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CXEMHAS CJIO2KHOCTB JIMHEVWHBIX ®YHKIINNA:
METO/ UCKJIIOYEHUS 'EUTOB U HAJIEXXHOCTD
B CJIABOM CMBICJIE

§1. BBEIEHUE

B coepemennon kpunrorpaduu IPaKTUYIECKH HET IOKA3YeMO Ha TékK-
HBIX KOHCTPYKIIMA ¢ OTKPHITHIM KaouoM. Hu cambie nepBbie KPUITOrPa-
dutTecKkre TPUMUTUBBT — TPOTOKOJ COTIAcOBAaHMA Katoua [uddpu—Xemima-
Ha [8] m kpunTocucrema RSA [27], — Hu Gomee MO3AHME KOHCTPYKIMN
HE MPUBEIN K JOKA3AHHON HATEKHOCTYU HU OJHOTO KPUNTOTPAPUIECKOTO
MPOTOKOIA ¢ OTKPHITHIM Ka09oM. CyIIecTBYIOT HANEKHBIE KPUITOIPA-
duvIeckue IPUMUATUBEL C CEKPETHHIM KIIOUOM; B 9YaCTHOCTH, COBPEMEHHAS
xpunrorpadus GaKTUIeCKH HAYAIACH C OTHOIO U3 TAKUX IIPUMUTUBOB —
OIHODA30BHIX BIOKHOTOB [29,34]; HO JaXe JOKA3yeMO HAJEKHOTO MPOTO-
KOJIa C CeKPEeTHBIM KJII0UOM, D€ [INHA COOOMIeHNs IpeBhiata Obl JINHY
KJII0Ya, TOCTPOUTEL HE yIaETCA.

Koneuno, 6e3ycIoBHOE TOKA3ATEILCTBO HAMEKHOCTU OLLTIO OBI TPYI-
HO TOJYYUTDH, BEAb U3 HEro HeusOexkHO ciaenoBasio Obl, uro P # NP: B
JHOO0U KPUTTTOCUCTEME C OTKPBITHEIM KJIHYOM TPOTUBHUK BCETA MOXKET
YTAMATh CAyYauHBEIE OUTH OTIPABUTENA U TEKCT COOOIIEHUA, TIOCIE Iero
MOATBEPAUTE AOTAAKY, MOJYINB TOT Xe cambin mmdp. Ho mera o6cTosaT
emré XyxKe: HeT U yCJIOBHBIX JOKA3ATEJLCTB, KOTOPBIE MOIVIN OBl yCTAHO-
BUTH CBA3b MEX Y KAKUMU-IUO0 €CTECTBEHHBIMU CTPYKTYPHBIMU IIPEAIIO-
aoxenusnmu (rakumu, kak PZNP win BPP#NP) u kpunrorpaduieckon
Haaéx)HOCTHIO. HemaBHO mosBuBIIMECs Pa3pabOTKM OCHOBAHHBIX HA pe-
MIETKAX KPUNITOCACTEM, CBA3BIBAIONINX KPUMTOTPADUIECKYIO HATEKHOCTD

Karouesbie ca06a: HATEXHOCTH B CIaOOM CMBICIE, CXEMHAA CIOXKHOCTD, (DYHKIIANA C
CEKPEeTOM, A0Ka3yeMasd HaAEKHOCTb.

PaBoTa mepBoro aBTopa ObLIA IO AepXKAHA, CTUICHINAILHON TporpaMmon “SIunex-
ca” u rpaarom PODU 11-01-12135-0cpu-m-2011. Pabora Broporo aBropa ObLIa IOLAED-
xaua rpantamMu PODU 11-01-12135-0pu-m-2011 u 11-01-00760-a, a Takxke rpaHTOM
IIpeangenta PP mpaa Bexymux HaywHbIX mkoa HII-3229.2012.1 u rpanTom IlpesngenTa
P® nna momoxeix kanauaaToB Hayk MK-6628.2012.1.
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CO CJIOKHOCTBIO B XYAIIEM CAyYae, B TeNCTBUTEILHOCTH UMEIOT MeJ0 C 3a-
madaMmu, NP-TpymHOCTE KOTOPBIX He MTOKa3aHa u, 60Jee TOTO, MaJOBEpO-
arHa [2,9,25,26].

M3BecTHEI MOJIHBIE KOHCTPYKIUM KPUNTOIPAPUIECKAX MPUMHATUBOB:
Kak ogHocToponHux ¢yukuun [11,23;39,40], Tak u KpunTocucreMm ¢ OT-
KPBITEIM Kaod9oM [12,13]. OgHako oM TOXKe He MO3BOJAIT CBA3ATH KPU-
NTOrpapUIeCKy0 HAAEKHOCTD ¢ KIUYEBEIMA TPEANOIOKEHUAMY TPA, -
LMOHHOU CTPYKTYPHOU TEOPUM CJIOXKHOCTHU. KaxeTcs, 9To KIACCHIeCKOU
COBPEMEHHOU KPUITTOrpadgur emé O9eHb TAIeKO 0 KAKAX-T00 JOKaA3YEMO
HAJEXKHBEIX KOHCTPYKIud. bomee TOro, acuMnToTrIecKas mpupona nMer-
IIUXCA YTBEPXKACHAN O MOJHOTE HE MO3BONAET YTBEPKAATH, 9TO Ty WIA
WHYI0 KPUTITOrpahrUIecKyr KOHCTPYKITAI TPYIHO B3JIOMATH A KIIOTEn
KaKOU-T60 GUKCAPOBAHHON AAUHEL. O THAKO UMEHHO KU (PUKCUDPOBAH-
HOU [IJIMHEI MHTEPECYIOT KOHEYHBLIX MOJIB30BATENEH KPUIITOrPAMIIECKAX
KOHCTPYKIIUU, BeIb UX MPOTOKOJ BAIIUIIEH KIIOYOM OJHOU KOHKPETHOU
IIUHBI. ACUMITOTUYECKNE OIEHKU CJIOKHOCTU AJTOPUTMOB, KAK TTPABU-
JIO, TEUCTBUTEIHHO UMEIOT TIPAMOE OTHOIICHUE K UX TPAKTUIECKON CJAO0K-
HOCTH, HO NOKA3ATENLCTBA ACUMITOTUIECKON HAMEKHOCTH MOKET OKa-
3aTLCA HEIOCTATOYHO IIA MPAKTHIECKON HANEKHOCTH: IIOIEMY TPYIHO
B3aomMaTh RSA mua 2048-6urhbix wucen? MoxeT GbITH, KTO-TO CMOXET
MOCTPOUTE YCTPOUCTBO HE CAUIIKOM OOJBLIIOTO PasMepa, KOTOPOE B3Ja-
MBIBAET TOT WIN WHOW TMPOTOKOJ A BCEX KIIOUEH OJHOW W TOU XKE De-
ATBHO UCTIOML3YIOMIENCA IMUHBI? HUKaKUX TeopeTuvIecKuxX NpemATCTBAN K
»TOMY (HPOPMATLHBIE KPUNTOTPADUICCKIE OTTPEICTCHUA He TPEICTABIAIOT:
KOHKDETHEIE [IMHEI KIIOYed BOOOIIE HE PACCMATPUBAIOTCA B IMIPUHIIUIIN-
ATBHO aCUMIITOTHIeCKON Teopun. CI0XHOCTE 3813, KOTOPBIE YKE TOJT0e
BPEMA UCCAENOBAINCH B KPUITOIPAPHIECKOM KOHTEKCTE (PA3IOKEHUE HA,
MHOXUTEIA U JAUCKPETHBIA JOTapudM), TeUCTBATENLHO IPEICTABIACTCA
“paBHOMEpHOU” TO AJIUHAM KJIHOUEN, HO A STUX 3aa¥ HUKAKUAX CYTepIIo-
JMHOMUAILHEIX HUKHUX OIEHOK CJAOXKHOCTU HE W3BECTHO, M IIOSYICHNE UX
B Gamxanmem Oy IymeM KpanHe MaJIOBEPOATHO. [[pyrue omacHoCcTy acuM-
OTOTUIECKOTO MOAXOMA 3AKIIOYAIOTCA B HEAKKYPATHOM HCIIONL30BAHUN
CBeZéHMU B JOKasaTelbCTBax HagéwuocTn (cM. [19-21] u xoMMeHTapHn
K DTUM BHI3BABIIUM MPOTUBOPEINBLIE OTKIUKA MTyOJUKAIAAM ).

