HuxHeg olleHKa Ha 00J1acTh BUAMMOCTHU
aBTOMara, oopabdarbiBalOLIETr0
IIPOM3BOJIBHBIN MOTOK 3aIlPOCOB K
OIUHAMHWYECKON 0a3e JaHHBIX

A.A. [lnetHeB

PaccmatpuBaercss nuHaMuuecKkas 3ajgada IOWCKa HAEHTHY-
Hbix 00bekToB (J3ITHMO). B padorax [1, 2, 3] aBTop mokasad,
KaK 3Ty 3agady MOXHO pellaTb C [OMOILIbI0O MHOI0aBTOMAT-
HOro NUHaMuueckoro uHpopmauuonHoro rpadpa (MIHWT) nas
J1060ro NoToKa 3anpocos. B naHHoi paboTe nokasaHo, 4TO He
cyuwectByeT KoHeunoro MJIUI' ¢ pagrycom BUOMMOCTH OIUH,
U CTeNeHbl0 BeTBJEHHs ABa, 00pabaThIBAIOLIMH TPOU3BOJbHbIN
TIOTOK 3aIMpOCOB.

KaioueBbie ciaoBa: nrHamudeckue 6as3bl NaHHBIX, MOHMCK
Mo KJiouy, UH(QOPMaLHOHHBIH rpad, aBTOMAaT, MOTOKH 3aIpo-
COB.

BBenenue

B coBpemMeHHOM MHpe HAC OKPYKaeT OrPOMHOE KOJHUYECTBO WH-
dbopMaluu, MO3TOMY HaXOXIeHHe Cpeiu Hee HeOOXONHWMBIX JaH-
HBIX SIBJsSieTCS 0COOEHHO aKTyaJbHOW 3amadedd. MaremaTuueckui
UHTepec K MaHHOH mpobJeMe 3akJuaeTcss B OMNHUCAHUU MOMEJH,
C TMOMOILbI0O KOTOPOH MOXKHO MOJyuyaTb HEOOXOAHWMble aJrOPUTMBbI
MoucKa HUCKOMOM HHpopMmauuu. K pelueHHio 3TOH 3agauu Moaxo-
OSIT C PasJuyHbIX CTOPOH. OTrpOMHBIH BKJaA B MOIEJUPOBAHUU
6a3 maHHbIX BHec [‘acaHoB duabsip dnbnaposuy [4]. OH NpensoxKuI
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uH(pOpMalHOHHO-TpadoBbIF Moaxod. B HacTosiiiee BpeMsi 3TOT MOJ-
XOJl HCMOJIb3yIOT MHOrue yueHble. OIHH M3 MOCJEAHHX PaGOT IO
STOU TeMaTHKe MOXHO Haitu B [, 6, 7, 8].

B nanHoil pa6ote OyneT paccCMOTpeHa MOCTaHOBKA 3aJaul, COB-
najgawlias ¢ onucaHHoi B [2]. OHa 3aHHMaeT 60JbIIOH 00bEM, T0-
3TOMY 3/1eCb OIHIIEM TOJIbKO €€ CMBICJ, a TOYHYIO (DOPMYJHPOBKY
MOXKHO MPOYUTATh B [2].

PaccmarpuBaercss notok 3anpocoB. [log moTokom 3ampocos 0Oy-
JieM MOHHMaTh OECKOHEUHYIO MOC/e0BaTe/JbHOCTb 3alPOCOB Ha I0-
UCK, BCTaBKY U yjAaseHHe K 6a3e NaHHBIX, KOTOpble NMOCTYNAlOT ye-
pe3 paBHble MPOMEXYTKH BpeMeHHW — TakThl. [Ipu atom B opuH
TaKT MOXeT MOCTYMUTb He GoJsiee OJHOro 3ampoca. Takxke cyuTa-
€M, UTO 32 OJMH TaKT MOxKeT ObITb BBIMOJHEHO J000€e JIOKaJbHOE
npeo6pa3oBaHue CTPYKTypbl 6a3bl NaHHbBIX, MpeJHa3HAuUeHHOe [/
noffep:KaHusi 6a3bl JAaHHBIX B aKTyaJbHOM COCTOSIHUH. Jlpyrumu
CJI0OBaMH, KaXKIbIH Mpoliecc, KOTOPBIH MepecTpauBaeT UM HLIET 3a-
Mpoc, MOXKeT C/esaTh 32 OfMH TAaKT TOJbKO OHO MpeoOpa3oBaHUe
Hapn 6a30il JaHHBIX, TP 3TOM Ha CJAEAYIOLIMH TaKT K 6ase JaHHBIX
MOXKeT TOCTYNHUTb Yy»Ke HOBBIH 3ampoc. OrpaHWyeHHs Ha pasHble
MpoLEeCcChl COCTOMT B TOM, YTO OHU He MOTYT HU3MeHSTb OJHOBpe-
MEHHO OJMH y4acTOK MaMsITH, HO TP 3TOM MOTYT CUMTBIBATb TaKHe
y4yacTkH. Takue cTpyKTypel faHHBEIX HasbiBaloT OUI3 (oxHOBpeMeH-
HOe uTeHHe 3KCKJ/I3MBHAsl 3alUCb) CTPYKTypaMu. B MHOCTpaHHOH
auTepaType oHu omuchiBaioTess Kak CREW ctpyktypst [9].

Bynem cuurtaTth, 4TO y Hac ecTb HeOrpaHHUEHHOe KOJHYECTBO
JNOCTYMHBbIX mpolueccoB. Kaxnblii npouecc obpabaTbiBaeT OAWH 3a-
MpoC, KOTOPBIH MOXKeT OBIThb OIHHUM W3 TPeX THIIOB: MOHCK, BCTaB-
Ka uid ypaneHue. B paGorax [1, 2, 3] Obiu npemsoxens OY-
A3 crpyktypbl naHHbix, pematomue 3TINO. Upes mocrpoenus
MCKOMOH CTPYKTYpPbl NaHHBIX OCHOBBIBA€TCS Ha WMH(OPMAIMOHHO-
rpacdoBoM mnonaxone [4] ¢ ucMoNb30BaHHEM KOHEUHOTO aBTOMATa
[10, 11, 12, 13, 14, 15, 16, 17]. Takasi cTpyKTypa NaHHBIX Ha3Ba-
Ha MHOTOaBTOMATHBIM IHHAMHYECKHM HH(OPMALHOHHBIM rpadom
(MIINT), u oHa 3aBUCHUT OT HECKOJbKHX MapaMeTpoB. B naHHOH
pa6oTe OymeT MOKa3aHA HYXKHsS OLEHKA Ha TMapaMeTpsl, IPH KOTO-
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poii He cyulecTByeT ajiroput™a ans peuteHuss J3ITHO c¢ nomolbio
MIUT.

ABtop Gmnaromaput nmpodeccopa . . [acaHoBa 3a MOCTaHOBKY
3ajauM U nomoulb B padoTe.

IloctaHoBKa 3agauu U pe3yJbTaThl

[Iycte H — mnotok 3ampocoB, H : N — X, rie X =
{I1, B, ¥,A} x N — mHoxXecTBO 3anpocoB. bykBa B 3ampoce 03Ha-
yaeT ero pgeficteue: mouck (I1), BcraBka (B), ymanenue (¥Y) uawm
nycTo# 3ampoc (A).

MHoOXeCcTBO BCeX TOTOKOB 3ampocoB 0603HauuM uepe3 H. Pac-
cMOTpUM (DYHKIHIO MHOXKecTBa 3amuced V : {NU{0}} x H — 2N,
KOTOpasi yIOBJIETBOPSIET CJIEAYIOLIUM YCJOBHSIM:

V(i,H) =
(0, ecan i = 0;
V(i—1,H), ecau ¢ > 0 1 H(i) 3anpoc Ha MOUCK

WJIM TIYCTOH 3arpoc;
V(i—1,H)U{z}, ecmui>0wu H(i)=(B,z);
\V(i—1,H)\{z}, ecmi>0u H(i)=(Y,x).

Oyuxuusa V' coctaB/sieT KaxkKAOMY TaKTy ¢ U NOTOKY 3anpocoB H
— MHOKeCTBO 3amucel, KOTopble 00pasyoT 6a3y NaHHBIX MOCJe 3a-
BeplueHus: pyHkunonuposanuss MJIMI nns Bcex 3anpocos 10 TakTa
1 BKJIIOUUTEJIbHO, ecjii 06paboTKa J1060ro 3amnpoca Nporucxoaunsa ool
MTHOBeHHO (3a 1 TakT).

Bynem paccmatpuBath ABe pasnnyHble nmoctaHoBku J3ITHO: c
BblIauell 0TBeTa, Koraa oTBeToM Ha 3ampoc tuna (I1, z) 6ymet () uau
{z}, u nornueckass — Korjga ajJropuTM MOMCKa OTBEUaeT Ha BOIMPOC
0 TOM, €CTb JIM UCKOMasi 3aluCh B 6a3e NAHHBIX HUJH HET.

