O COXpaHEeHUN IIepuoANIeCKNX
HOCJIeﬂOBaTeJIbHOCTeﬁ aBTOMaTaMH C
MAara3mHHOII IIaMsTbIO C O,Z[HO6YKB€HHI)IM
Mara3dmHom

. E. Usanos

Panee aBTop nokaszas, 9ro aBToMaTHBIE (DYHKINH C MATA3THHON
IAMATHIO COXPAHAIOT MHOXKECTBO MEPUOJIUYECKHUX IIOCJIEeI0BATEIb-
HOCTEN M TIPUBEJI SKCIOHEHIIMAJIBHYIO OIEHKY Y/JIMHEHUS TIEPUO/IA
ipu 3ToM. J[j1s aBTOMATOB ¢ YHAPHBIM MAra3uHOM ITY OIEHKY V-
JIOCh TIOHU3UTH JI0 KBa/IPATUIHO.

KuroueBble ciioBa: aBroMaT ¢ MAra3uHHOI NaMSATHIO C OJIHO-
OYKBEHHBIM Mara3uHOM, JIeT€EPMUHUPOBaHHAS (DYHKIWS, [T€PUOJIH-
9eCKUE ITOC/ICNOBATCAbHOCTH.

1. BBeaenue

ABrOMaT ¢ MAra3mHHOM HAMSITBIO SABJISIETCS aKIEITOPOM KOHTEKCTHO-
cB06OHBIX s13bIKOB |1]. TTo Gosrbieil qacTu ero ucce0BaHne HAXOAUIOCH
B IUIOCKOCTH TeOpHU (DOPMAJILHBIX I'paMMaTuK. B pabore [2] 6buin Haiie-
HbI PA3JIMYNsl KOHEUYHBIX aBTOMATOB U aBTOMATOB C Mara3mHHON ITaMsAThIO
B paMKaX 33849 OIMCAHUs KJIACCOB BRIYUCIUMBIX QyHKIWm. [Teproanye-
CKHe€ CBOMCTBA KOHEYHBIX aBTOMATOB XOPONIO U3y YEeHBI [3] ApTop U3yUaer
9T CBOMCTBA JjIsi aBTOMATHLIX (DYHKIUI C MAra3nHHON MaMsITHIO [4]

NuunuaibHBIM JIETEPMUHUPOBAHHBIM aBTOMATOM C Mara3uHOW IaMsi-
TBIO Oy/IeM Ha3BIBATD «IEBATKY»

P={A4,Q,B,T,¢,%,n,q90,%},

e A — BxojiHOM asaBuT, () — KOHEYHOE MHOYKECTBO COCTOsTHWIA, B —
BbIXOIHOI andasut, I' — andasur namstu (asdaBur JeHTH Marasuta),
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v : AxQx(TUAX) — @ — dbyukrus nepexomos, ¥ : AXQx (TUN) — B —
dbyukuus Borxoga, 7 : AXQ X (ITUN) — I' — dbyukius mamsitu, go € Q) —
HadaJbHOE COCTOsIHUE, Yo € I — Hava/jbHas 3amnch B Mara3mHe.

OyukimonupoBanne P MOXKHO OIPEIEIUTh ¢ OMOIIBIO CUCTEMbI Ka-
HOHMYECKUX yPABHEHUI, KOTOPbIE 3aJIal0T B KarK/IbIi MOMEHT BPEMEHH ¢
cocrosiupe aBromarta ((t), 3ammcaHHoe B Marasmae cJoBoO 7Y(t), M BBIXOZ,
aBromata b(t) npu nojgade Ha Bxox a(t):

.

q(0) = qo

7(0) =0

z(t) = LS(v(t))

q(t+1) = p(alt), q(t), 2(t))
v(t+1) = S(v()n(a(t), q(t), 2(t))
L 0(t) = ¥(a(t). q(t), 2(1))

rne LS : T* — T U {\} BosBpamaer mocjejHuil CUMBOJI IPU T10jade
wenycroro ciosa u LS(A) = A, a S : I — I' — crupaer nocsenuii
CHMBOJI BXOJIHOTO cJIoBa 1 S(A) = A.

NuunuaabHBEIT aBTOMAT ¢ MAra3smHHON MAMATBIO OMeIessieT IeTep-
muHHpoBanuylo byukimio f @ A* — B*. O6osnaunm M (A, B) mHO-
JKECTBO JIETEPMUHUPOBAHHBIX (DYyHKIIMI, MOPOXKIAEMBIX ABTOMATAMU C
MarasuHHoii maMsiTeio. Ormernm, uro M(A, B) cOIepKUT MHOXKECTBO
OrpaHUYEHHO-IETEPMUHUPOBAHHBIX (PYHKIAIA.

O6oznaunm n = |Q|, m = |['|, k = max In(q, z)| u 6yaem ro-

(g,2)eQxTU{\}
BOpHUTH, uT0 P € M(n,m, k). 31ech n — 9UCI0 COCTOSHMIA, M — apHOCTD
MarasuHa, k — MaKCHMAaJbLHOE BO3MOXKHAs JIJTMHA 3aIllUCH B Maras3uH 3a
OJINH TaKT.

Byzaem rosopurs, uro Py = {Q, B, T, ¢, 1,1, q0,70}, — uHUIUAIbHBIIH
aBTOMAT C MarasuHHON IMaMATHIO 0€3 BXOJA, €CJIN OH YJOBJIETBOPSAET CHU-

CcTeMe KaHOHHNYECKUX ypaBHeHI/IIU/K

q(0) = qo

7(0) =70

z(t) = LS(v(t))

q(t+1) = »(q(t), 2(t)

vt +1) = S(v()n(q(t), 2(¢))
[0(t) = ¥(a(t),2(2)
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B Tex ke obo3HaMEHUSIX 1 = ,m=1T|, k= max 2
Qm=I0l k= max n(g.)

u Oy/eM TOBOPUTH, UYTO aBTOMAT C MAra3wHHON MaMsaThio 0e3 Bxoma Py €
Mo(n,m, k).

