUT K OCTOBHOMY J€PEBY (BBIeJEHO
JkHpHBIM). HHEKCH YKa3bIBaIOT Ha MOPAJOK BCTYIIEHUA B KIy0
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Mopsigok BcTymieHus B Kay6 3ajaeT MOMEYEHHOE JIePeBO: KaxX IO BEPIIUHE TPHU-
nucano wucao oT 0 10 n — 1 Tak, 9YTO Ha MYTH OT OCHOBATENSA A0 JIOOOTO TIeHA
TIOMETKY UIYT B BO3PACTAIONIEM TOPATKE.

Caepnytomue 1Ba TpaBmia OCHOBAaHBI HAa MOHATHU cmapuiuremea. Ecan u BeTymma
B Kay6 paHbllle, 4eM v, TO ¥ cmapuie v (a v MIame u).

IIPABUJIO CTAPUWIUHCTBA. [lopyuumeaem npu ecmynieHuu 6 kayb svibupaiom
cmapetiuie2o Ha JaHHBIT MOMEHM OMKPHIMO20 UACHA.

TTonywaeMoe 0CcTOBHOE JepeBO HA3BIBAETCA JePEBOM TIONCKA B MINPUHY, pHUC. 2.
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Puc. 2. IlpumeHeHHe npaBmia cTap- Puc. 3. llpumenenne npapmia Mmaj-
IIHHCTBa MPHBOJHT K AE€PEBY MOHCKA IIHHCTBa NPHBOJAUT K AEPEBY MOHCKA
B IMHPHHY (BBIAEJICHO KHPHBIM) B IIy6HHY (BBIAEJICHO KHPHBIM)

[MPABUJIO MJIAAMUHCTBA. [lopyuumesem npu ecmynieruu 6 kayb svibupaiom
camoz2o maaduie2o Ha JaHHBIT MOMEHM OMKPHIMO20 UAEHA.

TToay4aemMoe OCTOBHOE JepeBO HasbiBaeTcA jJepeBoM momncka B raybmuy (DFS).
Ha puc. 3 mzo6paxeno DFS c gonosHuTenbHOW CTPYKTYPOH CHIBHO CBA3HOU OpH-
enTanuu. Pe6pa 5Toro aepeBa OpMEHTUPOBAHBI OT CTAPIIErO WieHA K MJaJIIeMy.
OcTaabuble pebpa OpUEHTHPOBAHBI OT MJaIIEro WwieHa K crapiaeMy. Jlro6on rpad
6e3 MOCTOB MOXHO CHJIBHO CBA3HO OPHEHTUPOBATDH, TIOCTPOUB JE€PEBO MOUCKA B TJIy-
6UHY ¥ 3a/]aB OPUEHTAINIO KaK CKa3aHO BHIIIE.

HekoTopbie adropuTMbl TPUMEHAIOTCA K CeMAM, T. €. TaKUM TpadamM, KaxkJoMy
pebpy € KOTOpHIX NpHUNHICaH HeoTpHuaTelbHbil Bec f(e) (aamna pebpa). Kparuai-
MUH TYyTh U3 BEPIIUHBI ¥ B BEPIIUHY ¥ — 5TO NyTh ¢ HAUMEHBIIEH CYMMOW BECOB
BXOJIAIIMX B Hero peGep (MO CPaBHEHWIO ¢ OCTAAbHBIMU TyTAME). TT06H chopmy-
JUPOBATH cAefyiolliee MPABUIO, 6YeM CUNTATH, YTO KAXKAbIH WIEH TAATHT BCTYIIH-
TeJbHBIN B3HOC, PaBHBIN Becy peGpa oT 3TOro wieHa o ero nopyunTeis. Ob6paTute
BHUMAaHWE, YTO BEJIMYNHA BCTYMUTEIHLHOTO B3HOCA MOXKET 3aBUCETH OT BHIGOpa TO-
pyduTeIA.

ITEPBOE *KAJHOE NIPABUJIO. B kay6 ecmynaem mom, y K020 8€AUNUHA 68CTMYNU-
MEALHO20 63HOCA HA OaHHbIT MOMEHM A6asemca Haumenbwed. ([Topyuumeaem cma-
HOBUMCA, ECTNECTMBEHHO, MOM, KMO 3MY 8EAUNUHY 0bECneNusaem.)

