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O CJIOZKHOCTHA
OPUEHTNPOBAHHBIX KOHTAKTHBIX CXEM
C OTPAHNYEHHOU ITIOJIVCTEIIEHBIO NCXO/JIA

A.E. Illuzanos

AnHoTanus

B pabore uccremyercsa peanusarus OymeBbIX (DyHKINI B KJlacCe OPUEHTUPOBAHHBIX KOH-
rakTaBX cxeM (OKC) ¢ HeKOTOPBIMU OTDAHWHYEHHWSIMHA HA BEC W YUCI0 CMEKHBIX KOHTAKTOB.
Paccmarpusarorcs OKC, B KOTOPBIX W3 MPOM3BOJILHOM BEPIIMHBI MOYKET MCXOINTH He Oosee A
nyr. Beogurcs nonsitue Beca Bepurmabsl OKC, KoTOpBIil motaraeTcsi paBHbIM A, €CJIH B BEPIIU-
uy Bxout oxHa ayra u A(1+w), rae w > 0, B nporusHOM ciydae. [lamee 0GbI9HBIM 06pa3oM
onpenensiercst Bec OKC kak cymMMa BecoB BepIInH, BeC OyeBoi (DyHKINN KaK MUHUMAJILHBIHA
sec peamusyiomux ee OKC u dynxnus Illennona W) ,(n) kak MakcuMaabHbIH Bec GyseBoi
dyuknnm or n nepemennsix. s sroit dyukmun [lennona mpu A > 1 u nponssonasaoM w > 0
TOJIydeHa TaK HA3BIBAEMAasi OIEHKA BBICOKOM CTEITeH! TOYTHOCTH:

\ on Hlogn:l:O(l)
W)"w(n)_)\—l n L n

Iony9eHHBIN pe3yIbTAT MOKA3BIBAET, KAKAM 00pPA30M BBEJCHWE OTDAHMYCHUI HA KOJIH-
uectBo mcxopsmux u3 Bepmma OKC ayr Bamsier Ha acMMNTOTHYECKOe MOBeaeHMe (GyHKINH
ITennona Wy ., (n) u Ha mepBBIit OCTATOYHBIN UjleH ee pa3ioxkeHus. OTMETHM, YTO OT BeJHU-
YUHBL W 3aBUCUT TOJIBKO KOHCTaHTa B unexe O(1).

KuroueBnblie ciioBa: GyineBa GbyHKINs, OPUEHTHPOBAHHAS KOHTAKTHAS CXE€Ma, CTIOZKHOCTb,
dyukmus [Tlernona, oreHKa BBICOKON CTEMeHr TOYHOCTH.

1. IlocraHoBka 3ajgadn

B macrosmeit pabore m3ydaerca nosemenune ¢pynkmuu [llennona, cBa3anHoil ¢ pea-
mm3anmeit 6ynensrx hyHKIM B KJacce OpHeRTHPOBARHLIX KOHTakTHLIX cxem! (OKC) ¢
HEKOTOPBIMHU OTPAHWUYEHUSAMU Ha, BEC W YUCJIO CMEYKHBIX KOHTAKTOB.

[ycts U — xmacc Bcex OKC, a Uy, — xkmacc OKC ¥ Takux, 9T0 MOJIyCTENEeHN UCXOIA,
Beprma Y. He npeBocxonar A. Becom sepmuabl v OKC X u3 kmacca Uy HazoBeMm
A, ecim B v BxoguT oxHa gayra u A(1 + w), rme w > 0, B nporusuom cayuae. ITog
cnoxuocteio L(X) npoussonbroit OKC ¥ 6yzeM HOHHMATH YHMCIO KOHTAKTOB B HEIl.
Becom W) (X)) OKC ¥ u3 kmacca U, HazoBem cymMmy Becos Bepumu Y. Ormernw,
aro ecmu X € Uy, 10 L(X) < Wy o(2).

Cnoxnocrbio L(f) (coorsercrBenno, Becom Wy ., (f)) Oynesoit dynkinun f Hasbl-
BAETCs MUHUMAJIbHOE YUCJI0 KOHTAKTOB (cooTBeTcTBeHHO, MuHuMasbhbiil Bec) OKC X,
Y € U (coorBercrsenno, % € Uy ), peanusytomeil f. @yuxiuu [lennona, cesa3annbie
¢ dyukrmonamamu L(f) u Wy ,(f), onpenensiorcss 00bIMHBIM 06pa3oM:

L(n)= max L(f), Wiw(n)= max W),(f).
()= max L), Wauln)= | max Wa(f)

TlomaTus, KOTOpBIe B JaHHOK paboTe HE ONpPeJeNdIOTCS, MOTYT GBITH HalIeHEl, HAIPUMED, B [1,2].
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Acumnrornueckoe 3navenne 2"/n byukunn IleHHOHa 1715 CIOKHOCTH OPHEHTHPO-
BAHHBIX KOHTAKTHBIX CXEM MOKET OBITH YCTAHOBJEHO C MCIOJIHL30BAHMEM PEe3y/IbTATOB
0.B. Jlynanosa [3, 4]. I3 3TUX pe3y/ibTaToB, B 9aCTHOCTH, CJIEyeT, 9T0>

