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1 Bsenenme

B ommMmnmamHeIX 3agadaxX JIOBOJBHO YacTO
BCTPEYAIOTC 3aJa49M, TJe BXOJHBIE TAHHBIE 3a]1a-
HbI B BHJe Taduipl. 1lo Tabauneit B qjanHOM Cy-
yae MOHNMAEeTCs IBYMEPHBIH MaCcCHB, HO IPUBEIEH-
HBIE AJITOPUTMBI TAKZKe TOAXOIAT s TPEX 1 Ooee
MEepPHBIX MaCCUBOB.

BBegéMm mnoHsTHE CBA3HOCTH, T.€. OIPEIEJIHM,
KaKHe KJIETKH ABJSIOTCA «CoceIHuMuy. Ecim Kier- A
K CYHTAIOTCS COCeTHUMH, KODJIA y HHX CYIIe-
CTByeT 0OIast CTOpPOHA, TO 3TO Ha3bIBaeTCs «4- ¥
CBSI3HOCTBIO». EC/IN KJIeTKH Ha3bIBAIOTCs COCEIHU-
MH, KOTJIa ¥ HUX CYIIECTBYET XOTs ObI OJHa 0Omast
TOYKA, TO 3TO «8-CBAZHOCTHY». Tak:Ke CyIIecTBYIOT
HoJ1ee cJIoXKHbIE CIIOCOOBI Olpe e/ ieHus coceeil, Ha-

NpUMep, eC/Iu Kazk ias sdeiika npejcrapiser coboii Puc. 1: [Ipumeps! cBS3HOCTH
IPABUJIbHBI MIECTHYTOIBHUK WK TPEYTOJbHUK (6-
U 3-CBSI3HOCTD). MHODIA «COCeIM» MOTYT ONPEIESATHCSI U COBCEM TI0 JPYTUM MapaMeTpaM,
He 1o O0IIMM TOYKaM WJu cTopoHaM. Hampumep, coceTHUME MOTYT HAa3bIBATHCA KJIETKHU, HA
KOTOpbIe MOXKHO MEPEHTH XOJIOM MIAaXMaTHOIO KOHS.

[Toutu Bce TUIIBI CBA3HOCTH MOTYT OBITH PeaJN30BaHbl Ha KBAJAPATHON MaTpHIE.

AHATOTHYIHO MOYKHO OIIPE/ICTUTD TUI CBA3HOCTH /I TPEX U 60Jiee MEePHBIX MAaCCUBOB.

HanoMunM 0 emmé oHoit 0cOOeHHOCTH XPaHeHWsl MAaCCUBOB, KOTOPasd 3aKII0YAeTCs B TOM,
9YTO B MAMSATH KOMOBIOTEPA BCE MHOTOMEDHBIE MACCHBBI Pa3BOPAYHMBAIOTCA B OJHOMEDHEIE.
10T (haKT MBI yKe HCIOIB30BAJIN JIIsl yCKOpeHus: paboThl (PYHKIUN yMHOYKEHHS MATPHIIL,
TaKyKe €ro MOYKHO MCIIOJIB30BATh JI/Id YCKOpPeHus padoThl DyHKIH paboThl ¢ TabIuIaMu.
B obmeMm ciaydae MeTOM BBITVIAAUT TaK: €CJU HaM HEOOXOAUMO ITPOUTH IO BCEM JIeMeHTaM
TabauIbl, TO HanboJiee BHENTHUH IWKJT TOJIPKEeH UATH 1Mo OoJiee paHHeMy wHjaeKcy. g nBy-
MepPHOH TaOJIUIBI ITO BHITJIAIAT TaK:

for i := 0 to n-1 do
for k := 0 to n-1 do
// xakume-ToO gzeiicTtBus ¢ tablel[i][k]



B ,ZLaHHOfI JIEKIIUU MbI PACCMOTPUM HECKOJIBKO XapaKTEPHbIX 3aJa4, KOTOPbhI€ BOSHUKAIOT
npu 00paboTKe TabJIHUII.

2 Bpramciaenme mo JIOKaJbHBIM JAaHHBbIM

CymecTByeT MUPOKUil KJIacc 3a7ad, T1e 1m0 Tab/Iuie HeoOX0 MO MOICINTATh KaKne-Truh0
3HAUYEeHUd [ KaxKI0i gdeiiku. Yalle Bcero 3HadeHus BBIYHUCASIOTCS TOJIBKO IO JAHHBIM H3
TEeKYIeH U COCeHUX AUCCK.

OsHa U3 9aCcTO BO3HUKAIOIMUX IPOOJIEM IPH PEINIeHHH 3324 ¢ Ta0JIUIAMUd — HEXBATKA
naMsaTH, /I XpaHeHus Beeit Taduibl. TakuM 06pa3oM, 3aa4m, KOTOPBIE JIOJIZKHBI PEITATHC
TOJIBKO C MCIIO/Ib30BAHUEM JIOKAJHHBIX JAHHBIX, 0013/ IAI0T TPeMs XapaKTePHBIMU TPU3HAKA-
MHU:

1. Tpebyercsi BHIUUCJIEHUE TTapaMerpa JiJis KaxkIoh sdeilku (T.e. OTBET TakzxKe JIOJIZKEH
OBITH TAOJUIEH MM B KadecTBe OTBETA JIOJXKHA BBIBOIUTLCA dUeiiKa, CoaeprKalias,
HANPUMeD, MAKCUMYM HJIH MHHHMYM),

2. ecsm TabJaUIA KBaApaTHAad pasMepoM N, TO aJIrOPATMBI CO CJIOXKHOCTBIO GOJIbIIEH, YeM
O(N?), ne 1poXo/AT 110 BpeMeHH,

3. Beg tabmuna (N? gveek) He YKIAIBIBAETCS B TIAMSITH.

CymecTByeT MHOYKECTBO CAMBIX PA3HOOOPA3HBIX 3a/1a9 Ha BBIYUC/ICHAE 3HAYCHUN B TUeii-
KaxX 10 JIOKAJbHBIM JAHHBIM, HO MOZKHO BBIJIEJINTH HECKOJBKO IIPUEMOB, TO3BOJISIONIAX 00-
JIETYUTH WX PeIreHue.