B pabore [4] 6bl1a joKa3aHa CIIE/YONIAsi TEOPEMA.

Teopema 1. ITycmo f : A* — B* u f € M(A, B). Tozda f npeobpazyem
NePUOOUMECKUE CEEPTCA0GA 6 NEPUOOUUECKUE.

st aBromara ¢ MarasuHHON naMsiThio 6e3 Bxojga obozunauum L(P)
JUTMHY TIePHOJia MepUOJINIecKoil 0CIe0BaATeIbHOCTH, KOTOPYIO OH T'eHe-
pupyer. Hac 6y1eT naTepecoBaTh MakCUMaJIbHAs JIJINHA EePUOJa B KJIACCe
asromaroB Mo(n,m, k), a umeHHo:

L(n,m,k) =  max  L(P).
PeMo(n,m,k)

B pabore [4] 6puia nana onenka na dyukuuio L(n,m, k).

Teopema 2. ITyemv P = {Q,B,T,¢0,%,n,q90,%} — asmornommwvili as-
momam ¢ ma2a3unnoti namamwviro. Toeda dauna nepuoda nepuodureckor

nm
nocaedosamesvrocmov, Komopyto P eenepupyem ne Goavwe, wem Y k',

=0
2de n = |Ql, m = [T, k = n(g, 2)|, mo ecme

max
(2:2)€QXTU{A}

nm

L(n,m,k) <) K.
=0

OxkasbiBaercst, 4To B cirydae yHaproro Marasuna (|I'| = 1) onenky n3
TeOpeMbI 2 MOXKHO CYIIECTBEHHO yJIydINUTb. B passere 2 JoKa3blBaeTCs
BEPXHsIsI OICHKA II€PUO/IA BBIXOJHOMN 0CIIEI0BATEILHOCTH JIJIsi ABTOMATA
¢ MarasuHHOI namaTbio 6e3 Bxozna. B pasnere 3 paccmarpusaercs: bt
caydait. B obonx cirydasx yIanoch MOCTPOUTE IMPUMED aBTOMATOB C Ma-
ra3MHHON MaMATHIO, HA KOTOPBIX IIOJIyY€HHbIE OIEHKH aCCHMITOTHIECKH
JIOCTHIAETCS.

3ameudanue. Bo Bcex HaJIbHEHINNX pacCyKIACHUSIX OYIeM CIUTATh, YTO
k > 1, tak Kak mpu k = 1 aBTOMAT C MAra3uHHON IaMATHIO BHIPOXKIAETCS
B KOHEYHBI.



148 1. E. lIBanos

2. OneHka JWHBbI II€epUOJa aBTOMAaTa C Mara-
3uHHOW naMsaTho npu |['| =1

Vreepxkaenue 1. ITycmv P ={Q, B,T',p,1¥,1,q0,v%} — asmonommvii
asmomam ¢ mazaszunnot namamwio u nycms |I| = 1 Tozda dauna ne-
puoda T nepuoduneckoli nocaedosamenvrocmu, Komopyro P zenepupyem

02])(17 TUNEHA.

TS — o,

6 12

2den =|Q|, k= max ,2)|, npuvwem k > 1.
Qlk= max o), o

HoxkazaresberBo. [lyers P = {Q, B, T, p,1,1, 90,7} — aBTOHOMHBI
HHAIUAJIBHBIA aBTOMAT ¢ MarasuHHoil namsarbio u3 Mo(n, 1, k). Byxem
cYUTaTh, YTO P TeHepupyeT MOC/IeI0BATEILHOCTh MAKCHMAIBLHOTO JIJIst
aBTOMAaTOB U3 CBOEro Kjiacca nepuoja 7. He orpanmauBas obmHocTH, 0y-
JIEM CYHTATh, YTO y BBIXOJIHON MOCJIE0BATEIHLHOCTH OTCYTCTBYET TPE/I-
nepuog. Cpemu cinos (1), v(2),..., y(7) obsazarenbHo Haiijercs Xors
661 Oj1HO TycTOE cjI0BO. Unavte P dyHKImornpoBaj Obl Kak aBroMaT 6e3
MarasvHa, TO €CTh KOHEUYHBI aBTOMAT, & BBHJLY JAJbHEHIINX ITOCTPO-
€HUiT 9TO MPOTHUBOPEYUT YCJIOBUIO MAKCHUMAaJHLHOCTH mepuoja. [losromy
JJIST OIPEJIeJIEHHOCTH OyIeM CUYMTaTh, YTO B IOCJIEIOBATEIHHOCTH CJIOB
v(1), ¥(2),. .., ¥(7) poBHO S myCTBIX CJIOB ¢ HOMepaMu t] < ty < ... < ts.
Jnst ymoberBa OyzieM cauTarh, 9T0 tg = 7 U tq > 1.