[Tyctp nana ¢ynkuus L : N — N. Bynem rosoputs, yro MJNT
pemaer [I3IIMO c Bbmaveir otBera (soruyeckyio [A3ITHMO) co
CJIOXKHOCTbIO L, ecau mJjs Jwoboro mnoroka H u Jo60ro TakTa i
BBITMIOJIHAIOTCS CJIelyIolIe YCJIOBHUS
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e eciu H(i) = (Il,z), To pe3ysbTaToM (HYHKLIHOHHPOBAHHUS
MWD nonxen 6biTh {z} ("ma"), ecmu x € V(i,H) n ny-
croe MHOXecTBO ("HeT") B mpoTHBHOM cJjydae. [Ipu 3Tom Ko-
JIMYECTBO TaKTOB, HEOOXOAMMOE Ha BbIIAYy OTBETa, MOJKHO
He npeBocxonuth L(|V (i, H)|);

e ecsi H(i) = (B,z), To nnsa swboro 3ampoca Ha nouck (I,
Z), TIOCTYNHUBIIEr0 B TakT i + 1, pe3ysnbTaT (PyHKIMOHHPOBA-
ausg MJIUT nomxken 6pitb {2} ("na"), ecin z € V(i+1,H) =
V (i, H)U{x}, u nyctoe MHOkecTBO ("HeT") B IPOTHBHOM CJIy-
yae;

e eciu H(i) = (Y, x), To mnas soboro 3anpoca Ha nouck (I1,z),
MOCTYMMBILEr0 B TakT i + 1, pe3yabraT (hYHKIHOHHPOBAHHS
MUl nomxken 6biTh {2z} ("ma"), ecn z € V(i+ 1,H) =
V (i, H)\ {z}, u nycroe MmHOXecTBO ("HeT") B POTHBHOM CJIy-
yae.

OueBunHo, uto ecin MUD pemaer A3IIMO ¢ Bbinaueit oTe-
Ta, TO OH pellaeT ee W B JIOTMYECKOH MOCTAaHOBKe, T.e. KOTrjAa OT-
BeTOM sBJisercss "nma'uau "Het'. Takke He CJI0XKHO 3aMeTHUThb, 4TO,
eciu MWD He pemiaer 3amauy B JIOTMUeCKOH MOCTAHOBKE, TO OH
He pellaeT ee C BblJayel OTBeTa.

HanomuuM, uTo o3Hadaer 06aszoBoe MHOxecTBOo mjasg MJIUT.
MHoxecTBO NpeAnKaTtoB F' — 3T0 MHOXKeCTBO (PYHKLHH, KOTOpbIe
sBasoTcsl Harpyskamu pebep I MINT 6asupyercs Ha KOHEYUHOM
aBToOMare, MO3TOMY caMH (DYHKIHMH, MPUIIMCAHHble pebpaM, aBToMaT
YBUIETb He MOXeT. ABTOMAT BO BpeMsl ()yHKLHOHHUPOBAHHS BHUANUT
3HaueHHe 3TUX (YHKUUU Ha 3ampoce, KOTOPbIH OH OOCJy>KHBaeT, a
He camM (yHKUHMH. TakkKe, TOMHMO 3HaUeHHUH (PYHKUMUH Ha 3ampoce,
aBTOMaT BUAMUT cTpyKTypy noarpada HUI'. Ilomarpad, xotopsiii BH-
IOUT aBTOMAT, OTPaHUYEH (PUKCUPOBAHHBIM NapamMeTpoM [?, KOTOpPBIH
O3HayaeT pajguyC OKPECTHOCTH C LIEHTPOM B BepLIMHE, B KOTOPOM
HaxoouTcsl aBToMaT. J[pyrumMu cjoBaMH, €CJM aBTOMAT HAXOLUTCSH
B BeplLUMHE v, TO OH BUIUT BCE€ BEpLUMHBI, KOTOpble HAXOASITCSA Ha
pacctosiHusl He OosiblieM, yeM [? peGep oT Hee. [Ipumep paguyca
BUIMMOCTH aBTOMaTa U3obpaxkeH Ha pucyHke 1. EcTecTBeHHO, cam
HUT' He moxeT uMeTb OeCKOHEUHOE BeTBJEHUE, TaK KaK KOHEUHBIH
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aBTOMAT Jla’ke He CMOXKeT YBUJETb OKPECTHOCTb paauyca 1 B aToM
cayuae. [lostromy, MWD nompasymenaet, uto MI' umeer orpanu-
ueHHe Ha BeTBJieHHe (MaKCHMaJsibHOe KOJHUYEeCTBO pebep WHIHUIEHT-
HBIX BepILHHEe), KOTOpPble 3aBUCUT OT mapamerpa N. Ha pucynke 1,
N paBHsieTcsi 3 U NOCTUTAeTCsl B BEpLIMHE, B KOTOPOH CTOUT aB-
ToMaT. MHOXecTBO npeobpa3oBaHuil R 03HA4yaeT, 4YTO aBTOMAT B
KaXIbld TaKT CBOero (hyHKLHMOHUPOBAHHUS MOXKET MPUMEHUTb Ipe-
obpa3oBaHre K3 3TOro MHoxecTBa. Llesb mpeobpazoBaHUi — 3TO
nepemelenue no MI' u ero sokanpHasg MonupuKauua A/s MOAAep-
’KaHMs 6a3bl JaHHBIX B aKTya/JbHOM COCTOSIHUM.

Puc. 1: [lpumep pamuyca BUAMMOCTH aBTOMAaTa.

®dopmasibHOE omnucaHHe MpeoOpa3zoBaHUsl AOCTATOYHO T'POMO3J-
KOe, TI03TOMY OIHILEM €ero cyTb. ABTOMAaT, HaxolsCb B BepIIMHE
WUl', Ha BXo# mosiy4yaeT KOA OKPECTHOCTH Ha 3arpoce, KOTOPbIH OH
o0cayKUBaeT. YnobHee MPeACTaBAATh KOJ Kak rpad BeplIMHAM U
pebpaM, KOTOPOTO NpPHCBOeHa KoHedyHass WHQopmauus. Bepiunnam
MIPUCBOEHBbl UX THUI: KOpeHb, BHYTPEHHsS BepLUMHA WJHU JIUCTOBAS.
Pebpam mpucBoeHa mapa — 3TO TUN MpeAuKaTa U ero 3HaueHHe Ha
3anpoce. ABTomMarT Ha BBIXOA BbiaaeT wHCTpykuuio HI, Ha Kakyo
OKPECTHOCTb HY>KHO 3aMeHMUTb Ty, KOTOpPYlo OH BHUAMT. [Ipu atom
OH MOXKET HCIO0JIb30BaTh KOHEYHBIH HaGop QyHKUMH {¢1,...,dn},
KOTOpble MOT'YT CO3[1aBaTh HOBBIE TPEAUKATHI.

Ha pucynkax, uso6pazkarmouux npeodpasoBaHus, BepLIHHY, B KO-
TOPOH HaXOOUTCS aBTOMAaT, 0003HAauaeM uepe3 BepLUHHY B Kpyre.
ABTOMaTHl He 3HAIOT 3HAUEHMe 3aMpoca, KOTOpPble OHU 0OC/yKHBa-
10T. [loaToMy 3anpoc, KoTopblil 06cayKUBaeT aBToMart, OyaeM 000-
3HayaTh *. Ha KaXabll TaKT CBOero (PyHKIIMOHUPOBAHHSI aBTOMaT
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Ha Bxop noJaydaet kox MI' Ha 3ampoce ¢ LeHTpoM B TeKylled Bep-
IIMHE U pafinycoM ero BUAUMOCTH. [Ipu aTOM, ecsn B npaBoi yacTu
npeoOpa3oBaHUsl HeT BepLIMHBI, 00BeNEHHONW KPYroM, aBTOMAT 3a-
BepuiaeT (hyHKUHOHUpPoBaHHWe. Ha pucyHkax mnucatb OykBy 'K’ IJs1
0003HaueHHsl, YTO BepIIHHA SBJSETCS KOPHEM.

Bosiee noppo6Ho o npeobpazoBaHUsIX U O TOM, KAK UMEHHO aB-
TOMAaT BUIUT OKPECTHOCTb, MOXKHO MPOYUTATh B [2].

Bynewm rosoputs, utro MIUI tuna (N, R), ecau creneHb BeTB-
Jenus Jwoo6oit Bepunnbl [T He Gosblue, yem N, a paguyc BUAUMO-
CTHU aBTOMAaTa He OoJiblle, yeM R.

PaccMoTpuUM MHOXKECTBO MpeIrUKaTOB

F(T)={f" ', fa(z) : t € T,a € N}, (1)

rne fo(z) =0, fl(z) = 1, |T| < oo u ans awodwx t € Tya € N
BBHITIOJTHSETCS

iy ={b

0, wnHaue.

ecJid * = a,

(2)

Beenem mnousitne koweunoii MJHWI. bynem rosoputb, 4TO
MWD xoHeuHbIH, ecau AJs MPOU3BOJNBHOIO MOTOKA 3amnpocoB H
¥ TPOU3BOJBHOTO TaKTa BPEMEHHM ¢ CYyLIeCTByeT Takas KOHCTAHTa
C,C < 00, uTo ans notoka sanpocos H , H' (1) = H(1),... H (i) =
H(i),H (i+1)=A,...,H (i+C) = A, aBToMaT 06C1yXUBAIOIIUH
3anpoc H (i) 3aBepIIUT cBoe (DYHKLIHMOHUPOBAHHE.

HedopmanbHo rosops, MIIUI 6ynem Ha3plBaTb KOHEUHBIM, €CJIH
JI000H aBTOMAT, 00C/YKUBAIOILIUKA HEKOTOPBIH 3anpoc, (PYyHKLMOHH-
pyet koHeuyHoe Bpemsi. MJIMI, KoTopblii He siBASIeTCS KOHEUHBIM,
OyneM Ha3blBaTb OE€CKOHEUYHBIM.

[Iycts

TO - {H, B17 BQ,y},

t0 ecth F(Ty) = {f°, f1, fIL fB1 B2 #¥': 4 € N}. Bemem 6asooe
MHOXKeCTBO npeoOpa3oBanuil R. bazoBoe MHOXecTBO R COCTOUT U3
12 npeo6pasoBaHuii, H300paXKeHHbIX Ha pucyHKax 4 - 15. [Ipeo6-
pa3oBaHUsl OYAYyT OMHCAHbI B OKA3aTeJbCTBE TeOopeMbl 1.
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B kauectBe 06asoBoro mMHoxecTBa aasa MWD Oynem paccmart-
pHBaTh MHOXECTBO

Fo = (F(To), R). 3)
CnpaBensna cienyioulas Teopema.

