9. A. I'mpur: ¢/x “D¢dpekTuBHbie aaropuTMbr” 1

Jlekmus 1

YMHOXKeHIe MaTPUIl U ero
nmpoBepKa. Obpailnenne MaTpuil.
CpaBHeHUEe CTPOK Ha PACCTOSHUN
1 TIONICK TIOJICTPOKIA.

(Koucnext: ®@. Asiekcanpos)

1.1 YMHOXKeHUue MaTpPuIl

Bynem yuurthbcsi Kak MOYXKHO ObICTpEe TepeMHOXKATh KBAJIPATHBIE MATPHUILHI
¢ anemeHTamMu u3 Kosbla. [Iycts y Hac ects aBe marpunbl A u B pasmepa
n X n. Oboznaunm 3a C ux mpousBeeHNE:

AxB=C. (1.1)

1. IIpocroii cmoco6. Ilycts n = 2%, k € Z. [logenuM KaskIyio U3 MaTpPHIL
Ha 4 paBHbie yactu. Hanpuwmep,

All A12
A = ] 1.2
<A21 A22> (12)

Kaxnaa usz marpun pasouenus OyaeT uMeTb PasMepHOCTb 5 X 5. Cbegem
[IepeMHOXKEeHNe MATPHI] pa3Mepa n X n K MePEMHOXKEHUIO MATPHI] pa3Mepa
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B
X
NI

Cu = AuBiui+AppBy,
Ciz = AnuBis+ AppBy,
Co = AsBii + AypByy,
Co = AgBio+ ApBo.

Janee xaxxnyio u3 Marpul C;; onarh IOAENUM HA YeTblpe PAaBHbIE YacTHU, U
TaK JaJjiee, IOKA He CBeJeM IePeMHOXKEHHEe MATPHUIL K OIePAIUdM IIePEeMHO-
JKEHHS IEMEHTOB KOJIbIA.

[Moncumraem Bpemst paborst 1'(n) Takoro anropurMa. 3Jech u jgajee 3a
€JIMHUILYy BPEMEHH IIPEMeM BpeMsl OlepAlUH C IEMEHTOM MATPHILBI.

T(n)=8T (g) +cn®,  Tae ¢ — HeKoTopas KOHCTAaHTA. (1.3)

Teopema 1.1. ITycmv T(n) = 8T (%) + cn?, n = 2%, k € Z. Toeda T(n) =
O(n?).

Aokasamesvcmeo. T(n) = 8T(%) + cn® = 8T (%) +8c(2)* +cen® =--- =

Cn2+80(g)2+820(2%)2+- ) '+8k_lc(2kn——1)2+8k = cn’ (1 + % + g_z R '282k—k__12)+
k_

8 = en? (251) = dn’(n — 1) = O(n*) .

N3 teopembr 1.1 ciaemyet, 94T0 BpeMs pabOTH HAIIETO AJTOPUTMA PABHO
O(n3). To ecth cam aJirOpuT™ He Jiydlle aJropuTMa IMepeMHOXKEHUs] MATPHI],
“II0 ompeJIe/IEHUI0”, HO TOT K€ TOJXO0J MbI ceifidac peaju3yeM B aJilOpUTMe,
TPYI0EMKOCTb KOTOporo Oyser yxke menbine O(n?). Jlasg sToro nHaM moTpe-
Oyercss 4yTh OoJiee o0Iasi TeopeMa:

Teopema 1.2. ITycmo n = b*, k € Z, T(n) = aT (%) + cn?, a < b*. Toeda
T(n) = O(n'ow®),

Jokasamesvcmeo. AHajOrmdHO J0Ka3aTETHLCTBY Teopembr 1.1. U
VYupaxkuenne 1.1. /lokaxkute Teopemy 1.2 Jijisi IPOU3BOJIBLHOTO N.
Vopaknaenune 1.2. JJokaxnute Teopemy 1.2 npu a = b.

Vapaxnaenne 1.3. Jlokaxure Teopemy 1.2 npu a > b2
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2. Coocob nmoxurpee (Aazopumm Illmpaccena. Onsath paccMOTPUM
TaKoe Ke pa30ueHre MaTpPWIl ¥ BBEJIEM HOBBbIE MATPHILBI

M; = (A3 — Axp)(By + By),

M, = (A + A) (B +By),

M; = (A1 — Ay)(Bu +Bi),

My = (A + Az)By,

M; = Ay;(Biz—By),

Mg = Ay(By — B,

M; = (Ag+ Ay)Bi.