Ouenum pasuocTu |t; 41 — t;|, TO €cTh KOJMYeCTBO TAKTOB PabOThI aB-
TOMaTa MEXKJLY COCEIHUMU IYCTBIMU COCTOSTHUSIMU MarasuHa. OYeBHIHO,
MaKCHMAaJIbHOE KOJIMYECTBO TAKTOB JOCTUTAETCS B CJIydYae, €CJIU aBTOMAT
MIPOXOJUT IIOCJIEIOBATEIFHO BCE COCTOSTHUS, KPOME ITOCJIEIHEr0, 3aIlUChI-
Basi MAKCUMAJIBLHO BO3MOXKHOE KOJUYECTBO CHMBOJIOB B MarasuH, a B TO-
cJIeTHEM COCTOSTHUM CTHPAeT BCe CUMBOJIBI. 10 €CThb MOXKHO CIUTATH, ITO
€CTh COCTOSIHUSI, KOTOpbIE MTPU HEITyCTOM Mara3uHe IHIIYT, 8 €CTh, KOTO-
pble cTuparoT. HeTpyHO BUIETH, UTO CTUPAIOIINX COCTOSTHUN He MEHBIIE
s, Tak Kak q(t; — 1), rme ¢ = 1,..., S, ABJSIIOTCS CTUPAIOIIUMHU.

To ecTb Ha OTpe3Ke OT t; JI0 t;11 ABTOMAT MOYKET MPOU3BOJINTH 3aIUChH
B MarasuH BO BCEX HECTUPAIOININX COCTOSIHUSIX U B OJHOM CTHPAIOIIEM IIPU
MIyCTOM Maras3wHe B CAMOM HadaJjie oTpe3Ka. 10 eCTh 3aluch MOXKET PO-
UCXOJIUTH He Dojiee, 9eM B N — § + 1 COCTOSIHUSAX M B UTOTE€ B Mara3mHe
Oyzer 3amucano we 6osee (n — s + 1)k — (n — s) cumBosios. asee stu



O coxpaHeHNU EPUOAMIECKUX MTOCTIeI0BATEIHbHOCTEH 149

CUMBOJIBI OYJIyT MOCJIEIOBATENBHO CTUPATHCS U3 Marasuna. VI3 Bcero BbI-
IIECKA3AHHOTO MbI MOXKEM IIOJIYYUTH OIEHKY. N — § + 1 TaKTOB aBTOMAT
OyJ1eT OCYIIeCTBISATD 3aluCh, jajee (n—s+ 1)k — (n—s) rakToB oH Gyer
CTUPATH TO, YTO 3AIUCAJ, TO €CTh:

max [tip1 —ti| <n—s+1+n—s+1)k—(n—s)=Mn—-s+1)k+1.
7

B 1mesoMm omnmcanHasi MOCIEI0BATEIBHOCTE pabOThl aBTOMATa MOXKET
OBITH APYTOI, HO, OYEBU/IHO, ITO OT U3MEHEHUS IOCJIEI0BATEILHOCTH JIeii-
CTBUI olleHKa He u3MeHnTca. OYeBUIHO, 9TO €CJIM Ha HEKOTOPOM OTPE3KE
OT t; 1O ;41 3aIMCh B Mara3mH OCYIIECTBUJIM BCE HECTUPAIOIIAE COCTO-
SHUS, TO HA B KAKOM JIPYTOM OTPE3KE TaKOe yrKe MOBTOPUTLCI HE MO-
JKET. SHAUUT, I KaXKJI0H MOCJIeIyIoNell 0 MaKCUMAaIBHOCTH PA3HUIIBI
|ti+1 — ti| aBTOMAT ByjIeT OCYNIECTBIATH KAK MUHUMYM Ha OJIHY 3aINCh B
Mara3mH MEHBIIIE. STOFO JOCTAaTOYIHO, LITO6bI IIPOU3BECTU OIECHKY:

T < ’ts_ts—1’+’ts—1 _ts—2’+---+’t2_t1‘+t1 <

s—1
, 1
< g (n—s+1—-1)k) :s+§k5(2n—3s+3).
i=0
MaKCI/IMI/I:BI/Ipyﬂ 9TO BbIpazKE€HMUE 110 S MOoJIydIaeM, 9YTO MaKCUMyM T
2n+3+2
nocruraercs npu s = ——=. Tlojcrasidas B Bbipazenue BblIlle U, Bbl-

[TOJTHSIST TIPOCTBIE ITPEoOPA30BaHUs, [TOIyIaeM HEPABEHCTBO:

2
N CUE R T

6 12

VYTBep:KaeHne TOKA3aHO.
Paccmorpum cienyronuii mpumMep.

IIpumep 1. PaccmoTpuMm aBTOHOMHBIN WHUIMAJIBHBIN aBTOMAT C Mara-
3MHHON aMsIThIO

PS,t:{QUR7B7F7SD7¢77777‘17>‘}7
tne Q@ =1{q1,.. . qn-s}, R={r1,...,1s}, 1 <s<n—s, B=Qx((T'UN),
F:{l}a %Z)(C]az) :(Q7Z)7
qi+1, €CJIU g = q;, i€{17"'7n_5_1}7
T¢, €CIM ¢ = Gp_s,
p(g,2) =
rs, €CJU q = 71,

ri—1, ecm q=r;, i € {2,...,5}
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Snadenne t TogAOEpEM UYTh TO3ZKeE.

