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[Mnan nekyun

@ Bsepenne

Onpegenetne

o Anunca n Bob xoTAT COBMECTHO BbIMMCANTL 3HaYeHune dyHKLUM
f:XxY—Z

e Anuca 3Haet x € X.

o 506 sHaeT y € Y.

o Anunca n Bob 3natoT dyHkuuto f.

o CyllecTByeT [BYXCTOPOHHWIA KaHan CBA3U.

o Llenb: BbiuncanTb 3Hadenmne dynkuum f(x, y), oTnpasus no
KaHasly MUHUMasbHOE KOJMYeCcTBO bUTOB.

Mprmepsi

EQ

X ={0,1}", Y ={0,1}"

f(x,y) =1l x=y.

Anuca otnpasnsier Boby Bce n butos, Bob BbIgaéT oTBeT.
Otnpasunu n 6uToB.

Parity

X ={0,1}", Y ={0,1}"
fx,y)=x1®x®..0y1D...D Y.

Anuca otnpasnsier Boby x1 D x2 @ ... D x,, Bob BbIAAET OTBET.
Ornpasunu 1 6ut.
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[Mnan nekyun

@ Bsepenne

@ KoMMyHMKaLMOHHAs COXKHOCTb
© MMokpbiTre NpsmMoyroabHUKaMu
@ Virpsi Kapumepa-Burgepcona

@ 3apaun

Victopus u npumeHeHns

KOMMyHVIKa LWOHHAA CNOXHOCTb

Beepena fo 8 1979 rogy.

CnyXuT Mepoii konmyecTsa obLyeHns Ans pacnpeaenéHHbIX
BbIYUC/IEHWNIA.

Paspabotka mukpocxem.

OI'ITI/IMI/ISaLl,VIﬂ KOMMNbIOTEPHbIX ceTeld.

CTpyKTypbl AaHHbIX.

CxemMHast CNOXHOCTb.

3ameyvanus

e Anuca n Bob gpyxar!
. XOTﬂ 6b| OAWH N3 HUX OOJIKEH BbIYNCINTb 3HAYEHNE.

e f MOXHO paccmaTpuBaTh Kak oTHoweHne f C X X Y x Z.

Mogenu koMmyHMKaLM®

BeposiTHoCTHbIE MOgenn.

npOTOKO}'IbI C HECKOJIbKUMW yHaCTHUKamMun.

KeaHToBbIE MOAenu.

Hep,eTele/lHl/lpOBaHHble Mogaenu.

KOMMyHI/IKaLl,VIOHHaSI C/NIOXKHOCTb B CPEAHEM.

ACCI/IMeTpI/I‘-{eCKI/Ie MPOTOKOJbI.

Boluncnenne nebynesbix (yHKLU.

Bbluncnerue oTHowweHNIA.
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Mprmepsi

Jlemma

KommyHukaymorHas cnoxHocTs EQ B BeposiTHOCTHOM npoTokone ¢
OTKPBITIM JOCTYNIOM PaBHA €4UHULE, B BEPOSITHOCTHOM MPOTOKOJIE
¢ 3akpbiTeiM goctynom — O(log n).

Jlemma

KOoMMYHUKALMOHHAS CAIOMHOCTb (hyHKLMN

f(x,y,z) = &Maj(x;, yi, z;) B npoToKONE ANISI TPOUX UIPOKOB
PpaBHa ABYM.

KOMMyHI/IKaLI,I/IOHHbIm MPOTOKON

KOMMyHUKaLMOHHBIM NMPOTOKOIOM (AEPEBOM) Ha3bIBAETCS
BuHapHOE [EPEBO, NNCTLS KOTOPOrO MOMEYEHBI 3neMeHTamu Z, a
BCe OCTasibHble BepLMHbl — pyHKuyusmm a;: X — {0,1} nan

bj: Y — {0,1}.

BbiyuncieHne no noTokosy NpoucxoanT ciefytowmum obpasom:
HaYMHAsA OT KOPHA ABUKEMCS MO AepeBy K TOMY MOTOMKY, Kyaa
ykasblBaeT pyHKUMA, CToAWas B BepwunHe. Hanpumep, ecnn &
BepLunHe yHKUMA a; n eé 3HaveHne 0 — ABUKEMCS K JEBOMY
notomky, 1 — k npasomy (3HaqeHune pyHKLMM 3; BbIMMCASET
Anuca, b; — bob).