Torma C;; M0KHO BBIpa3uThb depe3 My;:

Cu = M;+M; - M, + Mg,
Ci = M, + M;,
Ca1 = Mg+ My,
Cop = My — M3+ My — M;.

[Monb3ysich Teopemoii 1.2, HaxomuMm BpeMsi paboTsl ajroputma: T(n) =
O(n'927). Tlockonbky logs7 ~ 2.80735, 9TOT aJTOPUTM JTydIIie TIPebi Tyero
¥ CTAHJAPTHOTO AJIrOpUTMa (Yepe3 BBIYMCJIEHHE KaXKJOI0 SJEMEHTa Pe3yJib-
TUPYIOIIEH MATPUIBI 10 ONPEIEICHAI0 YMHOKEHHsI MATPHIL).

Kak MOXXHO TPpOBEPUTH, YTO aJTOPUTM JIEHCTBUTEIHHO HAXOIUT HAM ITPO-
U3BeJIeHNe MATPUIL! DTOT aJTOPUTM IPOCT, U YOETUThCS B €I0 MPaBUJIbHOCTH
MOXKHO IIPOCTO# IOACTAHOBKOI1. /la/tee MBI HaydUMCs IPOBEPSITH IPOU3BOIb-
HBIl aJICOPUTM M JlarKe IMPOrPaMMYy, HAIKNCAHHYIO HA ero OCHOBe, ObICTpee u
JIydIIre.

VYupaxkuenue 1.4. [1e Mbl BOCHOJIB30BAJNCH TPUHAIJIEKHOCTHIO KOJIBILY
9JIEMEHTOB MATPHUIL?

1.2 YHoXKeHHUe OyJIeBBIX MATPUI]

MbI HE MOXKEM MCIOJIB30BATH HAI OBICTPHIA AJATOPUTM JJIsi IEPEMHOKEHUS
OymneBbix Marpul, Tak kak 1" (ucruna) u F' (10:kb) ¢ oneparusaMu V (1u3b-
IOHKIUs1) ¥ A (KOH'BIOHKIUSI) HE 00Pa3y0T KOJIbIA.

IIpumep 1.1. I[Ipumep nmepeMHOXKeHHsI Oy/JI€BBIX MATPHIL, JIjIsI KOTOPOTO He
paboTaer mpeacTaBIeHHBIN OBICTPBIM AJIOPHTM:

(r 7))z )= 7):
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Teopema 1.3. Ymmootcenue 6yaeeuis Mampuy, Moscho evinoanums sa O(n'°87)
apupmemuveckur onepayuti nad wucaamu om 0 do n.

okxazamesvcmeo. YToOBI BOCIIOIB30BATHCSA HAIIUM OBICTPBIM aJITOPUTMOM,
OyzeM BMecTO OyJieBBIX omeparuii V u A HCIO/Ib30BATh ONEPAIMH CJIOXKEHUS
U YMHOXKEHUs B KOJIbIE Zy,i1, TAE N — pa3Mep MaTpUIbl. JIerko mokasarhb,
YTO JIEMEHT TPOU3BEJIEHNs, BRIYUCIEHHOTO TAKHM 00pa3oM, OTJMYEH OT Hy-
JIST TOTJIa ¥ TOJBKO TOT/IA, KOT/Ia COOTBETCTBYIOIIUN 3JIEMEHT MPOU3BEICHUS
OyJIeBBIX MATPHI] HCTUHEH. O

1.3 IIpoBepka pe3yJbTaTa aJropuTMa IepeMHO-
JKEeHUsI MaTPUI]

WNTak, MBI 3HaEM yrKe HECKOJIHKO aJTOPUTMOB TNEPEMHOKEHHUS MATPHIl, HO Y
HAC HeT XOPOIIero crnocoba MpoOBEPKU TAKUX AJTOPUTMOB (M DPeasu3yOIux
ux HporpaMM). PaccmorpuM BepoOsSITHOCTHBIH aJrOpuTM, KOTOPHIH JlacT HAM
BO3MOXKHOCTb MPOBEPSITh PE3YJIbTAT ObICTPEE, YeM CUYUTATH ITPOU3BEIEHUE.