2 <1+ 210gn0(1)> <L(n) < 2" <1+ 310gn+0(1)>'
n n n n

B patore [5] onenkn mns L(n) OblIn BrepBble YTOYHEHbI, & UMEHHO: ObLIA MOJIyYeHa
TaK Ha3BIBAEMas ACHMITOTHYECKAs OMEHKa BBICOKOf crerenu tounoctu (AOBCT)?:

L(mzﬁ(uw)

B patore [6] 6buta moayuena AOBCT masa dyukiun [TlenHona, cBsi3aHHOl ¢ pea-
snusaimeil Oynesbix (byHKIMHA B KJacce ABOMYHBIX pemaromux auarpamm (BDD) (cu.,
Hampumep, [2, ra. 2, § 7]) ¢ BecoBbIMM orpannvenusiMu. B 3T0ii pabore Bec BEpIIHHBI
BDD nonarasncsa pasubiv 1, eciiu B Bepuiuny Bxoaut oxna ayra u (1 +w), w > 0, B
nporuBHOM ciaydae. B pabore [7] paccmarpuBasics KJIace KOHTAKTHBIX CXeM C OrDaHude-
HUEM Ha CTEMEeHW BEPITUH W ObLIa TOIyYeHa aCUMITOTHKA, COOTBETCTRYIOMEH (byHKINN
ITTenrona.

B nacrosimmeii paboTe Mosiesib BeCOBBIX orpannyennii B kiacce BDD [6] u cTpykTyp-
HbIX orpanudenuii [7] nepenocurcs na ciyuaii OKC. OcHoBHBIM pe3yibraroM JaHHOMN
pabOThI ABMAETCS CJIEIYOIIAsS

Teopema. laan>1, w>0, A\ >1 cnpasedauso pasencmeo

-2
A on iillogniO(l)
W) =575 (1 n

2. OcHoBHBIE onpeaeJgeHud U BCIloMoraTeJbHbI€ Ppe3yJibTaTbhbl

g wabopa (aq,...,q,) eauauunoro n-mepuoro kyba {0,1}"™ Gyxem ucnosb3o-
Barb COKpalleHuyto 3anuch &. Iycrs f(x1,...,2,) — OyneBa dyukuusg, Tormga nabop
(1,...,2y) Oyner obo3HAUATHCS Yepe3 I, a MHOXKECTBO {Z1,...,T,} — uepe3 X .

Ha nabopax eauananoro kyba {0,1}" Gyzem paccmarpuparh JeKCHKOTpabudeckuii
MOPSIJIOK, KOTOPKIH 3amaercs nymeparmeii v : {0,1}" — [0,2") Takoii, uTo st Habopa
a=(a1,...,a,) € {0,1}" ero nomep v(a) paser a12" !+ 2" 2 + -+ + @, 20,

[Iycrs D — pasbuenue muoKecTBa OysieBbix nepeMeHHbix Y (yHkuuu ¢¥(§) Ha KOM-
MMOHEHTHI Y7, ..., Yy. Pas0ouenne D HA3BIBAETCS CEJIEKTOPHBIM PA30MEHNEM MEPEMEHHBIX
dbyuxmmn (g) [8, §3], ecnin anst moboro i, i = 1,...,d, n qus a060i TEpeMEHHOI Y,
y € Y;, maiizerca koncranTa o € {0,1} mmabop (g, ..., 01, Qit1,-..,0q) € {0,1}471
TaK®e, 9TO eC/IH 3aMEeHITh KazKIyTo MepeMeHHyio U3 MHoKecTa Yy, j=1,...,i—1,i+
+1,...,d, KOHCTaHTO} «;, TO PyHKINA 1) coBHageT ¢ Yy D o.

IIyctes D — pazbuenune muOXkKecTBa Y Ha KOMIOHEHTHI Y7,...,Yy. Benuunna

1 & Y;
H(D) = v Z |Yi| log 1%
i=1

HA3BIBAETCS SHTpONHeil pa3buenus D .

2Bce morapudMel B gaHHOI paGoTe 6epyTCs MO OCHOBAHHIO 2.
3Pasenctso h(n) = t(n) & O(g(n)) osmagaer, ato |h(n) — t(n)| = O(g(n)).
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[Iycts D — pasbuenune MHOXKeCTBA Y HA KOMIOHEHTHI Y7,...,Yy u nyctb Z C Y,
a i1,...,0 (1 < k < d) — vomepa komnonent pazbuenus D, UMEIONMX HEILYCTOE
nepecedenne ¢ Z. Toraa Oyaem rooputh, 4ro pasdbmenne A = (Z NY;,...,ZNY;,)

mopoxkgaercs paszbmnennem [ Ha MHOMKECTBE Z .

Pazbuenne D Ha3pIBaeTCS TeOMETPUYECKUM PA30MEHNEM C OCHOBAHUEM A KPATHOCTHU
q ¥ BBICOTHI h, €CJIM OHO JIJIst KaXKa0ro i, 1 = 0,..., h—1 BKaoJaer B cebst ¢ KOMITOHEHT
MOIITHOCTH A’ ¥, BO3MOYKHO, COJEP:KHUT elle He Gojiee A\ JONOTHUTEIbHBIX KOMIOHEHT.
Ormernm, gato B atom caydae* H(D) < logq + c¢i1(\), rae c1(A) = log\ + 5, (cMm.,
HAIPUMED, JI0KA3aTeJbCTBO [l ciaydas A = 2, npusegennoe B [8, § 3]).

