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Bcecubupckoit oTKpBITO 0JIMMITHAABI MITKOJIHLHUKOB MO
nHpopmaTuke 2015

3amaua 1. T'ogoBas oreHka

Jlanuyto 3a/a4y cJjejgayer pemarh B IMEJAbIX YHCAaX, 9TO MO3BOJIUT M30eKaTh MPo0JIeM C
TOYHOCTDBIO, BOBHUKAIOIINX IIPU UCIIOJIb30BAHUU BEIEeCTBEHHBIX 4mcesi. /[yig Hadama mocyu-
TaeM KOJIMIeCTBO JBOEK, TPOEK, YeTBEPOK M IATEPOK, KOTOPbIe moIyumn1 PoMa, mapaJiiebHo
cuuTas OOILYI0 CyMMY OLEHOK B niepeMenHoit sum. [Ipemiosoxum, uro border|i] — rpanuna
Jyisi ostydenust onenkn 4,2 < ¢ < 5, npudem border[2] = 0 (r.e. rpanuna st MOy YeHUs
npoiikn — 0 6asutos). [poiigemcest o cnucky 6a/10B, KoTopble PoMa moJtyaus1 3a KOHTPOJIb-
Hble paboThl. IlycTh k — Kom4uecTBO OAJIOB 32 TEKYITYI0 KOHTPOJIbHYIO paboty. Torna, ecim
k > border[i] nius HekoToporo i, To Poma TMOJyUYHJI KAK MHHUMYM OIEHKY 7. Ham HyKHO
JINIIBb HAMTH HAmOOJIbIIee Takoe ¢. MBI MOCUUTATN Sum — CYMMY BCeX OIIEHOK W 3HaeM KO-
JIMIECTBO OMEHOK 7,2 < ¢ < 5, 0CTAJI0Ch JIaTh OTBET Ha 33Ja4y — KaKyl UTOTOBYIO OIEHKY
MOJIYYUT HAII YIeHUK U Kakoit y Hero Oyaer cpeauuii 6as1. Cpemanii 6as1 BBIYUCISIETCS KAk
sum/n, rjie n — obIee KOJINIeCTBO OMEeHOK Pombl. JIJist Moy vYeHnst NATepKH CpeJIHuil GaL
PoMbl j10/12keH ObITH He MeHblre 4.7, oTKya ciaeayer, uro sum/n > 4.7. JTomuoxus Ha 10n
obe JacTu HepaBeHCTBAa, nmoaydnM 10 - sum > 47 - n. Eciu BbIIOTHSIETCS JaHHOE YCJIOBHE H
OTCYTCTBYIOT OlleHKHU 3 1 2, T0 POMaH 110/1y4uT UTOTOBYIO OIEHKY D. YCJIOBUS JIJIsd HOJLY YeHUS
OIeHOK 4 1 3 COCTABIAAIOTCS aHAJOTMYHO.

3agaua 2. 2KagHble THOMUKI

Cuavajia pacCMOTPUM HAWBHOE PeIeHre, KOTOPOe MPOCTO MOJIE/NPyeT OMUCAHHBI B 3a-
Jlade MPOIeCC, a UMEHHO: 3alliIlleM B HEKOTODYIO IepeMeHHYI0 3Hadenme N, W Temepb Ha
KazKJIOM mare 6yeM MpOCTO YMHOYXKATH 3Ty MepeMeHHYo Ha 2 u BeunTaTh 1. Kakme Torma
y HAC BO3HHKAIOT 1IPOOJIeMbI?

Bo-miepBbix, Tak Kak BCe THIIbI JJAHHBIX, KOTOPBIME MBI TI0/Ib3YEMCsl B IPOrPAMMe, HMEIOT
KOHEYHYIO JIJIMHY, TO 3Ha4YeHWe MepeMeHHOW ObIcTpo rnepenosHuTcd. Jlaxke ecim Obl Takoit
po0eMbl He OBLIO, HaM OblI BCE paBHO IOTpeDOBAIOCH MHOIO OIEpAaIlfii, IIO9TOMY TaKOe
pellleHne He yCIeBaeT UCIOJTHATHCA 3 OTBeIeHHOe BpeMs. [[o 3Tum npuannam Takoe pernenune
Habupaer 20 6aTOB.