[TepBorit mpuém — «bapbepHbIity MeToH. CyTh €ro 3aK/JII0TIaeTCS B TOM, YTO Mbl «OKPYzKa-
eM» TabJIUIy paMKO, cojepzKalieil Kakue-J1u00 JOIMYCTHMbIE WJIM CIEIUAIbHbIe 3HAYCHHUS.
DTOT METO TpeIHA3HAYUEH /I TOTO, YTOOBI H30eKaTh 0OPADOTKU YACTHBIX CJIYYaeB, CBI3aH-
HBIX C BBIXOJIOM 33 I'PAHUI MaccuBa. [Ipu 3TOoM MmupuHa paMKu 3aBUCAT OT TOTO, CKOJIBKO
coceielt Mbl HCIIOIB3yeM JUIA MOACYETa 3HAYEHUST B TAHHOMN stueiike (gale BCEro pamMka nmve-
eT TMUPUHY BCETro B OJIHY KJeTKy). PaMKa HUKaK He JOJKHA BIUATH Ha pelenne (T.e. eci,
HANPUMeED, Mbl CYMMHDYEM 3HAUeHUsl coce/eil, TO paMKa JIOJKHA ObITh HYJEBOH U T.II.).

Caenytomuit mpuéM siBJIsieTcs He COBCeM CIopTHBHBIM. Ha Go/IbIIMHCTBE OJIMMIINA, BBO/I
U BBIBOJI, OCYHIECTBJIETCd ¢ 1oMONIbIo (paityios. noria ObiBaeT odeHb yJI00HO LpocMaTpu-
BaTH TAOJHILYy HECKOJIBKO Pa3 W HAKAILINBATH HEKOTOPBIe 3HaYeHus. [[pu aToM ecyim Tabauia
HE TIOMEIAeTCs B MaMsITH, Mbl MOYKEM 3aKPBhIBATH BXOMHON (aill m OTKPHIBATH €0 3aHOBO
(mpu 9TOM TOPSIOK 06X0/1a TaBIUIBl K3MEHUTh HEJIb3d — TOJIBKO Tak, KaK OHA JAéTcs BO
BXOJIHBIX JaHHBIX ). OIHAKO, BO MHOTHX TECTUPYIONIMX CHCTEMAX POrPAMMe MePeTasTcs yiKe
OTKPBITBIH MMOTOK BBOJA, a CJAETOBATEILHO TAKOH MPUEM MPUMEHUTH HEIb34.

Taxzke BO MHOTHX 33/1a9aX TPeOyeTCs 3HATH YaCTh y2Ke BBIUYUC/IEHHBIX 3HAYEHUN coceeil,
1 MCXO/I5 U3 3TUX JAHHBIX MOy YaTh OTBET. 31eCh JOBOJIBHO BaXKeH MOPSII0K 00X01a - 0OBITHO
OH JIeJIAeTCd CBEPXY BHHU3 MOCTPOYHO, a HAYMHAIOT 00XO0J1, Yallle BCero, ¢ KaKOi-1ub0 yIrIoBoi
AYCUKU.

Pacemorpum npuMeps! 3a1ad, rae TpedyeTcsl BRIYUCIeHne 3HAYEHU 110 TOKATbHBIM JaH-
HBIM.

ITporpammucTuka

Bceepoccniickasg omumnuata 2002



B Tlepmu cranoButcs nomysspuoit urpa «IIporpamMmvuctukas.

st urpel TpedYIOTCS IJIOCKUE KBaJApaTHble (DUIIKH 4-X BUJIOB, IIPEJICTaBIsIONIe coboit
nosie 3 X 3 ¢ BBIpE3aHHOM NMEHTPAJIbHON KJIeTKOH. B ocTaJabHBIX KJIeTKaX KaxKa0# (uIkm
3amucanbl yucaa or 1 go 8. Bee Bugnl duriek mokasansl Ha pucyuke. KoandectBo dutrex
KazKJOro BUJA HE OrpaHUY€eHO.
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Urpa npoogutcd Ha noje pazMepoM N X N. IlepBoHadasbHO BCe KJIETKH IOJs 3all0JTHEHBI
e TUHUTIAMH.

B nauasie urper Maructp HECKOBKO Pa3 CjiydailHbIM 00Pa30M HMOMEIAET MPOU3BOJIHHBIE
Uik Ha UrpoBoe MoJje Tak, 9TO (PUIIKA MONATACT HA MOJE NEJTUKOM, a ee IeHTpaIbHasd
KJIETKA COBIAJIAET ¢ OJIHON U3 KJaeToK noJid. [locsie momernenust ouepenoil (puInku Bee 9ucia
B BOCBMH KJIETKaX UT'POBOTO TOJIA, KOTOPBIe epeKPhIBaeT (DUITKA, YMHOYKAIOTCSI HA COOTBET-
CTBYIOIIUE YUCJTA B KJIeTKaX (DUITKU, U Pe3YIbTATHl CTAHOBSATCA HOBBIMU 3HAYEHUSIMU ITHUX
KJIETOK UTPOBOTO MOJIS.

Takum obpazom, mocje OKOHYAHUS IPOIECca pa3Melenns (PUIeK UI'POBOe 10Je OKa3bl-
BaEeTCs 3al0JHEHHBIM MOJy4YeHHbIME ITpou3Beaenusmu. Jlasee Maructp nepepaér moaydns-
Ieecs IoJie UIPOKY, KOTOPOMY HEOOXOUMO YCTAHOBUTD [T KaxKI0H KJIETKH MOJI, CKOJTBKO
pa3 Maructp B Heé momeInas meHTpaJbHble KIETKH (DUIeK.