Bo3bMeM ciryvaiiHbiii BEKTOD T', COCTABJIEHHBIN U3 CIydYaiiHbIX OGUTOB (MpH-
HUMAIOT ¥ 1, 1 0 C PABHBIMH BEDOSITHOCTSIME). Y HAC YK€ €CTh De3yJIbTaT
nepeMHokenuss marpun;, A u B — marpuna C, nonydyennas nHamu. Bynem
NIPOBEPATH PABEHCTBO:

AxB=C. (1.4)

JloMHOKMM 00€ YacTH CIIpaBa Ha cayuaiiubiit BekTop r. Tenepsb mpoBepum
HOBO€ PaBEHCTBO

ABxr=Cxr. (1.5)

Ha nposepky ero yiijer Menbliie BpeMeHHU, TPYIOEMKOCTh TaKOH MPOBEPKH
pasaa O(m * n), Tae n — JJUHA BEKTOPA T, M — KOJUYECTBO CTPOK MATDH-
upl C. Ecim C kBajpaTHad, TO TPYJ0EMKOCTh BhIpazkaercda mpore — O(n?).
BcnmoMHUM, 9TO TPYI0EMKOCTL IIpH IIEePeMHOXKCHUM MATPHIL ObLia 6JIM3Ka K
O(n*8). JlokazeM, 4TO 3TOT aJTrOPUTM JECTBUTENLHO MPOBEpseT Pe3y/IbTaT
HePEMHOXKCHHUS.

Teopema 1.4. V mampuy A,B,C
a) AB = C = asazopumm nposepku He owubaemca,

b) AB # C = ancopumm owubaemca ¢ 6epoAMHOCIbIO He 6oaee HeM .

2

Jlokasameavcmeo. TIyHKT a) O4eBHIEH, PACCMOTPUM IIYHKT b).
ssectno, uro (AB — C)r # ). B xakom ciyuae anropurm omuberca? Eciam
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ckaxer, uto AB = C, 10 ectb ecin (AB — C)r = (). BosbMmeM cTpouky
marpunbl X = AB — C, ne pasuyio () (momuunM, uto ceituac y nac AB # C).
[Iycth xk; — HeHyJIeBO# 37eMeHT 3To# cTpouku. Torma nmpousBejeHue k-oit
CTPOKH HA T BBIIVIIIUT TaK:

Z TkiTi —1_ TriTy — 0, rae Ty #0 (16)

1€{1,2,...,0,... }

O0603HaYUM
1
ci=—— E Thils- (1.7)
Thi | -
1€{1,2,...,l,... }
C kakoit BepossTHOCTBIO 77 = ¢! C BEpOATHOCTH BBHIOpPATh OUT 77 PABHBIM
OUTY ¢, TO €CTh C BEPOSITHOCTHIO % CrenoBaTeIbHO, aJTOPUTM OIMUOAETCS C
BEPOSITHOCTBIO He OoJiee % O

Taxkoit MmeTom TPOBEpPKHU HA3BIBaeTCA fingerprinting.

UTak, HAIIT QITOPUTM IPABUIBHO PelaeT 331a4dy (T.e. TOBOPHUT, YTO JaH-
Hasi eMy TIporpaMma BepHO Bbraucisier npousseenve A u B), ecim AB = C,
u omubaercst (rOBOPUT “BEPHO”, XOTsI HA CAMOM Jiejie “HeBepPHO”) ¢ BEPOSITHO-
CThIO He Dostee %, eciu AB # C. Anropurmbl TAaKOTO THITA HA3BIBAIOTCS BEPO-
ATHOCTHBIMH QJITOPUTMAMU € 00HOCTOPOHHEY 02PAHUMEHHOT 6EPOAMHOCTNDIO
owubku (one-sided bounded error). KakoBa peajbHasi MOJIb3a OT TAKOTO aJl-
roputma’? Bejpb BeposiTHOCTH ommbKu o4ueHb Besimka. Ho ecyim 3roT aaropurm
npuMmeHuTh 10 pas3, TO BEPOSITHOCTh ONMMUOKU CTAHET (1)10, a 3TO yxKe MeHee

2
0.001.

1.4 (Ooparienue MaTpPuUIy

Koneuno e, MbI XOTUM TPUMEHHUTDH HAIII (I/I JII000i1 Apyrof/i) OBICTPHBIHT aJIro-
PUTM [EepeMHOXKEHUsI MaTpull 1jist oopaiiennst marpuibl. (EcrecrBento, nas
MPOU3BOJILHBIM KOJIBIIOM OOpaTHTh MATPUIy He BhIiijeT, nb6o monaobuTcs
o6paTHBIN 3JIeMEHT. )

1. Ob6pamieHne TpeyroabHbIX MAaTpPUIl. PaccMOTpuM KBaJIpaTHYIO MaT-
puny A:

A
A= un 0 , rae Ay — KBaJpaTHas MaTPHUIIA,
A Ass

a A11, Azs — KBajIpaTHbIE TPEYTOJbHbBIE.
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Torna obpaTtHoit kK MaTpuiie A OyaeT MaTpuIla TAKOTO BUIA,

A7l 0
Al= o1 _ _ 1.8
(—AZ;AnAul Ayl (18)
Kak BuIHO, MOTyYUIN PEKYPCUBHBII aJITOPUTM OOpaIeHHs TPEYTOJbHBIX
MAaTPHIL.