A, ecmnqg € R, z=1,
(g, z) =

11, mnaue.
Huzke mpusejieMm jimarpaMmy 9Toro aproMata. llepexospl aBToMaTa OIMu-
CBIBAIOTCsI CJIEJLYIOIIUM IIa0JIOHOM Z/7), TO €CTh U3 JIAHHOI'O COCTOSIHMSI,
pU 3HAYEHUH BEPXHEr0 CHUMBOJIA MaraswHa z, aBTOMAT 3alliChbIBAeT Ha
BBIXO/HYIO JICHTY T1apy (¢, 2), a B Marasmie CTHpAET MOCJICAHUIT CHMBOJI
u JiomuchbiBaeT ¢aoBo 7). Crieyrolee COCTOSHIE YKA3bIBAET CTPEJIKA.

an x4

)

an 1/2

]

1/
. 1/2

1/2

e

1/2

/11 1/A

y A1/11 v 41/11 y 21/11  A1/11 A1/11
(@@ . (@) . e

ITocsie mepBoOro TakTa pabOTHI ABTOMAT IIEPEXOIUT B COCTOsTHHE (1. a-
Jiee OH IIOCJIeI0OBATEILHO ITPOXOIUT BCE COCTOSIHUS IPYIIIBI (), IIPOIOIZKAsT
3al0JIHATDh Mara3uf. 110 TOCTUXKEHUIO COCTOSIHUS (¢p,_s B Mara3uHe Oyiaer
JIEXKaTh CJIOBO JJIUHBL 1 — S + 1. Jlajiee aBTOMAT IEPEXOAUT B COCTOSIHUE
r¢ U3 MHOYKeCTBa R, 1, IOCIeI0BATE/IbHO IPOXOJIsl 110 BCEM COCTOSTHUSIM
MHOXKeCcTBa, R, cTupaer CUMBOJIBI M3 Mara3umHa JI0 IOJIHOI'O €ro OILyCTO-
menns. BeibepeM cOCTOsIHEE Ty TAKMM 00pa30oM, 4TOOBI ITOCJEe CTHPAHUS
[OCJIEHEI0 CUMBOJIA M3 Mara3wHa aBTOMAT IIPUXOJUI B COCTOSHHUE To.

[
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OueBn/IHO, YTO ITO MOXKHO CJIeJIATh U3 YCJIOBUs, 9T0 (n — s+ 2 —t) = 2
mod S, KOTOpoe 3KBHBAJICHTHO 60JIee IPOCTOMY

—t=n mod s.

Jlajiee OBTOPUTCSA aHAJOTUYHAST CUTYAIMs: aBTOMAT JIOWJIET IO CO-
CTOSIHUSL (,—s, HO B MarasuHe OyjeT Jie:kaTh CJIOBO JUIMHBI 1 — S (Ha
eMHAIYY MeHbInel nHbl). CreJ0BaTeIbHO MPOIEeCC CTUPAHUS OCTAHO-
BUTCs HA cocTostHuA 3. Clie/Iyomnast nrepaius 3aKOHIUTCS Ha, COCTOSTHUT
74 U TaK JaJjiee, IOKa MBI OISITH HE IIOMaJIEM B COCTOSIHHE T'] C IIYyCTBIM
Mara3mHOM.

[MoxacunTaem aauny nepno/ia BBIXOAHON mocsenoBaTenbHocTH. Ha 3a-
[IOJIHEHUE B NIEPBOIl UTEpAIU aBTOMAT IIPOXOJIUT 1 — S+ 1 TaKT U B Mara-
3WHE TI0CJIE TOTO JIEXKUT CJIOBO JIJTUHBI . — § + 2, HA CTUpaHUE KOTOPOT'O
yitimer n — s + 2 Takra. Ha KaxK1yto MOCJIeIyIONy0 UTEPAI0 HEOOXO0-
JUMO Ha 2 TaKTa MEHbBINle, TaK KaK Ha OJUH CHMBOJI aBTOMAT MEHBIIIE
3aINCHIBACT B MAra3uH U COOTBECTBEHHO MEHBINIE CTUPaeT. 10 ecTh [yInHA

nepuoia
s—1
7= (2n—2s+3—2i) = 2ns — 3s” + 2s.
i=0
MaKCI/IMI/ISI/IpyH T 110 S, HonyqaeM KBa.)IpaTI/ILIHYIO OT N 3aBUCUMOCTH C
OIIEHKOIT
n? 35
Tz 3 + 1

JlanHpiii npuMep JIEeMOHCTPUPYET JOCTHXKMMOCTH KBaJIpPATHIHON
orenku npu k = 2. OKa3bIBAETCs, YTO JIOCTHXKUMOCTD JIOCTUTAETC IPU
J060M k > 1 B CJIELYIOIIEM CMBICIIE.

Teopema 3. [lpu ¢urcuposarnom k > 1 u n — 00 6vnoAHEHO

kn?
L(n,1,k) = ?(1 + o(1)).

okazareabcTBo. U3 yTBep:kaenus 1 ciaemayer orenka

kn?  (1ln+14)k  kn?
L(n,1,k) < % + % = %(1 +o(1)).

[Tokarkem, 9TO aHAJOTUYHAS OINEHKA MOXKET OBIThH IOJIyUYE€HA CHUZY.
Mogudunupyem pumep 1 st obirero ciydasi. CHadaia n3MeHnM (HyHK-
IIMIO 3AIIICH B MATA3MH 1), NCIIPABIB BCE HelycThle 3Hadenns Ha 1%, Torma,
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MMOBTOPsIsST PACCYKIEHUsT U3 IIpuMepa 1, MmojiydaeM, ITO B IePBO uTepa-
MM Ha 3aIMCh ABTOMAT MPOXOJUT 1 — § + 1 TaKT U IIPU 9TOM B MarasuHe
oyzer zamucan (k— 1)(n — s+ 1) + 1 cumsos. C kaxk10ii nocseyromeii
urepanyeil Ha 3amuch OyJeT TPATUTHC HAa 1 TAKT MEHbBIIE, a B MAra3uHe
Oyner Ha k — 1 cumBost Menbite. CiieJoBaTeIbHO, NMEIOT MECTO hopMyJIa
JUIst JUIMHBL EPUOJIA, T