Tpebyercst 1 KazKJI0TO BXOIHOTO haiiya, cofeprKaliero noaydennoe Maructpom mose,
chopMUPOBATH COOTBETCTBYIONIMI €My BbIXOHOM (aiiyi, B N cTpoKax KOTOPOIO COJAEPKUT-
cga mo N duces, TOKa3bIBAIONNX, CKOJILKO Pa3 B COOTBETCTBYIONIYIO KJIETKY MOMEIATUCH
HeHTPAThHBIE KJIETKH (DUIIIEK.

PaccMOTpuM BepXHIOK JIeBYIO KaeTKy urposoro mosis (0,0) — obo3HaIuM 4ucJIo, 3amm-
canHoe B Hell, 3a X. Ha Heé MoryT okasaTh BJIWSHHE TOJHKO KAPTOUKH C MEHTPOM B SUeiKe
(1,1), nprdaém TOJBKO CBOMM JIEBBIM BEDXHUM yIJIOM (T.e. uuciaamu 1, 7, 5 1 3 cOOTBETCTBEH-
HO). Samernm, 410 ynciaa 3, 5 u 7 — B3aumuo npoctel (nx HOJL pasen 1), a 310 o3navaer,
49TO pas3/ioKeHnue yucaa X Ha MHOKUATEIN 3, b u 7 0JHO3HAYHO. TakuM 00pa3oM, Mbl MOKEM
OPEJIEIUTh KOJMYecTBO KapTodek 2, 3 u 4 Tuna B kKiaerke (1, 1) Kak MaKCHMaJIbHbIE CTEIeHH
7, 5 u 3 Ha KoTOpHIe neauTcd qnucao X. [Ipu sTom cienyer He 3a0bIBATH U3MEHSATDH U JIPYTHE
KJIETKH, KOTOPble HAKPBbIBAET KAPTOUYKA ¢ HEHTPOM B sdeiike (1,1).

H106BI OKOHYATEIHHO BBIYUCIUTH OTBeT B stueiike (1, 1) ciemyer Takzke ONpenesnTh Guc-
J0 KapTouek 1 tuma. 3amernm, uto sueiika (1,0) (obo3madnm ee comepkumoe 3a Y) n3-
MEeHSIeTCsT TOJBKO HOJ Bo3melicTBreM Kaprodek ¢ meHTpoM B (1,1) (yMHOXKaeTcst HA 96THOE
YHCJI0) W KApTOYeK ¢ meHTpoM B (2, 1) (yMHOXKaeTcst Ha HeuéTHOe dmncio). [ocie ynanenus
Kaprouek 2, 3 u 4 Tuna ¢ meatpom B (1, 1) yMHOKATH HA YETHOE UHUCJIO ITY SUEHKY MOKET
TOJHKO Kaprodka 1 tuma ¢ mearpoM B (1,1) — xaprouku B (2,1) 4€THOCTH W3MEHUTH He
moryT. Takum obpaszom, KosmdecTBo KapTouek 1 tuma ¢ nentpom B (1, 1) onpenessiercs: Kak
MaKCHMAJbHAsI CTeleHb 2, HA KOTOPYIO AeJIUTCs 9uca0 Y (Ipu 9TOM, OISTH JKe, CJIelyeT He
3a0bIBATDH MEPECIUTHIBATH 3HAYECHHsI BO BCEX siveiiKaX, HAKPBIBAEMOll JTAHHOW KAPTOYKOIA).

Tot ke MeTOJ MOXKHO UCTOJIB30BATD JIJIS TIOCTIETOBATEIBHOTO BHIYUCICHUS TU€eK, TBUTA-
sCh BO BHEIITHEM ITUKJIE IO CTPOKAM, a BO BHyTpeHHeM — 110 crojbmam. [Ipeapiayiias vacrnb
OyJeT yKe IMOJHOCTHIO BBIYHUC/ICHA U HE OKaXKeT HUKAKOTO BIUSHUA.



3 Kparuaiimue myTu B JIJAOUPUHTE

Emé oaun 6osbImoit KJace 3a1ad, re JaHHble 3aal0Tcsa TabauIeil, aBasaioTca 3a1a91 Ha
noucK mnyreit B jabupunrte. [Ipu 31oM 00bIYHO JTAOUPUHT COCTOUT M3 IMPOXOJIUMBIX KJIETOK,
crTeH (HEIPOXOANMBIX KJETOK ), HA4aahHON W KOHEUHOI TO3UIINH.

PaccmorpuM MeTos1 IoucKa KpaTdailero MmyTH, KOTOPbIA Ha3bIBAETCH «BOJTHOBBIM aJl-
FOPUTMOM» HJIH ODXOJOM B IIUpHHY. Takoe Ha3BaHWe OH IOJYYHJ 3a TO, YTO JIBUXKEHHE
IIPOUCXOJUT «BOJIHOW» OT HAYAJbHOI MO3UIUU (T.e. PABHOMEDPHO BO BCE CTODOHBI) M KaK
TOJIBKO BOJIHA JIOXOJUT JI0 KOHEYHON 1O3UIUU, MbI HpeKpaliaeM paboTy ajJropurMa U BOC-
CTAHABJINBAEM OTBET.

st mcnosib30BaHns ajaropuTMa HaM moHaaobuTcss maccuB N X N Jj1sT XpaHEeHUSA JIJIHHBI
IyTH B KaxKJ0H sideiike (Ha caMoM Jiesie, BO MHOIHX CJIy4asiX MOYKHO BOCIOJIB30BATHCS TeM
JKe MaCCHBOM, B KOTOPOM 33aéTcst caM 1abupuHuT). KpoMme Toro, HaM moHa00uTCst 0U4epe/ib,
B KOTOPOil Oy/1yT XPaHUTHCS KOOPJAUHATHI KJETOK TEKYIIEro Iara «BOJIHbBIY.