Teopema 1. Cywecmsyem 6eckoneunoiii MAHI Dy = (A, U) mu-
na (2,1) nad 6a3osvim mHoNMecmsom JFy, onpedersemvim COOM-
Howenuem (3), komopouti pewaem [I3ITHO Oas aoboeco nomoxa
sanpocos H usz H co caomcrocmoero L = 3.

3ameuanue K Teopeme 1. MoxXHO NpenbsiBUTb O€CKOHEUHBIN
MWDl tuna (1,1) xortopwiii pemaer J3ITMO co CI0XKHOCTBIO
L,L = 2. Ilo cytu oH Oyzmer cxox ¢ MIUI u3 teopemn 1, HO
IJ151 TOHUMaHUSl OCHOBHOM HMJIeW B NAHHOU paboTe OyneT MpeacTaB-
JieH OoJiee MOHATHBIM a/JTOPUTM.

Beenem nousitTue cesexmoproiii M/IHI. JIasi 3TOro HamOMHHUM,
4TO TpeicTaBJ/sieT U3 cebsi mpeoOpasoBaHHe, KOTOPOe MPUMEHSeT
aBTOMaT. PaccMOTpHUM MpPOU3BOJIbHYI0 QYHKLHIO ¢ € {¢1,...,dn},
KOTOPYIO MOXKeT TPUMEHHUTh aBTOMAT B CBOeM NpeoOpa3oBaHUU. AB-
TOMaT, 3Hasl TUN NpeluKaTa, 3HaeT TaKKe, CKOJNbKO y Hero apry-
MeHTOB. DYHKIHUS ¢ Ha BXON MOJydaeT apryMeHTBl W THIIBI Ipe-
IUKATOB, TUIbl BEPIIWH, a TaK »Ke 3aluCh, KOTOPYI 00CIyKHUBaeT
aBromar. [locse aToro sta pyHKIHMS MOXKeT CO31aTh HOBBIH Mpeau-
KaT WJM 3anucb. EcTecTBeHHO, (DYHKLUUS ¢ MOXKET CO3[aTh TOJbKO
npeauKar, NpUHAANEKALIMHA MHOXKECTBY MpeluKaToB F', HaJ KOTo-
peiM paccmatpuBaetrcss UI'. Onepupys 3TUMH (pyHKUHAMH, aBTOMAT
MOXKeT B HOBOH OKPECTHOCTH CO3[aBaTb HOBBIE MpeNuKaThl U3 F.

Hanpuwmep, paccmotpum HMI Hap 6as3oBbiM MHOXKecTBOM F'
F(Ty), nusobpakeHHbIH Ha pucyHKe 2. JlomycTHM, UTO aBTOMAT MO-
KeT UCMo/b30BaTh QYHKUHIO ¢(a,b, by, ty, x) : NXNxToyx Ty xN —
F' nns npeobpasoBaHus NpeauKaTtoB. PaccMoTpuM npumep GyHKIUH

¢. Myetb ¢(a,b,ty,ty, 1) = quj(gff’b , rne ¢r(a,b,ty,ts) =V, ec-
qd a = b u ty unaue, ¢u(a,b,x) = a+b— x % (a + b). Bunxo,
4TO, UCMOJB3YsI (QYHKIHIO ¢), aBTOMAT CO3[aeT HOBBIH MpeIrKaT W3
F, onupasicb Ha apryMeHThl peaukaroB. [Ipy 3TOM caMu aprymeH-

Tbl aBTOMaT He 3HaeT. Mcnosab3ys 3Ty (QyHKLHIO, aBTOMAaT MOXKeT
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B ” 1 (a,b,B1,V,2) i3
o i~
(B, x) (B.z)

dla, bty ta, 2) = Forebiita)

¢alab.x)

Puc. 2: Tlpumep npeo6pazoBanus UI, kotopoe ucnosnb3yer QyHKUHIO ¢
IJis CO3[]aHUS1 HOBOT'O MpeauKara.

ckasatb MI' cpesnatb HOBYyI0 OKpeCTHOCTb B3aMeH TOH, KOTOPYIO OH
BUJIUT.

[Ipeo6pasoBanue OyfeM Ha3blBaTb CEJEKTOPHBIM, €CJH OHO He
MOXKET CO3[aTb HOBBIH apryMeHT, KpoMe TeX, YTO eCTb BO BXO[-
HOM OKPeCTHOCTH WJM 3ampoca, KOTOpbIH 00C/ay:KUBaeT aBTOMAT.
Hanpumep, npeobGpa3oBaHue, OMMCaHHOE BbIllIe, He SIBJSETCS Ce-
JIEKTOPHBIM, TaK KaK OHO CO3[aeT HOBBIH aprymeHT ¢4(a,b,z) =
a+0b—xx*(a+0b), KOTOPHI MOXKET He TMPUHANJIEKATH MHOXKE-

ctBy {a,b,xz}. TlpeobpasoBanue ¢(a,b,ty, ty,x) = fqu(ng;’tQ ,TJe
¢ala,b,x) = z, sABasercss cesjeKTopHbIM. Jlpyroii mpumep He ce-
JIEKTOPHOTO MpeoOpa3oBaHusi n3obpaxeH Ha pucyHke 21. I[lpumep
CeJIEKTOPHOTO NpeoOpa3oBaHUsl U300pakeH Ha PUCYHKe 4.

MWD 6ynem Has3biBaTb CeJEKTOPHBIM, €CJH NMpeoOpa3oBaHMS,
KOTOpble OH HCIOJb3YyeT, SIBJSIOTCS CeJeKTOPHBIMH.

Tak:xe Gynem rooputh, uto He cyuectByer MJINI Han 6aso-
BBIM MHOKecTBOM F', KoTophii pemaer J3ITHMO nas moboro motoka
H, nonpasymeBasi, 4TO He CyllecTByeT 6a30BOr0 MHOXKeCTBa Ipeos-
pasosanuil R u UI' nan F', nas xkotoporo MJINTI pemaer A3ITHO.

CnpaBensivBa cienyollas Teopema.

Teopema 2. /[na awboii pywkyuu L, L : N — N, u dra awboeo
muoxcecmsea T, |T| < oo, He cyuecmsyem KOHeUHOEO, CeAeKmop-
noeo MTHT muna (2, 1) Had muoxcecmeom F(T), 3adasaemovimu
coomnowenuamu (1-2), komopuoiii peuwiaem aoeuuweckyro [A3ITHO
co croxmcHocmoro L.
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O6paTuM BHHMaHHe, YTO B TeopeMe 2 aBTOMAaT KOHEYHbIH U ce-
JekTopHbld. Kak BugHO K3 TeopeMbl 1, ecau BblOpaTb (PYHKLHIO
L = 3, a B kauectBe T mMHoxectBo Ty = {I1,By, By, ¥}, T0 Takoit
6eckoneunsli MJIWI tuna (2,1) cyuiectyer.

Crnenyiomasi TeopeMa yTBepKAaeT, YTO CYLIECTBYeT KOHEUHBIH
He cesektopubii MJIUT tuna (2,1), koropeiii pemaer J3ITHO c
OTBETOM J1a WJIK HeT.

[Iyctb

Ty = {na, ner},

t0 ectb F(T1) = {f°, f1, f2, fiT . q € N}. Beenem 6a3oBoe MHOXKe-
cTBa npeoOpa3oBaHUil Ry, KOTOpPOe COCTOUT U3 4 npeobpa3zoBaHuii,
n3obpakeHHbIX Ha pucyHke 21. [IpeobGpazoBaHusi 6ynyT onucaHbl B
[10Ka3aTeJbCTBE TEOPEMBI 3.

B kauectBe 6asoBoro mMHoxecTtBa aasga MWD Oynem paccmart-
pUBaTb MHOXKECTBO

Fi = (F(T1), Ry). (4)

Teopema 3. Cyujecmsyem koweunoiti, He cearexkmoproiti MIHT
Dy = (A, U) muna (1,1) nad 6a3osvim mHoxecmsom Fy, onpede-
asiemoim coomrouteruem (4), pewaroujuii roeuueckyro A3IMHO co
cromcnocmoro L = 2.

Jloka3areabCcTBO TeopeMbl 1

Teopema 1 yTBepxpaet, yto cyuiectByeT OeckoHeuHnblt M JJUT
tuna (2,1), pewaromuit [A3[IMO nns smoboro moToka 3amnpocos.
[Tpuuem BpeMs moucka JiroOOro 3arnpoca Bcerga paBHO TPeM TaKTaM.

Wnes noctpoenuss MINTI 6yner cnenytomeid. Tunel npenukatoB
[1,B,Y 6ynyT o3HauaTh, 4TO MUX CO3[aJ aBTOMAaT Ha MOMUCK, BCTaB-
Ky WU yhajeHue. 3HaueHHe HHAeKcoB 1 W 2 y BcTtaBku B; u B,
OOBSCHUM HHXKE.

UI' 6yner coctoaTh U3 nByx pebep. [Ipumep takoro UI' u3o6-
paxeH Ha pucyHke 3. B HUI Bcero tpu Bepuinnbel. Kopenb Gynmem
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Ha3blBaTh MepBOH BEpPLIMHON, COCEIHIOI C KOPHEM BTOPOH, a 0CTaB-
mytocs TpeTbeil. Pebpo, BbIxoAsllee K3 KOpHS, OyaeM Ha3blBaTh
TepBBIM peOpoM, a IPyroe BTOPBIM.