B cBasu ¢ »TMM DpencTaBIAeTCA, ITO MAEANLHOU MOJENBI) BLITHCJIE-
HUW 1A KPUNTOrPAPUIECKIX HYXK T ABIAETCA CTEMHAA CAONCHOCND — Of-
HA 13 HEMHOTHX MOJENEN BLITUCJACHUN, B KOTOPEIX BO3MOXKHEL JOKA3ATEIb-
CTBa KOMKDPEMMHBIL, 8 HE ACUMIITOTUIECKUX OIIEHOK CJI0KHOCTU. Hampumep,
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JI. CrokManep B CBOEU AUCCEPTAIMU MPUBET (PYHKIINIO, JHO0AA PeATU3a-
1A KOTOPOU TPU TOMOIIN GUHAPHOU OYJEBOU CXEMBI Ha, BXOJaX pasMepa
< 616 gomxua mveTs He Meree 10123 refrros [3,31,33]. Manmas Mmogens no-
CTATOYHO XOPOIIO W3y9eHA: OCHOBHBIE PE3YJILTATEHL B KIACCAIECKON CXEM-
HOU CJOXHOCTU OTHOCATCA K 1980-M I'r. u paHblle; B HUX 3HAYUTEIHHA
3acrIyra OTeYeCTBEHHBIX yIEHBIX [b, 24,32, 33,41, 42, 4446, 48-53]. Ox-
HAKO, XOTA CXEMHAsA CJAOKHOCTDH BHIDIAIUT TTEPCIEKTUBHON MOIEMBIO BhI-
YUCJIEHUN, OYEBATHEIM HENOCTATKOM TaKOrO MONXOAd ABIACTCA TO, ITO,
HECMOTPA HA MHOTOJETHHE MCCIENOBAHMA, MBI IO CAX MOP OYEHbL ILIOXO
[IOHUMAEM, KaK MOKA3LIBATL HIDKHWE OUEHKHA B DTOW Mogenn. Hammyd-
M€ U3BECTHRIEC HUKHUE OIEHKYU CXEeMHOU CJAOKHOCTHU B MTPOU3BOIBHOM 6a-
3UCE A ABHBIX (DYHKIMEA 0€3 MOTMOMHUTEMLHBIX OTPAHUYCHUN JUHEUHEI
OT YUCIa BXONOB, 13 W KOHCTAHTHI TaM COBCEM HEOOJBINME: TakK, Jyd-
nIas HYDKHAA ONEHKA mia OyaeBon (pyHkmuum B" — B cocrasaser Bcero
aub 3n — o(n) [5,24,32,36]. B nociegnue roasr UEHTD YCUIKU B TEOPUY
CXEMHOU CJIOXKHOCTH CMECTHICA Ha PEe3yIbTATHI, CBA3AHHBIE CO CXEMAaMU
OTDAHNYEHHON TWIYOUHBI /Ul OTPAHUIEHHBIM Ha0OPOM BEIYMC/ISEMBIX B
uux dyuxumn [1,3,6,10, 14,30, 35,37,38,47], ogHako B xpunTorpadue-
CKOM KOHTEKCTE MEI BPSAI I CMOXKEM yOEINThL MPOTUBHUKA, NCIONb30BATD,
CKayKeM, CXeMBbI TOJBKO riybunsl 64 u He HosbIe.

B sTom paboTe MBI IPONOIKAEM UCCAEIOBAHUE BOIPOCA, O TOM, KAK NO-
Ka3aTh HAIUYUE TOMb Kakoli-nubyds (IyCTh JUHENHON) DA3HULBI MEXK Ty
CXEMHOU CJOXKHOCTBIO YECTHOTO MeKOAUPOBAHUA u BajtoMa. B 1992 romy
Anern XunbTres [15] ckoHCTPYHPOBa GYHKINIO, IUIs1 KOTOPOU TaKOe TOKa-
3aTeIbCTBO HAUTHU Y AaJI0Ch: PYHKIUIO XUIbTTreHa nouTu 8dsoe (B 2—o(1)
pa3) TpygHee 06PATUTD, YeM BEIMUCIUTE. Ero IpuMep ABJIeTCa INHEMHOU
dyuxmuen wagx GF(2) ¢ MaTpunen, B KOTOPOU MaJO HEHYJEBLIX JIEMEH-
TOB, B TO BPEMA KaK B OOPATHOW K HEM MATPUIE HEHYJIEBHEIX DJIEMEHTOB
MHOTO. CI0KHOCTH OOPAINEHUS TPU DTOM CJAENYeT U3 MPOCTOrO HABIIO-
nenus Jlamanbu u CoBugxa [22,28]: Kax A GUT BBIXOAA HETPUBUALLHO
3aBUCAT OT MHOTUX MEPEMEHHBLIX, U 3TU OUTEHI BCE PA3HEBIE, CJIEIOBATENb-
HO, MOXKHO JOKA3aTh HUKHIOK OIEHKY HA CJIOXKHOCTDL BLIYACIEHUA UX BCEX
BMECTE B3ATHIX. XWIHTTEH TPONOIKII UCCACTOBAHUA TOKAZYEMO HATEK-
HBIX OJHOCTOPOHHWX yHKIMHA B [16,17].

dra pabora ObLIa OPOAOMXKEHA BTOPLIM aBTopoMm, J. A. Tupmem u
O. Menanuy [18,43]. B [18] 6bL1a nocTpoeHa nepsas (IMHERHAS) KOHCTPYK-
st Gyskuun ¢ cekperom (trapdoor functions), mokasyemo HaLEKHBIX B



68 A. II. IABBIJOB, C. I. HUKOJIEHKO

c1ab0M CMBICTAE, ¢ TMOPAIKOM HAIEKHOCTHU a B [43] 6BITO TOCTPOEHO

25
227
CEMENCTBO HEeJIMHENHEIX (PYHKIWHA C CEKPETOM C IOPAIKOM HaI6KHOCTH %

Hacrosmas paGora MOCBAIIEHA CXEMHOU CIOXKHOCTY JUHEUHBIX (DyHK-
1NN 7 HOBBIM KOHCTPYKIIUAM JUHEUHBIX (GYHKIIUA C CEKPETOM, TOKA3yeMO
HAMEXKHBIX B CTa00OM cMbIcie. B pasmeme 2 MBI BBOAWM OCHOBHBIE OTIpe-
nenenusa. B pasgene 3 npuBoanTca (HEKOHCTPYKTUBHOE) TOKA3ATEIBCTBO
TOr'O, YTO CPeNU JUHENHLIX (PYHKIWHA CYIIECTBYIOT (QyHKINA HEJUHENHON
CXEMHOH CJIOXKHOCTH, T.. TOIO, 9TO JUHEUHLIE (DYHKIUN IeHICTBUTEILHO
MPEJICTABIAIOT UHTEPEC C TOYKKM 3PEHUS HUKHUX OIEHOK CXEMHOU CJIOXK-
moctu. B paszgene 4 mogpo6HO aHATU3UPYETCA METO UCKIIOUYCHUA TeNTOB
(gate elimination) s caydas cxeM, PeATU3yIOMAX JAHEUHBIE (DYHKIAH, &
B pasgene 5 pe3yabTaThl pasdiena 4 TPUMEHSIOTCA NI IMONYIeHUs HOBBIX
KOHCTDPYKIIUU JUHEUHLIX (PYHKIWA C CEKPETOM, HOKA3YEMO HAIEKHLIX B
cab0M CMBICJIE, U YTOYHEHUs UX OLEHOK HANEKHOCTU. B pesyabrare Mb

yaydmmaeM pesyabTar [18], mokasbBas Crenyomyo TeopeMy.

Teopema 1. Cywecmsyem nocaedosamenbnocms A, — 2 u auneiinas
Pynryus ¢ cexkpemom, Joka3yemo HaAdEHCHAA 8 Caabom cmvicae, ¢ daunot
xkatoua pi(n) = ti(n) = n, daunot exoda u ewizoda c(n) = m(n) = [A,n]
u NOPAJKOM HadExcnocmu 3.

Cuenyer cpasy OTMETHTD, 9TO U B 5TOU paboTe, u B Apyrux paborax o
IPUMUTHABAX, JOKA3YEMO HAJEKHBIX B CIA0OM CMBICJE, CTPOUTCA OLHOPA-
30BaA KPUNITOCUCTEMA ((DYHKIMA C CEKPETOM) € JIMHOW COOOIIEHNUA , JIUIIThH
B JBa pa3a MPEBBLIAKIIEN [INHY K094, U OUEHKU CJIOKHOCTH TOXKE JH-
merHbl. [[05TOMY, KOHEYHO, MPAKTAIECKOTO KPUIITOrPAPUIECKOTO 3HATE-
HUA PE3YILTATEL O TOKA3yeMO HANEXKHEIX B CIa00M CMEICIE KPUITOrpadm-
YECKUX TIPUMUTUBAX HE UMEIOT, U HAILIA PE3YILTATH OTHOCATCA CKOpee K
00JACTH TEOPUH CXEMHOU CJIOKHOCTH, YeM K KpunTorpaduu. ITa padboTa
SBJSAETCA KYPHATLHON BEPCHEN CTaThu [7].

§2. ONPEIEJEHUA U OBO3HAYEHUA

IIpexnme Bcero maamm TO4UHOE ompeaencHme cxeMmbl. QGO3HAMUM Tepes
By, MHOXKeCTBO Beex 272" bynkumit f : B® — B™, rae B = {0, 1} — mose
U3 IBYX DIEMEHTOB.

Onpegenenune 1. I[Tycmb Q) — nexomopoe mnoxcecmso 6yaesvir Gyrnkyui
f:B™ — B (m mooacem 6uimv pasneim das pasweiz f). Tozda Q-cxema
— oMo ayuKAuNeCKUl Hanpassennbili 2pad ¢ MEMKAMU, COCMOSUWUT U3
BEPULUN MPET MUNOE:
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o deyz sevidesennbls sepwun 6xodauel cmeneny 0, MAPKUPOBAHHBIL

xax 0 u 1,
o gsepwun sxodawel cmenenu 0 (8epwun, 8 Komopvie ne 6rodam
pébpa), Mapruposarnulr 000l U3 NEPEMEHNBIT L1, . . . , Ty,

o SePUWUN, MAPKUPOSanHbIX 00not uz Pynkyut f € Q, 6 Komopvie
8Lodum cmoavko pébep, Kaxosa aprocmy amot Gynryuy.

Bepuwunbt nepsoeo muna wa3ui8a10Mcs KOHCTAHTAME, 8MOPO20 — BXOAA-
MH, a mpembezo — rerramu’. Pasmep cxembt — amo uucao 2etimos 6 met.

Kax nuin rent {2-cXeMBl BRIYUCIAST HEKOTOPYIO OYJIeBY (DYHKITUIO, KOH-
CTaHTHI BEIYUCAAIOT TOXKIecTBeHHBE O 1 1.