[MomecTum B HadaabHyO KIeTKY 0 (T.e. MbI MOXKeM 106paThcs B Heé 3a () Iaros), mpoxo-
JUMBbIe KJETKH OyaeM mmoMedarh, HanmpuMmep, —1, a HempoxoauMble —2. 3aHeCEM B O0Yepeb
KOOPJIMHATHI HAYAIbHON KJIETKH M HAYHEM BBIIIOJIHEHHE aJrOPUTMA.

AJITOPUTM COCTOHUT B CJIEAYIOIIEM: IIOKa OYepelb He IIyCcTa, OepéM KJIETKY H3 ee HadaJia
U paccMaTpuBaeM ee coceneii. Ecan coceiHssa KaeTka MoMedeHa KakK MPOXOJAuMasl U elné He
noceréuHaast (T.e. B Heit HaxoauTcst —1), To 3amucbiBaeM B Heé uncio Ha 1 Gosbinee, yeM B
TekyIeil KaeTke (HaM MOHAAO00M/ICS erié OJMH Iar) W 3aHOCHM ee B 0Yepe/ib.

CobCTBEHHO, 9TO U €CTh BeCh aJITOPUTM. B KoHedHO# KJ1eTKe OyjieT

3allMCaHO YUCJIO MAroB Ha MYTH JO Heé oT Hadasda. Ecian ke HaMm HeoO- [ () 61718
XOINMO BOCCTAHOBHTD eIé W IIyTh, TO HEOOXOAWMO IepeMemaThbes U3 | | 5 9
KOHEYHOl KJIeTKU B JII00YI0 COCEeHIO, B KOTOPOH 3amucal HOMep Ha [ 9 | 3 | 4 ]
1 menpBITINIT, 9eM B TeKyTIei. 3 51617

T.e. myTb Oy/ieT BOCCTaHOB/IEH B OOpATHOM IOPSIIKE.

BosmoxKkubIit Bu/L TabJuIbl U odepeid 1ocje paboThl aaropuTMa
(ctpoka N — HOMED IlIara, B caMoOil 0Yepeii He UCHOJIb3YEeTC s, T.K. HOMe]p Iara XpaHuTcs B
TabJIuIe U NPUBEJIEHA st HOHCHGHI/IH)Z
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B sTom anropuTMe Mbl He YIUTBIBAIN, YTO ¥ FPAHUYIHBIX KJIETOK HET YACTU COCeeil. DTOoT
YACTHBIN CJIydail JIerko o0OHWTH, ecji CO3aTh BOKPYT JIADUPUHTA Oapbep U3 HEeIPOXOIUMbIX
KJeTOK. B HEKOTOpbIX 3aja4ax, Ha0b0pOT, MOKHO OOXOJUTH JJAOUPUHT CHAPYZKH — TOTJIA
Dapbep I0J2KeH OBITH IPOXOIUMBIM.

Emé onun BapumanT 3aja4 ¢ JaOUpUHTAMU — KOTJA Yy HAC HET HEHPOXOIMMBIX KJIETOK,
HO €CTh TOHKHE CTeHKH MeKJy KJIeTKamu (y OJHOH KJIeTKH MAKCUMYM 4 OKPYZKAIONIHe ee
CTeHKH). B TakoM ciiydae HAM HYXKHO JJIsl KazK/J0# KJIeTKH HOMHHUTH, KaKHe y Heé eCThb
CTEHKHU. Y 100HEee BCero JesaTh 3TO ¢ MOMOIBI0 4 OUTOB — KazK/blil OUT OTBeYaeT 3a OJIHY
CTEHKY:

OO6BIYHO TAKOTO POJia JAOUPHHTHI 3aAI0TCS CIIMCKOM cTeH. YToObl MOJIYYUTH T'OTOBOE
K YIOTpeOJEeHUIO OIMUCAaHNe JaOUPUHTA HEOOXOIMMO: BO-TIEPBBIX «OOHECTH» BeCh JAOUPHHT
creHKaM# (yCTaHOBUTH Jisl KazK/I0f TPAHUIHON s9efiKi COOTBETCTBYIOMU OUT, & JJjisi yI-
JIOBBIX — 2 OWTa), & BO-BTOPBIX — DPACCTABUTH CTEHKH (M3MEHHTH MO OMHOMY OHTY B JBYX
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staefikax, KOTOpble pas3/ieser JaHHas CTeHKa). AHAJOIMIHO MOXKHO Deajii30BaTh U JIOObIe
Japyrue JabupuHTh (¢ 6, 8-CBI3HOCTBIO U j1azke GoJiee CJI0KHBIE) — HEOOXOIUMO MPOCTO yBe-
JIMYUTH KOJUYIECTBO OUT JJIsi OIMMCAHUS CTEH.

Temepsh Ha KaKIOM TIHare BOJHOBOTO aJrOPUTMa HAM HAJ0 MPOBEPSITL, UTO COCETHSS
siaeiika He 3aHsTa U J(Be S9efKU He Pa3jie/sgeT CTeHKa (CMOTPeTh COOTBETCTBY IO coce/Hel
staefike 6ur). B ocranbHOl gacTh anaroputm ocranercst 6e3 namenennii. [Ipu BoccTanoBIeHIH
IyTH TaK:Ke HAJIO CJIEJUTh 338 Te€M, YTOOBI He XOJIUTDH Yepe3 CTEHHI.