Hamomunm, uto B [8] ykazan crnoco6, Kak M3 CeJeKTOPHBIX PA3OHeHNil 1J1st HCXOTHBIX
byHKIMI TOIyYIaTh CEJIEeKTOPHBIE pA30UeHus /I UX CYNePIO3UITnii.

Jlemma 1. Ilyemv D;, i = 1,2, — ceaexkmoproe pa3ddbuenue MHONCECTNEA NEPEMEH-
nor Y; dynxuyuu 0;(9:), Z ={z1,...,2t} — 00na u3 xomnonenm Dy, & = {fj}§=1
CUCTNEMA 83GUMHO-00HOZHAUHBLL OTNOOPAHCEHUT MHOIICECTNEA Yo 6 Pa3auuHble Hene-
peceraroufueca meancdy cobolt u ¢ Y1 MHOCECTNBA NepemMennsT, a cynepnosuyui F ,
Komopas noaywaemcsa u3 gynkyuu H1(J1) 6 pesyavmame 3amenv, Karcdold nepemen-
nol zj, j =1,...,t, na dynryuro euda ¥2(&;(92)), pearusyem dynryuro ¥s(ys) om
MHOHCECTNEA NEPEMENHBLT Y3 .

Tozda pasbuenue D mnoscecmea Ys, xomopoe exarouaem 6 cebs omauunvle om Z
xomnonenmor Dy, a maxorce 6ce komnonenmu euda E(Q), 2de Q — xomnonenma Do u

(€=U U&w,

Jj=1 yeqQ
ABNACMNCSA CENCKMOPHLM PA3OUECHUEM NEPEMEHHBLT PYHKUUU )3 .

Paccmorpum OyneByio (byHKIHMIO OT 2\ MEpeMeHHBIX 1&,\(u1, e UN YLy e YN) =
= wyr V --- V upyr. IlepBole \ NEpPEMEHHBIX Uj,...,U) (COOTBETCTBEHHO, IO~
CleHUE A TIEPEMEHHBIX Y1,...,Yx) GYHKIUN 1@ OyZeM Ha3bIBATH YIIPABJISIO-
mumMu  (COOTBETCTBEHHO, Y3JIOBBIME) MEPEeMEHHBIMHU. JIErKO BHIETH, uTO pa3bueHue
({ur}, ..., {ux}, {y1,...,yr}) sABAsIeTCS CENEKTOPHBIM pa3OHUeHNeM MepeMeHHbIX (DyHK-
ouu Py

Bynem paccmarpuBarh cynepro3unun hyHKIHA 1& \; B KOTOPBIX MOJACTAHOBKA OJTHUX
byHKIMIA OCYIIECTBIISIETCS HA MECTa, Y3JI0BBIX MepeMeHHbIX apyrux. [Ipu srom ecim F
— ¢dopmyna B Oasmce {1[»\}, TO OyZeM rOBOpUTH, 4TO mnepemeHHas (opmynasl F sB-
JIAeTCs yIpaBisdioniel (COOTBETCTBEHHO, y3JI0BOi), €C/id OHA ABJISeTCH yIPABJIAONIEd
(cooTBeTCTBEHHO, Y3JI0BOIt) B HEKOTOPOIl byHKIMU 1[»\, YYaCTBYIOIIEH B CyNIEePHIO3UIIAN.

Bamucs Y(ay,...,apa7,...,a0;21,...,2,), tae ¥ — OKC, ozmagaer, uto cxema
¥ MMeeT BXOZBI @f, ..., a;,, BBIXOABL a7, ...,a7 W 3aBUCHT OT TEPEMEHHBIX T1,...,Tp .
B srom caywae Takike OyIeM MOJIB30BATHCS COKPAIEHHON 3aMiChio L (L1, ..., Ty ).

Hamomuauwm, aro dbopmysra F Ha3biBaeTcs abCOTIOTHON, €CIU KaXKIas €e BXOIHAS
MmepeMeHHasi BCTPEYaeTcs B 3anucu (pOpMysasl F OIUH pas.

Jlemma 2. Jlas w6020 wamypasvhozo | watlidemcs abcoatomuas  Popmy-
aa FO 6 6asuce {1[},\}, peanusyrowan dynryuro YO (ur, . up,yr,. .. y), 2de
'= AN =1)/A=1), 1" =\, maxyro, wmo:

1) nepemennvie uy,...,up (coomeemcmeenno, yi,. ..,y ) ACAAOMCA Y3A06bLMU
(coomeememsento, YnpasaAOUUML) NEPEMEHHBLMU;

2) cywecmeyem cesexmopnoe pasbuenue DU nepemennvix dynryuu O | aers-
OUWEECA 2COMEMPUNECKUM PASOUEHUEM ¢ OCHOBAGHUEM N\ KPAMHOCMU N U 6b.combl | ¢
0010l donoaHUMENLHOT KOMNOHERMOT, codepacauiell 6ce Y3A06ble NEPEMEHHBLE;

4BykBoit ¢ ¢ nnmexcamu 6yzeM 0603HAUATH KOHCTAHTHI.
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3) cywecmeyem (1,1")-OKC TW (bg;by,. .. byrsuy,. .. up) us kaacca Uy makaa,

UYmo
I

w(l)(ula' ce UYLy '7yl”) = \/ fi(ula' . 7ul')yi7
i=1

2de f; — dynryua nposodumocmu om exoda TW x ewzody b, i=1,...,1".