B nepBbIfi TaKT CBOEro (pyHKLUHOHHPOBAHUA J1I000H aBTOMAT Me-
HAeT NpPeNMKaT, BBIXOAALIMH U3 KOPHS, HAa HOBbIH, Y KOTOPOIO THII
COBIAJaeT ¢ THUIIOM 3alpoca, KOTOPbIA OH 00C/IYy>KHBAeT, a apryMeHT
paBeH caMoMy 3anpocy. Hanpumep, ecay MocTynuJ 3anpoc Ha Io-
UCK 7, TO Ha CJeNyIOLIHUH TaKT U3 KOpPHS OydeT BHIXOAHUTb pebpo
¢ mpenukatoM fI. MckmoueHde cocTaBisieT aBTOMaT Ha BCTaBKY.
Ecaum Ttun npenukara, BBIXOASILLEro M3 KOpHs Obl1 By, To mocne
npeoOpa3oBaHUsl aBTOMAT NOMeHsieT THUI Ha By, a B Apyrux cayua-
X OH MoMeHsieT TUN Ha B;. CMbics naHHOro npeo6pasoBaHus 6ynet
pasbsACHEH HHUXKe.

OnuiieM anroputTM paboThl aBTOMATOB Ha ylajeHWe W TOMCK.
ABTomMaT Ha ypnajieHHe MOCJe TepPBOro TakKTa 3aBepliaeT (PYHKIIH-
OHUpPOBaHHWE. ABTOMAT Ha MOUCK MEPEXOAUT BO BTOPYIO BEPILHHY.
Ha BTOpo#l TakT aBTOMAT Ha MOWUCK MEPEXOAUT B TPETbIO BEPIUHHY.
B Tperuil TakT OH CMOTPUT 3HaAUeHHe Npeaukarta Ha pebpe. Ecan
OHO PaBHO €JIMHHIlE, TO B KauyecTBe OTBETa OH BblJAEeT 3aIlUCh, MPHU-
MHUCaHHYI0 B TpeTbed BepllMHe W 3aBepllaeT (YHKLHOHHPOBAHHE.
Ecnn 3Hauenue npenukara paBHo O, ToO OH BbIJAeT OTBET, 4TO 3a-
MUCH HeT, NOCJe Yero 3aBepliaeT (hyHKLMOHUpPOBaHHe. BuaHo, 4To
aBTOMATy Ha MOMUCK MPH TAKOM aJrOPUTMe HYXKHO TPH TaKTa, UTOObI
BbIATh OTBET.

Hrak, BbIle omucaH aJropuTM paboTbl aBTOMATOB Ha yAaJeHHe
U Ha IOWCK, OCTaJOCh ONMCATb aJTOPUTM aBTOMAaTa Ha BCTaBKY.
ABTOMAT Ha BCTaBKY B OTJHUYHE OT aBTOMATa Ha MOMCK M yHaJieHue
MOXeT (PYHKLIHOHUPOBAaTb O€CKOHEUHO J0JTO.

OcHoBHasi Waesi COCTOUT B TOM, YTO BCe aBTOMAaThl Ha BCTaBKY,
HauKlHasi CO BTOPOTO TaKTa, HAXOMASTCS BO BTOPOH BepIlHHE U CMOT-
pSIT Ha MpenMKart, BeIXOASAIMH U3 KopHs. [Ipu aToM AByX aBTOMAaTOB
Ha BCTaBKY OJHOTO U TOTO ke 3djeMeHTa He OyneT. Kak 3To MoxHO
cienatb OymeT omucaHo HuxKe. Bce aBTOMaThl Ha BCTaBKy CMOT-
pSIT 3HaueHHe TpenuKata f! mepsoro pebpa. Ecau miasi kKakoro-To
aBTOMarta 3TO 3HayeHHWe PaBHO 1, TO 3TO 3HAYMUT, UTO 3TOT aBTO-
MaT 06C/yKHBaeT 3anuch a. Bo3MOXHO MATh BAPUAHTOB: MpPeaUKaT
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BOJIBHBEIH TTOTOK 3aMpOCOB K TUHAMHYECKOH 6a3e MaHHBIX

nepsoro pe6pa nomensuca Ha fil, £V, fBi 52 ynu npenukar ne
TIOMEHS$1JICS.

PaccmMoTpuM nepBblii BapuaHT, Korja NpeiudKaT MOMeHsJICs Ha
fI Ecam cpenn aBTOMaTOB Ha BCTaBKy, HaXOASLIMXCS BO BTOPOH
BepILIMHE, eCTb aBTOMAT Ha BCTaBKYy @, TO 3TOT aBTOMAT Ha CJelylo-
WIKH TakT MOMeHsieT MpeauMKaT BTOpOro peb6pa Ha fi! u moMecTHT a
B TpeTblo BepuinHy. OTMeTHM ellle pas, UTO aBTOMAT MOHUMAET, YTO
€ro 3amuchb COBNAJaeT C 3aMMCb AaBTOMATa HA MOMCK, €CJU 3HaYeHHe
npeauKaTa Ha MepBoM pebOpe OyfeT paBHO OLHOMY.

Bropoii cayuai, korma npemukat nomensiics Ha fY. Ecau cpe-
U aBTOMAaTOB Ha BCTAaBKY, HaXOASILUXCS BO BTOPOH BepUIMHE, eCTb
aBTOMAT Ha BCTaBKY @, TO 3TOT aBTOMAT Ha CJedYyIOUIMH TaKT 3aBep-
1aeT cBoe (PYHKIIMOHUPOBAHHE, MEHSIET MpeJuKaT BTOporo pedpa Ha
f°.

Tpetuil u yeTBepThHIH caydyau ogvHaKOBbIE. B mepBBI TaKT CBO-
ero (yHKLUMOHHPOBAHUS aBTOMAT NEPKHUT BHYTPEHHUH MNapamerp,
KOoTOpblii paBeH 0, a TakxKe 3allOMMHaeT THI MpeIUKaTa, KOTOPbIH
oH cosnact (B; niu By). Hauunas co Broporo takra, oH CMOTPHUT Ha
TUI NpeAHKaTa, BBIXOASALIEr0 U3 KOpHsS pebpa. Ecau oH nomensiics,
TO aBTOMAaT MeHseT CBOH BHYTpeHHUU mapameTp Ha 1. Ecau xpome
3TOTO THUIM MpeAHKaTa MOMEHSJICS Ha BCTaBKYy C IPYTUM HHAEKCOM, U
3alUCHU COBMAJM, TO aBTOMAaT 3aBepliaeT cBoe (PyHKLIMOHUPOBAHHE
(ero MecTo 3aliMeT Opyrod aBTOMAT C TOH »Ke 3aMUCbio). AHajo-
THYHO, €CJIM BHYTPEHHUH MapaMeTp aBTOMaTa Ha BCTABKY yKe Obl1
paBeH 1, ¥ OH yBHJeJ, UTO MpHULLIe] HOBbIH aBTOMAT Ha BCTABKY TOH
»Ke 3aluCH, TO 3TOT aBTOMAT TaK ke 3aBepllaeT cBoe (PYHKIMOHH-
poBaHHe.

Hrak, Bbile 6bl1 onucan anroputM pabotet MJIUI. Kak Bun-
HO M3 NAaHHOr'O aJropuTMa, HArpPy3Ky NepBoro pebpa MeHSET TOJb-
KO TOT aBTOMAaT, KOTOpPBIH HaxomuTcs B KopHe. Harpysky BToporo
pebpa MeHsieT TOJbKO OAMWH aBTOMaT Ha BcTaBKy. [loatomy M JIWT
paboTtaeT 6€CKOH(MJIUKTHO.

B
K 41 fO

7

Puc. 3: Tlpumep UI', yuacTBywIHi B 10Ka3aTeNbCTBe TeopeMbl 1.
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Jlns gopmanbHOro f0KasatesabCcTBa 0CTaNOCh NPEAbSABUTh 0a30-
BOe MHOXKeCTBO NpeoOpa3oBaHUi R,

R ={R1, Ry, ..., R},

KOTOpBle OyneT MPUMeHSTb aBTOMAaTr A B 3aBUCHUMOCTH OT BXOAHOH
OKPECTHOCTH, B COOTBETCTBHH C OMHCAHHBIM BbILIE AJTOPUTMOM. A
TaK »Ke J10Ka3aTb KoppeKTHocTb pabotel MJIUT .

st mpocToThl 06bsicHEHUS OyIeM CUUTATh, YTO 0 MOCTYIJIEHHUS
zanpocoB UI' nmes Bua, n3obpakeHHBIH HA PUCYHKE 3.

Bce npeo0Opa3oBaHus MOXKHO pacrpefesuTb Ha TPU TPYMIbL: 110-
UCK, BCTaBKa W ynajeHde. PaccMoTpuM cHauasna npeobpasoBaHus,
KOTOpBIe [e/aloT aBTOMAaThl Ha BCTaBKY, oOpabaTbiBasi CBOM 3arpo-
CBI.

B naHHoél Teopeme HaMm He mnotpebyeTcsi MH(OpPMAaLUUS O THIIE
BEPLUMHBI, TO3TOMY ee He OyneM H300paxkaTb Ha pUcyHKax. Kox
pe6pa UI' sto mapa (tun mpenukara, 3HaueHHWe MpeiMKaTa Ha 3a-
npoce). Hanpumep, paccmoTpum npepukat fil u aBToMaTt, 06CTyHKH-
BaIOLIMK 3amnpoc Ha BcTaBKy 6. Torma Koxm, KOTOpbIE OH yBHAMT Ha
sToM pebpe Gynet (I1,0). Ecau 6bl 0H 06cayKUBas 3anpoc 7, TO OH
ysuzes 6u1 kon (I1,1).