Jlnst Havasia n30aBUMCSI OT TIEPEIOJTHeHUs. 3aAMETUM, 9TO HaM HEBAZKHO, KAKOE MbI B UTOT'e
MOJIy9aeM 9HCJI0, HAM HYKHO, 9TOOBI OHO Jetuioch Ha N. 371ech yaI00HO BOCIIOIB30BATHCS
CJIeTYIONTUMA COOTHOTITEHUSIMHU:

(a4 b) mod m = (a mod m + b mod m) mod m

(a-b) mod m = ((@ mod m) - (b mod m)) mod m,
rjie a mod m obo3HaUAET OLEePANUIO B3ATUS OCTaTKa OT JieJieHusl ¢ Ha M. Tenepb pacnuriem
noApobHee ornepanuu, Kotopbie Mbl BoinosHsem: N = 2N —1 = 22N - 1) -1 = ... =
X, X mod N = 0. [lonygaercsi, 4To Ha KazKJOM I1are MOYKHO CINTATh He peaJbHOe 3HAYCHHUE
BBIDazKeHNs, a JINIIb er0 OCTaTOK OT jesenus Ha N. B TakoMm ciaydae, Kak TOJbKO Ha KAKOM-
TO THare MOJIy4aeTcs JIeMeHT, OCTATOK OT Jeienusd Ha [N KOTOporo paseH (), TO MOXKHO
CKa3aTh, 9TO 9TO U Oy/I€T UCKOMBIil HIAT, 9TO MPIMO CJIE/IYeT U3 BBIIIEYHOMSIHYTHIX CBOHCTB.
[Ipu TakoMm perieHnn MOSBJISETCS BO3MOXKHOCTH ONPEIe/IsATh, B KAKOM CJIydae He yIacTCs
HOJIYIUTh 9UCTI0, jJesismeecss Ha N. A UMeHHO: ec/ii Ha HEKOTOPOM JTAle MOJIyIaeTCst TaKOi
OCTaTOK, KOTODBIil yKe BCTpedasics, U IIPH 9TOM, OCTATOK () emé He MOJIyUeH, TO U jajee
OH He BCTpeTHTCsd. /leficTBUTEIHHO — OCTATOK, KOTOPBIH TMOTydaeTcs Ha CJeTYIONeM Iiare,



OIIPEIEISIETCS OHO3HAYHO, MIOCKOIBLKY OCTATOK MOBTOPHJICS, TO JaJiee CJIEIYIOIe OCTATKN
Oy/LyT MOBTOPSATCS 110 IUKJLY, HOITOMY OCTATOK () yKe He BCTPETUTCs. ACUMITOTHKA TAKOTO
pemterust — O(N) u ono Habupaer 50 6aJLI0B.

B ocHOBe TOJTHOTO perrenust JIEKUT TPUMEHeHre TeopeMbl Jitaepa. PaceMorpum siemen-
THI MTOCJIEOBATEIbHOCTH, KOTOPBIE IMOTYYIAIOTCs TOCTIe PACKPBITUA cKOOOK: N = 2N — 1 =
AN — 3 = 8N — 7 = ..., B o0meM caydae MOJyUYeHHad IMOCJIeI0BaTeIbHOCTh HMeeT BHU/I:
2FN — 2% — 1. D10 MOKHO 3aMeTuTh, BBIINCAB LIEPBble HECKOJILKO 3JIEMEHTOB I0C/Ie/0Ba-
TEJIbHOCTHU, a JI0Ka3aTh (hOPMaAJIbHO, HAIPUMED, BOCIIOIb30BABIIMCH METOJIOM MaTeMaTHde-
ckoit nayknmm. Cre0BaTebHo, Hy KHO penmuTh ypasrerne: 28N — 28 — 1 = 0(mod N).