JoxkazareasctBo. [IpoBemem 1oka3aTebCTBO WHAYKIWEH mo [. JIerko Bumerh,
a0 B KavecTre (popmyer F1) gocrarouno B3sTh dhyHKIMIO 1&,\(u1, e UN YLy e YN -
Honosxum DD = ({ur}, ..., {uay, {y1,...,un}). Cxema TW(uy,...,uy) cocrout
u3 BepimwuHbl (Bxoga) by, M3 KOTOPOH MCXOAAT A Jyr, HOMEYEHHBIX HEPEMEHHBLIMU
UL, ..., U\, & KOHI[BI ITUX JIyT ABJIAIOTCS BBIXOAAMH C TOMETKaMu by, ..., by cooTBer-
CTBEHHO.

Hycrs dopmyra FU | pasémerne DO u cxema TW yrormersopsior ykazaHHbIM
B gemme cpoiicrBam. Ipumennm nemmy 1 k dyukmusm ¢ = | by = 1hy, B Kaue-
CTBE KOMIOHEHTbI Z BO3bMEM JONOJHUTENbHYIO KoMmoHenty pasbuenus D) mour-
Hoctr A, a mosmydenmyio B pesysibrare (OPMYTy U CeJEKTOPHOE pa3bueHne ee Iie-
pemennirx o6o3maunm gepes FHD u DU coorercrrenno. Mycts mpm sroM s
MEPEMEHHBIX (DYHKITHI 102 MCIOIH30BAIACH CHCTEMA B3aNMHO-OJHO3HATYHBIX OTODpayKe-

. ! . 1
HU {fj}?zl. Tast i =1,...,\ npucoeaunum x sorxomy b; cxemsr T cxemy Ti( ) =
= TW(bio;bit,- . bix;&i(ur,...,u\)) m 0BOZHATNM DE3YTBTAT CYTIEPIO3HIINN Tepe3

1 1

T+ | TIpu 910M BXOAHBIE IOMETKH IPUCOEIHHEHHBIX CXEM T1( ), .. ,T)(\,) U BBIXO/IHBIE

.. ,Till) OOBABIISIIOTCS BBIXO-
mavm TUHD | Jlerko BUIETH, 9TO MOMKHO TaK TEPEeMMEHOBATEH Ge3 OTOMKIECTRIICHNS TTe-
pemennnie dopmyant FUHD i cxemsr TUHD | a takske 10moIHATENIBHO TEPENMEHOBATE
soixoapt cxembl 70D | garo dpopmyra FUHD | pazuenme DU u cxema T Gymyr

ABIATHCA NCKOMbBIMU. O

1
nomerkn cxembl T(!) crmmaiorcs, a BBIXOIBI cxeMm Tl( ),.

[Iycts pg — maTypasabHOe, po = A, a hg, h U p BBIOPAHBI TaK, 94TO

log po log po po — Ao h
ho — h— = [ B2 A= 1)+ AT, 1
’ LogAJ’ [logky P [A(A—l) =1+ @

OrmerrM, 9TO IpH 3TOM Py < p < po+ A(A—1), p kpatHO A, (p— A"~1) kpaTno (A —
—1). O6oznamv a = (p — A1) /(A —1). TIpn p = A nonoxnm ¢, =), D = DW)
T, =T . Tlpn p > X Bozsmenm dbopmyny F—1 | paséuenme DY u exemy TH=1)
moCTpoeHHbIe 10 eMMe 2. Pazo6heM I0moMHATEeIbHYI0 KOMIOHeHTy pasouenns D1
HA J[BA HEIIEPECEKAIONIUXCH MHOXKECTBA Z1 U Zo Takue, 910 Z1 = {y1,...,Ya}, |Zo| =

= M1 — . TIpumenny nemmy 1 k dyuxmusm ¥ = "D | 1y = 1\ n kommonente
Z1, a TIOJNIy9eHHYTO B Pe3yabTare Cynepro3utuu (PyHKIIAIO U CeTEKTOPHOE pa30ueHne ee
IepeMeHHBIX 0003HaINM depe3 ¢, u D coorsercrsenno. [Iycrs {&; }?:1 — UCIIOTb30BAB-
[IasCd IPU ITOM CHCTEMA B3AMMHO-OIHO3HAYHBIX OTOOPAXKEHU! MHOXKECTBA IePEeMeH-
Hex pymkImit 1y . s kaxkgoro ¢ = 1, ..., a nprucoenHnM K Bexoay b; cxemer 71
1
cxeMy TZ-( ) = TO(bi0;bins -y bin;&(ur, ..., un)) m 0BO3HAYMHM PE3yILTAT CyIEpPIo-
1 1
sunun depe3 1), . IIpu sToM BXOAHBIE TOMETKHU MPUCOEIUHEHHBIX CXEM T1( ), e ,T(g -~