B nucTe, k KOTOPOMY NPUBOAUT MyTh U3 KOPHS, AOMKHO CTOATH
3HadeHme dyHkumm f(x, y).
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KOM6I/|HaTOprIe NPAMOYrONbHNKN

Onpepenetne

[psiMoyronbHNKOM Ha3biBaeTCst MHOXeCTBO R = Ry X Ry, roe
Ro - Xn R1 C Y.

Onpeaenexne

[psimoyronsHnkom HasbiaeTcst MHoxectBo R C X X Y, ans
KOTOPOro BbiNonHsieTcs “cut-and-paste” npasuio:

o), (XY eR = (xy),(X.y) €R.

Onpeaenexne

MycTb 3agana dyHkuyus £: X X Y — Z. MpsmoyronsbHuk R
Ha3bIBAaETCA OAHOLBETHLIM, €N f COXPaHAET 3HaYeHne Ha BCEM
NPSAMOYrONbHUKE.
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KOMMyHl/IKaLI,VIOHHaﬂ CJIOXXHOCTb

Onpepgenerne
ny6uHa KOMMYHMKALMOHHOTO iepeBa — MaKCUMasbHOe
KONMYeCTBO pébep Ha MyTW OT KOPHS A0 NMCTa.

Onpepenetne
KommyHukaymorHas cnoxhocte ¢(f) dynkuun f — ato
MUHUMaNbHAs FybuHa KOMMYHUKALMOHHOIO [epeBa Anst (byHKLuK

f.

[Mnan nekyun

@ KoMMyHUKaLMOHHas CNOXHOCTb
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ﬂpMMep KOMMYHUKaLUNOHHOIO NpoOTOKO1a

O,D,HOLI,BeTHbIe NPAMOYTroNbHUKN

Jlemma
Ecan T— KOMMyHUKaLMOHHOE fiepeBo, To ANs 060l BEPLUNHBI V:

S, ={(x,y) € X x Y|Bxog (x,y) gocruraer sepwuHy v}

SABJIAETCA NMPSIMOYTrOJIbHUKOM.

Bonee Toro, ecnn v — anct, 1o NPsSAMOYTrOJIbHUK SV SABASAETCA
OAHOUBETHbIM.

ﬂ'OKa3aTeﬂbCTBO.

Nugykums no rnybune v.

Ecnm v — kopeHb, T0 S, = X X Y — npsiMOyronbHuK.

Mhave, nyctb w — otey v. S, = A X B — no npeanonoxexunto
VHAYKUMN.

Sv = Sw N {(x, ¥)law(x) = 0} =
(Ax B)N{(x,y)law(x) = 0} = (AN {x|aw(x) = 0}) x B
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KomMMyHUMKaLMoHHas cnoxHocTb EQ

Jlemma
c(EQ) = n.
[JokasaTtenscreo.

X ={0,1}", Y = {0,1}".

flx,y) =1 x=y.

Ml yxe nokasanu, 4to c(EQ) < n.

Mokaxem, 4to c(EQ) > n.

Kaxbiii Bxog (X, x) pocturaet l-nucra.

N3 nemmsbl 3, ecan v — 1-aucT, 10 S, — NpsSIMOYroNbHUK.

Ecam (x,x) € Sy m (y,y) € Sy, 10 (x,y) € S, — npoTuBopeumne
(x#y).

3HaunT, aucTbes xoTa bbl |F1(1)] = 2",

CneposatenbHo, rybuHa gepesa He menee log(2") = n. O
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Mepbl CJIOXKHOCTN

Mbi byaem paccmaTpuBaTh Creaytome Mepbl CIOKHOCTY:

e ¢(f) — HaumeHbLas rnybuHa KOMMYHMKALMOHHOTO AepeBa
ans cyHkumn f.
L(f) — HaumeHbLLEE KONNHECTBO NNCTHEB
KOMMYHUKALMOHHOTO fiepeBa ans dyHkumn f.

X(f) — HanmenbLiee t Takoe, 4To X X Y MOXeT bbITh
MOKPBITO C NOMOLLLIO t OHOLBETHBIX HEMEpeceKatoLLmXcs
NPSIMOYTOIbHUKOB.

