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Pa3bop 3agayn «Pa3HocTb KBagpaToB»
Aemop sadavu: Hanuua Opewruros

Bo-nepBbix 3ameTuM, uTo uncia 1, 2 1 4 HEeBO3ZMOXKHO IIPEJICTABUTL B BUJIE PA3HOCTHU JBYX KBaJIpaTOB.

PaccmorpuM perrienust Jijist IEPBBIX IBYX OJ3a/a4: ero BpeMsi paborel O(n).

Ilepebepen Bce BO3MOXKHBIE uncaa & n3 unrepsaa (1,2'9). 3mas ymenbmaemoe n pasnocts, maiigem
BbIUynuTaeMOeE. ECJ_H/I YUCJIO ABJIfACTCA KBa/JIpaTOM, TO OTBET Haﬁ,ﬂ[eH. EC.HI/I HM OJJHO YHCJIO U3 BLBIYUTACMbBIX
He SIBJISIETCS KBaJIPATOM, TO OTBETA HET.

Jlis moAzagadm 3 ofHO M3 pemrenuil Takoe: samerum, uto 2 — y? = (z — y) - (v + y). Iepebepém
JIeJIATEIIH N, JJIsl KasKJI0TO JeJUTeNsi P < /N IPOBEPUM, €CTh JIU PEIIeHNe B IIeJIbIX YUCIIaX JJIs CHCTeMbI
ypaBHeHUN

T—Y=p
r+y=n/p
Ecnm Takoe pernrenne ecTh, Mbl HAIILTH OTBET.
UurepecHo, uro 31o pertenne Jjierko Moguduiupyercs 1o O(1). Eciau x u y ouHAKOBO Ye€THOCTH, TO
UX pa3HOCTH KBAJIPATOB JIEJINTCs Ha 4, a WHadYe He JiejuTcs Ha 2. To ecTb OTBET [Jist 1, KOTOPbIE JeJIATCS

Ha 2, HO He jAeyarcd Ha 4 - «No».
Ecmu n mewernoe, To mapaiiTe mompobyeM pENInTb TaKylo CUCTEMY ypPaBHEHMI:

R e — —_ ntl — n+tl
r—y=1 2-z=n+1 x =75 x =75

— _ _ n—1
rt+y=n rT+y=mn r+y=n Y= "5

To ecTb OTBeT AJ1s1 HEYETHOTO N BCETIA €CTh, €CIU N = 3.
Ecnu n nenurcs na 4, To pemmM TaKyiO CUCTEMY:

P _n n+4 — ntd
T—y=2 2-x=5+2 x =" T 3

_n _n _ _ n—4
Tty=g5 r+y=75 T+y= Yy="7

To ecTb oTBeT BCerja CyIecTByeT, ecyiu . AeauTcs Ha 4 u Oosibiie 4.

3aMeTuM, UTO peIleHne ¢ 1nepebopoM JiejInTesiell aBTOMATUIECKN HAUIET yKa3aHHbIC PENICHUs], eCIn
n He HaéT octaToK 2 mpu gejenun Ha 4. Takum obpasom s ero J0pabOTKU JOCTATOYHO PACCMOTPETH
YKa3aHHBIA Cly4Jail.

Haxkowerr, e 3abymem, uTo 0 MOXKHO MOJTy4InTh HampuMep 3 x = 1,y =1
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Pa36op 3apgaun «[llpeBbllieHne ckopocTtu»
Aemop 3adavu: Andpeti C'mankesun

[Ipeonokum, MAKCUMAJIHLHOE TTPEBBIIIEHUIO CKOPOCTH aBTOMOOWJIS Ha JIOPOre He IPEeBbIaeT d. ITo
3HAYUT, YTO HA -M y4YacTKe aBTOMOOMJIb €XaJjl CO CKOPOCTBIO He BBIIIE v; + d U Ipoexajl ero 3a BpeMsl He

Menblie . Obmiee Bpems, 3a KOTOPOe aBTOMOOUIIb IIPOEJIET JIOPOTy He MEHBIITe

i+d
l;
Zvi—i—d'

%

Taxum obpa3om, npesbiiienne He O0JbIe YeM Ha d BO3MOXKHO, €CJIN
+ i oy
S — >t
— v; +d
(2

Pemenne 3a O(nmgq): jyist Kaxk/10ii BepxHell IPaHUIbl OTPE3KOB MTPadOB IPOBEPUM, BO3MOXKHO JIH,
4TOOBI ABTOMODOMIIB MPEBBIAJ He Oojiee YeM Ha d. 3aMeTUM, 9TO €CJIH JjIs HEKOTOPOIro % HEBO3MOXKHO,
9TOOBI IPEBBIIIeHNE OBLIO He DOJIBINE a;_1, TO TAPAHTHUPOBAHO MOXKHO Ha3HAYUTH ABTOMOOHJIIO mTpad f;.
N3 Bcex Takux 3HaYEeHUN HAJIO BHIOPATH MAaKCUMAaJIbHOE BO3MOXKHOE.