VYupaxkuenane 1.5. [locuurars TpygL0eMKOCTh aJI'OPUTMa, 3HAsT TPYI0EM-
koctb M(n) = O(n**¢) ymHOXKeHUs N X n-MaTpuI, (115 HEKoTOpOro € > 0).

2. ObpaiieEne Tpon3BOJIbHBIX MATPHIIL.

Teopema 1.5. VA — neswiposicdennan mampuya — packaadv6aemcs 6 npo-
u3eederue

A =LUP, 20e¢ L — nustcras mpey2oivhas mMompuya,
U - sepzhas mpeyzoavhas mampuuya,

P - mampuua nepecmarosox.
Ipuvem packradvieaemesa docmamourno 6viempo.

Zoxazameavcmeo. Jokaxkem, npeabsiBuB aaroputm. [Iycts A — m X p mat-
pHUIA, I KOTOPO# XOTUM HaiTH 0OpaTHyI0. AJITOpUTM HAIIl OyIeT PeKyp-
CHUBHBIM, C YMEHBIIEHHEM IOPSIKA MaTPHIBI Ha KaKJIOM Iare peKypCHUu.
Pekypcusi octanoBuTCS HA TPUBHAJBHOM CJIydae.

B AJITOPUTMUYECKOM IIJIaHE 3TO BBITVIAJUT TakK, 6y,ILTO MbI YM€EM HaXOJUTb
HCKOMOE pa3JIoyKeHHUe JJIsi MAaTPHUIl MEHbINEero, ueM y A, pa3Mepa # XOTUM
CBECTH 33J1a9y K PA3JIOXKEHUSM TaKUX MaTPHII.

Taxkoit (peKypCHBHBIN) AJrOPUTM DA3JIOXKEHHs MATPHUILI A pa3MepoM
m X p HaszoBeM factor(A,m,p). Ou Bo3Bpam@aer Tpu HEOOXOIUMBbIE MAT-
punpl L, U, P. [Ipeabsasum mar pekypcuu jijisg pa3mepa m X p. Pazgenum A
Ha JIB€ MATPHUIIHL:

()

rae B u C — marpuns pazmepa m/2 X p.

Marpuist Ly, Uy, Py — pesyawrar factor(B, m/2,p) (to ectrb B = L;U;Py).

BBe,HeM HOBBI€ MAaTpPHUIIbLI:
D = CP;!
G=D-FE'U,
H=U,P;!
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[Iycts G’ — MaTpuna, o6pazoBanHas p — 3 TOCTEJHUMH CTOIOIAME MaT-
punsl G. Iomyunm Lg, Uz, P2, kax pesynsrar factor(G', %, p— %). Hamee,
3a E ob6osnaunm mepsbie m/2 cronbuos Matpunsl Uy, a 3a F — nepsoie m /2
crosibnoB marpuiibl D, 3a Pg npumem MaTpuily, y KOTOpOil HUKHUM IIPABBIM
610k0M siBrsieTcst Po, BEDXHUM JIEBBIM — eIMHUYHAS pa3Mepa m/2 X m/2, no-
TIOJTHEHHYIO TaKyKe HYJISIMH.

Tenepsb nosyuyum namm uckombie matpunst L, U, P:

Marpuny L cocrasum us marpun Ly (Bepxuuii jiesbiii 6710k), FE™! (k-
Huit seBbiit), Ly (Humkuuit mpasbiit). OcTaBmuMuCS 37T€MEHTAME 3aIHIIEM
HYJIN.

U noctpoum ¢ momormbio H, Us: Bepxuag ee yacTh — 310 H, HUXKHSIA XKe
COCTOWT U3 HYyJeBO# MaTpuisl ciesa u U, crpasa.