ITony4uaeMoe TakuMm o6pazoM fepeBo T’ HazbIBacTCA KpaTdaillell CBA3BIBAIOMICH
cetpio (MT), cm. puc. 4. Erosec — o710 )1 f(€). ZKaanoe npasmniao — npocreiinmi
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Puc. 4. IllpumeHeHne 1mepBOro kagHOT'O MpPaBHJIa MPHBOJUT K OCTOBHOMY JA€PEBY
HaHMEHBIIIer 0 CyMMapHOI'O Beca

cnoco6 omucaTh aaroputM [IpuMa 1A MOCTPOEHHsA OCTOBHOTO /lepeBa HANMEHBILIET O
Beca. /lokazaTenbcTBo TOro, 9to T B camoM fere aasgetca MT, ects B [3] wan [5].

Hame 3akmodnTebHOE MPABHUIO OMUCHIBACT MOCTPOEHWE OCTOBHOTO JlepeBa, 3a-
JAIOIIETo KpaTyallme My TH W3 KOPHA B M06y10 ApyTyIo BepmmHy. UTo6b ero cdop-
MyJUPOBATh, MPETIONOKAM, 9TO KX AbI HOBBIU WIEH He TOMBKO JOMKEH 3alIaTHTh
BCTYTIATENBHBI B3HOC, HO M BEPHYTH CBOEMY MOPYIMTEI0 BCIO CyMMY, KOTOPYIO TOT
3aIIaTUA TIPH BCTYTIEHHH B Kay6. [losToMy ofmas cyMMa, BBIIIATABAeMasd HOBBIM
“WIEHOM, PaBHA CyMMe BecoB pebep Ha My TH (€ IMHCTBEHHOM) OT OCHOBATEJA [0 3TOTO
HOBorO wiena. Kak m paHblle, BeIMINHA BHITIATH 3aBACHT OT BHIGOPA MOPYIHTEA.

BTOPOE KATHOE TIPABHUJO. B kay6 ecmynaem mom, xomy npurodumcsa naa-
mump menbuie 6ce2o Ha dannwidi momenm. (ITopyuumenen evibupaemcs, ecmecmeen-
HO, mom, Kmo makoti naamedxn obecnenusaem.)

Bropoe xkajgHoe mpaBmio — 5To HaIl crocob chopMyaupoBaTh aaroputm Juiikc-
TPBI TIOCTPOEHUST OCTOBHOIO JepeBa KpaTIallnX My TeH, CM. PHUC. .
Bce 5Tn aaropuTMbl MOXHO TPUMEHATH W K OPUEHTHPOBAHHBIM T'padam, cauTad
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Puc. 5. llpumeHeHne BTOPOro Xa/JHOrO NPaBHIa MPUBOJHT K OCTOBHOMY JEPEBY C
KpaTYaiIIiIMH Iy TAMH OT KOPHA [0 JI060H BepHINHbL. (B ckoGKax yKa3aHbl ILIATEXKH
NIpH BCTYILICHHN. )
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YTO OPUEHTHPOBAHHOE PE6PO (U, ¥) TIO3BOMAET U GBITH MOPYINTENEM ¥, HO HE HA06O-
pot. [Ipyrue aaropmT™mbl Ha Tpadax TakkKe MOXKHO OOBACHATH Ha A3BIKEe KIyOOB U
4neroB. B wacTHOCTH, aaropuTm Poppa—PaskepcoHa MOCTPOEHNS MAKCUMAILHOT O
noToKa (MM MUHUMAJIBLHOTO paspesa), PABHO KaK M allCOPUTM MOCTPOEHUA MAaKCH-
MaJBHOI'O B3BEMICHHOT'O IMapOCOYeTaHUA, UCHOJB3YEeT NMOCTPOEHHE OCTOBHBIX JAepe-
BbeB KaK 9acTh obuiell npoueaypbl, cM. [3, 5]. IIpocTon cnoco6 omucanus ajropuT-
MOB MTOCTPOEHNA OCTOBHBIX [EPEBBEB C HYKHBIMI CBONCTBAMHU 06Jer4aeT TOHNMAaHMTE
3TuX, 60Jee CIOKHBIX, AATOPUTMOB. MBI HaJeeMcd, YTO HAIN YUTATENN C PATOCTHIO
BCTYTAT B KAy6 Tex, KTO 3HACT W yMeeT UCIOAb30BaTh aJrOPUTMbBI TeOpHUH T'padoB.
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