w
|
—_

7<)y (m—s+1-i)+(k—1)(n—s+1—-i)+1)) =

@
I
o

»
|
_

2n—3s+ 3
e

5 k+s

=Y ((n—s+1-ik+1)=

@
Il
o

HepaBeHCTBO CTOUT MOTOMY, 9TO MOXKET OKA3aThCs, 9TO aBTOMAT Oy-
JIeT JOCTUTaTh IIyCTOr0 Mara3mHa He Ha BCEeM MHOYXKEeCTBE COCTOosHmit R,
a JINIIb He HEKOTOPOM MoAMHOKecTBe. [IpmMepom Takoro moaMHOXKeCTBa
MOXKET CJIy2KUTH MHOYKECTBO cocTosguuii u3 R ¢ yernbimu HOMepamu. Jlo-
CTATOYHBIM YCJIOBUEM, ITOOBI JIOCTUTAJICS IIYCTONH Mara3wH BO BCEX COCTO-
siuusi u3 R, sBisiercst B3auMHast mpoctota duces k—1 u s. B rex ciyqasx,
IJIe 9TO YCJIOBHE BBIINOJIHEHO OIEHKA JOCTUTIACTCH.

Ecin xe (k—1,s) = d > 1, To MBI 1Oy IaeM, 9TO B TEKYIIEM aBTOMA-
Te TOJILKO B 5 cocTostHusAX u3 R jgocturaercs mycroit Marasus. Mbr moxem
HO/IIPABUTDL 3HadeHUs 7)(r;, A), e r; € R TakuM 06pa3oM, 9To0bI aBTO-
MaT MOT JIOCTUraTh MyCTOTO Mara3wHa Ha BCEM MHOXKECTBE COCTOSHUN R,
YMEHbIIast KOJUIeCTBO 3AIMCHIBAEMBIX CUMBOJIOB Ha d+ 1 —i. O4eBu/IHO,

S
OIleHKa Ha T HOJIyYeHHas BbIle yMeHbInuTcsa Ha y . (d+ 1 — i) < sk.
=1
Takum 00pasoM, MOXKEM 3alHcaTh, YTO

2n -3 1 2n —3s+4+3
max( nZos sk:+s)<7<max(&s

ax(———5—— : 5 k+s).

Makcumusupys 1o s nojty4aem, 4ro s ~ 3. [loncrapnss B Boipazkenust

2
BBIIIE TIOTyYaeM, 9TO T ~ k%, 9TO W 3aBEPIIAET JOKA3aTeIBCTBO.
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3. OneHkKu AJid HEaBTOHOMHOI'O aBTOMAaTa C Ma-
ra3smHHON MaMAThIO

Jist hopMyIupOBKH Pe3yIbTATOB [IJIsT ODIIEr0 HEABTOHOMHOI'O CJIy-
Yasi BBEJIEM OIEPAIIAIO CYIIEPIIO3UIINYA KOHETHOI'O aBTOMATa U ABTOMATA C
MarasuHHON NaMAThIO.

[Tycrs jan nanIabHbIil KoHeunblilt asromar V= {A, Qv, B, oy, ¥y,
do}, KOTODBIi 3a/1aeT OrpaHNIeHHO-/[ETEPMUHUPOBAHHY 0 GyHKIUIO fi :
A* — B*, u MHUIIHAJILHBIA aBTOMAT ¢ MAra3uHHON TAMSITHIO

P={B,Qp,C,T,op,¥p,np,T0,Y0}, KOTOPBIil 33/1aeT J€TePMUHUPO-
BaHHOe orobpaxkenue fp : B* — C*. Torma cyneprosuiiueii KOHEIHOTO
apromara V u P OyiaeMm Ha3bBaTh orobpaxkenme fpoy : A* — C*, e

frov(a) = fp(fv(a)).

Vreepxkaenue 2. [Tyemv V = {A Qv, B, oy, Yy, q} — unuyuasvorold
Koneunbvitl asmomam,

P = {B,Qp,C,T,pp,Yp,np, 10,0} — UHUGUAALHUG a8MOMAM C
Maza3urnot namamvio. Toeda cynepnosuyua V u P fpoy : A* — C* sa6-
AACMCA OEMEPMUHUPOSAHHOTE PynKuuets, NOPONHCOEHHOT UHULUAADHDLM
a6moMamom

={A4,Qv xQp,C.T,0,¢,1n,(q0,70): 7},
20e

¢(a,(qv,qpr), 2) = (ev(a,qv), or(Yv(a,qv),qp, 2)),
Y(a, (qv,qp), 2) = Yp(¥v(a,qv), qp, 2),
n(a, (qv,qp), 2) = np(¥v(a,qv), qp, 2).

JokazaTenabcTBo. s moka3aTesbCTBa YTBEPXKICHIS HEOOXOIUMO Pac-
CMOTPETb CHCTEMbl KAHOHUYECKUX ypaBHEHWiT aBTomMaToB V u P u moj-
CTaBUTH MEPBYIO BO BTOPYIO.

Teneps cchopMysIIpyeT U TOKAXKEM OIEHKH B CJIydae HEaBTOHOMHOI'O
aBTOMAaTa C MarasmHHOI ITaMdATbhIO.