3aMeTuM, 9TO TPOBEPKY MOXKHO JIeJIATh C UCIIOIH30BAHIEM BEIECTBEHHON apudMETHKH, HE OIacasiCh
pobJIeM € TOYHOCTBIO, BJIarofaps OrpaHUyYeHUIo B YCJIOBUU, YTO HEDOJIBIIIOE NU3MEHEHNE BPDEMEHH Bbe3/Ia
WIN BBIE3/a BO BXOJIHBIX JAHHBIX HE MOXKET U3MEHUTD IITpad.

DTO pelienne MPOXOIUT BCE TOA3a a91, KPOMe TOI3a,1aqn 7.

Yrobb! penuTh moA3aady 7, 3aMEeTUM, UYTO CBOUCTBO «MOXKHO ITPOEXaTh C IPEBBIINIEHUEM He DOJIbIIe
d» ABJIsIETCS MOHOTOHHBIM: €CJIM MOYKHO IIPOEXaTh C IPEBBINIEHNEM He 00Jibiie d, TO MOYXKHO IIPOEXaTh C
npesbimenneM He Gobie d g Beex d > d. ITosTomy s onpeeseHns MAaKCUMAaJIbHOIO BO3MOXKHOTO
mrpada MOXKHO IIPUMEHUTH JBor4HbI nouck. [Tosyuennoe pemenne paboraer 3a O(nglogm).

OrMmeTnM Tak»Ke YaCTUIHBIE PEIIeHUs], PEIaioliine HEKOTOPhIE MMOJ/I3a1aqu.

g perenus 1oj3a/iad ¢ 7 = 1 MOXKHO BOCIIOJIB30BATbCS TEM, YTO B 3TOM CJIy4ae MBI MOXKEM JIETKO
BBIMHCIATE npesbienne: d = max (0, (¢ —s)/l1).

B noyizagagax ¢ m = 1 TpebyeTcs JUIb IIPOBEPUTH, €CTh JIM IIPEBbIITEHUE. JIJIs 3TOro MOXKHO BBIYHC-
JINTH, 338 KaKOe BPeMs MOXKET IIPOeXaThb JO0POI'y aBTOMOOUJIb, CODJIIOMAIONIII OIPAHUYEHUS] CKOPOCTH.

B nojzaiade 5 MOXKHO IPUMEHHUTD JIMHEHHBIN IIONCK BMECTO JIBOMYHOIO, I1IepedpaB 3HAYEeHU d IIPEBBI-
meaug ot 0 go 10.

Pa36bop 3agayun «bopbba c pyTunHoin»
Aemop sadavu: Cepeeti Illedos

JLj1s1 perieHnst MePBBIX ABYX MO3a1a9 MOKHO HEIIOCPEJICTBEHHO Peajin30BaTh OIIPeIe/IeHIe U3 YCIOBUSI.
ITepebepém d, nns 3agannoro d nepebepéM Bce orpe3ku JUnHbL d. [ KaxKi0ro orpeska mepebepém Bce
YUCJIAa HA HEM U IMMOCYUTAEM YUCJIO PA3JIUIHBIX.

B nogzamade 1 11t 95T0M0 MOXKHO HCIOIB30BATH MACCHB 9JIEMEHTOB THUIA bool, OTMeYast BCTPETHBININ-
ecsl 3HAUEHWSI, B TI0J[3a/1a1e 2 BCTPETUBIIIECsS] 3HATYEHUsT MOYKHO CJIOYKUTh, HAIIpUMED, B std: :set, smbo B
MaCCHB, OTCOPTUPOBATDH U HAWTHU YUCJIO PA3JINIHbIX 3Hadennii. Hakomer, orMeTuM, 9To HoCKoJIbKY 1 < 50,
MOXKHO ODOUTHCH Jlazke 663 COPTUPOBKHY, JJIs KaXKJ0I0 3JIEMEHTa IIPOBEpsisi, HE BCTPEUAJICs JIU OH PAHBIIIE.

Pertenve ¢ std: :set npu akkypaTHOe peau3alui MOXKET TAK2Ke HPOUTH 10331341y 3, aJibTepHATH-
Ba — OTCOPTUPOBATH 3HAYEHUS HA OTPE3KE C MOMOIIBI0 Std: :Sort u MOCYUTaTh KOJUIECTBO PA3IUIHBIX
3HaYCHUA.