_ 1 1
BBIXOHBIE TOMETKH by, . .., b, cxembl T~ cHEMAOTCSH, & BBIXOIBI CXEM 1( ), e ,Té )
1 BePIIUHDI Dot 1, ..., b \n—1 00BABAAIOTCA BEIXOHAaME cxeMbl 1),. Takum obpaszom, cxema
T, ssasiercs (1,p)-OKC u3 kmacca Uy . Ilepenmenyem 6e3 0TOXKIECTBIICHHS TEPEMEH-
Hble QYHKINH @), U CXeMbI 1), a TaKzKe JOMOTHUTEILHO HePeNMEHyeM BBIXOIbI CXeMbI
T}, Tax, 4TO
P
@p(ula ey Up s Y1y e 7y;D) = \/ fi(ula ce 7up')yi7
i=1
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rae p' = AMp—1)/(A—1), maoxectBo U = {u1,..., Uy} (COOTBETCTBEHHO, MHOKECTBO
Y = {y1,...,yp}) €CTb MHOXKECTBO BCEX YIPABJSIONMUX (COOTBETCTBEHHO, BCEX Y3JIO-
BBIX) [e€PeMEeHHLIX (DYHKIUN ¢p, fi — QYHKINI IPOBOAUMOCTH OT BXO4a I, K BBIXOLY
bi, izl,...,p.

[Tycts D; (coorBercrBenno, Do) — pasbuenue, NopoxkiaeHHOe pasbuenuem D Ha
muaoskecte U (cootserctrento, Y ). OTmernm, uto B ciydae a = A\"~! (coorsercrren-
Ho, a < A\"71) pas6mennme D; sBIgeTCA reOMETPHYICCKHM Da3OHEHHEM C OCHOBAHHEM
A KPaTHOCTH A BbICOTbI i €3 J0NOJHUTEIbHBIX KOMIOHEHT (COOTBETCTBEHHO, BHICOTDI
h—1 ¢ A JOHNOJHUTENbHBIME KOMIIOHEHTAMHU ), OTKy/a BbiTekaer, uro H (D7) < ca(A),
c2(A) = 2log A + 5. Jlerko Buzersb, uro H(D2) < 1 mas moboro a.

IIycts ¥(y1,...,Yp) — OyneBa (GYHKIMS, CYIMIECTBEHHO 3ABHCANIAS OT BCEX CBOUX
nepeMeHHbIX. MuoxkecTBo (GyHKIMA G OT MEPEeMEHHBIX X1, ..., T, HA3BIBACTCS YHU-
BEPCATBHBIM HOPIAKA M Jld ¥, ecau s joboit Oyiaesoit dyukuuu g(z1,...,Tm,) B
G mafinyTca GyHKIUH g1, ..., Jp, TaKne, 9T0 g MOMKET OBITH MPeJCTABICHA B BUJE

g = w(glw' '79}0)'

N3 [8, Jlemma 6] BBITEKAET CMOCOD MOCTPOEHNST YHUBEPCATLHOTO MHOYKECTBA TOPSI/I-
Ka m 11 GyHKIAA 1) Ha OCHOBAHUW CEJIEKTOPHOTO Pa30OMEHns ee MepeMeHHBIX.

Jlemma 3. Ilyecmv D — cesexmophoe pa3ddbueHue MHOHCECMBA NEPEMEHHBL Y
dynkyuu ¥(g), a A — nekomopoe pazbuenue mmooicecmea Y na Komnonewmv, Y,
i = 1,...,k, u nycmo pasbuenue D;, i = 1,... k, nopoocdaemcsa pasbuenuem D
na mmnoorcecmese Y;. Tozda daa a100661x HAMYPAALHOLT S1,. . ., Sk, M MAKUT, YMO S; >
>loglVil, i=1,....k,

k
m
2 < 3" Vil(si — H(D,)
i=1
cywecmsyem ynusepcasvroe muooicecmeo G nopadka m daa Y makoe, wmo
G=G1U--- UGk u daa kaoxcdozo i =1,...,k 6uonosHeHv Yycaosua:
42 .

1) |GIL| g 261+ s

2) dynryuu us muoscecmea G; UCNOAL3YWMCA OAA NOOCTNAHOBKYU HA MECTG Ne-
PEMEHHBLT MHOHCECMBa Y |

3) wucao pazavunnr gynkyud euda g'(x1,...,Tm-1,0), 2de ¢ € G;, o € {0,1},
ne Goavuwe, wem 25/2F1L,

Jlemma 4. [Tycmv namyparvuvie s', s”, m u p ewbpanv. mak, wmo p ydoeaemeo-

paem (1) das HeKOMOPO20 HAMYPAALHOZO Py U BHBINOAHEHDL CALOYIOULUE COOMHOULEHUSL:

Ap—1) AMp—1)

M s 1 1 2m<
A—1 ’ S >ng) A—1

/ ! "

s' > log (8" —ca(N) +p(s" —1).