BamernM, uto 2¥ N Bcerna 6e3 octaTka JenuTcd Ha N, a 3HAYAT OHO B YpaBHEHHE BKJIAIA
He BHOCHT. [lepenocs ciaraemoe —1 BIOpaBo, MOJydaeM MOIYJbHOE ypaBHEHHE CJIeIYIOIIero
suga: 28 = 1 (mod N), rae Tpebyerca HafiTH MEHEMAILHOE BO3MOMKHOE IOJIOKUTEIbHOE K,
ecJii OHO cytecTByer. Panee OBLJIO TIOKA3aHO, YTO B KOHEYHOM CYETE TOJTyIaeTCsI HEKOTOPBIi
MUK/, 3aMeTUM, 9TO €CJTH OTBET CYIIEeCTBYET, TO MEPBBIH Ke JIeMEeHT JIEZKUT B ITOM IHKJIe.
Sro crexyer u3 Toro, uro mpu k = 0, 28 = 1 (mod N), n HaM HyKHO HaiiTH HepBOe HEmHy-
JeBoe k, 11 KOTOPOTO TOXKe OyIeT BBIIOIHATHCSI 9TO COOTHOIIEHHE. SHAYUT MUK/ JOJIZKEH
OPUATH B KOHEYHOM CYETE B Ty Ke TOUKY. Temepb, OCHOBBIBASICH Ha ITOM, BOCIOJIb3YEMCS
Teopemoit Ditepa, koropas raacur: a?N) = 1(mod N), ecim N u a SBASIOTCSH B3aMMHO
npocThiMu (B 0OPATHOM cJiydae OTBeTa He cylecTByer), rae ¢(N) — 9T0 KOJIMIecTBO HATY-
PAJIBHBIX YHUCeNI, MeHbIUX N W B3aWMHO MPOCTHIX C HUM.

st maxoxkaenns o (N) MOKHO BOCHOJIB30BATHCSI CTAHIAPTHBIM AJITOPUTMOM CO CJIOZKHO-
cteio O(v/N). Tlockombky @(N) MOkKeT GbITh He IEPBBIM UHCIOM, IPH BO3BEJICHUH JBOHKI
B CTEIeHb KOTOPOTO MBI IMOJIy9IUM 1, TO 9TO YUCJIO em¢ He sIBJISeTCs OTBETOM. TeM He MeHee,
HECJI0ZKHO 3aMeTHTD, 9T0 0TBeT Oyaer geiuteseM (N ). Urobbl mokasars 9T0 0603HATHM Ue-
pe3 t — JJINHY BBITIIEONMNCAHHOTO UK, KOTOPBIi 1 Oy1eT oTBeTOM Ha 3a/1a49y. B 1 Mbl MorIm
IOMACTh TOJBKO OJHUM CIOCOOOM — IHPOUWTH OIUH WU HECKOJIHKO Pa3 IO TOMY IMHKJIY, OT-
Kyzaa caeayet, 9to: ¢ - v = @(N), a 3uaqur orBer Oyaer geaurenem @(N). Takum obpazom,
Mbl MOzKeM 1epeGpars Bee gesnrenn ¢(N), ux Gyger nopsaka O(V/N), u /18 Kazki0ro u3
HUX TPOBEPUTH, MOJXOAUT JIU OH. ITO MOXKHO CJI€JIATh MPUA MOMOIIU OBICTPOTO BO3BEIEHUS
B crenenb 3a O(log N). AcuMInTOTHKA HTOrOBOTO PENeHUsT — O(\/N + Wlog N).