ViiydimuM 3To peleHue.

SadurcupyeM JIUHY OTpe3Ka d U MOCMOTPUM JJIsI KayKI0T0 YUC/Ia ¢ B MACCHBE TO, B CKOJIBKUX OTPE3-
Kax OHO He BcTpeuaercs. [locMOTpuM Ha JiBa COCETHIX BXOXKICHUS IHUCIA, €CJIU PACCTOSHUE MEXKy HUMU
x > d, To cyImecTByeT poBHO d—x+ 1 0Tpe30K, Jiexkaruii Mexk 1y HuMu. [ [pocyMMUpOBaB 5Ty BEJIUINHY 110
BCEM MMapaM COCETHUX BXOXKJICHWI THUCIIA, & TaAKXKE MEXKYy HAYATIOM MACCUBA U TIEPBBIM THCIOM U MEKIY
[TOCJIETHUM YUCJIOM W KOHIIOM MACCHBA, MOJYIUM KOJUIECTBO OTPE3KOB, KOTOPhIE HE BKJIIOYAIOT B CeOst
HU OJIHO BXOXKJIEHUE JIAHHOTO YUCIIA.
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O6osnaunm sty Besmumny 3a  D(d,c). Torma orser [yisi 3aJaHHON JIMHBI OTPE3Ka — 9TO

S ((n— L+ 1) — D(d,c)). Ecitu mocuurtaTsh 3Ty cymMMy HaubHO, mosmyumM permenue 3a O(n?), xKotopoe
C
IPOXOINT TOA330a49H 3-5. 3aMeTuM, 9TO Il PEIleHnst 013a8aH 4 9TUM MeTOI0M He Tpebyercs mepebop

3HAYEHUHN, KOTOPbIe BCTPEUAIOTCS B MacCUBe, MOYXKHO Iepebuparh 3uadenus oT 1 1o 5000.

st 1oIydeHnst OJTHOTO PEIIeHusT STHUM METOJIOM HYXKHO H30aBUTLCS OT CYMMHPOBAaHUS 110 C IS
Kaxxoro d. JIjist 9Toro 3ammiineM Bce 3HAYMEHUS] PACCTOSTHUI MEXK]Iy COCEIHUMM BXOXKJICHUSIMU C B OJINH
MaccuB a JJiA Bcex c¢. Torma

> ((n—L+1)-D(d,c) = Zmax(a[z’] —d+1,0).

C

YT0o6bI MocYUTATh 3Ty CYMMY MOXKHO HAWTH HMpPedUKCHBIE CYMMbBI MaCCHUBA @; U JTBOUIHBIM ITOMCKOM
HAXOAWUTD Ho3uIio, rae max(afi] —d+1,0) Haunuaer paBasaTbes 0 st JaHHOTO d. AJTBTEPHATHBHO MOXKHO
3aMETUTDh, YTO 9T HO3UIMS TOJILKO PACTET IpHU pocTe d.

Pa36op 3agaun «Onumnuapga ana pobotoB»
Aemopu 3adavwu: Asexcandpa Aposdosa, Pamasar Paxmamyarum

OrmeTuM Tpu BayKHBIX CBOICTBa omneparuii and u or: coxpanenue 0, coxparenre 1 © MOHOTOHHOCTB:

e Dand 0 = 0 m 0 or 0 = 0, mO3TOMY ec/i BCe BXOJHBIE IlepeMeHHble paBHBI 0, TO 3HAYEHHE JIFODOI
dyuknun, koropyio MmoxxHo 3asatb BMJIII, pasmo 0.

e land 1 =1wu 1or 1 =1, nodroMy ecjiu Bce BXOJHBIE [IEPEMEHHBIE DABHBI 1, TO 3HaUYeHME JTFOOOI
dyuKINNI, KOTOPyIO MOxKHO 3a1aThb BMJIII, pasao 1.

e Eciu yBemunTh 3HAUEHNE apryMeHTa, TO 3HadeHne and U or He yMEHBIIACTCs. SHAYUT €CJIA BXOJI-
Hoe 3Hadenune maMensierca ¢ 0 ma 1, To 3uadenue GyHKIuu, Koropyio Borauciasger BMJIIT nubo we
u3MeHsieTcst, Jnbo m3mensiercsi ¢ 0 Ha 1.

N3znagaibro mosioxkuMm z; = 0. Iockonbky & < 0 JIOXKHO JIJIT BCEX HEOTPHUIIATEIBHBIX T, BCe HaUaJbHbIe
suadenusd val OyayTt 0, a 3HauuT B cuiy coxpanenus 0 Bce 3Havdenus GyHKIui paBubl ().