Tozda cywecmeyem ynusepcasvroe muoscecmeo G nopadka m 0as @, maxoe, 4mo
’7 "

G=GUG", |G <2°F2, |G"] < 2° *2, dynwyuu us G' (coomeememsenno, G")

UCTIOABLBYIOMCA OAA NOOCANOBKY HA Mecma nepemennus mHuodxcecmea U (coomeem-

cmeenno, mmosicecmea Y ), u wucao pazaunnns gymxyut euda g"(r1,. .., Tm_1,0),

2de " € G, o € {0,1}, ne boavwe, wem 28" /241

HoxkaszarenbcTBo. JlocTaTodno MpuMeHHTH TeMMy 3 K DyHKIuH ¢, u pasbne-
ausam Dy, Dy, nopoxkjaennbiM paszbumenuem ) Ha MHO2kKecTBax mnepemenabix U u Y
COOTBETCTBEHHO. IIpu 3TOM HEOOXOIUMO MOJIOKUTEL S; = 8, So = 5. O

Mmuosxkectso S C {0,1}¢ HaswBaercss m-peryasipubiv [2, Ti1. 4, § 6], ecim m < ¢,
[S| = 2™ u uabopbl uz S umeroT pasiudbbie npedUKChl JJIUHBL M. 3aMETUM, 49TO Ha
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m-perynsapaoM MHOXKecTBe Habopos S C {0,1}7 mobas dbyukmus f(x1,...,24) COB-
nazaer ¢ HekoTopoii byukumeit g(z1, ...,z ). 3 pesyabraros [2, ri. 4, § 6] Boirekaer
CIIPABEJIMBOCTD CJIETYIOMIEH JTeMMBI.

JIemma 5. Ilyemo m < q u G ={g1,...,9q—m} — MHOCECMB0 PynKyul om nepe-
MEHHOLT X1, ..., Tm . To20a cywecmeyem pazbuenue A = (S1,...,S9—m) xyba {0,1}7
makoe, wmo oas i = 1,...,297™ muoocecmeo S; AGAAEMCA M -PE2YAAPHBM U KAHC-
daa gpymxyua g;, j =1,...,9 —m, cosnadaem wna S; ¢ NEPeMerHOl Tty UAU C €€
OMPUYAHUEM.

[Mycts §',s",m,p ynosnerBopsioT ycaosuto nemmbl 4 1 G — yHUBEPCATBLHOE MHO-
JKECTBO MOPAIKA M sl @), HOCTPOeHHOE 10 310it memme. Obozuatnm ¢ = m+ |G|, u
nycrb A’ = (S7,...,52¢-m) — pa3buenue kyba {0,1}7, nocrpoennoe o jemme 5 st
muokecTa hyrknwit G . Orvernm, uto Ha mabopax n3 S;, 1 < i < 297™, IPOM3BOIB-
mas Gynxnus g(zi,...,%T,) COBIATAET C HEKOTOPOH (GyHKNMEH § OT m NepeMeHHbIX,
A71A KOTOPO MOMKHO M07106path GYHKIHA ¢, ..., g, w3 G' n dywknmm g7,..., g, w3
G" rtakwme, 4TO

5: cpp(glla"'79;;/79/1/7"'7.9;)/)'
B 10 e Bpems 1O JeMMe 5 HaHIyTCs OyIeBBI KOHCTAHTBI (1, ...,Qu TAKHE, ITO Ha

nHabopax u3 S; dynkuua ¢’ copnagaer ¢ HeKoTOpoil byHKIMeH § BumA

a1 QXpr oy

’g\:@p(xil,...,xip/,gl,...,g;'), (2)

rae m<i1<i2<...<ip/<q.

3. okasarenbcTBo BepxHeil oneHku dyukiuu Illennona W) ,(n)

Hns mpomssosbuoit dyuxnuun f(x1,...,z,) mocrpoum (1,1)-OKC X u3 kmacca
Uy, peanu3yomy f, Takyo, 4To

A2 () asilegn+ OQ)
A—1n n

W)\,w(zf) <

IMycts s, 5", m,p BLIOPAHBI TaK, 9TO BLIMOJHEHBI YCJIOBHWS JEMMBI 4 W TIPA 3TOM

g = m+ |G| < n. Paccmorpnm pasznoxkenne byHkimn f(xq,...,2,) MO MepeMeHHBIM
Tgdly-os Tyt
o Oqt1 on ~1 =1
f(xla"wxn)* \/ Logt1 " Ty 'f(l‘,O’ )7
6"=(0g+1,--,0n)
~ /
rne ¥’ = (x1,...,24). Bocmonb3oBasmuce pasbmenmem A, momydaeMm ciemyioIee

OCHOBHOE TPeJICTaBJeHune A f:

ga—m
fan, ) =\ xi@) \/ ao i al fon (7)) (3)
=1 5’”:(0’L1+1,...,0'-,L)
rae x;(Z') — xapakrepncruueckast GyHKIms MHOKecTBa S;, i = 1,...,297™  a byHK-

nust fzr (%) coBmamaer ¢ f(#',6”) na mabopax S; u mmeer Buz (2).