CooTBeTcTBeHHO, cCXeMHas CA0XKHOCTE Gpyakunu f : B — B™ B 6a3uce
) ompenengeTcsa Kak pasMep MUHUMAJILHOU {)-CXEMEI, KOTOPAA b4 Al
em gyHkuuio f, T.e. CX€MBI, B KOTOPOU €CTb 111 BePUIKH (CeUTOB, BXOLOB
WY KOHCTAHT ), BEIMUC/IAOIINX PE3YIbTAT IPUMEHEHNs KOMIIOHEHT (DYHK-
1y f KO BXOIHBIM OuTaM. IT0o6BI MOXKHO OBLIO 6€3 OrOBOPOK YCTPAHUTH
YHApHBIE DEUTHI, OyJeM CIATATh, 9TO B TeuTe (MepEeMEHHON) BBIYUCIA-
ercs Kak caM Pe3yabTar ero pyHKuuy (3HaYeHue BXOTHOU [IEPEMEHHON),
Tak u ero orpunanue. Haima MOneab BBIYUCIEHUU — 3TO GYJIEBBI CXEMBI
C TIPOU3BOJBHBIMY OUHAPHBIMU DEUTAMU; UHBIMEA CJIOBAMU, KAXKIBIA TEUT
CXeMBI MapkupyeTca ogHou m3 16 OyaeBrix dyukimmn u3 By ;. B gams-
menmeM depes C(f) Gyaer 0603HAIATHCA CXEMHAA CIOXKHOCTL f B Gasuce
B, 1, cocToAmeM u3 Bcex OMHAPHLIX OyIeBbIX pyHKnuu. MEe! OygeM mpes-
[IoJIaraTh, YTO KAXIBIM [E€UT B 3TOU CXEMEe 3ABUCUT OT 00OMX BXOIOB,
T.e. HET DEUTOB, MAPKUPOBAHHLIX KOHCTAHTAMYU U YHAPHBIMU (DYHKIIHSI-
v Id u —. D10 He yMamAeT OGIMHOCTH, TOTOMY UTO TAKUE TeUTHI JErKO
UCKIIOYUThL U3 HEeTPUBUAIBLHOU CXEMEI, HE yBeamumsas eé pasmep. depes
Co(f) 6ymem 0603HAYATH MUHUMAJBHBIN PA3MED CXEMBI, KOTOPAA BBIUU-
caser yuknuo f € B, ,, Ha Gonee dem gore o €€ BXOIOB (JIHHBL M).
Ouesngro, Co(f) < Ca(f) mus Becex pyuxuun f u Bcex o < .

A. Xunbrren BBéM A KaXAOU 06pamumoti GYHKIUU 1 MEPEMEHHBIX
f € By, , mouaTue mepwr weobpamumocmy (measure of one-wayness)

c(fh
c(f)

(mamomunm, ato C'(f) — pasMep MUHUMAJIBHOU CXEMBI ¢ OMHAPHBIMHA [ed-
Tamu, peamusywomen f). Pesymbrarsr XuibTreHa 3aKkI0UaInCh B TOM,

Mr(f) =

Ip DPYCCKOA3BIYHON AUTEPATYPE BCTPEIALTCA TEPMUH “8eHMuasb”; 1€T COPOK Ha3al
OH OBLI 00meynoTpeObuTeNeH.
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9TO OH HAIIEN OCTeOBATETLHOCTH QyHKIMN { f }S° | ¢ HETPUBNATBLHBEIMA
(6OMBIMMY €IMHNUIIET) KOHCTAHTAMM

lim inf Mg(fn),

n—oo

KOTOpLle XUIbTIeH HA3LIBAeT nopadkom weobpamumocmu (order of one-
wayness).
OT ogHOCTOPOHHUX (DYHKIUN TIepenféM K (GYHKITUAM C CEKPETOM.

Omnpepenenune 2. adurcupyem dynxyuy pi,ti,m,c : N — N. Cemen-

CTBO KaHAWJATOB B (DYHKIIUU C CEKPETOM npedcmasasem coboii nocaedo-
o0

sameapnocms mpoex C = {(Seed,,, Eval,,Invy)} ~ , ede:

o {Seed,}2, — amo cemeticmeo crem nopoxcdenus Kaoweds
Seed,, : B" — BPI(™) x BH(™)
o {Eval,}>2, — amo cemeticmeo sbiuucasowus Gywkyuo crem
Eval, : BP(® x B™( _, (™) 4
o {Inv,,}32, — amo cemeticmeo obpawaouwus GywKyuw crem
Inv,, : BE(W x B — gmn)

npuuém das Kaxcdo2o n, Kaxecdoz2o s € B (nauaavnoz2o wucaa 2enepamo-
pa) u Karcdozo t € B™M (coobusenus)

Inv, (Seed,, 2(s), Eval, (Seed,, 1(s),t)) = t,

ede Seedy,,1(s) u Seedy, 2(s) — nepsvie pi(n) oum ( “nybavunas undopma-
yusa”, public information) u nocaedwnue ti(n) 6um (“cexpem”, trapdoor
information) ewzoda crembr Seed,(s), coomeememeenno.

HedopMaabHOo roBOpA, 31€CH YUCIO 1 — DTO MAPAMETP HaIéKHOCTH
(QYHKIUA € CEKPETOM, IINHA HAYATLHOT'O YUCIA TEHEPATOPA CIYIANHBIX
qucea. J[auHy BXOAa QYHKIMA C CEKPETOM MBI OOO3HAIWIM depes m(n),
4epes ¢(n) — muHy €€ BBIXOAa, a depe3 pi(n) u ti(n) — gauny nybaudnon
rHPOPMALINY U CEKPETA COOTBETCTBEHHO. MEI HA3LIBAEM TAKOE CEMENCTBO
GyHKIME “KapamaaToMm”, IOTOMY 9TO B OIPEIeJeHUM 2 HUYEro He IOBO-
PUTCA O HAZEKHOCTH, & TOJILKO BBOIATCA O003HAYEHUA I PA3MEPHOCTEN
U yCTAHABAUBAETCA KOPPEKTHOCTH OODAIICHUA.

YT0oOB MOHATE, HACKOALKO (DYHKIWA HANEXKHA, HyKHO BBECTH ITOHATHUE
BamoMa QpyHKun. HedpopMaibHO roBOpsA, IPOTUBHUK IOLKEH OOPATHUTH
(PYHKIIUIO, HE 3HAA CEKPeTa.
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Omnpepenenune 3. Crema Adv, ycmemmno obpamaer cemeticmeo kanduda-
mos 6 Pynkyuu c cexpemom {Seed,, Eval,,Inv,} na exodaz daunst n, ec-
AU 0aa pasromepnoz0 pacnpedesewus U, 62amozo no s € B" um € B
(nO HAYAALHBIM YUCAGM 2EHEPATNOPG U 6T0JaM),

( P)r U[Advn(Seednyl(s),Evaln(Seednyl(s),m)) =m| >
s,m)€

N | =

3aMeTuM, 9TO B JEUCTBUTEILHOCTY MBI JOKAXKEM JaxKe 60Jee CILHBIN
dakT, a UMEHHO HALEXHOCTH KOHCTPYKIUU B CIAG0OM CMBICHIE s 4100020
HAYaJBLHOI'O YUCIa DeHepaTopa S, a He TOALKO Mad OOJBIIMHCTBA TAKUAX
quCce.

Omnpepenenue 4. Bydem 2080pumb, umo cemelicmeo kandudamos 6
(oo}

dynryuu c cexpemom C = {(Seed,,, Eval,,Inv,,)} "~ | umeem mopsagox Ha-

néxuocru k € R, ecau das xancdoti maxoid nocaedosamespnocmuy crem

{Adv,}22,, 6 komopot Adv, ycenewno obpawaem C wa 6x00ax daunb 1,

{C(Advn) C(Adv,) C(Advn)}>

lim inf min

n—oo

C(Seed,)’ C(Eval,)’ C(Inv,)

Hrnaue 2080pa4,

Ciy2(foitny+em)) Ciy2(fpitny+em)) Cry2(foitn)+en)) Sk
C(Seed,) ~  C(Eval,) C(Inv,) -

ede Pynruus foin)+c(n) € Bpitn)4c(n),m(n) 0mobpascaem
(Seed,, 1 (s), Eval, (Seed,, 1(s),m)) — m.

lim inf min
n—oo

IIpuBenéM HECKOIBLKO MPOCTHIX MPUMEPOB. ECIn CeKPEeTHOrO KIo9a HeT
Bosce (pi(n) = 0), TO KaxkA0€ CEMENCTBO KAHAUIATOB B (DYHKIUU C CEKPe-
tom {(Seed,,, Eval,,Inv,,)},° | umeer nopanok HagéxrocTH 1, T.K. mocie-
JpoBaTenbHOCTH cxeM {Inv, }52 , yemermHo ero o6pamaer. Ecin

{(Seed,,, Eval,,, Inv,,)} *

n=1

peanu3yoT QYHKIU C CEKPETOM B OOBIYHOM KPUITOrDA(UIECKOM, HE B
c1abom cMmuIcae, To k = 0o. Bosee Toro, k = 0o maxe eciu OIEHKH Ha Pa3-
Mep CXeM IPOTUBHUKA OPOCTO (OJIee HeM JUHEUHO MPEBBIIIAIT OLEHKN
HA, Pa3Mep CXeM YeCTHBIX YYACTHUKOB MPOTOKOJA, HATIPUMED, €CIU MPO-
TuBHuKy Tpebyerca O(nlogn) renros, a dectHoe ydactue JuHenHo. K
COXKAJIEHUIO, TaXKe TAKUX OIEHOK HAa Pa3Mep CXeM W3 IPOW3BOJLHEBIX Ou-
HAPHBIX DEUTOB, PEANTU3YIONMX KOHKPETHLIE Oy/aIeBbl (OYyHKINUU, MOKA HE
M3BECTHO.
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CaenyeT aBHO OTMETHUTH, UTO MBI TOBOPUM KCKIIOYUTEILHO 00 00H0-
pazosol HagéxuHOCTU. [IPOTUBHUK MOXKET MCTOIB30BATEH MEHBLIIEE THUCIO
FeATOB, O6PAIIaA CEMENCTBO KAHAUIATOB B (PYHKIMH C CEKPETOM BTO-
pOU pa3 [ TOU K€ Iapbl KIIOYel: HAIPUMED, OH MOXKET BLIYUC/IUTL Ce-
KPETHYI MH(POPMAIMIO W YCIENHO HCIOAL30BATEL €6 BTOPUIHO. Taxmm
00pa30oM, B HAIMX KOHCTPYKIIUAX TPEOYETCA MIA KaXKIOTO HOBOTO BXO-
4 BLIOWPATH HOBYIO TPy KJIHOYen ((DaKTUIeCKr, HOBOE HAYAILHOE TMCI0
reHepaTopa,).