3amauya 3. Pemu u KyJIMHAPHBIN IOEIUHOK

13 ycoBus 337249l MOXKHO BBIBECTH TaKyl (OPMATbHYIO €€ MOCTAHOBKY: CKOJBKO CYIIe-
CTBYET CIOCODOB PACCTABHUTDH TEPErOPOJKI MEXKJY 3JEeMEHTAMH MACCHBA TaKHM O0PA30M,
4TOBBI MEZKJLY KazK/IbIX JBYX HOC/IEI0BATE/IbHBIX ePEeroPO/IOK HAXOANIIACH CTPOIO MOHOTOH-
Hasl [10CJI€/[0BATEJILHOCT. MesK Ly JIByX COCeJHUX JIEMEHTOB PA3peIIaeTcst CraBuTh He 6oJiee
OJIHOIT TIeperopo/IKM, B KOHIE MACCHBa 00513aTeJIbHO JI0JZKHA CTOSITH Tleperopojika. B Hadase
MaccnBa (mepest IepBbIM JIEMEHTOM) HePeropoKu ObITh He JTOJZKHO.

J11s1 peteHnst 321291 BOCIOIb3YeMCs METOIOM TUHAMIYECKOTO porpaMyupoBanust. O6o-
3HaYUM 32 dpi] KOJMYIeCTBO CHOCOBOB PACCTABUTD 1EPErOPOJAKH MEK/Iy LEPBBIMH § 3JIeMEH-
ramu Maccusa. Ouesnano, aro dp[l] = 1, dp[2] = 2. Paccmorpum Teneps k-it eMent mocie-
JI0BATEIBHOCTH, W Oy/leM CIHTATh, 4TO y7Ke MOCYUTAHbl 3HAYEHNUS [UHAMHUKH B COCTOSTHUSIX
dplk — 1], dp[k — 2].... Ilepebepém nosunun j (0 < j < k—1) B KOTOPBIX MBI MOTJIH TIOCTABUTH
TIOCJIETHIOIO TIEPErOpOJIKY. ECIH MBI TIBITaeMCsI OCTABUTE MEPETOPOJIKY TMOCIE j-TO HJIEMEHTA,
TO HEOOXOJAUMO YOEUTHCS, YTO OTPE30K JEMEHTOB € J-I0 10 k-ii siBJISIETCS MOHOTOHHbIM.
D10 HETPYJHO CiesaTh 3a JnHeiiHoe BpeMsi. T.K. nepeGupars MO3UIHMIO j MOXKHO ClpaBa Ha-
JIEBO, IPOBEPKA Ha MOHOTOHHOCTH MOZKET JIeJIaThCsl «Ha XOiy» (MpoBepsisi, 4TO TeKymnii j-if



9JIEMEHT He HapyIIaeT MOHOTOHHOCTH). BO BCeX MO3UIUAX, KOTOPBIE JOMYCKAIOT BBHICTABIIE-
HHUE NE€PErOPOJKH 110 ONMCAHHOMY BBIIE KPUTEPUIO, Mbl MOXKEM IPUOABUTH 3HAUYCHUE YIKEe
MOCYUTAHHON TMHAMUKH: KayK/blii pa3 Hy?»KHO 0OHOBUTH 3HaveHue dplk], npubasus dp[j|. B
urore, AMHAMUKA MMeeT N COCTOSTHMIA, KazK10e u3 KOTOphIX Bhrancasercs 3a O(N) B xyaiem
caydae. (Ha camom jiesie, k-e cOCTOSIHYE BBIYUCIAETCS 38 KOJIUIECTBO JICHCTBHI, TPOMOPIII-
OHAJILHOE HAaMOOJbIIeil IHHe MOHOTOHHOI MOC/IeI0BAaTeILHOCTH, 3aKaHINBaIOmeicsa B k-M
siemente). Mrorosag cioxknocrs: O(N?)