CymmecTByeT KJacc 3a/a4, B KOTOPBIX HEOOXOAUMO HaflTH He KpaTdaiiimmil myTh oT oi-
HOI KJETKH J0 OCTAJbHBIX, & HA000POT — KpaTdaiflime IyTH OT MHOTHX KJIETOK JIO OIHOM.
3/1eCh MOZKHO BOCIIO/IH30BATHCSA HHBEPTUPOBAHUEM, T.€. HAWTH IIyTH OT OJHON KJIETKH 0 BCEX
OIHUM O0XOJIOM B TIIUPHWHY, & MOTOM MPOCTO Pa3BEPHYTH MyTH B OOPATHYIO CTOPOHY. AHAJIO-
IUYIHO MOXKHO IIOCTYIIMTDL U B CJydae eCJI CYIIeCTBYeT MHOTO HAaYa/JbHBIX KJETOK M MHOI'O
KOHEYHBIX — BOJIHOBBIE JICOPUTMBI CJIEyeT 3aIlyCKaTh U3 TeX KJETOK, KOJINIeCTBA KOTOPBIX
MeHbIIe (T.e. eCJIM HAYATIBHBIX KJIETOK MEHBIe — 3allyCKaeM BOJIHBI OTTYJa U HA0OOPOT B
IIPOTUBHOM CJIydae), 3aTeM JIJIsl KaxK/J0il KJETKH CJejiyeT BHIOpATh MHHUMYM.

4 Cucrema HemepeceKalominXxcss MHOXKECTB

[lepen paccMoTpeHHEM CJIEAYIOMIETO AJTOPUTMa pabOTHl ¢ TabIUIAMI HEOOXOIUMO OT-
BJICYLCA W OCBOUTL OJAHY HECJ/JIOXKHYIO CTPYKTYPY JdaHHBIX — CHCTEMY HellepeCeKaHIIUXCA
MHOZKECTB.

B onuMnuaiHBIX 3a/1a9ax JOBOJIBHO YacTo TpebyeTcs pa3duTh Habop 0OBEKTOB Ha Helle-
PECeKAIOTIIecst MHOYKECTBA (T.e. KaxK/Iblil 00bEKT MOZKET JIeZKATh TOJBKO B OJTHOM MHOZKeCTBe,
HO B OJHOM MHOYKECTBE MOXKET HAXOJIUThCS HECKOJIBKO 00bEKTOB). IIyCcTh OGBEKTH MPOHY-
meposanbl or 0 o N — 1. B kadecrse ujentudgukaropa MHOXKeCTBa Oy/eM HCIOJIb30BaTh
takzke guciaa or 0 jgjo N — 1. [Ipn maMnuasmm3anmm, oObIYHO, BCE MHOXKECTBA COCTOSIT W3
OJIHOT'O 3JIEMEHTA, T.e. OOBEKT ¢ HOMEPOM ¢ JIEKUT BO MHOYKECTBE ¢ HOMEPOM .

st cucTeMbl HellepeceKalomuXcss MHOYKECTB OIlpejiesieHbl JABe onepanuu: fset (x), Bo3-
BpAIAIoNiasi HOMep MHOYKeCTBa, B KOTOPOM JIeJKUT JeMeHT W omeparnus sunion(x, y),
00'beIMHSIIONAsT MHOZKECTBA, CO/EprKAIue dJIeMEHThl X u y B oxHo. llepBas omeparus wnc-
OJIB3YEeTCs, OOBITHO, JIJI TTPOBEPKH TOTO, JIEYKAT JIN JIBA 3JIEMEHTA B OJTHOM MHOXKECTBE WJIH
B Pa3HBIX.

Db deKTHBHOCTDL PA3IUUHBIX CTPYKTYP Oy/leM OIEHUBATH KaK KOJHYECTBO OIepaIuid,
HeoOXoMIMOe I 00bequHeHuss N MHOXKECTB B OJHO B HAUXYIAIIEM IS JAHHOW CTPYKTYPBHI
cJIydae.

CaMbIM TIPOCTHIM CIIOCOOOM peaTu3alliui SIBJISETCA OJHOMEPHBIN MAaCCHB, IIe HHIEKC 3a-
JaéT HOMep 00heKTa, a 3HAYeHWe - HOMEP MHOYKEeCTBA, B KOTOPOM 3TOT O0BEKT HAXOIUTCA.
[IpoBepka OyaeT MpocTO BO3BpaIIATh 3HAUEHHUE W3 3AIPONICHHON s4eiiku, a oObeauHeHnue
JOJIZKHO MPOXOJUTH TI0 BCEMY MACCHBY M 3aMEHATh Bce ducia Ha (wau Haobopor). B xyu-
IeM Caydae KaxKIblil pa3 MBI OyaeM J00aBIATh MO OJHOMY JIEMEHTY, TAaKUM 00pa3oM, HaM
norpebyercsas N HPOXOJIOB 110 MACCUBY U CJ10xKHOCTL coctasut O(N?).

Paccvorpum 6ostee 3¢pdekTHBHYIO peasin3aluio, rje KpoMe MaccuBa OyAeT XPaHUThCS
TaKyKe CIHUCOK JEMEHTOB MHOXKECTBA (/I CIHCKA MbI Oy/eM XDAHHTb yKa3aTeJd Ha Ha-
qayio U Kouerr). Dtor crnocod Tpebyer O(N) momonHuTebHON MaMsiT. [Ipu mpoBepke Mbl
OyJeM TakKe BO3BpaIlaTh 3HAUEHHE U3 MACCHBA, a MPU MOAMMDUKAIINN TPOXOIUTH IO OTHO-
MYy U3 CHHUCKOB U MCHATDH 3HaAY€HUA B MaCCHUBE, a IIOTOM IIPUKPEILJIATH 3TOT CIIMCOK K KOHILY