Hrak, pasbepem npeoOpa3oBaHus Ha BCTaBKy. [IpeoOpasoBaHue
R, — 3TO nepeMmelleHHe aBTOMAaTa Ha BCTABKY B COCENHIOK C KOp-
HeM BepIIMHY W M3MeHeHHe npenrkarta pebpa. Ato npeobdpa3oBaHue
usobpakeHo Ha pucyHke 4. [IyHKTHpOM [/ HaArJasiAHOCTH 00O3Ha-
4yeHo pebpo, MpeAMKaT KOTOPOro M3MeHseTCsl B pe3dy/bTaTe Npeos-
pasoBaHMs. ABTOMAT Ha BCTaBKy [esaeT NaHHOe TMpeoOpa3oBaHuUe B
caydae, ecau kKon pebpa Obl1 paBeH (Bq,0) uau (B, 1). B npaBoii
yacTu npeoOpa3oBaHUst Hal MYHKTHPHBIM peOpoM HamucaHo (Bag, *).
D10 03Hayaet, uyto aBToMat ropoput UI', uto Harpyskoi storo peod-
pa HY>KHO clieJ1aTh npenukar fo2. [Ipumep npuMeHeHHs peobpaso-
BaHus R; ¢ Touku 3peHus MI usoOpakeH Ha pucyHke 5. Ecau kon
BXOIHOU OKpecTHOCTH oTsinueH oT (By,0) u (By,1), To aBTOMaT Ha
BCTaBKY IpHUMeHsleT npeobpasoBaHue Ry. OHO M300pakeHO Ha pH-
cyHke 4. [Ipumep npumeHeHus npeo6paszoBaHus Ry ¢ TOYKU 3PEHHUS
WUTI usobpakeH Ha pucyHke 5. Kak 6blJ0 ONMHUCAaHO B ajJropuTMe, aB-
TOMaT Ha BCTaBKY MMeeT BHyTpeHHee cocTosiHMe O B mepBblii TakT
(YHKIIMOHUPOBAHHS, KpOME 3TOr'0 OH 3allOMHHaeT THUI NpeAHKaTa,
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KOTOpBIH OH co3nacT. Ha pucyHKe BHyTpeHHee COCTOSIHUE aBTOMara
00603Ha4YeHO Yepe3 ¢, a TUI KOTOPbI OH 3alIOMHHUT uepes .

(Blvo)
K njin (B >
(By,1) Ry 2%
@ .......... — s s s s e e sseee
(B, *) q=0
q=0 t=DB»

JII000# KOJT, Kpome

K (BI,O) n (Bll)

Puc. 4: [Ipeo6pasoBanusi R; U Ry Ha BCTAaBKY ¢ TOUKH 3peHHs] aBTOMaTa. q
3TO BHYTpPEHHE COCTOSIHHE aBTOMaTa, t 3TO THI, KOTOPBIH OH 3alMOMHHaeT.

O D SR P L
(B,7) (B,7)
S e
(B,7) (B,7)

Puc. 5: I[lpumep npumeHeHus npeobpa3oBaHuil Ry U Ry ¢ TOYKH 3peHUS
Ur.

[Ipeo6pasoBanue R3 uzobpaxeHo Ha pucyHke 6. OHO o3Hauaer,
YTO THI NpeauKaTa, BBIXOASAILLEr0 M3 KOPHs He MoMeHsscs. Takoe
MOTIJIO TIPOU30HUTH, TOJIBKO B C/y4ae, eC/M B MOTOKe 3alpoCOB ObLI
nycto#t 3anpoc. [losTomy aBToMar He mMpUMeHsieT HUKaKHUX IMpeol-
pa3oBaHUi, a MPOCTO MPOAOJIKAeT PYHKIIMOHHPOBATD.

[Ipeo6pasoBanue R, u3zobpakeHo Ha pucyHke 7. OHO MpHUMeHSs -
eTcsl, KOraa TUI NpeauKaTa MOMEHSJICS ¢ MPeAblAYyLIero TakTa, HO
€ro 3HayeHHe paBHO HYJIIO, JUOO BHYTpEHHee COCTOSIHHE aBTOMara
OblJI0 PaBHO elMHHLE, W 3HAUeHHe MpeauKara paHo Hyq0. B atom
cJlydyae aBTOMAT MeHsieT CBOe COCTOsSIHHE Ha elMHHULY W 3abbiBaeT
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(t,0) Rs —~
K =/ =/
(B, *) t =t t
t be{0,1} ¢=0
q=0

Puc. 6: [Ipeo6pasoBanue Rj.

npo Tun. Eciu cocTosiHMe aBTOMaTa yxke OblJI0 paHO OJHOMY, TO OH
ero OCTaBJseT.

t',0
.0 o Ry o
- & &
(B, ) ¢g=0mut #t g=1
t i
q=0mwmqg=1 qg=1

Puc. 7: [IpeoGpazosanue Ry. Cayuait Korna ¢ = 0 u t = ¢ 3T0 mpeobpa-
30BaHue Rj3.

[Ipeo6pasoBanue R; uzobpaxkeHo Ha pucyHke 8. OHO mpuMe-
HSleTCs, KOrga THI TpeludKaTa MOMEeHSJCS C MpeAblAylLIero TakTa
U paBeH nub6o B; uau By, a 3HaueHue paBHo 1. B 3tom cayuae
aBTOMaT 3aBepliaeT CBOe (PYHKLIMOHHPOBAHHE.

(t 71) —~ R
K &
(B, %) t#t
t t e {B1,B2}
q=0

Puc. 8: Ilpeo6pasoBanus Rs.

[Ipeo6pasoBanue Rz uzobpakeHo Ha pucyHke 9. OHoO nmpuMeHsi-
eTcsl, KOrja BHyTpPeHHee COCTOsSIHME aBTOMaTa pPaBHO OAHOMY, a THI
npenrkara pebpa, BBIXOASAILEr0 U3 KOPHS, cTaJs paBeH 160 By, /-
60 Bo, u 3Hauenue paBHO 1. B 3Tom ciyyae aBTOMaT 3aBepluaet
cBoe (PyHKIMOHUPOBAHHE.
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B npeo6pasoBanusx [R5 u Rg aBTOMaT 3aBepliaeT cBoe (PyHKLH-
OHHPOBAHHeE, TaK KaK BMeCTO Hero BCTaHeT HOBBIH aBTOMaT, 06cay-
JKUBAWOLWIKH TOT XKe 3aIpoc.

(t ) 1) Rg

(B, *) t' € {By, By}

Puc. 9: [Ipeo6pasoBanus Rg.

[Ipeo6pasoBanue R; usobpaxkeHo Ha pucyHke 10. ABtomar Ha
BCTABKYy 3aBepllaeT CBOe (PYHKIIMOHHPOBAHHE BHE 3aBUCHMOCTU OT
BHYTPEHHEro COCTOsIHUA ¢. [Ipu 3TOM OH MeHseT mpeinKaT BTOPOTrO
pebpa Ha f°.

Puc. 10: I[Tpeo6pasoBanus Ry.

Ocrasioch paccMoTpeTb MocjieHee npeoOpa3oBaHMe JJis BCTaB-
ku. [Ipeob6pazoBanue Rg n3obpaxeHo Ha pucyHke 11. ABromar Ha
BCTaBKY BHMIHUT, UYTO IpHILIEJ 3alpoc Ha TOUCK TOrO XKe 3JeMEeHTa,
4yTo OH oOcayxkuBaeT. [loaToMy OH 3aMeHsileT MpeaMKaT Ha BTOPOM
pebpe OT KOpPHS U MpPHUCBAaUBaeT TPeThbel BeplUHHE 3alHUCh, KOTOPYIO
OH 00CJy>KHBaer.

(H> 1) Ry <H7 *>

(B, ) ¢=1
¢g=0mmqg=1

Puc. 11: IIpeo6pasosanusa Rg.

PaccmoTtpuMm npeoOpaszoBaHusi, KOTOpPble NMPHUMEHsIET aBTOMAT Ha
ynanenue. Kak BUIHO M3 alroputMma, Takoe npeoGpasoBaHHe BCETO
onHO (Ry). OHo n3o6paxeHo Ha pucyHke 12. ABTomar Ha ypajeHue
MeHsIeT MpeAHKaT U 3aBepliaeT (pyHKIHOHUPOBAHHUE.
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. O (I .....q’.ﬂf?....
(Y, %)

Puc. 12: [Ipeo6pasoBanus Ry.

OcraJsioch paccMoTpeTb NpeoOpa3oBaHUs, NPUMeHsieMble aBTOMa-
TOM Ha nouck. K3 anroputma BUIHO, YTO aBTOMAaT Ha MOMUCK MpH-
MeHsieT Bcero Tpu mnpeoOpasoBaHusi. [lepBoe mpeobpasoBaHue Ry
aHaJIoTM4HO TpeobOpa3oBaHUl0 Ry Ha ynajeHHe U H300paxKeHO Ha
pucyHke 13. EnMHCTBEHHOE OT/IHYME COCTOUT B TOM, YTO aBTOMAT
Ha TOMCK MepexoUT B COCEJHIOI C KOPHEM BEPLUIMHY U MPOAOJIKALT
(yHKLIHUOHHPOBATb.

K Rl <H7 *>
IR, e 10, PR ®
(IL, %)

Puc. 13: Ilpeo6pasoBanus Rjj.

[Ipeo6pasoBanue R;;, mpuMeHsieMOe aBTOMAaTOM Ha MOUCK, U300-
pakeHO Ha pucyHke 14. DTo mpocTo mepemeleHHe U3 BTOPOH Bep-
ILIMHBl B TPETHIO.