Paccmorpum Tenepn 6osiee onTUMaIbHOE U IIPOCTOE JMHEHOE penienne, UCIoIb3yIonee
HECKOJIBKO JIPYTIHe paccyzKaeHus. Byaem nomaep:kuBarh dpli|, mMeroriee TOT Ke CMBICI, 9TO
U B IIPe/IbIAYIINEM pelneHnd. PaccMoTpuM Tenepb k-ii 9J1eMeHT I0C/Ie[0BATEIbHOCTH, & TAKZKe
JBa TPEJBLAYINX daeMenta. O603HaunM UX @, b, ¢ COOTBETCTBEHHO CJIeBa HAIIPABO. BO3MOXK-
HBI JIBA CJIyYast:

1. Tpwu snementa a, b, c 06pa3y0T MOHOTOHHYTO HOCIe10BaTebHOCTD (a < b < ¢). B sTom
cJaydae Mbl MOYKEM KaK CTaBHTb, TaK W HE CTaBUTh neperopojaky mexay bce. [lepero-
POJIKH, BBICTABJIEHHBIE JI0 9JIeMEHTa b, MOJTHOCTHIO YIUTHIBAIOTCS 3HAYCHIEM TUHAMUKH
dplk — 1], nosromy dplk] = 2 - dp[k — 1].

2. Tpu snementa a, b, ¢ He 0O6pPa3yIOT MOHOTOHHYIO MOC/IEI0BATEIHHOCTE. T0r/1a MBI 005132~
HBI TIOCTABUTD MEPEropoJIKy Jmubo Mexay ab, mmubo mexay be. Crenosarennho, dplk] =

dplk — 1] + dplk — 2].
Takum obpazom, mbl mosyuntn perenne 3a O(N).
3agada 4. B3BOJITHOBAHHBIN BOAUTEID

Omumem perrerne 3a O(NM). Takoe perienne 3akI09aeTcsi B TOM, 9TOOBI sl KazK IO
u3 TOo4YeK, B KOTopoit Adanacuii BosiHyercs, IpoiiTH MUKJIOM 1O BCEM KaMepaM U POBEPUTD,
BHU/IUT JTU KaMepa ero win HeT. OJQUH U3 CIIOCOO0B CeIaTh TAKYIO MPOBEPKY — ITO 3aMETHUTh,
9TO TOYKA HAXOJAUTCH B JAPYTOil MOJIYILJIOCKOCTH TOIJIA U TOJBKO TOIJIA, KOIJIA YO MEXKLY
BEKTOPOM HOPMaJId U BEKTOPOM MEXKJYy TOYKOW, U3 KOTOPOH MCXOAUT HOPMaJb U TOYKOM,
B KOTOpO#l Tpedyercs mnmpousBecTu MpoBepKy, 6osee 90 rpajycon. /s 3Toro Ham He HAJO
HaXOJUTh CaM yTOJ, HAM JIOCTATOYHO IMPOBEPUTH TOT (PAKT, UTO CKAJIIPHOE MPOU3BEEHIE
3a/TaHHBIX BeKTOpPOB MenbIre (). To ke camMoe MOKHO OBLIO OBl MOHATDH U U3 TEOMETPHIECKOTO
CMBICJIa CKAJISIPHOTO MPOW3BeIeHns. K mpu TaKOM peIeHuH MOTHOCTHIO BBIYUCTISTD YTOI,
TO norpebyercs BeliecTBeHHas apudMeTrKa, KOTOpasi He ABJISeTCs TOYHOI, II09TOMY TTOMUMO
TOrO, YTO TAKOE pelieHue — J0Jr0e, OHO MOYKET TaKKe BbIJaBaTh HENPABUJIHHBIE OTBETHI HA
HEKOTOpBIE TeCThl, 1 HabupaeT 0KoJ10 40 HasI0B.

B pemrennn ¢ ucnospb30BaHIEM CKaJSIPHOTO TPOU3BEIEHUS MBI YK€ MOXKEM He Mpuderarnb
K BeIeCTBeHHON apudMeTnKe, a 3HAYAT BCe OTBETHI OYAYT TOUYHLIMU. TeM He MeHee, OHO He
yCIIEBAEeT 110 BPEMEHH, H IoJiydaer nopsjka 50 6a/jios.