apyroro. Ecim Mbr GyjiemM jiesiath 3To 6e3jlyMHO, TO CJI0XKHOCThL Takke cocrasut O(N?) —
9TO Caydail, KOrja KarKIblii pa3 IJIMHHBIA CIUCOK OyIeT MPUKPEILIAThCA K KOHILY CIHCKA,
bl 1. Ecin BBeCTH JIJIsT KAXKIOTO CIIACKA TaKoe T0JIe, KAaK JJIHHA CIUCKa (OHO JIETKO Ie-
PECUUTHIBACTCS TP OOHETMHEHUN ) U MIPUIHCHIBATH KaXK Bl pa3 6ojiee KOPOTKHl CIHCOK, TO
JTST TIOCJIeIOBATEIBHOTO 00'he THHEHUST BCEX CIIHCKOB ITMHBL 1 ¢10:KHOCTE nosyantest O(N).
OHAaKO, ecin KazK bl pa3 JJIHHBI CIIMCKOB OYyT paBHbI (Xyamuil s Hac caydaii), Mbl 110-
aygaem ciaokuocTb O(N log N). Ha kaxkioMm 1iare 6y yT o0beIUHITHCS BCe TTAPBl CIHCKOB
PaBHOH JIMHBI, KaXKIbI pa3 [JIHHA CIOHCKa OyIeT YBEeJHUMBATHCSA BIBOE, CJIEI0BATEIbHO,
o0Imee KOJIUIECTBO MIAroB OYIeT cocTaBasIThH log N.

PaCCMOTpI/IM TaK2Ke peajin3alio Ha CTATHBAIOIIUXCA KOPHEBLIX O€PEBbAX. ZLHH KazKJ0I'0
MHOYKECTBa BbIOEPEM 3/IEMEHT, KOTOPBII HA30BEM «IIpejcTaBuTeseMy. [IpeprcraBuresnb yKa3bi-
BaeT caM Ha cebsd, I CHaYaJa BCe JIeMEeHTHl YKa3bIBaIOT caMu Ha cebsg. i KaxKmoro jgepesa
BBeJIEM TaKoe IOHSITHE, KaK BBICOTA, KOTOPOe CPOIHH JJIHHE CIUCKA 1 Oojiee «HU3KOe» Jepe-
BO CJIeJIyeT MPHKPEILIATH K 00J1ee BHICOKOMY, & B CJIydae, €CJIH BHICOTHI ObLIN PABHBI, BHICOTA,
Pe3yJIbTUPYIOIIETO JIePeBa yBEJUIUTCs Ha, e inHuUIly. T peboBanust K JONOJTHUTE/bHON TaMsITH
cocrasar O(N).

DyHKIMS TTONCKA JO0JXKHA WITH HaBepX, MOKa He JONIET 10 MpeacTaBuTe s, a PYyHKIIAS
o0 beInHeHUsI BEI3bIBAET JBe (DYHKIINK IIOUCKA, & 3aTeM yzKe o0bermHseT AepeBbs. Kazamoch
OBbI, TaKoi cI1ocob He TaéT HUKAKIX OCOOBIX IPEMMYIIECTB IIepel CIUCKAMHI, OTHAKO MOXKHO
MOJIMMPUIIMPOBATH (DYHKIIUIO TTOMCKA TAK, YTOObI IIPU IIPOXO/IE 110 BCEM JIEMEHTAM ILyTH JI0
InpeacraBuTe/Jid OHa, IIOJYYUB YKa3aTeJb Ha IIpeacTaBUTe/id, JJ/Id BCeX 3JIEMEHTOB Ha IIYTH
YCTaHABIMBAJA yKa3aTeb HEMOCPEJICTBEHHO Ha npejacTapuTesis. 1o Tpedyer emé O(log N)
JIOTOJIHUTEIBHON TTaMsITH (9Ta OleHKA CUJIBHO 3aBbilieHa). [IpuBeiéM peau3anuio CHCTeMbI
HeIepeCceKaoInIXcsl MHOKECTB:

const
MAXN = 10000;

type
syst_el = record
rank, p : integer;
end;
syst = array[1..MAXN] of syst_el;

procedure init(var a : syst; n : integer);
var
i : integer;
begin
for i := 0 to n do begin
alil.p := i;
a[i] .rank := 0;
end;
end;

function fset(var a : syst; x : integer) : integer;
begin
if (x <> a[x].p) then



alx].p := fset(a, alxl.p);
fset := alx].p;
end;

procedure sunion(var a : syst; x, y : integer);
begin
if (alfset(a, x)].rank < a[fset(a, y)].rank) then
alfset(a, x)].p alfset(a, y)].p
else begin
alfset(a, y)1.p alfset(a, x)].p;
if (alfset(a, x)].rank = a[fset(a, y)].rank) then
inc(a[fset(a, x)].rank);
end;
end;

CJ102)KHOCTH 00'bEIMHEHNsI BCEX MHOYKECTB B OJIHO NpakTu4decku Jjuneiina. Ocrasum 0e3
JIOKA3aTe/IbCTBA ITOT (DAKT M TOYHYIO OIEHKY, OJIHAKO WHTYUTUBHO MOHATHO, MOYEMY OIle-
pamus fset OyeT BBIOJHATHCH C KayKJIBIM pa30M Bce ObIcTpee.

5 BplgesieHne cBA3HBIX obJIacTeii

Ha osmmmninaiax JIoCTaTOYHO 9acTO MPEAIAraloTcs 3a/1a49u, B KOTOPBIX HEOOXOAMMO BbIJIe-
JUTH B TabJIAIE CBsI3HBIE O0JTACTH (T.e. KazKJIOH IPYIIIe CONPUKACAIONINXCST «3aKPAITeHHBIX >
KJIETOK MIPUCBOUTH YHUKAJIBHBINA HOMeD) 1 MOoAudUKAINY TaKuX 3a/1a4. CYIIeCTBYeT HECKOIb-
KO CITOCODOB PellleHus TaHHON 33Jaui, KOTOPbIe PA3IUYAIOTCA IO CJIOKHOCTH PEATU3AINUd U
TpebOBaHUIM K ITaMSITH.