P =P;3P;. O

OuesBunno, uto g1 A = LUP A~ = P 'U 'L !. lckars obparnbie
nuia Tpeyroababix Marpun, L, U yxke yMmeeM, a g II€PeCTaHOBOYHOM MaTpH-
ust P o6parnoit 6yzer PT.

Yupaxkuenne 1.6. [TocunTaiiTe TPy10€MKOCTH OMUCAHHOTO BBITIIE AJTOPUT-
Ma Pa3JI0XKeHNsd MaTPHUIbl B TEpDMUHAX yOpakKHeHud 1.5.

Teopema 1.6. B ycaosusx ynpasicHenus 1.5 M0HCHO 8biNoAHUMS 0bpae-
HUe NPou3eoAvHOT Heauposcdennot n X n mampuyv, 3a epems M(n).

Yupaxknenue 1.7. Jlokazars TeopeMy 1.6. Ykazarue: BOCIOTBb30BAThCS yIIPaK-
menusMu 1.5 u 1.6; obpalmeHne MaTPHUILI TEPECTAHOBKH MOXKHO OBICTPO pea-
JIN30BATh, IPEICTABUB €€ B BHJE OJHOMEPHOTO MACCHUBA.

1.5 Meton fingerprinting B npuMeHeHnn K 3a-
JIadaM CO CTPOKAMU

1. CpaBHeHue Ha PAaBEHCTBO ABYX CTPOK. Ecrb nse crpoku a,b (Mox-
HO CYUTATh UX OMTOBBIMH), KOTOPble HEOOXOAMMO CPABHUTH HA COBIAJIEHUE,
3aTpaTUB KaK MOXKHO MeHbIle nH(OpMaIMd Ha 9TO cpaBHenue. Hanpumep,
HAJIO CPABHUTH (hait/ibl MO CeTH.

WNnea anropurMma — cpaBHUBATH HE CAMU CTPOKM, a (PYHKIUU OT HUX.
[TycTs anuna fa CTPOKM @ COCTABJISIET 7. OUT.

[Iycts p € P, P — MHO2KeCTBO TPOCTHIX 4uces. B kavecTBe (DyHKIIUU-XIIIIA,
Bo3zbMeM mod p. To ecTb OyzeM cpaBHUBATH y2Ke

a modp u b modp (1.9)
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JI7s1 Takoro cpaBHEHHUS TOCTATOYHO TepeaaTh log p GUTOB (31€ch U JgaJee mo-
yMOT4aHWUIO GepeTcss TBOMYHBIN JorapudMm, logy) ¥ ele CTOIbKO Ke OGUTOB
MOHAJI00OUTCA /IS TIepeiadnl Jucaa p.

Byznem 6parh ciydaiiHoe IIPOCTOe YUCIO P U3 MHTEPBAJA [2..T| 1Jisd HEKO-
TOpPOro 7T, KOTOpoe ompenenuM mozxke. [[noxumum p nnga mac OyayT Takue,
KOTOpBIe OYIyT JaBaTh paBeHCTBO B (1.9) mpu HEPABEHCTBE MCXOIHBIX CTPOK
a,b. KomuyuecTBO TakKuX 4uces paBHO

tH{pe P:(a—1b)p} (1.10)

3amaua 1.1. Kak BbIOpaTh npocTroe 4Yucao M3 33JaHHOTO HMHTEepBaJa CIy-
JailHBIM 00pa30M C PaBHOMEPHBLIM pacIpeaeaeHuemM?

JIlemmva 1.1. ¢ < 2" = ¢ umeem He 60aee N PASAUYHBLE NPocmulx desumenet.
Hoxazameavcmeo. OueBuHO. O

[Iycts 7 = n? logn?. Torga BepoATHOCTL OMMOKM IIPU CPABHEHHH OCTAT-
KOB mod p MOXKHO OIIEHUTh

P < no_ n(logn? + loglog n?) _0 1 .
or n?logn? n
g T

(1.11)

TakuM 06pa3oM, MpUBEJH BEPOATHOCTHBIH AJTOPUTM C OJHOCTOPOHHET
ounbKoii ¢ BeposiTHOCTHI0 omubKH O (), Tpebyromuit nepenaun scero O(logn)
OouTOB.

Onpenenenne 1.1. Paccmosanuem MeKy IBYMsI CTPOKaMu a, b OymeM cuu-
TaTh KOJHMYECTBO HECOBIQIAIONIUX Yy HUX OUTOB.