Tenepb yckopum Hallle pelieHue, Jijisg 3TOTO MOCMOTPUM Ha OTJEJbHYIO Kamepy. Bo-
MEePBBIX, Y HAC MOYXKET OBITH CJIy4ail, KOrja JIMHUS, KOTOpast pa3/e/sieT JIBe MOJIYILIOCKOCTH
KaMepbl MapaJsie/bHa JUHIH, BJI0Jb KoTopoii japuraerca Adanacuii. B takoMm ciydae, y Hac
aub0 3Ta Kamepa OyaeT HabJ/IIoIaTh BCe TOUKU, KOTOPBIE MPEJCTOUT MOCETUTh KPOTY, JTHOO
— uu ozny. l[losromy juist Takoit Kamepbl JOCTATOYHO HPOBEPUTH TOJBKO OJIHY M3 TOYEK, B
KOTOpO#t MbI 1toObIBaeM. [lycThb Terepb 3Tu JiBe JIMHUU HEe napaJ/iie/ibHbl. B TakoMm ciydae y
HAC 3THU JIBe JIMHUU 00S3aTe/TbHO TJie-HUOY/Ib MepeceKaloTcs, NPUIéM, MOXKeT ObITh OJIMH U3
JIBYX BapHaHTOB: JIUOO BCE TOYKH JI0 TOYKHU MEPEceveHns OCMATPUBAIUCH KaMepoil (BKJIFO-
YHUTENBHO), & BCe MOCJIe — He OCMAaTPUBAIOTCs, JHO0 HA060pOT. Tak KAaK TOYKH, B KOTOPBIX
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TpeOyeTcss y3HATH KOJHYECTBO HAOIOMAIONINX KaMep YIOPSIOYeHbI, TO OHPEeIeTHB TOUKY
IepecevdeHtsi, Mbl MOXKEM OINPE/IEeJUTh JI0 KAKOH TOYKM (Jinb0 HaumHas ¢ KaKoii) 9Ty Kame-
Py HYKHO MOCYHUTATh. DTO MOYKHO CJI€J1aTh, HAPUMEP, MPU MOMOIN OMHAPHOTO TOUCKA W
MacCuBa, B KayKJIOM 3JIeMeHTe KOTOpPOro OyaeM XpaHUTh YHCJI0 — Ha CKOJIBKO M3MEHHUJIOCH
KOJIMYIECTBO KaMep II0Ce TOro, kak Adanacuii mpoeaer JaHHYIO IO CIETY TOUYKY. B Takom
caydae, eclim KOJHYeCTBO KaMep YMEHBIINIOCh, TO B 3JIEMEHTe MAaCCHBa OyJeT XpaHUTh-
ca oTpunaresibHoe yucsao. [Ipu yuére kaxka0if Kamepbl HaM Tpedyercst H3MeHUTh He 0oJiee
OJIHOTO 4HcJa B MaccuBe. MoyKHO OblJI0 ObI BMECTO MCIIOJIb30BaHUS OMHAPHOTO TMOMCKA, JI0-
6aBI/ITb BC€ TOYKHU IlepecevueHud B HeKOTOprﬁ MaCCHUB BMeCTe€ C TOYKaMM JJisd TPOBEPKHU U
BOCIIOJIb30BAThLCSA COPTUPOBKOIL. Jlatee, mpoxo g cjieBa HAIIPaBO IO MACCHUBY, IIO/I€PKIBATD
KOJITYECTBO HAOJIIOJAMONINX ceifyac Kamep. B oboux ciydasx HYXKHO OOpaTUTh OTAETbHOE
BHUMAaHUE HA TO, YTO €CJIU TOYKA, KOTOPYIO MbI IPOBePAeM, HAXOIUTCA HA TOH Ke JTUHUMN Ka-
MepBI, TO CIUTAETCs, 9TO KaMepa HabJfo1aeT 3a Toukoii. Takue perrenns: paboTaer 3a BpeMst
O(N log M).