§3. HEKOHCTPYKTHUBHBIE OLIEHKUN CXEMHOM CJOXKHOCTHU
JIMHEVHBIX ®YHKIINN

HemocpeIcTBEHHBIM MOACIETOM MOXKHO MOKA3aTh, 9TO CPEIN BCEX
(DYHKIIUU OT N TIEpeMEeHHBIX HAUAYTCA (PYHKIUUA CO CXEMHOU CJIOKHOCTBHIO
HE MeHee %2”. BosaukaeT ecTeCTBEHHBIN BOIPOC: BOBMOXKHBI JIU HEJUHEN-
HbIE OLIEHKY IJis TUHENHBIX PYyHKIuU? OKa3bIBACTCSA, 9TO JUHENHBIE (DYHK-
WU C HEJVUHEUHBIMYM HUKHUMU OIEHKAMU [EUCTBUTEILHO CYIIECTBYIOT.
OTCBUIKE K DTOMY DE3yJIbTATY MPUBOAATCA B [4, 16], HO HaM He ymaaoch
HAUTHU TOAPOOHOE TOKA3aTEILCTRO B JUTEPATYPE; MBI MPABOAUM MOKA3A-
TEABLCTBO 31€Ch, & TAKKE YTOIHAEM PE3YJIbLTAT, IOy Iasd TOTHBIE 3HAICHUS
KOHCTAHT.

Teopema 2.

(1) Jas mobo2o n natidemes maxas KOWCManma 6,, 4MO CLEMNHAL
CAOACHOCTND BCex aunelinnix 6yaesix Pynryud ¢ : {0,1}" —{0,1}"

2 .
He NPesocrooum 6n1(?ﬂ, v lim 4, = 1.
n—oo

(2) [das w6020 € > 0 cywecmsyem maxoe ng(€), wmo dai 6cAK020
n > ng(€) natidémes aunetinas 6ysesa dywxyus ¢ : {0,1}" —

2

n

n
{0,1}", wba cremmasn caoxncnocmsv npesocrodum (1 — e)m.

MokazaTenscTro. 1. Beprnas ouenka. [lycts A — maTpuma, cooTBeT-
crByomaa Gy ¢. [logoxuM cHadasa N paBHLIM CTEMEHUW ITBOUKMH.
Mu 6ygem BeraumeaaTh A cregyroomuMm obpasoM. Beeném mepemennyio c;,
xoTopas 6yger npoberaTs BCce BO3MOXKHBIE cTpoky aauubl | = qlogn, rae
¢ — KOHCTaHTa, KOTOPYIO MBI onpenennm mozxe. O603HAYNM BXOIHI ¢ KaK
2 = (21 - %a ) U NPEIBLIYACINM 3HAYCHUA BCEX BO3MOKHBIX KOMOWHAIAN

Tjt1 .

Ci - (ch ), rae j kpaTuo [. YTo6bl moacInTaTh KaX VIO TAKYI0 KOMOH-
i+

HALNIO, TOCTATOYHO ¢ logn relToB, Tak Kak ¢; — (PUKCUPOBAHHAS CTPOKA,

KOTOPYIO MOXKHO KECTKO 3alIUTh B CTPYKTYPY cxeMmbl. Takum oGpazowm,
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YUCJTIO 1"eI:/JITOB7 MCIMOJBb3yEeMBIX B MPOIECCe MPEABBIMUCICHUA, MOXKHO OIle-
HUTH CBEPXY KaK

, n
g0losn . — . (glogn —1) < n?-n=nitl
q-logn
Mycre Ay, As,- -, A, — croabusr A. [aa Toro 4robwl mautu A - x,

MO CINTAEM

1 Ti41 Tp—l4+1
Ax=(A1 ... 4a) | ¢ |®(Ar41 - Azr) : D...B(An—141 - An)

Z:l ‘73.21 Z'n

Kaxmoe u3 mpomssemeHun, yJIaCTBYIOIIUX B >TOU (HOPMYJe, OBLIO BHI-
YUCIeHO paHee, HA 3Tale MPEeIBBIMUCIEHNA, TaK ITO BCE, UTO TpedyeTcs
cAeaaTh — IOAATH HA BXOJ Pe3y/IbTAT COOTBETCTBYIOLIErO IedTa (HUKa-
KUX [OIOJHUTEILHBIX MelTOB He HykHO). [locae aroro norpe6yiorcs eme
n - (% — 1) rerTos g1s TOro, ¥TOOH MoacumTaTh 3HaTeHne XOR. Takmv
00pa3oM, 0bIIee IUCIO MeUTOB, HEOOXOJUMBIX [/ BHIYUCICHUS PE3YIbTa-
Ta, PABHO

2
n n
ntin. (——— 1) =n"t+ — —n
q-logn q-logn
BeGnpas ¢ = {i, DOIyTMM BEPXHIO OLEHKY CXEMHOM CIOKHOCTH
n2 n2
(L+€)pgm +o (@) IJIS CKOJb YTOMHO MATHIX €.

Ecau ke n — He CTeMeHb IBOWKHU, TO YaCTh MATPUIIEI, OTHOCAIIYIOCA KO
BxozaM ¢ mepsoro 1o |n/(q-logn)]-q-logn, o6cunTaem BHIIIEOTCAHHEIM
CIOCOBOM, & OCTABIIYIOCA TIOACIATAEM TPYOOU CUION, TOTPATUR TOPAIKA,
q -logn - n reuTos.

2. Husenasn oyenka. Huxmowo omenky noxydum noncaérom. Ilycts ¢ =
(1—¢) %. Omnennm T' — qmcso cxem pasmepa < g. Kaxayro cxemy MOXHO
OTIMCATH, 3a1aB MO ABA BXOMA IJA KAXKIOMO T'eNTa W ero Tul (ONuH U3
MIECTHAIIATA BO3MOXKHBIX). TakuMm oO6pasoMm, masa g > n

n.(16 - 2\)a 2¢q
7< ! (16 (T'L+q) ) gqn.(166)q.(n+q)
q: q4
n 29 _ g
< g™ - (16e)7 - ek q" - (64e)? - s

=q"-(64-e-q)? < (64-e-q) 1" < (ng)(l_e)'%ﬂl

— (2210g n)(l—e)~%+n — 2(1—e)n2+2n10gn
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Ho o61m1ee I1CI0 MTMHEHHEX 0y 1eBLIX (GYHKITUH OT 1 APT'YMEHTOR COCTABIA-
2 2 )¢ o
er 2", ato mpesocxogut 2~ 20108 N ClnenopaTenbHO, Cpean HIX HAl-
2
AeTest PYHKIMA, Ib CXMHAs CIOKHOCTD npesocxomuT (1 —e)git—. O

§4. METOM UCKJIOYEHUA 'ENTOB A JIUHENHBIX ®YHKIIAN

Memod uckanwuenus 2etimos (gate elimination) — GaKTUIECKN enuH-
CTBEHHBIN U3BECTHRIN METOJ JJIA MOJYUICHUA HIKHAX OIIEHOK HA CXEMHYIO
CJIOXHOCTH B TIPOM3BOILHOM 6asuce. OH UCIOAB3OBAICA IS TIOJYICHUS
BCEX DaHee U3BECTHHIX HUXKHUX OLEHOK [5,24,32,36]. OcuoBuas uges 5To-
O METOMA 3aKAYAeTC B caeayomeM. Pacemorpum dyuknuio f u cxemy
C — MUHUMAJBHYIO U3 BCEX CXeM, BEYUCJAIONNX [, — U 3aaIUM 3HAYEHNE
¢ I OMHOTO M3 BXOMOB T, MOJYYUB TEM CAMBIM CXEMY, BBIYUCJISIOIIYIO
dyskunio f |,—.. Teneps ucxoguyo cxemy C' MOXKHO yIPOCTUTD, TOTOMY
YTO MeUTHl, BXOAAMU AJI1 KOTOPBIX OBLT &, CTaIK AU60 YHAPHLIMU (8 OTpU-
LAHWE MOXKHO IIEPEHECTH B CJIEAYIOLIMI MeUT ), JM00 KOHCTAHTHEIMY (TOr LA
U HEKOTOPHIE U3 HOCJAEIYIOMUX MeUTOB yAACTCA UCKII0InTh). Onpegeius,
CKOJIBKO T'€ATOB MBI MOYXKEM MCKIIOYATE Ha KX JOM Iare, MBI MOYXKEM WH-
IYKTUBHO MOBTOPATE DTY OMEPAINIO MO TeX MOp, MOKA MMEETCsI XOTA OBl
OJIHA TIEPEMEHHAS, YCTPAHEHUE KOTOPOU MOMOXKET UCKIIYUTH MOKHOE
YUCAO TEeUTOB. UUCIO0 DeUTOB, UCKIIOYEHHBIX TAKUM 006PA30M, ABIACTCA
€CTEeCTBEHHOU OLEHKOU A CXEMHOHU CJIOXKHOCTH (pyHKuuu f.