[Ipocreiimuit ctocod — «06x0 B TJIyOUHY », KOTJIa Mbl UCHOJIb3yeM PEKYPCUBHYIO (DYHK-
IUIO, KOTOPas MOMeYaeT KJETKY, KaK yyKe MPOCMOTPEHHYIO U BBI3BIBAET ce0s i BCEX elné
He MPOCMOTPEHHBIX 3aKpallleHHbIX cocefiefl. [lummerca takasd dyHKIHUA OYeHb MPOCTO, HO B
Xy/meM caydae (Koraa 3aKparieHo Bee MoJie), KOJITIecTBO PeKyPCUBHBIX BBI30BOB Oyaer N2,
9TO0 0OY€Hb MHOI0. B 1ejioM ajiropuTM BbIJIEJIEHUs] CBA3HBIX 00JacTeil 006X0/10M B IJ1yOUHbI
BBITISIUT TaK: MBI MPOXOIUM BCIO TAOJIUILy W €CJIU BCTPEYaeM 3aKPAIEHHYI He MOMedeH-
HYIO KJIETKY, TO BBI3bIBAEM I Heé PEKYPCHUBHYIO (DYHKIMIO ¢ HOBBIM HOMEPOM (KOTODBIi
Gyzer HoMepoM JauHoi obtacth). C0KHOCTE 3TOTO anropuT™a oyjer coctapaarh O(N?).

Caenytonuit criocod — HCIOAb30BaHue 00X0/1a B IMUPHHY, MOIHMDUKAIIUT BOJIHOBOIO aJI-
roput™Ma. OTINYaeTCs OT MPEABIAYIIEro OH TOJTBKO TeM, YTO BMECTO BBI30BA PEKYPCUBHOM
dyHKIMN, HOBasd KJieTKa JA00aBjsgercd B o4epesb. [Ipu 3ToM nmoMedars KJIETKY CJe/yeT BMe-
cTe ¢ MOMeIIeHneM B 04epe/ib (ITOOB He BOZHUKAJIO CHTYAIHii, KOrJa OJHA W Ta JKe KJIeTKa
nonasa B odepesib 2 win 6osee pa3). TpeboBaHus Mo JONOJHUTETBHON TAMATH (J1Jis XpaHe-
HUs odepen) v 3roro aaroputma 6yayt O(N).

PaceMoTpuM emié onHy peamn3anuio mMOuc-

Ka CBA3HBIX O0jacreil ¢ momompo nocteao- [0 1. 1 01 0 1 2 10l 3 101 0 0
BaTe€JIbHOT'O CKaHUPOBAaHUA. B 9TOM AJITOPUT- 0 _1 _1 _1 _1 0 _1 0 _1 0
Me Mbl OyjeM IPOCMATPHBATH Tab/IHILY CBep- [ITar 1: HUKHAAA CTPOKA He pasMedeHa

Xy BHE3, Ha KaykJIOM IMare HaM m3BectHA [0 1 1 0 1 01 2 101 3 101 0 0
yKe pasMedeHHas cTpoka (Ha mepsoMmmare — [0 7 | 7 | 7 1 7 101 <1101 <11 0

[ITar 2: pazmedaem objiacTb 1 B HOBO# CTpOKE.
O6Juractu 1 1 2 00beUHAIOTCH

o1 (070} 21({0 3 /[0 0| 0

N 1 1 1 1 N 6) N 1 N



CTPOKA, COCTOSIIAs U3 HE 3aKPAITEHHBIX KJie-
TOK, Gapbep) u 1O Heil Mbl OyaeM pasMedarb
CJACIYIONIYIO, eIllé He pa3MeYeHHYIO CTPOKY.
[Ipomecec pa3MeTKH TPOUCXOJUT CJIEIYIOTTIM
o0Opa3oM: MBI HEM TI0 YZKe Pa3MeYeHHON CTPO-
Ke, eCJTM HaM TOMAJIaCh KJIETKa, OTHOCSIITASICS
K Kakoi-1o obnactu (X), T0 momMedaem Bee He
pasMedeHHble KJIETKHU M0, Heil B 06e CTOPOHDI,
KaK OTHOCSIIHEeCS K Toit ke obmactu. Eciu B
poIecce PasMeTKH KJIETOK HUZKHEH CTPOKH
HaJ[ KakKoi-imbo KJIeTKOH oKa3asach KJeTKa,
IIOMeYeHHAsl, KAaK OTHOCAIIascsa K Japyroit obuaacru (Y), o obaacru X u Y cieayer o6b-
eJIMHATH B OJHY (9Ta CHTYaIMsl BO3HUKAET, HATIPHMED, €CJIH Mbl pazMedaeM IePEeBEPHYTYIO
oykBy [l — B BepXHHX CTpOKax y HAcC OYIAyT JABe pa3Hble 00JACTH, a 3aTeM OHU OObEIUHATH-
cst mepembrakoii). ITocsie Toro, Kak Mbl BBIIOJHIIH [IPOXOJ 0 BePXHEl CTPOKe, B HUKHEH
MOTYT OCTAThCS €IE He Pa3MeUYeHHbIe KJIEeTKU — JjIg HUX CJAeAyeT CO3/1aTh HOBBbIE 00/1aCTH
n pa3mMeTuTh ux. [Ipm 3TOM cMexkHBbIE KJIeTKH CJIeIyeT TOMeNaTh B OJHY 00/1aCTh.