Vreepxkaenue 3. I[Iyemv P = {A,Q,B,T,,%,n,q90,7%} — asmomam
¢ mazaszunnol namamvio u nyems |I'| = 1 Toeda dauna nepuoda nepu-
oduneckotli nocaedosamenvrocmy, komopyro P zenepupyem, noayuas wa
8200 NEPUOIUMECKYI NOCALIOBAMENLHOCTIL NEPUOIa T, He boAbULE, YeM



154 1. E. lIBanos

k(nt)?  (1lnT + 14)k
6 + 12 ’
eden =1Q|, k= max In(q, 2)|, npuuem k > 1.
(g,2)€EQXTU{A}

okazareabcTBo. He orpannyamBas obmHOCTH, OyIeM paccMaTpUBATH
BXOJHYIO IOCIEI0BATE]LHOCTL 0e3 npeauepuona. Ilycrs V' — koneunbrit
aBTOMAT C T COCTOAHUAMHU, NEHEPUPYIOINMUI 3Ty IOCACIOBATEIHbHOCTD.
PaccmoTpuM Tereph CyIepIioO3UIMI0 KOHETHONO aBTOMaTa aBTomara Vo
U aBTOMAaTa C MArasuHHON NaMATbIo P, KoTopas B CHIY IPEIbIILYIIErO
yTBEepzKEHUA U TOro, 4TO aBTOMAT V aBTOHOMHbII‘/)I7 ABJIAETCA aBTOHOM-
HBIM aBTOMATOM C MAra3WHHOI maMsTbio ¢ 7|Q| cocrostausimu. K sromy
aBTOMATY [PUMEHsIEM TeopeMy 00 JJIMHE ITePUO/Ia BBIXOIHON MOC/IEI0BA-
TEJILHOCTH JIJII ABTOHOMHOI'O aBTOMATa C MArasUHHON IIaMSTbIO, 9TO U
3aBepIraeT J0Ka3aTeIbCTEO.

IIpumep 2. [locTpoum aBTOMaT ¢ Mara3mHHON MAMATHIO, Y KOTOPOTO
MIEPUOJT, BBIXOJHOM TOCJIEIOBATENIBCTH KBAIPATUIHO 3aBUCUT OT TIEPUOJIA
BXOJIHON.

PaccmorpuM mHUTIMAIBHBIN aBTOMAT C MAra3uHHON MaMsTBIO

Ps,t: {AaQURaB7F7§07w7n7T17A}7

rae A= {071}7 Q = {Q17"'7Q71—8}7 R = {7'1,...,7“5}, 1 g S g n—s,
B=Qx[UA), I'={1}, ¥(a,q,2) = (¢,2),

q, ectu a = 0,
Gi+1, ecma=1, g=g¢q;, 1 €{1,...,n—s— 1},
pla,q,z) = qre, ecmm a=1, ¢ = gps,

rs, ecom a =1, g =rq,

rict, coma=1, q=r;, i €{2,....5)
Suavuenue t mogdepeM IyTh MO3Ke.

)\, ecnna:l, QER, 2;:11/1‘)'11/1(1:07 QER, Z:A,
77((17(]72’): l,eema=0, ¢ge Ruz=1,
11, mnaue.

Hwxke mpusenem auarpaMmy 3Toro aBromarta. llepexonsl aBroMaTa omu-
CBIBAIOTCsI CJIEJIYIONIMM MIAOIOHOM a/Z /1), TO €CTh U3 JAHHOTO COCTOSIHMUSI,
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opu 1oJave Ha BXOJ CUMBOJIA @ M BEPXHEro CMMBOJIA MarasmHa Z B Mara-
3UHE CTUPaETCA HOCJIG,H,HI/II'?'I CAMBOJI 1 TOIIUCBIBACTCA CJIOBO 7). CJIG,H,YIOH_IGG

COCTOdAHUE YKa3bIBa€T CTPEJIKA.

o
=
S~
-
K
>

1/2/11 112
n
1/a/11 1/1/A]  0/1/1
L]
1/1/2
1/2/11 1/1/2( o/1/1
T
1/1/2
1/a/11 1/1/2
rS | —
0/1/1
/1,2/11Y 1/1,4/1

0/1,2/11 0/1,A/11 0/1,A/11

1/1,2/11 1/1,2/11

@ 1/1,A/11

0/1,2/11

Ha Bxoj1 aBTOMaTy Oyj1eM MOJABATH NEPHOIUIECKYIO TTOCIEI0BATE b~
HOCTh ™, e @ = 10P~ 1. Tlocste mepBOro TakTa paboOTHI ABTOMAT IIe-
PexXo/UT B cocTosinue qp. Jlasee OH MPOXOJUT BCe COCTOSTHUS TPYIIILI (),
OCTaBasICh B OJHOM COCTOSIHUM POBHO P TAKTOB W MPOIOJIKAS 3AIOTHATD
Marasu. 1o JIOCTUKEHHMIO COCTOSIHUS G, s B MarasuHe OyJIeT JIEXKATh
csoBo jyimHbl (n — s — 1)p + 1. Hepe3 p TakToB aBTOMAT IEPEXOJUT B
COCTOsIHUE T3 M3 MHOYKECTBa R, M, IIPOXOJIs 10 BCEM COCTOSTHUSIM MHOKE-
crBa R, cTUpaeT CUMBOJIbI U3 MarasuHa MpH TOsIJIeHUN eJIMHUIIBI HA BXOJ

JIO TIOJTHOT'O €ro OoIlycTollleHus. BpibepeM cocrosinue ry TaKuM 0Opa3oM,
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9TOOBI [IOC/Ie CTUPAHHUSI [IOCIEHEr0 CUMBOJIA U3 MarasuHa aBTOMAT [IPU-
XO/MI B cocrostHue T9. OYEeBUIHO, 9TO 9TO MOXKHO CJIEJIATh U3 YCJIOBUS,
910 (n — s+ 2 — 1) =2 mod s, KOTOpoe SKBUBAJIECHTHO OOJIee IPOCTOMY

—t=n mod s.

anee moBTOpHTCH aHAJIOIMYHAS CHTYAIUs: aBTOMAT JOfgeT 10
COCTOSIHUSI (s, HO B MarasuHe OyJerT JiexkaTh CJIOBO JJIMHBI
(n—s—2)p+1 (na p menbmeit jymnsl). Cire0BaTeIbHO IPOIECC CTH-
paHUsi OCTAHOBUTCsI Ha cocTosHun 1. Ciie/lyiomast nreparust 3aKOHIUTCs
Ha COCTOSIHUU T4 W TakK JiaJjiee, MOKa Mbl OISITh HE IOIAJEeM B COCTOSTHUE
71 C IyCTBIM MAra3uHOM.