N3 nemmbl 3 mbl nony4vaem cnepytouiee COOTHOLIEHNE!:

c(f) = log L(f) > log x(f).
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BanchmpOBKa NMPOTOKOJIOB

Jlemma

c(f) < 2logs)5 L(F).

[okasaTtenbcTso

PaccmoTpum npotokon ansi pyHkuun f, B koTopom L nncTbes.
Mbl XOTUM MOCTPONTL NPOTOKONA, rAybnHa KOTOporo He Gosblue
2logz/p L.

MHgykums no konuyectsy nuctbes L.

L =1 — TpuBnanbHblii cayyaii.

Bbibupaem Beplunty v Tak, 4Tobbl KonuyecTso suctees |T,| B
NOAAEPEBe YAOBNETBOPSUIO C/IEAYIOLLEMY COOTHOLLIEHNIO:

L/3< T, <2L/3.

Oba urpoka 3HatoT aepeso T, noaaepeso T,.
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Virpa “Halign npsamoyronsHuk’

Tenepb Mbl xoTuM nokasats, 4to c(f) = O(log? x(f)).

MycTb y Hac ecTb Habop npsimoyronbHMKoB R (He obsizaTensHo
HenepecekatoLmxcs), KoTopble nokpsisatoT X X Y.

Kaxablli NpsiMOYroNbHIK MMeeT MeTKY.

Mol BBOAUM OfHO TpeboBaHme: ecnn fBa NpsiMoyrosibHuka Ry u Ro
VIMEIOT pasiudHble MeTku, To Ry N Ry = (0.

Wrpa “Haiigu npsimoyrosnbHuk':
Annca 3Haet x, Bob 3Haet y.

Obwas uens Anucel n Boba — HaliTn MeTKy NpsiIMOyronbHuMKa,
noKpbIBatOLero (X, y).
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KOMMyHI/IKaLJ,VIOHHaﬂ CJIOXKHOCTb Urpbl

MycTb R — nokpbITe NOMeYeHHbIMU MPSIMOYTOJIbHIKAMM
MHoxecTBa X X Y.

Myctb ¢(f) — KOMMYHMKaLMOHHAs CNOXHOCTL urpbl “Halign
npsmoyrnbHuk'. Toraa cnpaseg/iuBa cnegytowas nemma:

Jlemma
<(R) < 2(log RI)*.

MpsimoyronbHuk S = Sp X S Hazoém Anucutbim, ecnm x € Sp.
Monoxum r = [log |R|].

[ns pokasatenbcTBa NieMMbl NOCTPOUM MPOTOKOA C  payHAAMU 1
r+ 1 6uTom B KaXgoM payHge.

Ha kaxgoli utepaumn anroput™ byser yMeHbwaTh KONMYECTBO
paccMaTpuBaeMbIX NPSIMOYrObHUKOB B 2 pasa.
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[Mnan nekyun

© MMokpbiTre NpsmMoyroabHUKaMu

18 /43

M POAOJIKEHNE NOKA3aATENbCTBA

[Jokazatenscreo.

Otnpasue apyr apyry no ogHomy buty, Anuca n Bob ysHatot:
(x,y) € Sy nam (x,y) ¢ S,.

c(L) <2+ c(2L/3) < 2logz), L.

Monyyaem:

c(f) = O(log L(f)).

Takum 0bpasom, OLeHUBAsE MUHUMAbHYIO FayBuHy
KOMMYHMKALMOHHOTO NPOTOKONA, Mbl OLEHNBAEM U MUHUMAJIbHOE
KOJINHECTBO JINCTHEB B KOMMYHMKALIMOHHOM MPOTOKOJIE.
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Jlemma o nepece4eHnm nNpAMoyroibHMKoB

Jlemma

Hu oguH npsimoyroneHuk B R He MOXeT nepecekaTs O4HOBPEMEHHO
6OI7bLLIe NMOJIOBUHbI MHAY€E MOKPALLUEHHbIX MPsIMOYroJIbHUKOB Mo
cTpokam u bosiee NONOBUHBI MHAYE MOKPALIEHHBIX
NPSIMOYro/IbHUKOB 10 CTONbLaM.

[okasaTtenbctso.

