Spaceship
(peLuenme)

3aaayata Spaceship M3UCKBALLE CAOMO CTAHAQPTHM HELLLA KATO BpyTdoopC, CUMYAALMS U
CBbP3AHM cnUCbUM. CAMO 4Ye KAKTO OpyTdbOpPCHT, TOKA M CBbP3AHMTE CMNMCbUM He Oaxa
OCOBEHO OYEBMAHM.

MbPBOTO HELLLO, KOETO TPSOBA AQ HAMPOBUAM MPEAM ACQ 3AMOYHEM C KOAKBOTO M AQ BMAO
peLUeHne, e AQ CU HAMULLEM CUMYAALMS — KATO M3Bepem AJAEH KOPab 30 HOYOAEH, KK Ce
PA3BMBA UIPATA (30 AQ HOMEPUM KOAKO CEKYHAM LLLE MPOABAXM T4). TOBA € TPUBMAAHO U HE
OU TPAOBAAO AC 3ATPYAHM YYACTHULMTE B TA3M rPYNQ.

Mo-ONUTHUTE CbCTE3ATEAU UHTYUTUBHO OMXA TOBIHOAM AQ TbPCAT HELLO KATO AMHAMMYHO MAM
BPC. Camo 4e B TO3M CAYHOM MHTYMUMATA AbXE — TbM KATO ABCKATA CE€ MNPOMEHS,
AMHAMMYHOTO HAMA KAK AQ PABOTU. AAYHUTE CTPATENMM ChLLLO HE BUXA CBBLPLLMAM paboTa.
MbAHOTO M3YEPMNBAHE HE M3FAEXAQ BEPOATHO, T KATO HAMAME PEKYPCUS (OT BCEKM KOpab e
€AHO3HQYHO OMPEAEAEHO KAKBO MPABMM). KOKBO, TOFABA MNP OBUAE

Oka3Ba Ce, Y& TYK MOXE AQ MPUAOXKMM MOAKO MO-HECTAHAOPTEH BpyTdoopc. BmecTto aa
MPABUM PEKYPCHUS (KOKTO Bu TPIOBAAO AQ CME CBMKHAAM KATO Yyem "Gpytdoopc”), npocTto
LLLEe PA3rAEAOME BCIKA Bb3MOXHA HAYAAHA NO3MLMA (A0 N * M Ha Bpoi) U e MYCHEM MbAHA
CUMYAQLMSA. TbI KATO B HOM-AOLLIMA CAYHOM CUMYAQLLMATA OBXOXAQ BCEKM KOPAD, TO T4 TPA0BA
AQ € CcbC cAOXKHOCT O(N * M). U b1 kKaTo g nyckame N * M mMbTu, TO UAAQTA CAOXKHOCT HO TOBQ
peLueHne 6un 6uaa O(N2 * M2), 3a MpoCToTa, AKO cHeTeM, Y& N ~= M, caoxHocTTa € O(N4).
TOBQ € 1 CAOXHOCTTA, KOATO CE MCKALLE B 30A04ATA.

306eAq3aXTE AM TPELLKATA B TOpHUA Nnaparpad? He € MHOro O4EBMAHO (O M HA BCUYKOTO
OTrop€e He Ce MOKA3BA HO PAHAOM TECTOBE), Y€ CUMYAQLMETA BCbLLIHOCT He € O(N * M), amm
O(N * M * max(N, M)). 3aL0? HaAM KA3axme, Y& B HOM-AOLLMS CAYHYAM ODOXOXAOME BCEKM
KOpa® TOYHO MO BEAHBX?Z AQ, COMO Y€ HULLO HE CME KA3AAM 30 BCAKA MPA3HA KAeTkal
MpeACTaBETE CU HAMPUMEP CAEAHATA ABCKA C €AMH PeA 1 50 KOAOHM:
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KOAKO BM MPOABAXKMAG HOM-ABAQTA MUrPa Tyk? OKA3BA C€, Ye LeAn 1275 XOAQ (KO MOYHEM B
HAKOS OT ABETE "CpeaHU" KAeTkM). KoeTo e AocTa noseve oT 50, 1, KOKTO MOXETE AQ BMAMTE,
BCBLLIHOCT € OKOAO N2 / 2,

