06 acHMITOTHYECKUX ONEHKAX CJI0XKHOCTH YNPABJISIOUIHX CHCTEM
O. B. Jlynarnos

DTOT MOKJA[ COIEPXUT 0630 HEKOTOPHIX PE3yIbTATOB B 06]aCTH ACHMIITO-
THueckoil TEOPHE CIIOKHOCTH YNPABISIOLIMX CHCTEM. 31ech, C ONHOH CTOPOHEL,
fyner KpATKO OXapaKTepH30BAHO o6ILee COCTOSIHHE TEOPHH M, C JPYro# CTOPOHBI,
HECKONPKO Gojiee TOAPOGHO OymyT U3JIOKEHBI HEKOTOPBIC PE3yAbTATHI Mocmed-
HHX JIET.

ACHMIITOTHYECKAS. TEOPHs CHHTE3a YNPABJIAIOWUX CHCTEM (aKTHYCCKH Hata-
nack ¢ pabot Ilennona (1, 2]. C. B. SI610HCKUM OBLIO BBEAEHO BecbMa obmee NHOHS-
THE YIpPABISIOIEH CHCTEMEL (VC) m 6puma chopMyIMpOBaHbl OCHOBHBIE 3a[a4H
TeOpUH YIPABJIIOIINX CHUCTEM [3]. TlomsOCTHIO TPUBECTH 3[ECh ONPENENIEHHE VC
He TIPECTABIIAETCS. BOSMOXKHBIM. YKAKEM JIMIIL HEKOTOPHIC TPHMEPSL VC. Ynpas-
JSIONAMHE CHCTEMAMH SIBJIIOTCS PEJICHHO-KOHTAKTHEIE CXEME, mu(poBblE BBHIYMC-
IETeNbHBIE MAIIHHEL, TporpaMmsl (mist 9BM), apudmernieckue dhopmyasL 1 T. I
Bee 9TH 06BEKTHL XAPAKTEPUIYIOTCS TEM, YTO OHK 0OMANAI0T HeKOTOPOH CTPYKTYPOi,
cxeMoit S, ¥ PeATH3YIOT OIPENENeHHY0 (YHKIKIO f. C xaxaeM MHOXecTBoM YC
eCTECTBEHHBIM O6pPa3oM CBA3BIBACTCS MHOXECTBO S X cXeM M MHOXECTBO {§ HX
(yHKIwH,

OnHO¥ 13 OCHOBHEIX 3ajad Teopud Y C sBIAETCA 3a1a4a CHHTE3A: IO (YHKIHAH
f n3 § Tpebyercs Halitr YC, cxema KOTOpOH peanmsyer f. B Hacrosiee BpeMs I
HCCHEMOBAHUS PA3HBIX BOIPOCOB, CBA3AHHEIX C sapaueii cuntesa YC (xak M A
gpyrax 3ajay Teopur YC) XapaKTepHO PacCMOTPEHHE KOHKpETHBIX KiaccoB YC
(MonmensubIx 06bekTOB). K TakuM KilaccaM MOXHO OTHECTH CIEOYIOLIKE.

1. BeHTwibHEIE CXEMBL.

2. A3BIOHKTHBRBIE HOPMAJIBHBIC dbopMEL.

3. ®opMyJIBL, ABAARONINECS CYNEPIO3ULHAME 6asucHBX GOpMYIL.

B uactHOCTH, (opmynsl B Gaszuce &, V, 1.
4, CxeMbl W3 (QYHKIWOHANBHBIX 3JIEMEHTOB.
5. KoHTaKkTHEIE CXEMHEL.
6. ABTOMATEI (JIOTHYECKHE CETH).
7. ANTOPHTMEL.