[TojcunraeM JUIMHY TIepUOJIA BBIXOIHON ocieoBaTepHocTH. Ha 3a-
IOJIHEHNE B [EPBOii UTepanny aBroMar IpoxXoauT (n — s + 1)p Takr n B
MarasmHe [10CJIe TOro JIEXKHUT CJI0BO JUIMHLL (N — $)p + 1, Ha cTHpanue Ko-
Toporo yiiger (n—s)p+ 1 rakros. Ha Kaxk1yro moc/ie/ [yIongyio nreparmio
HEOOXO/IMMO Ha p + p? TaKTa MeHbINe, TaK KaK Ha P CHMBOJIOB aBTOMAT
MEHbIIIe 3alliChIBACT B MArasWH M COOTBECTBEHHO MeHbIe crupaer. To
€CTh JIJIMHA TIEPUOJIA

s—1
T=Y (n—s+1—ip+(n—s—ip+1)p) =
=0
o2n — 3s + 1 2n —3s+5
_2n 25 s+ n 25

PS.

MakcumMuzupys 7 HO S, MOJydaeM KBaJIPATUIHYIO OT 71 3aBUCUMOCTH C
OTIEHKO1, MOJTydaeM, 9To § ~ &, a

n’(p + p?)
e

T ~

JlaHHBI TpUMEp JEeMOHCTPUPYET JIOCTHKUMOCTD KB IPATUIHON OIEHKN
upu k = 2. OmHako 3Ta OLEHKA HE COBIAJACT C OLEHKOI IIOIyYeHHOH B
yTBEpXKIeHNN 3.

Jlnsg apToMaTa ¢ Mara3sMHHON HaMATHIO P U IepUOAMIecKoil BXOIHOM
[OCJIE/TIOBATEIHLHOCTH 1Iepuoia p obozuadnM L( P, p) MAaKCHMAIBHYIO JJIH-
Hy II€PHO/IA BLIXOAHON IepUOIUYIECKO I0C/IeI0BATEILHOCTH, KOTOPYIO OH
remepupyeT. To ecrb cymecrsyeT Takoe cjioBo a € AP, 4ro mpu moma-
ge o™ Ha Bxoj P nepnoj BBIXOJHON IOCJIEI0BATEILHOCTH OyIeT paBeH
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L(P,p), u nna qroboro [ € AP upu nojade Ha BXoj [ JyIMHA BBIXOJI-

HOl nocenoBaTeabHocTH Oyner ne Gosbie L(P,p). Hac Gymer unrepe-

coBaTh MaKCHMaJbHasl JUIMHA [eprojia B Kiacce apromaroB M(n,m, k)

npu (PUKCUPOBAHHOM MEPUOJIE BXOJIHOM II0C/IeI0BATEILHOCTH, 8 NMEHHO:
L(n,m,k,p) = e hax L(P,p).

M(n7m7k)
OkasbIBaeTCs, 9TO OIEHKY CBEPXY, JEHCTBUTEILHO, MOXKHO YJIyUIIUTh.

YrBepxkaeuue 4. [Ipu durcuposarnvr Hamypasvhoxr k> 1, p un —

00 GBINOAHEHO o
k—1

HokazaresnbcTBo. 3adukcupyem k > 1. Mbr jokazasu, aro L(n, 1, k) ~

kn?

6

. Pacemorpum paboTy aBTOHOMHOTO aBTOMATA € MATA3WHHOW IMTaMs-
THIO, HA KOTOPOM JIOCTHIA€TCsI 9Ta OIeHKa. JII000i TaKT ero paboThl MO-
KeT ObITH MO0 CTUpAOMMUM, 00 3aINUCHIBAIONINM, Ju00 pabora ¢ Ma-
ra3uHoM BooOIre He Bejercsd. ODO3HAYUM KOJIMYECTBa 9TUX TAKTOB Yepe3
f1, f2, f3 coorsectBenno. Hecnmoxno ujers, uto f3 = o(n?). Tosromy
MOXKHO cauTarh, 9ro L(n, 1, k) ~ fi(n,k)+ fa(n, k). OgeBuno, uro Kax-
JIBIH 3aIUCHIBAIONINI TAKT MOPOXKIaeT He 6ojiee k — 1 cTuparommux, mpu-
YeM B 9KCTPEMAJIBLHOM CJIydae 3TO OIeHKA JIOCTHraeTcsa. Takum oOpas3oM,
MOYKHO CJI€JIATD BBIBOJ, 9ITO

[\

2
n®(k —1) n
fl(n7k)§ 6 ) f2(n7k)§
IIpu mobapyiennm BXxoja K aBTOMATy U MOJAAYU EPUOIUIECKON TOC/IeT0-
BaTEJbHOCTHU TIEPUOJIA P MBI MOYKEM YTBEPZKJIATH, UTO 3AIIUIIEM B MAra3uH
He OoJjiee, 1eM B p pa3 OOJIbIle CUMBOJIOM, & CTUPATL ux Oyaem B GoJee,
1eM B p pa3 mejgerree. OTcroja MoJydaeM OIEeHKN

L(n,1,k,p) ~ fi(n,k,p) + fo(n,k,p) <
n’(p*(k —1))  n?