K Ri1 K

(IL, %)

O

Puc. 14: Ilpeo6pasoBanus Rjj.

[TocnenHee mpeo6pasoBaHue R, HM300pakeHO HA PUCYHKe 15.
Ecnn 3HaueHWe mnpeaukara paBHO OZHOMY, TO aBTOMAaT Ha MOMCK
BBIZIAeT B OTBET 3aMHChb M3 TPeTeH BepLIMHBI, a €CHU PABHO HYJIO,
TO Takod 3anucu HeT. B nob6om cayudae mocse 3TOro aBToMaT Ha
MOMUCK 3aBepluaeT (PyHKLHMOHUPOBAHHUE.

Hrak, onucanbl Bce npeo6pa3oBaHus, KOTOpble OYAYT HUCIOJb30-
BaThb aBToMaThl. [lokaxkem Tenepp, yto moctpoenusit MJIUI pabo-
TaeT 6eCKOH(IUKTHO, KOPPEKTHO AJs JII0OOro MoToka 3anpocos H,
U KOJIMYeCTBO TAaKTOB HeOOXOAMMOE Ha IOMCKOBBIH 3arpoc paBHO
TpeM.
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BOJIBHBEIH TTOTOK 3aMpOCOB K TUHAMHYECKOH 6a3e MaHHBIX

(t,b) Ri»

(IL,x) b =0, orser (
b =1, oTBeT 3anuch, HAXOAIIAACS B TEKYyIeil BepITuHe

Puc. 15: [1peo6pasoBanus Ris.

[TocsienHee yTBep:xKIeHHE OUEBHIHO, TaK KaK aBTOMAaT Ha MOWUCK
(hYHKLIMOHUPYET POBHO TPH TaKTa, mocJe yero Beigaet oreetr. Octa-
Joch nokasath, yTo MIHI paboTaeT 6eCKOH(DPIUKTHO U KOPPEKTHO.

Hoxaxem, uto MJINUT paboraer 6eckOH(PJIUKTHO. DTO O3HAUA-
€T, UTO He OblBaeT TaKOH CHUTYyalWH, NPU KOTOPOH JBa aBTOMara
M3MEHSIOT Harpy3Ky OIHO M TOTO Ke peGpa W/ BepILHHBI.

Kak MBI yKe oTMeuasiy, aBTOMaThl He MOTYT BbI3BaThb KOH(JIHKT,
u3MeHsis nepBoe pebpo. JledcTBHUTeNbHO, TepBoe pebpo HU3MeHsieT
TOJIbKO aBTOMAT, HaxoisllMics B KOpHe. B KopHe HaxomuTcsi He
6osiee OJHOTO aBTOMAaTa, CJ/e0BaTe/NbHO KOH(JIMUKTOB BO3HUKHYTb
He MoxeT. Harpyska mepBo#l v BTOpPOH BeplUHHBI He H3MeHSeTCH,
M03TOMY KOH(DJMKTOB TaK »Ke He BO3HHKaer.

Ocrasnoch 10KasaTh, 4TO KOH()JIMKTOB He BO3HHUKaeT NpPU H3Me-
HEHHH BTOPOTo pebpa M TpeTbeld BepLIMHBI.

Kak BHIHO M3 a/JropuTMa BCTaBKH, aBTOMAT MOCJe MOJy4YeHUSs
3ampoca Ha BCTaBKY OKasblBaeTcsi BO BTOpPo# BepiuuHe. [Ipu 3Towm,
€CJIM B 9TOH BeplUMHe yxKe Oblll aBTOMAT Ha BCTaBKY TOH »Ke 3aIucH,
TO OH 3aBepluaeT (QyHKUUOHHpoBaHHe. CJjleoBaTeNbHO, BO BTOPOH
BepLUMHE MOT'YT HaXOAWUTbCS TOJbKO [Ba aBTOMAaTa Ha BCTaBKY Ofl-
HOW W TOHM 2Ke 3aMHCH, NIPUYeM POBHO OJMH TAKT W Ha CJENYIOLIHUH
TaKT OfLMH M3 aBTOMATOB 00f13aTe/IbHO 3aBepPLIMT (PYHKLIUOHHPOBA-
aue. [lpumep omucaHHO# cuTyanuu H3obpaxeH Ha pucyHke 16 (3,
4 u 5 takTel). Bropoe pe6po U TpeThe BepLIMHY MOXKET U3MEHUTb
TOJIBKO aBTOMAaT Ha BCTaBKY, 3allUCb KOTOPOTO COBMNaJjia C 3aIUChIO
noucka. Kak Obls0 NOKa3aHO Bhille, TaKOW aBTOMAT MOXeT ObITh
TOJIBKO OfIMH, CJIefl0BaTe/IbHO, KOH(PJIUKTOB He BO3HUKHeT.

Wrak, nokaszano, yto MIIUNI pa6oraer 6eckoHdaukTHO. Ocra-
JIOCh 10Ka3aTb, YTO OH paboTaeT KOPPEKTHO. DTO O3HAUYAET, UYTO KO-
Tla MOCTyMaeT 3arnpoc Ha MOMCK 3alMCH, B OTBET OH JOJIKEH JIaTh
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3Ty 3alUCh, €CJAU OHA MPUHAAJEXKUT 0a3e NAHHBIX UJHU CKa3aTb, YTO
TaKOH 3aIlMCH HeT.

TTorox 3ampocos H = (B,3), (I1,3), (B,2), (B,3), (A,1), (IL1), (V¥,3), (IL,3)

0 TakT 1 rakT
K ‘Pl fo K ‘3];32 fo
it ro—————»e @i ro—————»e
(B,3) (IL,3) (B,3)
2 TaKT 3 TaKkT
1 0 B2 1
f3~f~ f?’M OTBeT 3, TaK KaK
(B,2) (B,3) (B,3) (B3)  (1L3) M)y =1
11,3 (B,2)
4 TakT 5 TaKT
k f3 ;o3 K 32 Y3
@ it ro————»o
(B,3) (IL1) (B,3)
(B.3) B,2)
6 TakT 7 TakT
e fiho3 f fiho3 Ak K
1:1..—3“ 10{3»—3» orset (), Tak Kak
V3 (B3) M) (B3 @1y M=o
(B,2) (B.2)
(IL1)
T
8 TakT f3 9 TakT
11 0 I 0
K /3 f 3 K /3 f 3 orer ), rak Kax
(B,3) B3)  (IL3) 9(3) =0
() f3(3)

Puc. 16: Tlpumep pynkumnonuposanus MHWI, ynoBaerBopsiomuil Teope-
me 1. IlyHkTHpOoM H300pakeHbl pebpa, Harpy3ka KOTOPBIX M3MEHUTCS Ha
CJENYIOHH TaKT.

Ecnin k MJHWT nocrynan 3anpoc Ha BCTaBKy, TO 00C/YyKHBalo-
LMK ero aBTOMAaT MOCTOSHHO (DYHKIIMOHUPYET BO BTOPOH BepLIMHE.
[Ipyn 3TOM OH MOXeT 3aBeplIUTb CBOEe (DYHKIIMOHUPOBAHHE, TOJBKO
ecJsld MOCTYIHJ HOBBIH 3ampoc Ha BCTABKY TOH Ke 3aMHUCH, WJIH I10-
CTYIHUJ 3alpoc Ha ee yaaseHue. B npyrux cayudasx oH NMpoaoJizKaet
¢yHkIHoHUpOoBaTh. [l03TOMY, ecid MOCTYMUT 3aMpoC Ha MOUCK 3TOH
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3alMcH IocJie TOro, Kak OblJl 3alpoc Ha ee BCTaBKY, TO BO BTOPOH
BeplIMHe 005i3aTesbHO OyneT (PyHKIMOHHPOBATb aBTOMAT, KOTOPBIH
ee obcayxubaer. CaenosarenpHo, MJIUT 6yner paboTaTh KOppeKT-
Ho. Ecaim OBl mocJsiaH 3ampoc Ha yaajeHue, a MocJje Hero Liej 3a-
POC Ha MOUCK, TO aBTOMAT Ha BCTABKY 3aBepILUUT CBOE (PYHKIIMOHHU-
poBaHue. B atom cayuae onate MJIUI Oyner pa6otaTb KOppeKTHO,
TaK Kak NpeauKar, COOTBETCTBYIOLLEH BTOPOMY [J/s1 9TOrO 3amnpoca
Oymet paBeH Hyuo. CrenoBaTesibHO, MOWCK BbimacT otBeT (). s
Jy4lllero NMoHWMaHUs Ha puUcyHKe 16 usobpaxkeH npumep (PyHKIIHO-
HupoBanusi MJIWUI' Ha HeGo/bLIOM KOJMUeCTBE 3aMpPOCOB.

Teopema nokasana.

Jloka3atreabcTBO TeopeMbl 2

MWD tuna (2,1) osnavaer, yto MI, koTopeiéi Gymer mpeob-
pasoBbIBaTb aBTOMAT, BBIMVIIAUT CJefylolUM obpasoM. I'pad Oymer
NPeACTaB/sATh U3 cebs Lenouky pebep WM KPYyr, Kak H300pakeHO
Ha pucyHke 17. Teopema yTBep:kpaer, uTo HeT aBToMarta A, MHO-
»KecTBa TUNOB 1" M 6a30BOr0 MHOXKeCTBa MpPeoOpa3oBaHUM, UCIIOJb-
3YIOLIUX CeJeKTOPHBble (PYHKIIUU TAKOTO, UTO yIAeTCs pelliaThb JIOTH-
geckyto J3IIHO, ncnonbays tako# rpad Haj MHOXKECTBOM IpeIH-
katoB F'(T).