Beiony B fanbHelieM pedb GYAET WATH O CIOKHOCTA 3afIAius, 4 He O CIIOX-
HOCTH BBIMHCIIEHHS.
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3agaya CHHTE3a pellaeTcsi, KaK NpPaBHJO, HEOTHO3HAYHO. Ans yrounenyy
TIOCTANOBKH 3a/[3WH BBOTUTCA MEPa CIOKHOCTH cxeM L(S) dynxuuonar, VIOBIIEL-
BOPSIFOILMI HEKOTOPEIM E€CTECTBEHHBIM YCTOBHSIM. Hampumep, L(S) s CIyyae
hOpMYII MOXKHO OMPENEMTh KaK YHCIO BXOXIEHWH CHMBOJIOB TIEPEMEHHBIX, 2 B c1y.
4yae cXeM M3 (DYHKIMOHANBHBIX 3JIEMEHTOB KaK YHCJIO DJIEMEHTOR CXeMBI; WIIH He.
cKonpKko Gojee obmEM 06pazoM: (QPYHKUHOHAILHBIM 3JIEMEHTAM (6asucubm dop-
MyJaM) NIPHIACBIBAIOTCS Beca, L(S) ompenensieTcst Kak CyMMA BECOB Beex JIEMeR-
TOB CXeMBI (BCEX BXOXIEHHH CHMBOJIOB Ga3MCHBIX thopmyn COOTBETCTBEHHO),
Iloce 3TOT0 3371348 © CHHTE3€ YTOUHSETCA Tak: JUI JH060H (hyHKImm f 3§ 1pe
Oyercs HalTH cxeMy S u3 ©, pealH3ylOIIYI0 f U Takyio, 4To L(S) munmManmsmo
(«MIHEMAJIBHYIO CXeMy»). DTO MHHUMAJLHOE 3HAUYEHHE OyneM 0603HayaTH uepes
L(f).

B GonbiunHCTBe CIlyyaes CYIECTBYET aIrOPUTM LISl TIOCTPOCHHAS MHHHMATbHEK
CXeM, OCHOBAHHBIY HA Tepebope BCEX CXeM ONPENENEeHHOM CIIONKHOCTIL OnHaxo
TPYROEMKOCTh 9TOrO &JIFOPHTMA BECHMA BEIMKA, I OH NPAKTHYECKH HEpeammyey
npy Kenofk3osanud OBM gaxe B ciyyae QYHKIHN OT CpaBHUTENbHO HebonpInory
uncia mepeMeHHBIX (5—10). Bee mommrtkm Hafiti 6onee sddexTunmEie anropur-
MbI IIOKa HE IIPUBENHM K Leau. Bosee Toro, C. B, J6monckuM 6511a BEICKasana THII0-
Te3a (M TOJYYEHE! NePBEIe PE3YJIbTATEL B HATPABICHHH OGOCHOBAHES 5TOMH THIIOTe-
3BI), UTO HOJHEBLL Iepefop» B STHX 3a7auaX HEOBXOmEM [4]. IToaromy 3aJay
CHHTE3A TPHXOJIMTCA YTOYHATE Hajblie. OOUH U3 TOIXOH0B K STOMY IPHHAICKUT
K. ensony [2]. ITpr 3TOM IOAXOAE OTKA3LIBAIOTCS OT HAXOXIEHIS MUHUMANBHOM
CXeMBI I XKax[o# QyHKipm. BMECTO 3TOro paccMaTpHBAOT 3aJa4y CHHTE3a IUIq
nenoro kyacca $pyHxuuii (nanpumep, o xmacca F™ Gynepbix GyHKIiL oT 7 e
PEMEHHEIX); KDOME TOIO, TPeGOBAHHE MUHMMAIBHOCTH 3aMEHSCTCS TpebGoBanmem
«IOYTH MHHHMAJBHOCTHY, Boliee TouHAs MOCTAHOBKA 34JAYM COCTOUT B CIIeNyIo-
memM. Iyets L(n)=max L(f), rie MaxcumyMm GepeTcs o Beem bymxmuam fxy, ...
v X)) M3 FM, Oymkuums L(n) monyuuia HaszBamme (yrknuy lernouna. Tpeby-
€TCS HAHTH AJITOPATM, KOTOPBIA VI KaXHOoK (yHKImR S(xy, ..., x,) cTpour cxemy
S 7akyro, uyro L(S) < L(n); TpymOEMKOCTs 3TOTO ANrOPHTMA MOJIKHA OHITH Cy-
INECTBEHHO MEHBIIE TPYAOEMKOCTH IOJIHOIO mepeGopa.