st peanusanun obacreil (IpoBepKY MPUHAIEZKHOCTH OJHON 061acTH 1 00be THHeHUST
obstacTeil) yI06GHO UCIOJb30BATE CHCTEMY HEIIEPECEKAIOIIUXCST MHOKECTB, PEATH30BAHHYIO ¢
IIOMOHIBbIO CTATI'MBAIOIIUXCA KOPHEBBIX JIE€PEBbLEB.

var
table : array[0..MAXN+1, O..MAXN+1] of integer;
i, j, k, n, nowreg : integer;
regions : syst;

//3mech moykHE MATH QYHKIUK pabOTH CO MHOXECTBAMU

begin
nowreg := 1;
read(n) ;
/ /UHunuanusanus CHCTeMbh MHOXECTB
init(regions, n*n div 2);
//Co3manne 6apnepa
for i :=0 to n do begin
table[i] [0] := O;

tablel[i] [n+1] := O;
table[0] [i] := 0;
table[n+1][i] := 0;
end;
//CuuThBanve ¥ mpeobpa3soBaHUE BXOLHHX JAHHBIX
for i :=1 to n do

for j := 1 to n do begin
read(table[i]1[j1);
if (table[il[j] = 1) then tablel[il[j] := -1;
end;
//06xo0n Tabuilb



for 1 := 0 to n+tl do begin
for j := 0 to n do begin
if (tablel[il[j]l > 0) and (table[i+1][j] = -1) then begin
k :=3;
//Pa3MedaeM HUXHOK CTPOKY HAJEBO
while (table[i+1][k] = -1) do begin
table[i+1] [k] := fset(regions, tablel[il[j]);
if (table[i][k] > 0) and (fset(regiomns, table[i][k]) <> table[i+1][k]) then
sunion(regions, table[i][k], table[i+1][k]);
inc(k);
end;
k = j-1;
//... m Hampaso
while (table[i+1][k] = -1) do begin
table[i+1] [k] := fset(regions, table[i]l[jl);
if (tablel[il[k] > 0) and (fset(regions, tablel[il[k]) <> table[i+1][k]) then
sunion(regions, table[il[k], table[i+1][k]);
dec(k);
end;
end;
end;
//Pa3MedaemM HOBhHE obmacTu
for j := 0 to n do
if (table[i+1]1[j] = -1) then begin
k := 3,
while (table[i+1][k] = -1) do begin
table[i+1] [k] := nowreg;
inc(k);
end;
inc (nowreg) ;
end;
end;
//BHBOZ, pe3yNbTATOB pa3METKU
for i := 1 to n do begin
for j := 1 to n do
if (table[i][j1 <> 0) then
write(fset(regions, table[il[j1), ° ?)
else
write(’0 ?);
writeln;
end;
end.

Pazmep maccnBa Tnna syst jgomke ObITH ycTaHoBgeH B MAXN*MAXN div 2.
IIpuBenénnas Bblle HporpaMMa OCHOBBIBaeTCs Ha MCIIOJIb30BAHUN CUCTEMbl HellepeceKa-

IoIIUXCd MHOXKECTB.
OTMGTI/IM, 9TO Ha CaMOM JeJie, HaM He HY2KHO XPpaHUTb BCIO Ta6ﬂI/IHy IJId NCIIOJIb30BaHU A



METO/[a CKAHUPOBAHUS — JIOCTATOYHO TOJHKO 2 CTPOK. OJHAKO 3TO HEJb3sT MCIOJIH30BATH
JazKe JIJIs HeIIOCPEICTBEHHOTO BBIBOJIA PE3YJIbTATOB (OISTh ¥Ke HpuMep ¢ mepeBépuyToit I1).
[Tonb30BaTBHCA TEM, UTO MBI MOZKEM He XPAHUTD BCIO TAOJIMILY MOYKHO TOJIBKO B 3ajadax, T/ie
HEOOXOMMO MOJICUATATH HEKOTOPbIe TTAPAMETPHI CBSA3HBIX 00acTeil (HApuMep, KOJTUIeCTBO
JICMECHTOB B MAaKCHUMaJIbHOM WM MHHHMAJBHOM MHO}KGCTBG), HO H€ IIpHU HeIIOCPEACTBECHHOM
BBIBOJE Pa3METKU.

MakcuMaIbHOe KOJUIeCTBO CBA3HBIX MHOXKeCTB Ha Tabmune N X N cocrasiser [N/2 X
N/2]|, HO IpH UCTIOJB30BAHUN CKAHUPDOBAHUSI HAM BayKHBI TOJBKO MHOXKECTBA B JIBYX CTPO-
Kax, T.e. IOCTATOYHO TOJJIEPKUBATH CIIUCOK CBOOOTHBIX HOMEPOB MHOYKECTB U HCIOJIb30BATH
TOJBKO 2 X [N/2] nomosHuTebHOM TaMsITH.

MGTOZL CKaHUPOBaHUA MOKHO TaK2>Ke HUCIIOJIb30BaTh U AJId PECINCHUA APYTIUX 3ada4, KOTO-
pBle, Ha IEePBBIil B3IV, JTOJIKHBI PEIaThCsd APYTUM MeTOI0M. B 9acTHOCTH, MOYKHO IIpOBe-
PSITh, CBSI3AHBI JIU JIBE KJIETKH (T.e. MeXKJy HUMH CYIIECTBYET MyTh B Jabupunre). s 31010
JNOCTATOYHO MPOBEPUTH, YTO OHH JIEYKAT B OMHON M TOil »Ke cBa3HOil obsactu. Meron cka-
HUPOBaHUA IPDUMEHUM TaM, IJ/ie HEBO3MOXKHO IIOMECTHUTDHb B IIaMATH BCIO Ta6ﬂI/IL[y — B TaKOM
cilydae CJIeflyeT HCKATh ero MOAUMUKAINIO, PEHIAONIYI0 KOHKPETHYIO 3a/1a4dy.
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