[lanHasi Teopema crpasenauBa ajs Jorudeckoi JA3ITHO. Cie-
noBatesibHO, oHa crnpasenauBa pias A3IIHMO. UI' He o6si3aH conmep-
»KaTh CaMH 3alMCH, TaK Kak paccmatpuBaercs Jorudeckas JI3ITHO.
[anee non 3amnuchbio z B 10KasaTebCcTBe OyneM MOHHMAaTh JHOO ca-
MY 3aluch z, Jubo npenukar f! ¢t € T. B mokasaresnbcTBe He Gymer
cylectBeHeH ¢akT, uto MI' comepxkut camy 3anuch z. [JocraTouHo,
uTo0bl OH comepxasn pe6po fL. Hanpumep, ppasy "HaiiTu 3amuch 2”
MOXKHO TOHHMATh Kak "HalTH mpeaurkarHoe pebpo fL ¢ € T, Koto-
poe NMpUHHMaeT 3HayeHHe OfMH’.

Wnesa noxkasartenbctBa Oymer chaenytouwed. s mo6oro Quk-
CUPOBAaHHOTO aJropuTMa aBTOMaTa, 6azoBoro MHoxectBa F(T') u
(yHKUMH L, MOXXHO TNPHUBECTH MOTOK 3ampocoB H, Ha KOTOpPOM He
6yneT BBIIOJHEHO CBOWCTBO, YTO KOJHUYECTBO TAKTOB Ha MOWCKOBBIN
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npAMast

noox fb [ l

o

O

prI‘
flrok fl fe fa

W

Puc. 17: Ilpumepst UI', koTopble Moxet noctpouts MJUWT Ttuna (2,1).

sanpoc He npeBocxomuT L(|V (i, H)|), roe i — TakKT NMOCTYMJEHUs
noucKoBoro 3anpoca, |V (i, H)| — o6beM 6a3bl 1aHHBIX B TaKT i.

Hckombl#i motok H OyzmeT ycTpoeH cjenyrouum obpasom. CHa-
yasaa OyoyT WATH 3amnpochl Ha BcTaBky 1,2,...,M, npuuem M >
4% 28°0G) 4 4. Jlanee moTok OyaeT comep:KaThb yaasteHHe BCeil 6a3bl
IaHHBIX KpOMe TpeX 3amuced B omnpenesneHHoOM nopsiike. Ciaenyio-
IMM 3anpocoM OyfeT MOUCK 3allhCH, OT KOPHS 0 KOTOpOH Oymer
paccrosiHve He MeHblue [M /2] —1. JlokazaTebCTBO CYLIeCTBOBAHHS
TaKOH 3alMCH SIBJISIeTCSI OCHOBHBIM B JJaHHOH TeopeMe.

Takxxe GyneT 10Ka3aHo, UTO €CJH PacCTOSTHHE OT KOPHS JI0 3alH-
cu ectb K pebep u K noctaToyHo 60JbLIOE YHCJAO, TO MUHHUMAJb-
HOe KOJIMYeCTBO TaKTOB, KOTOpOe aBTOMAT JOJKEH 3aTpaTUThb Ha

MOUCK 3TOW 3amucH OyieT He MeHblle logzﬁ/g. [locne marematu-

YeCKHMX BBIKJIAJOK MOJYYHM, YTO aBTOMAT, 00C/YKHMBAIOLIUH 3ampoc
Ha MOMCK 3aMHCH, KOTOPasi HAaXOAUTbCS Ha PACCTOSIHUM He MeHbLIEM
[M/2] —1 ot KopHs, noJ2KeH OyzeT 3aTpaTuTh 6osblie L(3) TaKTOB,
a M0 yCJIOBUHU JIOJI2KeH OblJ 3aTpaTHTh He Gosblie L(3) TaKTOB, YTO
M JIOKaxKeT TeopeMy.

Hrak, npuctynum K nokasatesnbctBy. CHadasa OynyT HOKa3aHbI
BCIIOMOTaTe/IbHble yTBEPXKIEHHs, a 3aTeM OyleT NpUBEIEH MOTOK
3arpocoB, ONMUCAHHBIM BBILIE.

JokaxeMm cJiefiyIoUlyt0 JeMMY.

Jlemma 1. B ycaosuax meopemel 2, ecau 6asa darnroix V codep-
acum M, M > 3 3anuceti (V| = M), mo cyuwecmeyem 3anuco u3
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V, nymo 0o komopoii om KopHs codepacum He meHvule [M/2] — 1
pebep, 20e uepe3 [x] obo3HaueHa yeras wacmo cHusy (Hauboso-
wiee uenroe YUCAO He npesocxodsiuyee ).

Hokazameavcmso. 3ametum, uro UI' noskeH npencraB/siTe U3 ce-
651 CBA3HBIM rpad, Tak Kak aBTOMaT HauWHaeT cBoe (PyHKLHMOHHUPOBa-
HHe B KOpPHe U IepeMelllaeTcsl TONbKO Mo pebpaM, KOTOpble OH BUANUT
U3 Tekyllel BepuiuHbl. [losatomy, ecan UI' comepKUT KOMIOHEHTBI
CBSI3HOCTH, KOTOpBIE HE COlep:KaT KOpPHS, TO aBTOMAaT B HUX He CMO-
ket 3aiTH. CyenoBatesbHO, BCe KOMIIOHEHTBI CBSI3HOCTH, KOTOpBIE
He BKJIlOUaeT B ce0s KOpeHb, MOXXHO He paccMartpuBathb. [loaTomy
najnee OyneMm cyutath, uto MU' comepXUT TObKO ONHY KOMIIOHEHTY
CBSI3HOCTH.

OueBunHo, uto UI' nosxkeH conepxkatp He MeHbllle M — 1 pebpa,
TaK KaK CyLlecTBYIOT M pasjuyHbIX BEpPUIMH, KOTOpPble IOJIKHBI
00pa3oBbIBaThH CBsI3HBIM rpad. Kpome atoro, UI' mpencrasasier u3
ceOs1 MO0 Lenouky, JubO Kpyr, Kak H300pakeHo Ha pUCyHKe 17.

Paccmotpum cayuait nenouku. [1ycTe cieBa oT KOpHSI HAXONUTh-
cs | 3anuced, a cnpasa r 3anucedd, rae [,r > 0ul+r = M. Ilo
npuHuuny upuxgae au6o [, au6o r He MmeHbuie ueMm [M/2]. bBes
OrpaHHueHHusi OOLIHOCTH, MycTh r > [M/2]. Bribepem camywo nasb-
HIOIO CIIpaBa OT KOPH$ 3anuch. PaccTosiHue 10 Hee OyzeT He MeHbllle
[M /2] — 1 pebpa, Tak kak rpad Ha [M /2] BepminHaX NOJKEH COLEp-
’KaTb He MeHblle, ueM [M /2] — 1 pe6po.

B cayuae, korna MI' npencrasssier u3 cebst Kpyr, MOXKHO CBECTH
K caydaro Lenodyku. s atoro ynanum B Kpyre 1 pe6po u nonyyum
cJlydyal Leno4yKH, AJs KOTOPOH yxKe J0Ka3aHo. ]

JlokaxxeM Terepb JeMMy O MHHUMaJ/JbHOM KOJHMYECTBE TaKTOB,
HeoOXOAWMbIX aBTOMATy, 4TOObl NOHUTH [0 BEPLIMHBI, HAXOMsIEH-
cl Ha paccTossHUM B K pebep OT TeKylled BepLIMHBl aBTOMATa.
3aMeTHUM TOJbKO, YTO OCHOBHAS lieJib CJEAYIOLIEH JIeMMbl COCTOUT
B TOM, 4TOOBl IOKa3aTb, YTO KOJMYECTBO TAKTOB OyneT He KOH-
CTaHTHOU (yHKUMel, a PyHkuued ot K. [loatomy a/s mpocTOTHI
OLleHKa B JieMMe OyneT AOCTaTO4HO rpyboi. TakxkKe 3ameTuM, uTo
HeT CMbIC/JAa paccMaTpuUBaTh MajieHbKHMe 3HayeHUs K, Tak Kak OHH
O6ynyT GOJNBLUIMMH TIPH J0Ka3aTeNbCTBE TeOpeMbl 2.
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Jlemma 2. B ycaosuax meopemol 2 agmomam Ha NOUCK 3aNUCU,
Haxoodauwelcs om KopHa Ha paccmoanuu 6 K, K > 100 pebep,

sampamum re menvute |log, /5[ maxkmos.

Hokasameavcmeo. JlemMma yTBep:KIaeT, UTO aBTOMATy Ha TOMUCK 3a-
MUCH, HAaXOAsILIEeNCs Ha paccTosiHuU B K pebep OT KOpHS, noTpedy-

ercst He MeHblie |log, /5[ TakToB, uTOGH! ee HaifTH.

PaccmoTrpum TpuBHasbHbIE caydail, korna Ha HMI HeT HU on-
Horo aBTomara. Jle#dicTBUTesnbHO, ecad HA W[ B MoMeHT mocTym-
JIEeHUs1 3ampoca Ha MOUCK He OblJIO HU OAHOTO APYroro aBToOMaTa,
TO OUEBHUJHO, YTO aBTOMATy Ha MOMUCK MOTpPeOOBasOCh He MeHblle

K —1 >]log, \/g[ TAKTOB, YTOOBl HAWTH 3alUCh, TAK KaK PaccTosi-
HHe YMEHBIIUTbCS He MOTJIO, 8 aBTOMAT, B CHUJIY pagrdyca BUAUMOCTH
1, moxet 3a | TakT npoiTu ToJBKO 1 pebpo.