ITepsbie pe3ysIbTAaTHL B 3TOM HANPABJIEHWH GBI noxyyenst K. Ilennonom [2].
Pv 6BU1 NpeUIOXeH ONTHMANBHSI 110 MOPSAKY AJNrOPMTM CHHTE3a KOHTAKTHBIX
CXeM M TIOJLyYEHBI OLEHKH

21: - - 2n+2
- SL)=< g

ACHMITOTHYECKH HAMIYIMIMH ANTOPHTM OBLI IOCTPOEH aBTOPOM, M TEM CAMBIM
2"
ycraHosyeHa acumnToTuka Gymxowy Illexnona: L(n)m—ﬁ- [5, 6]. ABTopoM 6rum

TIOCTPOCHBI TAKXKE ACHMITOTHYECKH HAMJIYYLIME ANTOPHTMBI CHHTE3a dopmyn
cXeM H3 (QYHKUMOHAIBHBIX SJIEMEHTOB B NPOH3BOJIBLHOM KOHeYHOM Oasuce [7, 8].
AcumnroTnku Gyuxumii Mlexrona mrs sTux CIyYaeB HMEIOT COOTBETCTBEHHO BH[

n

2 2
L(n) ~ Qm, L(n) ~ Q="

TOe ¢ — KOHCTaHTa, TIPOCTEIM cHOCOBOM onmpenensieMass 1o 6a3ncy.
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Ha ocHOBE 3THX METOMOB TO3XKE IOABHIMCH AHAJIOTMYHbIE ACHMITOTHYECKHE
pesynbTATEL JUISL JIPYTHX KIACCOB YNPABIAIOLIMK CHCTEM. Cpeny HUX OTMETHM
paory B. A. Ky3pMuHA, yCTAHOBHBIUETO ACHMITOTHKY ¢yukun Hlennona nna
CIOKHOCTHM peanusanmi OyneBbix (YHKIMHA HEKOTOPHIMM THIAMH AJrOPHTMOB
(HOpPMAJIbHBIE anropud™Mpl, MalIMHbEl THIOPUHTA) UM BBUICHHBILEIO 3aBHCHMOCTD
970} ACHMITOTHKU OT 4HCHA OyxB mcmosib3yeMoro aindasura [9].

TccnenoBacs Takke BONPOC O BIMSHUH HA CIOKHOCTh PEaIN3allMy PA3IMYHBIX
JONOJHUTENBHBIX TpeboBaHuif, NPeNBABIAEMBIX K CXeMaM. 371ech B IEPBYIO OYEPENb
clleflyeT OTMETHTD Pe3YJIbTaThl 9. Y. Heuunopyka o peajusauyd (GpyHKumii B Ga-
apcax, HEKOTODEIE 31EMEHTEI KOTOPLIX MMEIOT HyJesbie Beca [10], u o cunrese camo-
KOPPEKTHPYIOLIMXCSL KOHTAKTHBIX CXEM [11]. Cropa ke MOXHO OTHECTH DPEe3yJILTAT
asTopa 06 acumnroTuke (yHxuyun IlleHHOHA /IS CXeM M3 NOPOTOBBIX 3JICMENTOR:

on 1j2
L(n)~2 [T) ;
B Ciyuae Peallsamiy cucTeM m (QYHKIMH ACHMITOTHKA MMEET BUI (npu yenosuu
0
—2—"—*

s A2
L(n, m) ~ 2[_—'-’12———) [12].
n—logsm
3pech L(S) — uMCIIO SJIEMEHTOB B cXeMe S; JJIA Ciydas, KOria L(S) pasHo cymme
MozyJielf BECOB BXOOB 3JEMEHTOB, aCHMITOTHKA ObLIA NOJyYEHA paHee E. 0.
3axapoBoi [13].

B ciyyae cxeM B aBTOMATHBIX 6a3ucax MOJIOXKEHHE 0Ka3aloch 60oJee CAOXKHBIM.
U5t HEKOTOPHIX YACTHBIX CIIYYaeB YHAJOCH IOJYIHTh aCHMIITOTHYECKHE dopMyIst
wis dymarmn Mennona (B. A. Tpaxten6por [14], To Cyau 3yur [15]). B obwem xe
cnydae 3amaya o6 acHMITOTHYECKOM HOBEACHMH (YHKINHK Hlegnona mis MpoM3-
BOILHOIO ABTOMATHOTO Gasuca okazallach alrOPHTMEYeCKH HepaspemmMol (B. A.
Opuos [16]). Inst wacTHOTO ciy4ast (peanusanus 6yneBbIX (QyHKIHI cXeMaMy B ap-
TOMATHBIX 6a3Hcax) pesynbTaT B. A. OpiioBa MOXeT OBITh chopMyIHpPOBAH CIIEyH0-
muM obpasoM. CyiiecTByeT GeCKOHEYHOE MHOXECTBO aBTOMATHBIX Gasuco {B},
takoe uyro mis Gasmca B oyuxums leHHOHA MMeeT aCHMNTOTHKY BHA