3amaua 1.2. [Ipuaymarh ajaroputm Jijis HaXO0XK/I€HUST PACCTOSHUS d MEXK Ly
JIBYMSsI CTPOKaMHU a, b myiwHbl n. [TocunraTh KoandecTBo nepegaBaeMbiXx OUTOB,
kak byukuuo 1'(n, d).

Onpenenenne 1.2. llox editing distance mexnay a,b OyieM MOHUMATH MH-
HHMAaJIbHOE KOJTHYIEeCTBO Ollepaluii peJaKTHPOBaHUs, HEOOXOMUMBIX JIJIsI IIpe-
oOpa3oBaHusI CTPOKHU @ B CTPOKY b. OnepanusMu peakKTUPOBAHUS CIUTAEM:

1. BcTaBKYy OMTa

2. 3aMeHy OHUTa

3. YHUUYTOXKeHUe OuTa

4. nepeMelleHre CILIONTHOTO 6JI0Ka OUTOB

3apnaua 1.3. [Ipuaymats aaroputm mis HaxoxaeHus editing distance mex-
JIy IByMsl CTpoKaMmu a, b nimusl n. [locuntats Tpymoemkocts 1'(n, d).
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2. TTouck BXO>KJAeHUS CTPOKM ¢ B CTPOKY b. 3aiiMeMcs Tenepb TaKoOu
3amadeit. HykHo onpenenTh, BXOIUT U CTPOKA @ B CTPOKY b. JLTuHBI cTpOK
a n b paBHBI, COOTBeTCTBeHHO, M U Nn. [Iycts m < n. dcHo, uTo pemas ee B
7100, mosmyanM ctoxkHOCTH nouru O(mn).

[IpexbsiBUM BEPOSTHOCTHBIN aJrOpUTM € JHHERHON cioxkuHocThIO O(m +

3ameuanue 1.1. CymiecTByeT JeTepMUHUPOBAHHBIN aJTOPUTM TIOUCKA TTOJI-
cTpoKu B cTpoKe 3a BpeMst O(m + n), HO OH rOPa3Io CJIOXKHEE.

Onpenennm
b(l) - bibi+1--bi+m—1- (]_]_2)

Heobxoaumo npoBectu n — m + 1 cpaBHeHU#l CTPOK HA PaBEHCTBO, & TO
MBI y2Ke yMeeM JieJiaTh: OyjeM CpaBHUBATH

(a modp) u (b(7) mod p). (1.13)
Ho moxno yunpocrurs 3agady, Borauciass (b(i) mod p) wepes (b(i — 1)
mod p).
b(l) = bz + 2bi+1 + ..+ Qm_lbi+m_1
b(i — 1) = 2b; + 2%b41 + .. + 2™ by 0+ bi g

— 1) — bi _
= 0(i) = blé ; bi-1 + 2™

Ongats Gymem Gparb mpocroe 1ucio p € [2,7]. 7 = n’mlog n’m,

2m1 2 1
PomHGKI/I S = < s :O< > (114)

o— — n’mlogn®*m n?
og T

MozxHO BOODOIIE M30aBUTH ITOT AJTOPUTM OT HEOOXOJIMMOCTHU OIIUOATHCS.
Eciu
a mod p=>b(i) mod p,

TO YECTHO MPOBEPUM PABEHCTBO ¢ = b. DTOT aJArOPUTM yrKe HE OIUOAeTCS.
Kaxkosa ero cioxknocrs? Maremarndeckoe 0XKuJaHMe BPEMEHU ero paboThl
T'(n,m) JIerKO NOCYUTATH:

ET(n,m) < mn % + (m+n)(1— %) =O0(m+n). (1.15)

To ecTb peIbIBUIM UCKOMBIH JIMHEHHO-OBICTPBIiT aJTOPUTM MOUCKA TOJI-
CTPOKHU B CTPOKE, IIPUYEM ITO GEPOAMHOCTIHBLY AA20PUMM C HYAEBOT 0ULUD-
Kx0dU.
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CpaBHeHHE CTPOK Ha PACCTOSIHHH H ITOHCK IIOJCTPOKH.

VYupaxxkuenue 1.8. VccaenoBats pabory (BepOSITHOCTH ONMMOKH W CJIOXK-
HOCTH) Takoro ajaropurma: ecau (a — b(7)):p, To BbIOMpPAEM HOBOE MPOCTOE

p' u mensiem p Ha p'.

3agauva 1.4. O600mUTH aATOPUTMBI HA CIy4Yail IBYMEPHOTO MPOCTPAHCTRA.
To ectp peasn3oBaTh HOUCK OJIOKA B MATPHIIE.