YacTo yIaeTca BHIIEIUTHL CAydaun, KOTAa UCKIIAEMBIN TeUT HeJTnHe-
en (mampumep, AND mium OR). Torga MOXHO BHIOpAThH 3HAYEHUE IJA €0
BXOJa TAaKUM 06pa30M, YTOOHI MeUT OOPATUICA B KOHCTAHTY W, KAK CJIeI-
CTBUE, MO3BOIWI Obl UCKIIOUATH AOMOJHATENIbHBIE TeUTHI HA DTOM IIare.
Onuako B 3TOM paboTe MBI PACCMATPUBAEM METOJ UCKIIOUEHUs TeUTOB
A AuHeldHbls PYHKIUM M TOITOMY HE MOXKEM TMPEITNOJaraTh HATMIUE
HETNHEMHBIX TeUTOB B cXeMe. Bompoc 0 ToM, MOXKHO Ju 3P HEeKTUBHEE BHI-
YUCTATH JUHENHLIE (DYHKITUY TTPYU TTOMOIITN HEIUHENHBIX TeUTOB, OCTAETCA
MHTEPECHOU OTKPLITOU IIPOOIEMON B TEOPUHU CXEMHOU CJIOXKHOCTH.

IMpouecc uCkIIOYEHUS TEUTOB B JIUHEMHOM CJIy4Yae MOXKET ObITh CBEIEH
K IBYM IpOCTHIM uaesaMm. Unes 1 mpocTa u UCIOAB3yeTCs JABHO, TOT 1A KaK
unes 2 ABAAETCA HOBBIM Pe3yJIbTAaTOM M OyTeT UCHOJB30BAHA MPU TIOTY-
YEHUM KOHCTPYKIIAU HOBOT'O CAAGO3AINUIIEHHOTO JUHEMHOTO MPUMATHURA B
pazgerne 5. Uaes 2 o6obimaeT umeio 1, HO MBI BCE paBHO mpuBeaéM umgeio 1:
OHA [IPOIIE, HO [IPK DTOM COBMEIIAET BCE PAHEE M3BECTHEHIE NIPUEMBL UC-
KIIOYEHUA TeATOB, PA0OTAIOIINE B INHENHOM CIy4ae.
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Tak kak MBI pabOTaeM C JUHEUHBIMA (PYHKIUAMHA, PE3yJbTATEl OyIeT
yIO6HO (POPMYIMPOBATE B TEPMUHAX MATPUIL HAT Fa; IO CXEMHON CJIOK-
HocTbio MaTpusl Cy (A) Mbl 6y1eM HOHUMATL CXEMHYIO CAOKHOCTH COOT-
BETCTBYIOMEH (OYyHKIIUN.

O6o3uadum uepes A_; marpuiy A 6e3 i-ro cToabia. 3aMeTuM, 9To ec-
mu MaTpuie A coorBercTByeT pyHKIMA f, TO MaTpune A_; COOTBETCTBY-
eT GyHKIWA f |»,—0. BEcin B MaTpune A mpucyTCTBYeT HYTEBOM CTOJI0EI]
A;, TO COOTBETCTBYOIAA (PYHKIUA HE 3aBUCAT OT BXOIA T;; NATEE MBI
OyIe€M CIMTATDL, 9TO HYJIEBLIE CTOAOIEI B MATPHUIIAX OTCYTCTBYIOT; TAKHE
MATPUILL MBI Oy IEM HA3BBEIBATD HEBbLPONCIEHHBLMAL.

WUpes 1. Jonycmum, wmo 6 meuenue n uG208 Mblt MOKCEM YOGAAMb TOMA
6vt no odnomy 2etimy. Tozda C(f) = n.

Teopema 3. 3agurcupyem sewecmeennoe wucao o € [0,1]. ITyemv P =
{P,}5L, — nabop npeduramos, onpedeséunuix na mampuyaz wad Fa, obaa-
Aa0UUT CACOYIOUWUMY CEOTCNBAMU:

o ccau soinoansemcs Pi(A), mo Co(A) > 1;

o ccau suinoansemcs Pp(A), mo u Py, (A) svinoansemea das 41060-
201l <m<n;

o ccau soinoansemca P, (A), mo das a06020 i svinoansemca

Py (Ay).

Toz2da das aoboti mampuyvt A, codepaucaweti xoma 6vt n + 1 cmoabey,
ecau suinoansemca Py (A), mo Co(A) = n.

JdokazaTeabcTBo. /[0Ka3aTeqbCTBO BEAETCSA MO UHAYKIIUY IO UHAEKCY 6.
W3 mepsoro ceoucTBa P cpasy xe noaydaeMm 6a3y MHAYKIWK, & C IIOMOIIBIO
OCTANbHBIX MOAYYUM war uHaykinuu. Paccmorpum cxemy C, peanusyio-
myo A. s MmonoToHHOCTH P U 6a3BI MHAYKIMYA MOXKHO 3aKJIOYATE, ITO
CXeMa HEeTPUBHUAIBLHA, & 3HAYAT, B HEW HAMAETCA XOTA Ob1 oauH renT. Pac-
CMOTPUM TEPEMEHHYIO I;, BXOIAIIYIO B MEPBLIA TeUT (31M€Ch U Tajlee mom
croBaM# “HIEPBBIU MeUT” MEBI Oy €M HOHMMATL OJUH U3 TeX 'eUTOB, BXOILL
KOTOPBIX COEIMHEHBI TOJBKO CO BXOJIAMHU CXEMBI, HO HE C BBLIXOAAMU IPY-
CUX TEUTOB, T.6. eUT, IEPBLIM B HEKOTOPOM TOIOJOIMYECKOM HOPSIKE).
3amerum, 910 ecau C BHIYUCAAET [ HA MOTE ( BXOAOB, TO IS HEKOTOPOU
koHcTaHTH ¢ € {0,1} C' |, = BEMUCTICT f |;,= Ha Koxe o BxogoB. Ecan
MBI MIOJCTABUM 3HAYEHUE ¢ BMECTO COOTBETCTBYIOMIEU MEPEMEHHOU, MBI
nonyaum cxemy C' |;,=., pasmep koropon He 6ouaee size(C) — 1 reuros u
KOTOpas BeraucAaeT A_; XoTsa Obl HA JI0JT€ (r BXOIOB. O
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HecmoTpsa Ha TPOCTOTY 3TOW TEOPEMHI, IO HEJABHENO BPEMEHU DTO
OBLT, TIO CYyTH, €MUHCTBEHHBIN [OCTYIHBIM UHCTPYMEHT A OIEHKU CXeM-
HOU CI0KHOCTH. OOGBIMHO 411 OUEHKH CJA0XKHOCTHU HCIOIL30BAIOCH emé 60-
Jiee IPOCTOe yTBepKIeHue, H3BeCTHOe ¢ cepennubr 1970x.

IIpegmoxenne 1 ( [22,28]; [15, Teopemut 3 u 4]; [18, IIpennoxkenue 1] ).

(1) Hyems [ : B® — B nempusuaavbro 3a6ucum om xaxcoot uz n
NEPEMERNBIT, M.E. 0a8 4106020 © HATIYMCs MAKUE IHAUEHUSL
A1y eevyQim1, Qigl, ..., 0n € B; umo f(ala' . '7ai71707 @ity '7an)
# f(ar,...,ai—1,1,ai41,...,ap). Toeda C(f) 2 n—1.

(2) Hyemw f = (FV,...,f0™):B* = B™, 2de f*) — k-a xomnonen-
ma f. Ecaum womnonenm f) nonapmo pasiuunst, u das xancoot
uz wux C(fP) > ¢e¢>1, mo C(f) > c+m—1.

HokazareascTBo npegtoxenus 1 npusoaurcs, HanpumMep, B [18]. Iep-
Bad IaCTh ATOT'O YTBEPKICHUA, KOHCIHO, TPUBUAIBHA A JHOOLIX (hyHK-
LA, HO BCE XK€ 3aMETHUM /I8 IOJHOTE KAPTUHEL, YTO A JUHEUHEIX (DyHK-
[T OHA CIEAYeT W3 TEOPEMbI 3 IIa

P,(A) = “A cogepxuT cTPOKY, B KOTOPOU XOTs 66l 1 + 1 eqununa”.

Unes 2. Ilpednososxcum, wmo na NpomAHCerut n U206 IAUMURGYUY 2eTi-
Mo6 6 cTeMe 0CMAémces Toms 06t 00um 6T00, ¢ UCTOOAUEl cmenenblo no
kpatinet mepe 1 u, 6oaee mo2o, 6 M U3 IMUT CAYUAES Y 3MO20 6L000 UCTO-
dswas cmenens no kpatnet mepe 2 (m.e. on coeduném ¢ deyma eetimanu,
a ne ¢ eetimon u evirodom). Tozda C(f) = n+m.