2n

(Cs xoHcTanTa, 3aBUCAIIAdL OT 6asuca B), HO He CYLIECTBYET aNrOpHTMA, ONpeles-
sromrero o JroGoMy Gasucy u3 {B} 3HaueHHe KOHCTAHTEL Cy.

Pe3ybTaThl ACHMIITOTHYECKOI TEOPHH IOKA3BIBAOT, YTO JIOBEJEHHC dysKuMH
Ilenmona ciabo 3asucuT oT kiacca YC. KpoMe TOro, OkaspiBaeTcs, HWTO NOUTH
pce bymkmuy u3 F HMEIOT MOYTH OJMHAKOBYIO CJOXKHOCTD, ACHMIITOTHYECKH
DABHYIO CIIOXKHOCTH CAMOM CIIOXKHOH (YHKIHMH.

V3 TipuBeeHHEIX BHIUE ONEHOX BHIHO, WTO IOHTH BCC (QYHKIMH JOIYyCKAOT
JMIOb OYEHb CIOKHYIO PeATH3alHI0 i T03TOMY NPAKTHYECKH HEHOCTYIHEL TlosToMy
BO3HHKAET BONPOC O BEHINEIEHHH KJIACCOB dysxmul, peanusyeMblx Gojiee mpOCTO.
TIpiMepHI TAKHX KJIACCOB M3BECTHEL /IABHO, CO BPEMEHH NEPBLIX paloT NO CHHTE3Y.

2 Acta Cybernetica
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3arem C. B. SI6nonckuM [4] OBLIO IOCTPOEHO B M3yYEHO KONTHHYANBHOE ceMelicrno
Gynxuuii, omyckaroliux 6oJiee IPOCTYIO CXEMHYIO PEAH3ANMIO, YeM BoNbIIMHeTRg
(hynkuui, 310 Knaccel GYHKUMHA, 3aMKHYThIE OTHOCHTENLHO OTIEPAaLlNY IIOACTAHOBKY
KOHCTAHT BMeCTO (HEKOTOPBIX) MepeMeHHbIX. Kaxaplif kmacc xapakrepusyercs ge.
KOTOPBIM YHCIOBIM IAPAMETPOM 0, OTPAXAIOLAM CMOIIHOCTEY kacca (0=o =),
Hnst atux xnaccos nipu 00 C. B. SI670BCKHM OBITH IIOCTPOSHE! ACHMITOTHYE
HAMJIyHIIHEe METOMBI CHHTE32 H NONY4YeHBl aCHMUTOTHKH Gymxunu Mennona,
BriocnepcTBUM aBTOPOM OBLI NIPEIJIOXEH OMH oOIimit nogxox k CHHTE3Y CXem
— NPWHUMII JIOKATBEHOTO KoxupoBanus [17]. ITOT NOAXOM ITO3BOJISET 110 OIHCAHKID
Kiacca GyHKIu (C COGIONEHHEM HEKOTOPHIX CNEUHANBHEIX TPeGOoBaHMif) CTPOHTH
ACHMMITOTHYECKH HAWIYYLINI METOX CHHTe3a [Uisl yHKLuH M3 3Toro knacca. C mo-
MOLIBIO TOr0 NPHHIMIA OKA3aJIOCh BO3MOXHBIM EAMHBIM CIIOCOGOM TONyYuTH
METO/\bl CHHTE3a [JISl M3BECTHBIX KJIACCOB (DYHKIMH, a TakXe JUIsi MHOTMX HOBEIX
KJaccoB. ACHMIITOTHKA CIOXKHOCTH CXEM B KOHEYHBIX Gasucax /it QyHKIuit u3 sty
KJI4cCOB ONpeneNseTcss uuciaoM M, dymkum#t f(Xy, ..., X,) B 3TOM KJIacce # uMeer
log M,