MycTb Takoii npsimoyronbHuk R cyulectsyeT. Toraa cyuwiectsyet
NpsIMOYro/ibHUK T, MeTKa KOTOPOro OTAMYaEeTCst OT MeTku R,
nepecekatownii R no ctpokam u ctonbuam. ITo Hapyliaet
nNpaBuIO PacCTaHOBKN METOK. O

,ﬂOKaBaTeﬂ bCTBO JIEMMbI

[JokazsaTenbcTBO.
Kaxpgas utepayus anroputma BbIrISAMT chegyowum obpasom:

@ Ecan Bce npamoyronbHukin Annchl MMeOT OAMHAKOBYIO METKY,
To Annca coobujaet oTser.

@ Asvca NbITaeTcs HalTK CPeu CBOMX MPSIMOYTOJIbHNKOB TaKoii
NpSIMOYrONibHIUK S, KOTOPbIV NepecekaeT no CTpokam He bonee
NOJIOBNHBI NHAYe PACKpPaLLEHHbIX NPsiMOYronbHuKos. Ecan
Takoll NPsIMOYronbHUK HalifeH, To Annca oTnpaBnsieT ero
Homep Boby. Tenepb oba nrpoka ocTaBasitoT MWL Te
NPSIMOYTOJIbHUKN, KOTOPbIE MEPECEKAIOTCS C S MO CTPOKaM.

© Ecnu Anwuce He yganoch HaiiTu Takoii NPsiMOYrosibHUK, TO OHa
coobuaet 06 3tom Boby, ncnonbsys ogut 6ut.

© Toraa no nemme 6, 506 MoXeT HaliTn CBOV NPAMOYrONbHIK,
KOTOPbIli NepecekaeTcsi He bonee, Hem C NONOBUHON MHaYe
pacKpaLUeHHbIX NPsSIMOYrONbHUKOB No cTonbuam.
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OueHka cBepxy

Jlemma
Ans oboii pyrkuymn £: X x Y — Z,  c(f) < 2(log x(f))2

[okasaTenbcTBo.

Mycte R — onTumansHoe nokpeitne X X Y Henepecekatowmmuncs
OAHOUBETHBIMU NpsiMoyronbHukamu. |R| = x(f). Mpumenns nemmy
7, Mbl NONy4UM:

c(f) < 2(1og X(F))2.
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Cesisb C paHroMm mMaTpuLbl
Jlemma
Patrom matpuysl M HasbiBaeTcs HaumeHbee uciao |, 4o
maTpuya M MoxeT 6biTb NPEACTaBAEHA CAEAYIOLYUM BULOM:
I
M=>"8,
i=1
rae Bi — n x n matpuya panra 1.
Teopema
Lns moboii pyHkyun f:
x(f) > rank(M(f)).
Jlemma
C(EQ) =n. 27/43
[Mnan nekyun
@ Virpui Kapumepa-Burgepcona
29/43

Mpumep

Jlemma

x(&n) < 4n?, c(®n) < 2logn+2.

[okasaTtenbcTeo.

JOokaxkem, uto X(Pn) < n? ans ciyyas, koraa n sBAseTCs
CTeNEHbIO ABOVIKM. B OCTajlbHbIX CNy4asaX AOMNOJHUM CTPOKY
HyNsiMU.

Anuca n Bob BbICbINAOT YETHOCTbL NEPBOIA MOAOBUHBLI GUTOB.
[anee urpa npogomKaeTcst Ha TO MONOBUHE BXOLHOW CTPOKU, B
KOTOPOIi Y46THOCTb HE COBMajaeT.

Tak Mbl nony4aem npotokon ¢ 2 log n butamu.

CnepoBaTenbHO, pas/iioKeHNe B HenepecekatoLnecs
NPSIMOYTONIbHNKM COREPXUT He Bonee 221087 — 2
NPsAMOYrOJIbHKOB. O
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[MokpbiTre maTpuubl

Jlemma

Mycts MaTpuya A MOXeT bbiTb MokpeiTa npu nomowyu t (He
0b513aTe/IbHO HEMEPECEKAIOLYMNXCST) OBHOUBETHbIX MOAMATPUL. Torza
A moxeT 6biTb nokpbiTa t2'°8t nenepecekatowumucs
OAHOUBETHBIMU nogmMaTpuyamu.

[JokazaTtenscreo.

Mo nemme 7, KOMMYHUMKaLMOHHAs CAOXKHOCTL urpsl “Haligm
npsamoyronbhnk’ c(f) < 2(log t)2.