< PAfi(n, k) + pfa(n, k) ~ — 4

|
s

9TO ¥ TpebOBAIOCH TOKA3ATh.

3ameuanwue. /[okazamHoe BLIIIE YTBEPXKICHIE MOXKHO TPAKTOBATH CJIe-
JYIOIUM 00pa3oM: He BCe CTUPaHUsI, MOXKHO CIeJIaTh B P pa3 MeJJIeHHE,
a MMEHHO, CTHPAaHNe BEPXHErO CHMBOJIA Mara3uHa IPU €ro YTEHWH. DTOT
daKkT u BIUIET HA OIEHKY.
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Teopema 4. Ilpu gurcuposarnoir wamyparorur k > 1, p un — o0
BHIMOAHEHO

L(n,1,k,p) = n2(p2(k6— D +p)(l +o(1)).

okazarenabcTBo. U3 yrBepxKaeHus 4 cieayeT OIeHKa CJIeIyeT OIeHKa

CBEPXY.

ITokazkeMm, 9TO aHAJOIMYHAs OIlEHKA MOXKET OBbITh IIOJydYeHa U CHU-
3y. Monudunupyem npumep 2 jjs obmero ciaydas. CHadala HU3MEHIM
GYHKINIO 3alMcu B Mara3uH 1), UCIIPABUB Bce 3HadeHns 11 Ha 1%, Torna,
HIOBTOPAA PAacCyzKJIeHUs U3 IpHuMepa 2, IojydaeM, 9TO B IIepBOIl UTe-
paIuu Ha 3aliCh aBTOMAT MPOXOMUT (N — s + 1)p TAKT M IpPH 9TOM B
marasune Oyser 3amucan (kK — 1)p(n — s) + 1 cumBosr. C xaxk/10ii nociie-
JIyIOIIeil ureparnueil Ha 3aIUCh Oy/IeT TPATUTLCS HA P TAKTOB MEHBINE U
B Marasute Oyzer Ha p(k — 1) cumBos Menbine. Ciie/JOBATEIBHO, UMEIOT
MecTo popMyIIa Jis JIHHBI IEPHOJIA T

I
—

S

<] (n—s+1—i)p+((n—s—iplk—1)+1)p) =

@
Il
o

_2n—3s5+95 +2n—3s—|—1 9
-T2 7 2 7

HepaBencTBa CTONT IIOTOMY, 9TO MOXKET OKa3aThCsd, UTO aBTOMAT Oy-
JIeT JOCTUTATh IIyCTOrO Mara3mHa He Ha BCEM MHOXKeCTBe cocTosHuil R, a
JIMIITB He HEKOTOPOM HOAMHOXKecTBe. JlocTaTouHbIM ycioBueM, 9Toobl J10-
CTHTAJICS IIyCTON Mara3uH BO BCEX COCTOsAHHA U3 R, sBisercs B3auMHasI

(k —1).

npocrora vucen (k—1)p u s. B rex ciyuasix, rjie 910 ycIoBue BBIIOJHEHO
OIIEHKA, JIOCTUTAETCS.

Ecmm xe ((k — 1)p,s) = d > 1, T0 MBI HOJIy9aeM, 9TO B TEKyIIEM
aBTOMaTe TOJIbKO B 5 COCTOAHUAX M3 R jlocTHraeTcst MycTofi Marasu.
Mpr MmozkeM nonpaBuTh 3nadenns 7(1, 7, \), rue r; € R TakuM obpasom,
9TOOBI ABTOMAT MOT JIOCTUTATH MTyCTOTO Mara3nHa Ha BCEM MHOXKECTBE CO-
cTOsTHU R, yMeHbIast KOJIMIEeCTBO 3allChIBAEMbBIX CUMBOJIOB. QUeBHIHO,
OlleHKa Ha T TOJIydeHHAasl BBIIIE YMEHBINUTCS He Gojee, yeM Ha Sk.

Takum 06pa3oM, MOKEM 3aIUCATh, ITO

2n — 2n — 1
n 33—i—5ps+ n ;’»s—l— Pk —1)— sk) <7 <

2n —3s+5 2n —3s+1
< max( n 28 i ps + n 25 + pPs(k —1)).
S

m;ix( 5
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Makcumusupys 1o s mosydaem, uto s ~ 3. Ilojcrasnas B Bwipa-
JKEHUsl BBIIIE, MOJIYYaeM HEOOXOJUMYIO OIEHKY CHHU3Y, UTO M 3aBEPIIAeT
JIOKa3aTeJIbCTBO.

4. 3akJjrodyeHue

B pabore ObuLIM U3y4YEHBI IEPUOJUYIECKHE CBONCTBA aBTOMATHBIX
byHKIHII 7151 KJ1acca aBTOMATOB C Mara3mHHON MaMATHIO C OJIHOOYKBEH-
HBIM aJi(haBUTOM MaraswHa. JTOT KJIACC SBJISIETCS €CTECTBEHHBIM PACIIIH-
peHueM KJjiacca KOHEUHBIX aBTOMaTOB. OCHOBHBIM pe3yJIbTATOM pabOThI
MOXKHO CUHTATH TeopeMy 4, B KOTOPOil MOKAa3aHO, YTO MEePUOJ, BHIXOIHOM
II0CJIEJIOBATETPHOCTH KB/ IPATUYHO 3aBUCUT OT II€PUOJIa BXOJIHOM 1 KBaJI-
PATUYHO 3aBUCHUT OT YHUCJIa COCTOSHUIA.
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