BUL @ logy log, M,

CKH

OTa (QYHKIHMS MOXET HPUHUMATL 3HAYCHHS OT BEIMYHH,
n

Gimskux X n, Ko —. IIpHHOAN NOKAJBHOTO KOAMPOBAHHS OCOBGEHHO ynoben IpH
n

IPUMEHEHHH K HOcTaTo4Ho GorathiM kimaccaM YC (CXeMBI W3 (DYHKIUOHANBHBX
3JIEMEHTOB, ABTOMATHI, aJITOPHTMEL). VIHTEpecHEI! BAPHAHT NPMAIHIA JOKAJIBHOrO
konupoBanug omucad B pabore E. II. Jlmmarosa [18].

Kak yxe orMevanoch, GONBIIMHCTBO Gy/EBBIX (DYHKUEH ONyCKaeT JMmb
OY€Hb CIOXHYIO CXEMHYIO peamusanuro. OfHAKO MOKAa3aTENbCTBO 3TOTo (akTa
sapigercs HeapdekTusEbEM. ITeppas «d(peKTHBHAN) HENUHEHRAS HUXHSISL OLeHKa
6ramonyyena B. A. Cy660T0BCKOI IS CIOKHOCTH PeaTH3aIliy IMHEHHOMN byHxIIHR
OT 1 TIepeMeHHBIX hopMynaMu B Gasuice &, V, 71; oTa onerka umeet Bun Cr®2 [19].
B. M. XpamueHko ycunmi 3Ty OLEHKY 0 n®; TeM CAMBIM YCTAHOBIEH MOPSIOK
cnoxuocty [20]. MM ke mpemyoxeH OBLIMH MeTOf yCTAHOBIEHHS KBaJpPaTHYHBIX
HIDKHAX OLEHOK JIIA CJIOXHOCTH (opmyi B Gasuce &, V, 7 [21]. Biuskue k xpajpa-
TAMHEIM HHXKHHE ONICHKH B «6oJlee cuibHEIX» knaccax VC (popMyIIst B Ipou3BOiEL-
HOM 6a3uce; KOHTAKTHBIE CXeMBL) 6bUmn mosTyuens: D. U. Heuunopyxom [22]. O6mwuit
METO/l TOJNyYEHHA HENMHEHHBIX HUXHHX ONEHOK IS (OPMYI B IPOM3BOJIBHOM
basuce mpepnoxen JI. Xonecom u E. Illnexepom [23]. B «Bosee cabuix» Kaaceax
VC (hopMmynsl B GyHKIMOHANLHO HEIIOJIHBIX 0asHcax) ynaercs IOJyYaTh HYKHHE
OLEHKY Mopsimka n°, rue C — npoussosbHas koucranta (. V. Heunnopyk [24],
M. M. Poxmmna [25]). Jo cux mop He ymajioch TOJYYMTEL HM ONHOM HeJHMHEHHOMH
HIKHEH OLEHKH UL CXeM U3 (YHKIMOHAIIBHEIX 37EMEHTOB (B IIONHOM 6a3uce Gyle-
BbIX (yHKuumit). s HeDOMHEIX 6a3uCOB B k-3HAYHOM JIOTHKe yOAeTCs IOJIYYaTh

SKCIIOHCHINAJIbHEIE OICHKH B Cllyyae CXeM M3 (QYHKIMOHANbHEIX sneMenToB (I, A.
Txaqes [26]).

B cBs3u ¢ ycranonenmem HEKOTOPBIX OGLIHX 3aKOHOMEPHOCTEH CIIOXKHOCTH
ocobriit HATEpEC ceifyac, MO-BUAVMOMY, IPEHCTaBIAET H3YUeHHE PA3JIHYHBIX MEP
CILOKHOCTH M CBS3H MEXIY HUMH, BBISIBJICHHE PA3IIMYHLIX HETPUBHATILHEIX CHTYALMH,
a TaKXe ycTaHoBiieHHe Goltee oBIIEX 3aKOHOMEPHOCTEIH,