VzMeHnM OHO U3 3HAYEHMIT z; < m Ha z; + 1. 3amMeTum, 9TO B 3TOM CTOJOLIE POBHO OLHO 3HAYCHUE
xj; PaBHO 2;. TonbKO y j-it Oy/eBoit (DyHKIMH U3MEHSATCs BXOJHbIE IIepeMeHHble, TprdeM 0 3aMeHnTCs Ha
1, a 3HAYUT B CUJIy MOHOTOHHOCTH KOJUYECTBO IIPOIPAMM, BO3BPAIIAIONINX EIUHHILY, JIN0O HE M3MEHNUTCS,
b0 yBEIMYUTCS Ha OIUH.

Haxonen, eciam Bce z; = m, TO BCe BXOAHbIE IIEPEMEHHBIE PABHBI 1 1 3HaYeHNE Beex (pyHKIMHA pasHO 1.

Crenap 3T HaOJIONEHHS, [OJIydYaeM IIepBOE pelIeHre 3ala4du. BymeM mocieoBaTebHO BLIOMPATD
moboe 3HaueHHe z; < M W yBEJUIMBATHL ero Ha oami. Ilocie 3Toro OyaeM IepecunThIBATH KOJIMYECTBO
IpOrpaMM, BO3BPALIAIONMX CIUHUILY, TO B KAKOI-TO MOMEHT MbI OOS3aTEILHO IOJYYUM S IPOIPAMM.
Taxast HanBHas peaymsanus paboraer 3a O((nm)?) u pemaer nopzanaun 1 u 3.

BaMeTnM, 9TO IOCKOJILKY BXOAHBIC JAHHBIE HU3MEHAIOTCH TOJBLKO JUIA OJHONH (DYHKIMHM, TO MOXK-
HO IIepeCYUTbhIBaTb 3Ha4YeHUE TOJIbKO JIJIfd Hee Bpel\/lﬂ pa6OT])I yCOBepHIeHCTBOBaHHOFO periennsda paBHO
O(mn?) = O((nm)n), o3TOMY OHO permaer nojzagaqn ¢ HebombmmM n: 1, 2, 3 u 6.

HOCKOﬂbe IOPAJOK U3MEHEeHU Zij HE BazKeH, MO2KHO, HallpuMep, CHa4daJla YBeJINnIUBaTh 21, IIOKa OHO
HE CTAHET PaBHO M, MOTOM 29 W Tak gaJee. Temepb misg 3apUKCUPOBAHHOTO ¢ MOXKHO CHEJIATH JBOMIHBIA
HOKCK 110 KoJtmuecTBy u3Menenuii. [losryuennoe perterne paboraer 3a O(nmlognm) u upu 10cTaTodHo
ONTUMAJILHON peasm3an MOKET IPOUTH TECTDI IJIs BCEX MOA3a1aM.

PaccmorpuM Tenepnb pemenue 6€3 ABOMYHOrO HOUCKA. /I KaXKI0il HHCTPYKIMK HAC MHTEpecyeT Iep-
BBIII MOMEHT, KOT/Ia OHa CTaHeT paBHAa eIUHUIE. 3aMETUM, 9TO PEe3YJIbTAT KayKJIOH MHCTPYKIHS, KPOMe
mocjaesHell B KaxKIoi MporpaMMe, sABJIeTCd BXOAOM POBHO OJHOI Apyroil mucrpykunmn. IlosToMmy, Korma
MBI yBEJIMYHBAEM Z;, Mbl U3MEHs€M DOBHO OJHO BbIpaKkeHne (;; < z;) ¢ Hyjlsl Ha €JMHUILY, KOTOPOe B
CBOIO 0YepeIb MOXKET M3MEHUTD BBIXOJ, TOI MHCTPYKIUIO, B KOTOPOIi 3TO BBIpasKeHHE OBbLIO BXOMOM, U TaK
nasee. Cremyst 9Toi Jloruke, OyaeM PeKypCUBHO MOJHUMATBLCA 10 JIePeBy pasbopa IMporpaMMbl M H3Me-
HATDH BBIXOABI HHCTPYKINI C HyJIs Ha ¢AWHAILY, II0KA HE BCTPETHM €IUHUILY UM HE IPEKPATUM U3MEHEHHE.
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Tak Kak KaxK7gast HHCTPYKIUs OyIeT n3MeHeHa He 00jiee OJHOTO pa3a, UTOrOBOE BpeMsi pabOThI COCTABUT
O(nm). B aToM pereHnn UCosb3yercsi 6eCIOBTOPHOCTb POrpaMMbl: (haKT, UTO KaxKasl sueiika MacChuBa
val UCIoJIb3yeTcsT KaK BXOJ POBHO OJIMH Pas.
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