Kaxgaplli IMCT KOMMYHNKaLMOHHOrO NpoTokona byaet
COOTBETCTBOBATb OHOLIBETHOW nogmMaTpuLe.

CnepoBaTensHo, Mbl NOJlyHaeM MoKpbITHE C He Bonee, Yem

2¢ — f2logt HENEepeceKaroLWNMIUCS OLHOLBETHBIMU
NpsAMOYroJibHUKaMM. O
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Pestome

2logs5 L(F) > c(F) > log L(f).
2(log X(F))? > <(f) = log x(1).

x(f) > rank(M(f)).
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Nrpel Kapumepa-Buraepcora

Onpepenetne
Myete S=XxY, X, YC{0,1}"uXNY=0.
Hanpumep, S = f~1(1) x f~1(0).
Wrpa Kapumepa-BurgepcoHa 3akntoqaeTcs B Chefytowem:
e Anuca nonyvaet x € X.
e Bob nonyvaer y € Y.
o Llenb: n Anuca n Bob fonkHbI y3HaTb /i, 4TO Xj # ¥i.

Ham unsBectHo, 4T0:

log x(S5) < ¢(S) < 2(log x(5))*.
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Teopema Kapumepa-Buragepcona

ObosHauum vepes D(f) muHumanbHyto rnybuHy cxemsl ae
Moprata, Bblducasiowein dpyHkymto f.

Myctb ¢(f) — KOMMYHMKALMOHHAs CNOXHOCTb UIPbI
Kapumepa-Buraepcora Ha npamoyronshuke f~1(1) x f1(0).

Teopema
D(f) = c(f).

OTAenbHO AOKaXKeM BEPXHIOW 1 HIKHIOW oueHkn Ha D(f).



OT cxembl K npoTokoAy 3amMevanue

Jlemma
c(f) < D(f).

MocneaHnii pesynbTaT MOXKHO 0BOBLNTL Ha CXeMbl BXOAHOM

ﬂ'OKa3aTeJ'I bCTBO.
cTeneHn bonblue ABYX.

e V Anuncsl x, uto f(x) = 1.

Jlemma
e y Boba y, uto f(y) = 0. c(f) = O(dlog$S), rae S — Hanbonbwas BxoaHAsH CTENEHD reiiTa.
e Anuca n Bob nmetot cxemy ans dyrkuum f rybuner D. [loka3aTenbcTBO M3MEHNTCS Wb B TOM, HTO AJs Nepefayn i Ham
o HaumHas OT KOpHS ABMXEMCS MO CxeMe. notpebyetcs e 1, a log S 6utos.
e Ecnu reiit AND, f = fy A f1, To Bob BbicbinaeT i, 4o
fily) =0.
e Ecnu reiit OR, f = fy V f1, To Anuca Bbicbinaet i, 4To
fi(x)=1.
o Takum obpasom, He Bonee, yem 3a D waros, oHn nNpuayT K
NEpPEMEHHOIi z; N e OTPULAHNIO. 33/43 34/43
o Otset: x; # y;.
[
Oor MPOTOKOJIa K CXeme HpOﬂ,Oﬂ)KeHl/le A0OKa3aTeNbCTBa
[okasaTenbcTBo.
Jlemma LLar nHgykunm:
MycTb nepebiii xoa genaet Anuca. Toraa cywecTByeT Takoe
D(f) < c(f). pasbuenne A = Ag U A1, Ag N Ay = (), yto ans x € Ay Anuca
OTNpaBAsieT HOMb, AN X € A; Anuca oTnpasnsieT eanHuLy.
[lokasaTenbcTeo Mo NpeanonoXeHNO NHAYKLNN, CYLLECTBYET fy, 4ToO:

[nst Kaxxgoro npsiMoyronbHnKa

Ay Sy S s NN h(A0) =1 f(B)=0 D(R)<c-1,

fi(A)=1 f(B)=0 D(h)<c-1

D(f) < <(S).
Tenepb onpegenum f = fo V 1. Torpa, f(A) =1,f(B) =0,
Whaykums no c(S).
Ecnn ¢ = 0, To cywectsyet i, 4To X; # y; Ans Beex (x,y) € S. D(f) <1+ max(D(f), D(f)) < c.
|
MI/IHTeprI N MaKCTeEpPMbI MonoToHHas rﬂy6|/|Ha CXeMm

e Anuca nonyyaer m € Min.

e Bob nonyvaer M € Max.