CbOTBETHO, MOTAT AQ CE Cb3AQAQT TECTOBE, B KOUTO UMPUTE AC MPOABAXKABAT OKOAO N2 * M
nam N * M2 xoad. Hello nosevye, C MoBevye KPEATMBHOCT MOTAT AQ CE Cb3AAAQT TECTOBE, B
KOUTO UrpUTE MPOABAXKOBAT MO (LLLO-TOAE) TOAKOBA HE3ABUCHMMO OT KOS KAETKA TPbrHeM!
KoeTo o1 CBO4 CTPAHA O3HAYABA, Y€ LIAOCTHOTO peLueHue ctaa O(N2* M2* max(N, M)), Uan,
aKo cyetem, 4ye N ~= M, O(N3).

Aobpe, Torara Kak AQ CTMrHem A0 O(N4), KOFTO KA3AXME, Y& UCKAMES AMM, LLIE MPUAOKMM
HELLLO, KOETO MHOTO PIAKO PEAAHO CE MOA3BA B CbCTE3ATEAHM 30AQYU — MMEHHO CBbP3AHMU
crmcbum! 30 BCAKA KAETKA OT AbCKATA LLE CH MA3MM HEMHUTE 4ETUPKM CbCEAd — HArope,
HOASCHO, HOAOAY U HOAABO. KOrato yAapum KOpAab B AGAEHA KAETKA, HME LLLE 3HOEeM (U e
MOXEM AQ AOCTBMMUM KOHCTAHTHO) BCEKM OT HETUPMUTE MY CbCEAHM KOPADA, MIHOPUPAMKM
NPA3HUTE MPOCTPAHCTBA. TAKA HME LLE MOXEM AQ bMAEUTHEM TEXHUTE CbCEAM MO TAKLB
HO4YMH, Y& AQ OTHETAT MNPEMAXBAHETO HA KOPABOQ OT TEKYLLLATA KAETKA.



Helo noseye, Mo TO3M HAYMH, 3HOEMKHU, Y& CE HOMUPAME B ACAEH KOPAD (HErOBATA HOYAAHC
KAETKA), H1Me moxem 3a O(1) AQ CTUTHEM AO CAEABALLIMA KOPAD (MAM AQ BUAMM, HE M3AM3AME
M3BbH AbCKOTO) HE3ABUMCHMMO KAKBA € abcKaTal Taka Bevye cumyaaumata e ctaHe O(N * M), u
PELLUEHMNETO HM HOUCTUHA e Bbae O(N2Z * M2),

Toll KATO HE MCKAX AQ ObAA MpPeKkaAeHo rpyd (TAMM AMMUTUTE CA HACTPOMBAHM MO
PELLUEHMNETO MU, KOETO HE CAMO MOA3BA OMNTUMM3ALMATA CbC CBbP3AHMUTE CMMCHLM, MU € U
OTHOCUTEAHO E€dOEKTMBHO), CbM AQA CAMO 4 TecTa (aaBawin 20 TOYKM), KOUTO AQ CO OT
"raaHms” TMn. TaKA MPeAnOAQram MOBEYETO CbCTE3ATEAU LLLE XBAHAT OKOAO 80 TOYKM C HAM-
NPOCTOTO PELLEHUE, KOETO MPOBBA BCAKA HOYAAHA KAETKA M CUMYAMPA UrPATa (KOETO, CAMO
no cebe CHU, € AAEKBATHA 30AQ4a 3a Ta3u rpyna). OctaHaAmTe 20 TOYKM CA 30 XAPAKOP
cbCcTE3aTEAUTE ;)
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