BaxHol Mepoi CIIOKHOCTH, CBI3AHHON C YHCIOM 3JIEMEHTOB CXEMEI, SBJISETCA
ee ryOuHa, T. €. MAKCHMANBHAS IJIHHA HeIIOUKH 3JIEMEHTOB, COENHHAIOMIEH BXOA
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cxeMBI C € BEIXOZOM. COOTBETCTBYIOMYIO ¢dynxnnio IlenHona G6yneM o6o3HayaTh
qepes T(n). VI3 amajusa U3BECTHBIX METOJIOB CHHTE3A ¥ U3 HIDKHEH OLIeHKH JUIs
L(n) 7nerxo TOJy4aeTCH acuMrroTHueckas opmyna misn T(n). Hanpumep, nis
Gasuca &, V, 1 cnpaBelyMBO COOTHOIICHHE T (n)~n. Bonee ToyHas opMmyna
fxua moiyuena Jmmb cosceM HemasHo C. B. I'ammxopsiM [27]

T (1) = n—logy log, n+0(1)

(ks OLICHKA HETIOCPEICTBEHHO ClIeNyeT M3 HIkHeH omenku ana L(n) B ciyyae
(bopMyJ; paHee M3BECTHBHIC BepxHue oueHkd 1ns T(#) TAKOBEHL:

T(n) = n+log*n [28], T(n)=n+0(1) [29)).

[y6HHY CXeMbl MOXHO TPaKTOBATh KakK €€ 3a/IEpKKY; OAHAKO, XaK MOKAa3all
B. M. XpamyeHko, 3TH XapaKTePUCTHKH HE BCEI/a COBNaNaloT [30}]. ITonuslit ananus
po3MOKHEIX Gynkiuuit T(n) B ciiydae, KOIIa HEKOTOPBIE 6a3HCHBIE IIEMEHTEL HMEIOT
HyIeByro 3a/lepxky, nposen C. A. Jloxkun. Oxa3anoch, YTO BO3MOXHBI JIWIIL TPH
runa mosenerns Qymxupm T(n):

T(n) ~n; T(n) ~clogn; T =c (n= ng [311.

KpoMe TOro, OKa3ajoch, YTO BO MHOTHX CIydasX BO3MOXHO OJHOBPEMEHHOE
(r. e. B omHOH cxeMe) JIOCTHXEHHe ACHMIITOTHKH CJIOXHOCTH M 3a/EPXKA [32, 33).

U3 paboT mocneqHHMX JeT IO MCCIENOBARNI0 APYIHX MeEP CJIOXKHOCTH CNENyeT
orMeTuTh pesyasTaTs O. M. Kacum-3aze [34]. On npopomkui HagaTsie M. H. Bait-
unBafirom [38] uccnenoBaHus TaK HA3BIBAEMOM MOIIHOCTH CXeM H3 QYHKIHOHAIBHEIX
37eMEHTOB (MOUIHOCTD CXeMbI — 3TO MaKCHMAJIbHOE HCIIO €C 37IEMEHTOB, UMEIO-
mEx Ha BEIXOZE enmHmmy). Ilycrs Eqy(n) cootsercrayromas dyrxuus Ilennona
mis 6asuca . OcHopHble PesynbTaThl O. M. Kacum-3ame COCTOST B ClEAYHOIIEM

1. Ims mouTH Bcex (B BEKOTOPOM €CTECTBCHHOM cMmsicie) Gasucos U
Eu(n) Xn.

2. CyniectByeT GECKOHEYHO MHOTO PaslHYHBIX IO nopsAnKy GyEKuEH Ey(n).
HampuMep, Ui JE0G0TO LEIOro MOJOXUTEABROTO 71 cymectsyer Gazuc U,
I8 KOTOPOTro

()"

3. IIns mo6oro KOHEHHOro Gasuca 90 wMeeT MECTO JIMIUp OFHA H3 BO3MOX-
HocTeit: 6o log Ey(n)>=<n, mibo log Ey(n)<logn; Tiput 3ToM 110 6asucy addexTns-
HO YCTAHABIIMBAETCH, Kakas M3 BO3MOXHOCTE MMeeT MecTo.

4, NIng 6asuca &, V, ] BO3MOXHO OJ{HOBPEMEHHOE IOCTIDKEHHE (8 onuoit
cXeMe) ACHMIITOTHKH CIIOXKHOCTH A NOpALKA MOILHOCTH.

B 3axirodeHHe OTMETHM, YTO 0630pHI TAKOro posid (a Taxxe mo 6osee MHUPO-
KOMY KpyTy BOIPOCOB) JEJAJHCh PaHbIIS [35—37).

2%
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