CTouT OTMETHTD, UTO 3/eCh TaKKe XO4UeTcsd IpUOerHyTh K BelleCTBeHHOIl apudMeTuke,
KOI/Ia MBI II€peceKaeM IpsMble, OJHAKO B TAKOM CJIy4Yae BCE K€ BO3HHKAIOT IPOOJIEMBI C
TOYHOCTBIO, TIO9TOMY TaKoe pelleHne HabupaeT oKoao 80 6a1IoB.

qTO6bI I/I36€)K&Tb UCIIOJIb30BaHre BEIIECTBEHHbLIX YUCEJI, Mbl MOXKE€M XPaHHUTb U UCKATb
BCe TOUKH IepeceveHtst B BUJE p/q, TJie p U ¢ — IeJible ducyia. B Takom ciiydae Ham TpebyeTcst
HAIMCATh CBOM apudMeTHYeCKue Olepalun HaJl TaKuM Jipobsvu. Takoe perienne Hadupaer
MOJIHBIN OaJIT.

Sagaua 5. Ilera u IT

Omumewm pemenue 3a O(N?). Tlocrpoum jsa rpada G u H: B rpade G 11poBeigm TOJIBKO
BCe CYIIECTBYIOIINE N3HAYAJIBLHO pebpa, a B rpade H HA00OPOT: TOJIBKO Te pedpa, KOTOPHIX
Her B rpade G. O6Go3HAYNM 3a Tev[j] CTOMMOCTH «MHPOBOIO TEPEBOPOTA» W3 BEPIIUHBI j.
BamyctnM nouck B mupuny B rpade G u3 crapToBoii BepriuHbl (¢ HOMepoM 1), a B rpade
H u3 koueunoii Bepuunbl (¢ Homepom N). O6o3naunM 3a disty[i] — paccrogume oT HavaIa
10 -t Bepuiubbl rpada G, 3a dists[i| — paccrosinue or KOHeYHOl BepiiuHbl J0 -if B rpade
H. Torma orser — 3710 MunuMyM u3 disti[N] (ecam mobuparbest, He npuberast K « MEPOBOMY
IIEPEBOPOTY» ) 1 MUHUMYMa 110 BCeM j Bemunnbl disty[j]+rev(j]+dists]j] (noiitn no Bepimu-
Hbl j B rpade GG, coBepUIUTh MHPOBOIi IIepeBOPOT U HoiiTu 10 KoHia B rpade H). Pemenune
patotaer 3a O(N?), Beap cymmapno B rpadsr G u H 6yaer nobasneno N - (N — 1)/2 peGep
(1T KazKT0i TTAphl PA3IMIHBIX TOPOJOB — 10 Pedpy ).

Momudunupyem onucannoe perntenne. O60itaém rpad G, UCHoAb3ys METO], MOUCKA B
mupuny. [lycrs Bemaunbl dist[v] nocauranbl. 3aMeTnM, 9TO JJIsi TPOU3BOJBHOI BEPITHHBI
U BO3MOYKHBI JIBE CUTYAINN:

1. U3 Bepmuubl v ecTth pedpo B KoHeUHYI0 Bepiiuny. Torjga kpardaiinmii myTh 10 KOHed-
HOIl BEPINMHBI, TPOXOAAIINIA Yepe3 TeKyILyIo Bepumny v, paBen disty[v] + 1.

2. U3 Bepiiunbl v pebpa B KOHEUHYIO BepHInHy HeT. B TakoM cjydae siCHO, 4TO MOCJe CO-
BepIIIeHUs MUPOBOTO TIepeBOPoOTa pedbpo U3 v B KOHEUHYIO Bepiiuny nossutcs. [Toaromy
KaHAMIATOM Ha KparJaimuii myTh sBastercst dist[v] + rev[v] + 1.

Takum obpasom, ecsn mocje 00Xo/a B MUPHHY PACCMOTPETh BCE OIMUCAHHBIE BO3MOYKHOCTH,
MBI TIOJyduM oTBeT. Pemrenue paboraer 3a O(N + M), T.K. HCHOJIB3yeT TOJIBKO 00XOJ B
mmpuHy rpada G.