Teopema 4. Ha306Em nenyaes0t daemenm mampuybl YHUKAILHBIM, €CAU
amo eduncmeennblli newyaesot ssemenm 6 ceoeti cmpoxre. Ilycme P =
{P,}$L, — mnabop npedurxamos, onpedeaéunbir na mampuyar wad Fo u
Y008AEMBOPAOUUT CACIYIOUUM CEOTLCMBAM:

o ecau swnoanaemes Py (A), mo C(A) > 1;
o ccau sunoansemcea P,(A), mo u P,,(A) swinoansemcsa das at060-
20l <m<n;
o ccau soinoansemcs Py (A), mo, das arobozo undexca i, ecau
1-1 cmoabey mampuybt A codeprcum Toma 6bl 00UH YHUKAALHBLY
aaemenm, mo svnoanaemes Pn_1(A_;), unaue — 6binoansemcs
P,_2(A_;).
Tozda dasa awboti mampuyst A, Komopas codepxcum zoma 6ot n+1 cmoa-
bey v 6ce cmoabybl KOMOPOT PA3AUUHDL, ECAU 044 HEKOTOPO2O T GbINOA-
naemea Pn(A), mo C(A) = n u, 6oaee mozo, C's(A) = n.
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MokazaTenscTro. [lokazaTerbcTBo Benéresa uaaykimen o n. lran =1
yTBepx Aenne ouesnnno, T.K. ecmu C(4) = 1, To n C:z(A) = 1: BEIXOR
€UHCTBEHHOI0 GUHADHOI'O I'eUTa ¢ B ONTUMAILHOU cxeMe (HalOMHUM,
YTO BCE MENTHI HETPUBUAILHBIE, T.K. YHAPHBIE W KOHCTAHTHBIE TE€UTH B
HAIUX OMPEIEIEHUAX MOXHO YIAJINTH U3 CXeMbI 03 MOTepu OOIIHOCTH])
He 6omee YeM Ha TPEX YeTBEPTAX BXOJOB MOXKET COBIAJATH C JIO0OU 13
BXOJHBIX IIEPEMEHHBIX (& €Cld BCIOMHHUTDL, 9TO MBI PACCMATPUBAEM JIH-
HenHble PYHKIUU, TO He Gojee YeM Ha IMOJOBUHE, T.€. AaXKe C% (4) =1).

PaccMOTpUM TIEpBBIN TEUT ¢ B OMTUMATLHON CXeMe, BRIYuCsonen A Ha
0osee ¥eM o BXOJOB M1 HEKOTOPOT'O (¢ > %. IMockoabKy g — TepBHIA, €0
BXOJBI ABJISIIOTCA BXOLAMHU CXEMBI; OO03HAMUM KX 33 T; U Tj. BO3MOXKHEL
TPU CIIyYas.

1. O uH n3 BXOOB g, HAIPAMED L;, COEIUHEH HEMTOCPECTBEHHO ¢ BBIXO-
noM . Torga, MOACTABUB B ; KOHCTAHTY, MBI CMOXKEM UCKIIOUNTL OJUH
renT. B 5TOM ciaydae Y COOTBETCTBYET CTPOKE ¢ €MUHCTBEHHBLIM HEHY-
JIEBBIM DJEMEHTOM, TO €CThb i-U CTOJOeI] CONEPKUT YHUKAIBHBIN DIEMEHT,
u Bomoauserca P,_;(A_;). Tenepn, BOCHOAB30BABUINCE IIPEANOIOKEHN-
eM uHAyKOud, Mbl noiaydaeMm, 4to Ch(A_;) > n — 1, a 3HAYUT, UCXOIHAS
OIIEHKa BepHa (MBI MPEANONAraeM IO ONPENETICHUI0, UTO KAXKIBLIN TenT
BREIYUCTACT KaK (PYHKINIO, TaK U €€ OTPUIAHUE, TaK UTO BO3MOKHOE WH-
BEPTUPOBAHKIE BLIXOLOB — HE IPOO/IEMA.).

2. OuH U3 BXOAOB ¢, HAIPUMED I;, COGAUHEH C eIIé OqHuM reutoM. To-
rIa, YCTAHOBUB I; B KOHCTAHTY, MBI CMOXEM UCKJIIOYUTL 1Ba reura. 11o
ceorcTBaM P, Bemnonasercs P,_o(A_;), a 3HAYUT, MBI MOXKEM BOCIIOIB30-
BATHCA UHAYKIMOHHBIM MPENOJI0KEHneM, ToKasbBatomM, 910 Cy (A_;)
>n— 2.

3. Hu z;, Hu ; He BXOAAT B APYI'OU MelT WIK B BEIXOL. B aToM ciaysae A
— YHKINS He OT &; U 2, & TOILKO OT ¢(&;, &;); IOKaKEM, ITO LI CXEMH,
BeIIucAAonen A 6oee 4eM Ha % BXOJIOB, DTO HEBO3MOXKHO. A 3aBucut oT
%; U Tj IO OTEIbHOCTH, IOTOMY 4TO BCe €€ CTOJOLEL PA3JIMIHEL B 4aCT-
HOCTHU, IJSA OJHOU W3 DTUX MEPEMEHHBLIX, HATIPUMED ;, HAUAETCA BBIXOT

Y, BABUCAIINN OT ;, HO HE OT &;: Yy = 4, D € z, roe z; ¢ X. C npyron
zeX
CTOPOHEI, TTIOCKOJIBKY KAaXKIbIM TEUT B ONTUMATLHOU CXEMe, HeTPUBUAIb-

HO 3aBHUCALIME OT &;, HETPUBUAIBLHO 3aBUCUT U OT Tj, HAULYTCA TAKHE
suadenus a u b, uro g(0,a) = g(1,b). Takum 06pazoM, 411 KaKAOIO O3HA-
YMBAHUA OCTAIBHEIX [epeMeHHEIX Jubo Ha Bxoge ¢ (x; = 0,z; = a), mubo
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Ha BxOg®e ¢ (x; = 1,2; = b) cxema OmIMOETCs, UTO DAPAHTUPYET OLIMOKY
X0TA OB HA i OT BCEX BXO,IOB. (I

CaencrBue 1. 3adurcupyem sewecmeennoe wucao « € [0,1]. Hycme
R={Rn}52, u Q ={Qm}>X_, — d6a nabopa npedurxamos, onpedeaéunbis
na mampuyaz 1ad Fo u ydosaemsoparowus ciedyrowum c80tcmeam:

o Ro(A) u Qo(A) mowecdecmeenno ucmunmbl;

o ccau sunoanaemes Ri(A), mo C(A) > 1;

o ecau svinoanaemces Ry (A), mo u R (A) svinoanaemes daa 406020
0<k<n;

o ecau svinoansemes R,(A), mo das mobozo undexca i 8vinoams-
emes Ry_1(A_;);

o ecau sunoanaemes Q1(A), mo C(A) > 1;

o ccau sunoansemca Qm(A), mo uw Qr(A) sbinosnsemcs das awo-
6020 0 < k <my

o ecau sunoansemca Qp(A), mo das wobozo undexca i 8vINOAMA-
emes Qm—1(A_;);

o ccau svinoansemes Qm(A) u mampuua A_; codeprcum 6Goavuie
nyaesuir cmpox, wem A (m.e. ydasenue i-eo cmoabya npusodum
K YO0aAenuIo NOCACONER0 MENYALE020 IAEMENG U3 KAK MUNUMYM
00not cmpoxu), mo evinoansemcsa Q. (A_;).

B maxom cayuae das awbot, mampuyvt A, codeprucawett tomsa 6 n + 1
pasauumblli cmoabey, ecau 044 HEKOMOPLIT T U T, T 2> M, GbINOAHAOMCA
Ry (A) v Qm(A), mo C(A) = n+m u, 6oaee moeo, Cz(A) =n+m.

NoxkazareabcrBo. Hemennenno cregyer us reopemer 4 pan P,(A) =
3k € [0..n]Ri(A) A Qn—r(A). O

Caencrsue 2 ( [18, Jlemma 5] ). Iycmov t,v > 1, a x — aunetnas Gynrxyus
nad Fs ¢ mampuueti A. Ipednosoxrcum, umo éce cmoabuvt A pazauunst,
Kaxcdas cmpora A codeprcum Toms 6ol U HEHYAEBBIT IAEMERMOB, U NOCAE
yoasenus a006mz t cmoabyos A mampuya 6ydem codeparcamsv xoms 6bi
o0ny cmpoxry, codepacawyro Toms 6br 06a nenysesvir saemenma. Tozda
C(x) 2 v+t u, 6osee mozo, Cz(x) 2 v+t

MoxkasareabcTBo. BozpméM R, (A) = “Ilocre yaamenus 1o0bIX n cTOAG-
uoB B A no-npexuemy ocTaércsa XoTs Obl OfHa HeHyaesas cTpoka”, Qo(A)
= “true” u @, (4) = “Kaxngasa crpoka A cogepxkut xors 661 m + 1 equ-
Huny” mis m > 0. Torga Riy1(A) u Qu—1(A) Bomonuaorces, u R u Q
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YIOBAETBOPSAIOT YCIOBUAM CACACTBUA 1, C MOMOIIBI0O KOTOPOT'O MOYXKHO TIO-
JYYUTH TPeOyeMble OIEHKH. 3AMETUM, YTO B DTOM Caydae Q,, mism > 0
HE MOXKeT OLITH BBLIIOJHEH A MATPUILI, B KOTOPOU CTPOKA COAEPKUT
TOJBKO ONHY €IUHUILY; TO3TOMY B METO[e UCK/IIOUEHUs MeUTOB s IIep-
BHIX ¥ — 1 mIaros, a 3areM B TedeHue t —u + 2 maros, 6y €T UCKIIOYIATHCS
OJIVH T'eUT. O

Takxke u3 TeopeMbI 4 MOXHO BEIBECTH HOBOE CJIeICTBIE, KOTOPOe 6yaeT
BAYXKHO [UIA HOBOU CIAOO3ANANIEHHON KOHCTPYKIINH.