Onpepenetne

MunTtepm (MakcTepm) MOHOTOHHOI Bynesoii dbyHkuun f — 310 ¢ Uent: naiitn obuwmii anement & mN M.

MUHUMASILHOE NO BKJKOHYEHNIO MHOMXECTBO NMepeMeHHbIX, 03HauNB . (f) — KOMMYHUMKaLMOHHAS COXHOCTb STOW UrpbI.

KoTOpble eAuHuueli (Hyném), Mbl rapaHTpyeM, 4TO 3Hadenne f D (f) — MmuHumanbHas rnybuHa MOHOTOHHON cxembl fe MopraHa,
Bypet eannunueii (Hyném). Bbluncnstowei f.

Kaxpaplli MakcTepM nepecekaeT KaXkablii MUHTEPM.
Min(f) — MHOXeCTBO BCEX MUHTEPMOB MOHOTOHHOM pyHKLuM f.
Max(f) — MHOXeCTBO BCEX MaKCTEPMOB MOHOTOHHOU (byHKLMN .

Teopema
[ns nobori moHoTOHHOM chyHKLm f:

D.(F) = ci(F).
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[Mnan nekuun VnpaxxHeHust

e Mycts f — k-KH® dopmyna ¢ m knosamu. Mokasats, 4TO
anst pyHKumn f CyLEecTBYET NPOTOKON Urpbl
Kapumepa-Buraepcona ¢ ogHum payHaom, B kotopom Bob
otnpaenset log m butos, Anuca otnpasnset log k 6utos.

MokasaTb, 4To Ans noboii pyHkuuMm f CyLecTByeT NPOTOKON
urpsl Kapumepa-BurgepcoHa, B KoTOpom Ha KaXXAoM payHae
Bob6 otnpaenser 22 6utos, Annca otnpaenseTt a 6buTos,
konuyectso payHaos r < D(f)/a.

Mopckaska: B3aTb Aydwylo cxemy anst f, pasgenuts eé Ha
ypoBHYN rybuHbl a. Kaxxablii ypoBeHb MOXET ObiTh

@ 3apaun npeacTasnen kak 22-KH® ¢ 22° knosamu. Teneps Hago
BOCMOJIb30BATLCS NpefbliayLueit 3aa4ei.
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Ewgé ogHo ynpaxHerue

o (Bpogan, Xacdung, 1996) [okasats, 4to gns noboii
cummeTpuyeckoli Bynesoii yHKLMM N apryMeHToB
D(f) = O(log n).
Mopckasaka: PaccMoTpuM crnefytoLlyto KOMMYHUKALMOHHYO
urpy. A, B C [n] Takue, uto |A| # |B|.
Llenb: HaliTK 3N1EMEHT U3 CUMMETPUHECKON PasHULibI
(A= B)U(B - A).
Heobxoanmo pa3pabotaTs KOMMYHUKALMOHHBIN NPOTOKOA ANs
3Toii Urpsl co cnoxHocTbio O(log n).
Ecan yétroctn |A| u |B| pasnnyHbl, To n3 nemmsbr 13,
6uHapHbimM nouckom nosydaem O(log n) butos
KoMMyHuKaumn. Ecan e 4ETHOCTU ofuMHaKoBbIE, TO CrefyeT
ncnonb3oBaTh bonee CNOXHbBIN BUHapHbI NOMCK.
Paccmotpute AYS = AN{l,/+1,...,] 4+ s — 1}, xpanute
Mnaawmii ukaekc, B kotopom |AMS| n |BhS| pazanyatorcs.
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Cnacmnbo 3a BHumaHwue!
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OTKprTbIe 3a4a4dn

o VNy4lnTb BEPXHIOK OLIEHKY Ha KOMMYHMKALMOHHYIO
cnoxtocTb 3agadn MOD3. Jlyuwas nssectHas ouenka paBHa
2.881log, n.

o 113BeCTHO, 4TO KOMMYyHMKaLMOHHAs CAOXKHOCTL 3agaum Thry
pasHa log, n + log, log, n. [lokasaTb Takyto HUKHIOK OLIEHKY
Ha KOJIMYECTBO OAHOLBETHBIX MPSIMOYrOBHIKOB.
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