Hamomuawwm, 9T0 r1yOWHON BepIInHBI KOPHEBOTO JI€PEBA HA3BIBAETCS YMCJIO pebep Ha
IyTH OT KOPHS K 3TOif BepimuHe. BbhicoTa KOPHEBOrO /IepeBa ONMPEeIenseTcsa KaK MaKCH-
MaJibHad FHy6I/IHa €r0 JINCThHEB.



170 AE. IINTAHOB

Iycrs (1,2™)-OKC X, (a’;a(,...,a50 _1;21,...,&y,) TPEACTABISET COBOI TOIHOE
JIBOMYHOE KOPHEBOE JIEPEBO BBICOTHI 7, B KOTOPOM BXOJ ¢ SIBJISETCS KOPHEM, BBIXOJIbI
agy ..., QY _q ABJILIOTCH JIUCTbIME, BCE JYI'M OPUEHTUPOBAHBI OT KOPHS K JIUCTbsM, U3
Bepiud rayounst i, ¢ = 0, ..., n—1, ICXOAAT MPOTUBOIOJIOKHBIE KOHTAKTHI TIEPEMEHHO
T;, & MyTh OT BXO/1a K BBIXOY a;’, 7 =0,...,2" —1, cCOmEPKNUT KOHTAKTHI, TOMEIECHHDbIE
nepeMeHHbIMU 7', ..., x7" TaK, 9ro V((01,...,00)) =].

Bosbmem cxemy X4(x1,...,2%¢) U AAg KaxKAOTO 4, § = 1,...,297 ™, OTOXKIECTBEM
Te ee BBIXOJHbBIE BEPINUHBI, HOMEPA KOTOPHIX COBIAJAIOT C HOMepamu HAOOpoB u3 S;.
IMonyyennyio (1,297")-OKC o6o3nauum uepe3 Y. 3amerum, uro X' peasusyer cu-
cTeMy XapakTepucTuueckux dbyHKuui 1 KoMmouenT (Sq, ..., Sqq—m) pasomenns A’.
K kaxkmomy Beixomy Y/ mpucoennnuM oraensuyio (1,277 7)-OKC X, _,(Tg+1,--.,%n)
TaK, ITOObI MHOJKECTBA BBIXOJHBIX MOMETOK TPHCOEMHEHHBIX CXEM He MepeceKkasnch
Mexk Ty coboit. ObozHaTMM HOoMydeHHyt0 cxemy depe3 Y. [Ipu 310M cHEMEM BBIXOIHBIE
[OMETKH CXeMbl X', BXOZHDLIE HOMETKH CXeM X,_q, & BBIXOABL CX€M Y,_q OODbIBHM

BBIXOJaAMU i Jlerko BUAETH, UTO
Wiw(E) < Aw2? 4+ A2" ™,

Paccvorpum (t,1)-OKC X7, ¢ < 25”42 peasmsyiomyio Bee pasiuuanble ByHKIAN
u3 G” | KOTOPYI0 MOYKHO MOCTPOUTD, UCIOJIB3Y s METOJ KACKAJIOB, CJIELYIOIIAM 06pa3oM:

1) pa3IoKenne MPOBOIMUTCS TIO TIEPEMEHHBIM Ty, Ty 1y - -« 5 T1

2) Bee ocrarounsie dyukmun suga g”’(ry,...,Tm-1,0), toe g’ € G”,
peanmu3yroTcst 6e3 OTOXK/IECTBICHUS BEPIIINH.

U3 memuer 4 Brimeraet, aro W ,(X7) = O(25") + 027+ /2).

Tak kak kaxkngas dbyukmus [z (') B pasnoxennn (3) umeer Buzx (2), TO ecTh

o€ {0,1},

cymectByoT ynkmmm gy, ..., g, , npuHasIexkamue G”, mabop OyneBbIX KOHCTaHT
o, ..., 0 T HAOOP WHAEKCOB M < i1 K i2 < ... < iy < ¢ TaKwme, 9TO
~IN aq Qpr "
fﬁ”,i(x ) - (pp(xil yrot 71‘1'1)/ 7915 7gp)a

10 fzr (%) MOKeT GBITH peayM30BaHa C UCIONB30BAHEEM CXeMbl T}, CIIeIyromuM 00-
pasom:

1) mepemenHbie Uy, . . ., U,y 3aMEHAI0TCA TIePeMEeHHBIME T7 ', . . . ,xj:/ COOTBETCTBEH-
HO;

2) BeIxomet by, ...,b, OTOXKIECTBISIOTCS C TEMH BXOZAMH cXeMbl L, rle peaansy-
otes Gyrknum gy, .., g, COOTBETCTBEHHO.

OcymiecTBuM yKa3aHHYIO OMEPANuIo I Kaxaoi dbyukmuu fs ;(Z'). IIpu stom Oy-
JIeM HCIONB30BaTh Oy cxemy Y m 2"~ ™ ormenvuble cxeMer T),. Bxoamble mosmoca, B
KOTODBIX peanu3yiorcs byHKuun [z ;(Z'), 0OTOXKIECTBEM € COOTBETCTBYIONUMH BBIXO-

JIAMU CXeMbI Y, B COOTBETCTBUU C pasjiokeHueM (3) u 0603HAYUM MOJYICHHYIO CXEMY
gepe3 X¢. OTmernm, 9TO

>\ " "
Waw(Sp) € 577p2" " +0 (204 2mm 42 gme/2).