CaeacrBue 3. Ilycmv t > v > 2. Ipednoaoscum, umo A — mampuya
pasmepa v X t, npuuém ce €€ cmoabybl pazausnbt, u KaxHcdorl cmoabey A
codepacum xoms 6vl 064 Henyaeevir dsemenma (xoms 6vi dee edunuybl).
Toeda C(A) > 2t — v u, boaee mozo, Cs(A) > 2t —v.

MokasareabcTBo. Bospmem P,(A) =“yIBOeHHOE €HCIO HEHYJIEBBIX
CTONOIOB A 3a BEIYETOM YNCAA HEHYJIEBHIX CTPOK A Gombine ambo pas-
uo n”. Torga Gymer BomoaneHo Py, (A), a P yIOBIETBOPAET YCJAOBUAM
TeopeMsl 4. (I

B saxurouenue 5Toro pasmena pacumpuM JOKA3AaHHEBIE BBIMIE PE3yJIbTa-
THI Ha OJIOYHO- [UATOHAILHBIE MATPULLL. B 06meM ciIydae MBI HE MOXEM
MOKA3aTh, ITO MPAMasA CyMMa, ABYX (PYHKIUN Oy IeT UMETH CXEMHYO CIOXK-
HOCTB, PABHYIO CyMM€ UX CJIOXKHOCTEN; KOHTPIPUMEPHI, U3BECTHHIE KaK
“mass production”, moxuo nantu B [36]. O1HAKO A1 TUHEUHBIX (DYHKIAN
¥ METO[a UCKIIOYEHUs TeUTOB C UCHOIb30BaHueM TeopeM 3 u 4 moxo6-
HOE [OKa3aTelIbCTBO BO3MOXHO. Crepyiomas Teopema o6o0mmaer semmy 6

us [18].

Teopema 5. Ipednoaoscum, umo aunetinas Pynxyua X 3adana 6404H0-
dua20nanot mampuyet

0 Az - O
. . . ’
0 0 - Ay

Kancdas A yoosaemsopaem yciosuam meopemvt 4 ¢ npedukamamy P =
i oo . o 7 e . . .
{P iy, uw das waxcdozo j natidémes maxoe nj, wmo Pj (A;) evinoans-

k
emes. Toeda C(x) = 3 nj.
i=1
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HdoxazareabcTBo. [IpuMmennm Teopemy 4 ¢ IpeIUKATOM, COCTABICHHBIM
13 UCXOMHBIX TIPETNKATOR!

P,= \/ PLAP.LA...APE

Teneps MOXKHO HEmOCpeacTBEHHO HpoBepuTh, 4o P = {P,}52, ynosie-
TBOPAET YCJAOBUAM TEOPeMbI 4 (Tak KaK yIaJeHue OJHOrO CTOJONA 38,161~
CTByeT He 60Jee OJHOrO OJIOKA), W A GIOYHO- IMATOHAIBHON MATPUIIHL
BEITIOJHEH NpeaukaT Pp 4 1p, - (|

§5. DYHKIIMU C CEKPETOM, JOKA3YEMO HA/IEXKHBIE B
CJIABOM CMBICJIE

B mamen koncrpyknum Mbl BocmoabdyeMmcsa ugesmu u3 [18]: cmagana
MBI IOCTPOUM CAA003AMMUIIEHHY 0 (DYHKINIO-KAHANAATA, 1A B3JIOMA KO-
TOpOU BymeT HeOGXOAMMO BpeMs GOMbINee, 9eM 1A Aeu(POBKA, OJHAKO
mmdpoBaume OyJeT 3aHUMATH elle OOJbIIee BpeMs. 3aTeM MBI 10OABUM
K DTOW KOHCTPYKIVM OJOK W3 CAADO3AIUIIEHHON OJHOCTOPOHHEN (hyHK-
UMY U B PE3yJILTATE HE CAUIIKOM CIJIBHO YBEIWYUM BPEMs, HEOOXOIUMMOe
471 mupPOBAHUSA, HO CYIMIECTBEHHO 3aTPYAHUM KaK MPOLEcC KermdpoB-
xu, Tak u mporecc BaitoMma. Ilogo6HAsA KOHCTPYKIMA HOAPOOHO OIMCAHA
B [18].

Breném Heckorbko obo3uaterun. Yepes U, MuI Oy 1eM 0603HATATE BEPX-
HETPEYLOIBHYIO MATPUILY Pa3Mepa n X n, 00PATHYIO K IBYX[AATOHAIBHOU:

111 1100
01--1 1 011---0
U,=1|.. .|, u, =1... .];
00--1 0001
3aMeTHuM, 4TO U,% — BEPXHETPEYTOJbHAA MATPHUIA, B KOTOPOU HOJU U €A~
HHUNIBI 9€PEAYIOTCA B IIaXMATHOM IIOPAIKE:

101 - (n—1)mod2 nmod?2
010+ mnmod2 (n—1)mod2

U2 =

n
000 - 0 i
B nampmenimeM MbI 9acTo OyIeM MCHIOMBL30OBATH MATPUIILI, COCTABIEH-

HBblE U3 MATPUL MEHBIIErO pa3dMepa Kak u3 0J0KOB; Hanpumep, (U U, ) —
MaTpHUIA Pa3aMepa n X 2n, COCTOAIIAA U3 IBYX BEPXHETPEYTONLHEIX OJIOKOB.
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JlemmMma 1.
(1) Ca(Up) =n 1
(2) C2(U2)=n—2
(3) Ca(Uy") =n 1
(4) Ca((VaU2)) =20 —1
(5) 3n—6< Cs((vz va)) <C((Ur U.)) <3n—3
(6) 3n — 4.< C3((v. U;1)) < C((Va U;7)) < 3n — 2

JdoxazaTeabcTBo. HuxHue OleHKN 13 MyHKTOB 1—3 OMEBUIHLI: B MATPH-
[AaX HET OJWHAKOBHIX CTPOK, W HU OJUH BXOM, KPOME OJHOrO (IBYX IJA
OYHKTa 2) He TPUCOENUHEH HETOCPEICTBEHHO K BHIXONy. Himkaaa omenka
[JL OYHKTA 4 D0Jy9aeTCs MPOCTHIM [IOACIETOM: IePBas CTPOKA MATPULEL
COIEPKUT 27 HEHYJEBBIX 3JEMEHTOB, TaK 4YTO I TOI'O YTOOBI €€ BBHIYU-
CINTh, moTpedyercsa xoTa Obl 2n — 1 reunr. Huknsaa omeHka o1 mMyHKTA,
5 (coorBeTcTBEHHO, 6) caenyeT w3 caencrsua 3: Marpuia (U2 U, ) (coor-
BETCTBEHHO, (U, U;')) YIOBIETBOPAET MPEINOIOKEHUIO CASICTBUA 3 1e-
JMKOM, 33 UCKJIOYeHrneM TPEX (COOTBETCTBEHHO, ABYX) CTOAOLOB, U MBI
MOYKEM BOCIIOJIB30BaTHC CaeicTBUeM 3 1 ¢ = 2n — 3 (COOTBETCTBEHHO,
t=2n—-2)uu=n.

[lns moxas3aTesbCTBa BEPXHUX OIEHOK MBI MMPUBEMEM SABHBIE KOHCTDPYK-
uun. /[ BEIYUCIEHAS MATPUILL U3 TYHKTA 1 3aMeTUM, YTO KaXK ad CTPO-
Ka OTIAWYAETCA OT TPEALIAYINEN TOIBKO B OJHOU TO3WIIMU, TAK UTO MBI
MOXKEM BBIYHCJAATEH BXOABL O dopmyae: out; = out;11 P tn;. Boree To-
ro, out, = iN,, ¥ 9 €ro BBUKUCICHUS HE HYXKHO NerToB. Ta ke uaes
paboTaeT u MJIA MYHKTA 2, HO B DTOM CAyYae out, 1 out,_1 BBIUUCIIIOT-
Cs HETIOCPEACTBEHHO, a out; = out;_o @ in;. UTOOHI BHEIUCINTL MATPUITY
U3 TMYHKT3 3, HEMOCPENCTBEHHO BBIYUCAUM KAXKIYI CTPOKY. /11 Buraum-
crenus 4 Bocnompdyemca ugeen us [18]. 3amerum, 9T0 (Un Un) - (§) =
U, - a®U, -b="U,- (a®b). Ucnonsayem n IelTOB 1 BBIYUCICHUI
a @ b, a 3aTeM MOIYIUM PE3YILTAT C MOMOLILIO 1 — 1 rerTos. s Bordu-
crerus 5 u 6 sameTuM, uT0 (A B) - (§) = A-a® B -b. Takum obpazom,
MBI Pa3eJuIn TPOIECC BEIYUCACHUSA HA, ABE YAaCTH, KOTOPHIE MOT'YT OBITH
HE3ABUCUMO BBIUUCICHE C UCIOJB30BAHNEM IPEIBIIYIIAX AIrOPUTMOB, II0-
CJIe 9ero 33 N MeUTOB MOXHO BBEIYUCAUTH OKOHYATEAbLHBIN PE3YIbTAT KaK
XOR npomMexyTOIHBIX. O
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[l mepBOM KOHCTPYKITAY TIOJOKUM [IWHEBL TIYyOJUTHOTO KIH0YaA Pi, Ce-
KPETHOTO KJIIo4a £, COOOIIEHNA M 1 3aKOAUPOBAHHOTO COOOIIEHUS ¢ OMN-
HaKOBBIME U paBHEIME 7. [lomoxum

ti=Up -pi, c=(U;"Ua)"(pi)-
B 5ToM CIydae BAIOMIIUKY TPUISTCA BHIMUCTUTL MATPUILY
(Un U ) () = (U U2) - (i) -

MonxyuaeTcsa, aTo obpaitnerne >Tou GyHKIuU 6e3 CeKpeTa (B3JI0M) TPYI-
Hee, 9eM C CeKpeToM (4ecTHOe 0OPAILEeHNUe), HO CJI0XKHOCTD IPSAMOIO BBIM-
caeHnsa (PYHKIOAM OPUMEPHO PABHA CIOXKHOCTH B3JOMA, IOATOMY HA3BATh
MAHHYI (DYHKIWIO JOKA3yeMO HAIEKHOU B CTA00OM CMBICTE HETb3A.

[l Toro 9TOOBI COPABUTHCA C DTOHU MPOOJIEMOH, PACCMOTPUM CJIa00
OIHOCTOPOHHIOI JUHENHYI (GyHKINO A M OpraHmsyem MpOTOKOI CIexy-
oM obpasom (uepes [, 31ech 0603HAMEHA CAMHUTHAS MATPULA):

Seed, = (%) 5= (%),
-1 mi

Eval, = (% l{;z)-(ﬁ):(ié),
Up Un 0 ¢l

Inv, = (575 ) (8)=0m).

Teneps B3IOMIIUKY NPUAETCA BEIYUCIUTH

2 Cc1
Advy = (T 0) - (3) = Gho).

B kadecTse craboogHocTOpoHHEH GYHKIME A BO3bMEM OIHY W3 JIH-
HEUHBIX (DYHKIUH CO CAOKHOCTBIO 2 — €, MOCTPOSHHBIX XWJIBTTEHOM, 111
HekoToporo € > 0 [15]; MaTpuiy »Ton (GYHKINM BO3BMEM MODAAKA AN,
rie A Oyzer BbiOpana Huxke. [Lia Taxont marpuupt C's (A) =M +o(n), n
Cs (A7) = (2—€)An + o(n). Teneps demma 1 u Teopema 5 AT ClAYIO-
MINE OTEHKHU HA CAOKHOCTD:

Cs (Seed,,) n—1,

Cs(BEval,) = 3n+An+o(n) = B+ MNn+o(n),
Cs(Invp) = 2n+(2-€)An+o(n) = (24 (2-€)M)n+o(n),

Ca(Advn) 3In+2—-€eIn+on) = B+ (2—-eAn+o(n).

IMopsigox HAEKHOCTH HTOrO IPOTOKOJIA PABEH
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n—o0o

‘m ( min 03/4(Advn) 63/4(Advn) 03/4 (Advy,,)
: ( ( C(Eval,) > C(Inv,) = C(Seed,) ))
— min <3+(2—e))\ 3—|—(2—e))\>
3+A 724 (2-¢e)A

1

OTO BLHIpAXKEHUE NJOCTUrALT MAKCUMYyMa IPU A =

1—e?
paBeH 54_}:, 9TO CTPEMUTCA K % npu € — 0. Taxum 06pa3om, MBI JOKA33IK

Teopemy 1.

7 5TOT MaKCHIMyM

§6. 3AKIIOYEHUE

B sTom paboTe MBI TOAPOGHO UCCICTOBAIU CXEMHYIO CIOXKHOCTDL JIU-
HEUHBIX OyJeBLIX (hyHKIMEA. MBI To0Ka3aaM [Ba TOCTATOTHO OOIINX YTBEP-
XK IEHUsA, KOTOPHIE BBIPAKAIOT METO UCKIIOUYEHUA DeUTOB LI JUHETHBIX
dyHKUUU B O0IIEM CAyYae, U NOLYIUIA U3 HUX HECKOIBKO BAXKHBIX CJIEI-
CTBUU, KOTOPBIE YIAJIOCH IPUMEHUTE s MOCTPOEHUs HOBOI'O CEMEUCTBA
JUHENHBIX (DYHKIIUHU C CEKPETOM, JOKA3YeMO HAAEKHBIX B CIA0O0OM CMBICE.
IMopsAmnok HALEKHOCTHU MOCTPOSHHOTO CEMENCTRBA TTPEBOCXOANT U3BECTHHIN
panee [18]. Koneuno, B nacTosee BpeMsa KpUITOrpAPUIECKAE KOHCTPYK-
11U, [OKA3yeMO Ha IEKHBIE B CIA00M CMBICAE, BPA JIU MOT'YT HAUTHU KAKOE-
a0 MPAKTUYECKOe IPUMEHEHUE, OJHAKO OHU MPEACTABIIIOTCI BAXKHBIMU
C TEeOpeTUIecKou TOYKMU 3peHusa. K coxanenuio, pesyabTaThl 3TOU CTa-
Ty u pabor [18,43] — 5To mepegHUN Kpal MATEMATHYECKM TOKA3YEMBIX
PE3YIBTATOB O KPUMTOrPADUIECKON HATEKHOCTU; ITOOLI MOJYIUTH CY-
[IECTBEHHO 60JIe CUIbHLIE PE3YJIbTAThHL (C HEJMHEMHON DA3HULEN MEeX Iy
YECTHLIMM YYACTHUKAMU ¥ B3JOMIIAKOM), HYXKHO NOKA3LIBATH HEJIUHEN-
Hble HUKHUE OIEHKU Ha CXEMHYIO CIOXKHOCTH OYJIEBLIX (DYHKIWK B OOIIEM
6asuce, 9TO ABIACTCA (DPYHIAMEHTATHLHOU OTKPBITOU MPOOIEMON TEOpUn
croxuocTr. C IPyTOr CTOPOHEL, B Pa3aeie 3 MBI BUIEIN, UTO DT OIEHKHT —
IAJEKO HE MPEIe] BO3MOXHOTO IAXKEe [ JUHEUHBIX OyJeBbIX (OyHKIWNA, HE
POBOPS YK€ O HETUHEUHBIX.

MoOXHO BBIIEIUTDH MBA HANPABICHUS IS TATLHEUIINX UCCICIOBAHUN B
DTOM HampaBieHUN. BO-MePBLIX, MOXKHO TPONOTKATE UCCASIOBATH TPUMU-
TUBBI, TOKA3YeMO HAaI&XHBIE B c1aboMm cMmbiciae. Ckopee BCero, mopAgKu
HAAEXKHOCTH, MOMYyIEHHBIE B HANMX PAOOTAX, MOXKHO YJIYUIIATL; BO3MOXK-
HO, yJacTcsa chOPMYIAPOBATH OLNPEIEICHUS HOBBIX IPUMUTUBOB (IPOTO-
KOJIOB COIMIACOBAHUS KJIO4a, JOKA3ATEIbCTB C HepasrvalleHUueM U T.IL.),
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MOKA3yeMO HAIEXKHBIX B CIa0OM CMBICHE, W TPEIbABUTHL COOTBETCTBYIO-
e KOHCTPYKIMU. Takue MCCAeqOBaHUA MOTYT PACIIAPUTHL CPepy mpu-
MEHMMOCTH METOJOB HAJEKHOCTH B CIAOOM CMBICIE, HO HACTOAIIME IPO-
PBIB Ha 3TOM HAIIPABJICHUY BPAI JU MOXKHO OXHUAaTh. CTaHOBHTCA fACHO,
9TO KPUNTOrpadguIecKne NHTePeChl TPEOYIOT NAILHENIINX UCCICTOBAHNN
U TIPOBWKEHNN B OOIACTU CXEMHOU CIOKHOCTH B 061meM caydae. C 1980-x
I'T. B CXEMHOU CJIOKHOCTH He OBLIO TIOTYIEHO HOBBIX MPOPHIBHEIX PE3YIbTa-
TOB; JIETKO NOKA3ATh HeKOHCTPYKTUBHEIC HIDKHWME OIECHKH, CPABHUB THCJIO
cxeM U (PYHKIONN, HO KOHCTPYKTUBHEIE OLICHKH IOy IATE He YIAETCA: JIyd-
[asl U3BECTHAs HUXKHSISA OLUEHKA — DTO OleHKa 3n — o(n), NOKa3aHHAs B
1984 r. [5]. Hu oauH 13 U3BECTHLIX METOJOB He MO3BOJIET HALEATLCA HA
HEJIVHCUHBIC HIZKHIE OIEHKY CXEMHOU CJIOKHOCTH, U /I TAKUX OLCHOK II0-
TpebyeTca pa3padoTKa MPUHINTNAJILHO HOBBIX METO10B. BaxXHOCTE Tako-
IO IPOPLIBA TPYIHO IEPEOIECHUTD; JOKA3YEMO HAIEXKHEIC KPUITOrPadH-
9eCKHe KOHCTPYKIUU — 3TO JHUIIb OJHO INOTEHIUAILHOE IPUMEHEHNE I/
HEJIVHCUHBIX HIKHUX OICHOK CXEMHOU CIOXKHOCTH.

BaarogapuocTu. Mu 6uarogapust J. A. Tupmy u O. Menanuy 3a mwio-
NOTBOPHBIE OOCYXIEHAA PE3YILTATOB M JOKA3ATEALCTB, IPUBEAEHHLIX B
DTOU paboTe, a TAKXKe AHOHUMHBIM PEIEeH3eHTAM, YU KOMMEHTAPUN T0-
3BOJIUIN CYNIECTBEHHO YIYHYIIATE TEKCT CTATHA.
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Davydow A. P., Nikolenko S. I. Circuit complexity of linear functions:
gate elimination and feeble security.

In this work, we consider provably secure cryptographic constructions
in the context of circuit complexity. Based on the ideas of provably se-
cure trapdoor functions previously developed in (Hirsch, Nikolenko, 2009;
Melanich, 2009), we present a new linear construction of a provably secure
trapdoor function with order of security 5/4. Besides, we present an in-
depth general study of the gate elimination method for the case of linear
functions. We also give a non-constructive proof of nonlinear lower bounds
on the circuit complexity of linear Boolean functions and upper bounds
on circuit implementations of linear Boolean functions, obtaining specific
constants.
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