Bri6epem mapamerper m, s', s’ m py cremyrommum 06pasom:

m = [2logn| —8, s =|logn| —4, s =2[(n-2logn)/2],

24 2 (s~ ()
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a 3Ha’Yenue p BBIOEpeM B coorBercTBuU ¢ yciaosueM (1). Haumnas ¢ mekoroporo m,
n = ng, A7 BBIOPAHHBIX 3HAYEHUI OyIyT BBITOTHEHBI yeaoBus geMMbl 4. Takum obpa-
30M, JIOKa3aHa BepxHsas onenka jus dbyaknun [Hlennona Wy ,(n).

4. HwxHaa momHocTHasd orenka dyHkiun Ilennona W)y ,(n)

JIemma 6. Koauuecmeo neusomopduoz (1,1)-OKC X, ¥ € Uy, om nepemenHovis
T1,. .., Ty makuz, wmo Wy (X)) < W, ne 6oavwe, wem n" (czW/ log W)A-DW/A
cs = c3(\w).

HokazareabcTBo. IlycTh cxema Y W3 paccMaTpWBaeMOTO Kjacca COEPIKUAT ¢
BEPIIUH C MOJIYCTENeHb0 3axoma 6osbie 1. st Toro 9rodbl 3a4aTh TAKy CXeMy X,
JIOCTaTOYHO BbIGpaTh ee ocroBHoe Hajyepeso D [2; ru. 2, § 1], nomerurs ayru D Gyk-
BaM® MMEPEMEHHBIX, BBIOPATH ¢ BepIuH D W NPHUCOEINHUTD MUCThA D K BBIOPAHHBIM
gepiraam. O603HaUYUM Yepe3 p KOJMYecTBO BepumH B X, Torga p < W/A — wt. Or-
MEeTHM, 9TO Y COIEPKUT He Gosee \p pebep, MOITOMY KOJUIECTBO CIIOCOOOB BHIOPATH
HasepeBo D e mpepocxoaut 4P [1]. Iycts v — BHyTpeHHsis BepimmHa D, Torma
KOJIMYECTBO PA3JIMIHBIX CIIOCOOOB TIOMETUTH OyKBaMU JIyTH, UCXOASAIINAE U3 U, HE TIpe-
socxomut (2n)). BuibpaTs t Bepmmn gepesa D MoxkHO He 6omee, gem 22PF! pasupivm
crocobamu. JlepeBo D comepkut He 0obine Ap — p+ 1 IUCTbEB, KOTOPBIE MOXKHO MPH-
COEIMHUTHL K BBHIOPAHHBIM ¢ BeprmuHaM. Takum 00pa30M, TOJyYaeM BEPXHIOK OIEHKY
A PP PHL ey = ¢4()\), ma wmcso memsomopdunx OKC pacemarpusaemoro Kaacca
HA p BepIIWHAX, U3 KOTOPHIX { MMEIT MOJycrenens 3axona 6omabmie 1. C yuerom Toro,
qr0 p < W/A —wt, 0 <t < W/(wA), u nepasencTsa

q
max 277" < < ¢s5q > ,
z€[0,q] logq

MOJIy9aeM YTBEPIK/IEHUE JIEMMBbI. |

s nokazarenscrBa Hmzkueit onenkn dbyukimn Hlenmnona W) ,(n) Bocmons3yeMcs
MOIIHOCTHBIM HEPABEHCTBOM, BBITEKAIOIINM U3 JIEMMbI 6,

Aoy,
nWa.w(n) csWaw(m) N % 7N " > 922"
log W (1) -

u reMm dakroM, uto log Wy ,(n) < n —logn + O(1).

Pa6ora Beinosnena npu dbunancosoii nopuepxkke PODU (upoexr Ne 09-01-00817-a).

Summary
A.E. Shiganov. On Complexity of Oriented Contact Circuits with Limited Out-degree.

The paper studies the implementation of Boolean functions in the class of oriented contact
circuits with some restriction on the weight and number of adjacent contacts. Circuits under
consideration are those in which out-degree of every vertex is not more than A. The weight of
vertex is defined as \ if its in-degree is one and A(1 + w), where w > 0, otherwise. Weight of
the circuit is sum of weights of its vertices. Weight of Boolean function f is defined as minimal
weight of circuit implementing f. Shannon function W) ., (n) is maximal weight of Boolean
function on n input variables. For this function in case when A > 1 and for any w > 0 we
obtain so-called high-accuracy asymptotic bound:

N on %logniO(l)
Whelm) = 3735 | 1+ n
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The results shows how introduction of restrictions on the out-degree of circuit’s vertices
influences asymptotic behaviour of Shannon function W) (n) and term logn/n in its
asymptotic expansion. Note that value of w influences only on constant in the term O(1).

Key words: Boolean function, oriented contact circuit, complexity, Shannon function,
high-accuracy asymptotic bound
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