[Tyctp Ha MI' hyHKUMOHUpPOBAIU APyTHe aBTOMAThl BO BpeMs MO-
CTYIJIEHHS] pacCMaTpUBaeMoro asToMara. PaccmoTprM, KakuM obpa-
30M aBTOMAThHI C PaIyCOM BHUAMMOCTH | MOIJIM COKPAaTUTb PaccTo-
siHWe, uTOObl aBTOMAT Ha MOWUCK MOT NOUTH 0 UCKOMOH 3amMCH 3a
MeHblllee KOJIMYeCTBO TAKTOB.

[lepBBIli croco® — 3TO MOMEHSITb UCKOMYIO 3alUCh C 3alUChIO,
KOTOpasi Ha 0HO pebpo O/1MKe K KOpPHIO. B 3TOM c/ayuae paccTosiHUe
10 KOpPHSl YMeHbLIUTbCS poBHO Ha 1 pebpo. IlomeHaTh ¢ 3amuckio,
KoTopasi OsuxKe K KOpHIO Oosblie, yeM Ha 1 peGpo, aBTOMaTr He
MOXKeT B CUJYy pajnyca BUAMUMOCTH 1.

Ecanu kako#-1160 aBTOMar yhaa/juT ABa pedpa W He CO31aCT HO-
BO€, TO B 3TOM CJly4ae HelpepbIBHOTO MYTH K HCKOMOH 3aMUCH JH60
He ocTaHeTcsl Torna, korga MI' — menouka, nubo octaHeTcss MyTh,
KOTOPbIM He H3MEHHTCs B caydae Kpyra. B ciaydae kpyra Ttakoe
npeoOpa3oBaHHe BO3MOXKHO TOJIBKO OIWH pas3, TakK Kak MOcCJ/e 3TO-
ro npeoOpa3oBaHHUsl KPYT MPeBPaTUTCS B LEMOUYKY. A 1enouka Mo-
JKeT MpeBPaTUTbCS B KPYT TOJIBKO TOT/A, KOrja ee AJMHA OyleT He
GoJblle OByX pebep, TaK KaK aBTOMAT [NOJIKEH COEIUHUTb Kpaw-
HHMe BepLUMHbI LIeNOYKH, 4YTO BO3MOXKHO TOJBKO B CJyyae, Kornaa
pebep He GoJjblie AByX. B jt06om ciaydae nanHoe npeobpazoBaHue
He COKpalllaeT PacCTOsSIHHE 10 WCKOMOM 3aIUCH, a, CJe0BaTeJbHO,
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HEe TOMOXKET pacCMaTpuBaeMOMY aBTOMaTy HalTU ee 3a MeHbllee
KOJIHYEeCTBO TAKTOB.

U1 V2 V3 U1 U3

A

Puc. 18: [Ipumep cokpalleHHsi pacCcTOSTHHUS.

PaccmoTpuM nocneHee npeo6pa3oBaHre, KOTOPOe MOXKET COKpa-
TUTb PacCTOSIHWE OT KOPHS 0 MCKOMOMH 3amucH. DTo npeobpasoBa-
HHe H300paxkeHo Ha pucyHKe 18. JlaHHOe mpeo6pa3zoBaHHe 3aMEHST
nBa pebpa Ha oxHo. [locse ero mprMeHeHUs pacCTOSIHUE OT KOPHS
K MCKOMOH 3aNuCH COKPAaTUTHCS HAa OfHO pedpo.

3aMeTHM, 4TO OPYTrUX rnpeoOpa3soBaHUM, COKPALIAMOIIUX PACCTO-
siuue, HeT, Tak Kak MJMWI tuna (2,1), a, ciaegoBaTesibHO, Moce
npeo6pasoBanus UI' nosxeH ynoB/aeTBOPSATb CBOHUCTBY, YTO CTENEHb
MHIMJEHTHOCTH JI000H BeplivHbl He GoJblie AByX. [loaTomy onun
aBTOMaT He MOXeT COKpPaTUTb paccTosiHWe OoJiblile, YeM Ha OJHO
pebpo, Tak KaK paguyc BUIAUMOCTH y BCEX aBTOMATOB PaBeH elMHU-
1e.

U1 Vo V3 vy V5 1 vy V3 on Vs

Ay A As \&&i/

Puc. 19: [lpumep cokpaieHusi pacCTOsIHUSI HECKOJbKUMH aBToMatamu. B
NpaBOH YacTH HapUCOBaHbI BCe BO3MOXKHbIE pedpa. BuaHo, uTo paccrosiHue
B 4 peGpa 13 v1 B v5 Hesb3sl OyfleT MpeofosieTh ObICTpee UyeM 3a 2 TakrTa.

Hrak, paccmoTpum npeobpa3oBaHue, U300paXKeHHOE Ha PUCYHKe
18. IlocMOTpHM, HACKOJNBKO MOXKET COKPATUTbCS PAaCCTOSHUE, eCJH
HEeCKOJIbKO aBTOMAaTOB OJHOBPEMEHHO MPHUMEHSIT 3TO NpeoOpazoBa-
Hue. Ha pucynke 19 uso6paxkeH npumep, Korga paccTossHue OT Bep-
ILIKMHBl v, 10 BEPUIMHBI U5 aBTOMAThl COKPALIAIOT C MOMOILbIO pac-
cMaTpuBaeMoro npeobpazoBaHusi. BUaHO, 4TO paccTosiHUE B YeThIpe
pe6pa MOXKeT COKPaTHUTbCS MakKCHMyM 10 AByX pebep. He TpynHo
3aMeTHTh, YTO €CJIM pPacCTOsIHUEe MeXJy BeplUuHaMH OyneT p pe-
Oep, TO paccTosiHMe He MOXeT CTaThb He MeHblie [p/2| pebep mocie
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NpUMeHeHUs npeoOpa3oBaHUs HECKOJbKHMH aBTOMaTaMH, H300pa-
JKEHHOT0 Ha pucyHke 18.

Wrak, 3a oOMH TakT PacCTOsIHHe OT KOPHs 0 HCKOMOH 3amucH
MOXeT COKPaTHTbCsl MaKcHMaJsbHO Ha [K/2]+1 pebpo, Tak Kak BO3-
MOXKHO TpUMeHeHHe MpeoOpa3oBaHMsi, MEHSIOIIee 3aUCH MeCTaMH,
KOTOPO€ COKPAaTHT PAacCTOsIHHE ellle Ha OIHO pedpo.

Jlokazan caenyomuii ¢akt. PaccMmarpuBaeTcsi paccTossHUe OT
aBTOMaTa 10 3alKCH, KOTOPYI0 OH HIieT. [TycTh paccTosiHHe OT Bep-
IIHHBI, B KOTOPOM HAXOAUTCS 3TOT aBTOMAT, 0 HCKOMOH 3amuch
paBHo x. Torma B cJ/enywolIuil TakT pacCTOsiHUE OT aBTOMaTa M0
MCKOMOH 3aliCH He MeHblue, ueM [z/2] + 2. JledCcTBUTeNBHO, MIIOC
OMH K OILIEHKE BhIllle MOTI' 100aBHTh CaM aBTOMArT, Mepeias B Bep-
IIKHY 110 HAMPaBJEHHIO K HCKOMOH 3aIlHtCH.

Jns nmokasaTesbCTBa JIeMMbl 2 0OCTaJ0Ch TMPOBECTH BHIYHCJIH-
TeJIbHble BBIKJANKHU. ByiyT mpoBeaeHbl 1OCTAaTOUHO TpyObie OLIEHKH,
TaK Kak TJIaBHOE B NAHHOH JieMMe — KOJIHYeCTBO TAKTOB 3aBHUCUT OT
K u He sBJIsIeTCS KOHCTAHTOH.

OueBHHO, YTO aBTOMAT JOHMAET [0 3alKCH, KOTAa PACCTOSIHUE [0
Hee Oyner paBHo 0. B mepBbIfl TaKT QYHKIHOHUPOBAHUS PACCTOSIHHE
Obli0 He MeHblle K. Kak Obli0 [0Ka3aHO Bbllle, BO BTOPOH TaKT
(QyHKLHOHHUPOBaHHUS, paccTosiHde He MeHblle K — ([K/2] +2) >
[K /2] —2. B tperuit TakT — He MeHblue [K/2|—2— (([K/2]—-2)/2+
2) > [K/4] — 6. Ilyctb mast ¢-ro TakTa BEpHO, UTO PacCTOsSHHME He
Menblie [K /2071 — 2071 — 2. Basa uHAyKUMK IoKasaHa A i = 2, 3.
JokaxkeM, uTo 310 BepHO 15 ¢+ 1. lasg ¢+ 1 TakTa paccTosiHUe He
MOXeT ObiThb MeHbiie [K /2071 — 2071 — (([K/27Y] — 2071 /2 +2) >
[K/2i] — 2 — 2.

Haiigem Goabioe i, ¢ > 1, mpu kotopom [K /2] —2° —2 > 0.
YMHOXKHM /151 IPOCTOTHI U JIEBYIO U MPABYIO YacTh HEpPAaBEHCTBA Ha

2. [onyuaem, K > 2% + 21 Ecan i < log, /5, 10
92 1 9t < 92loe /5 4 JlomV/EH /9 4 9K < K.

CrnenoBate/ibHO, aBTOMAT 3aTPaTUT He MeHee log, 4/ % TaKTOB Ha
TIOUCK 3alUCH, UTO U TpebOBaNOCh N0Ka3aTh. ]
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JlokaxkeM Terepb OCHOBHYIO JIeMMY, HEOOXOOUMYIO 1Jisl J0Ka3a-
TeJbCTBA TEOPEMbl 2.

Jlemma 3 (OcHoBHasi). B ycaosusx meopemor 2 nycmo 6asa 0au-
Holx cocmoum u3 M 3sanuceti. [laa aroboeco xowneurozo MJIHT
muna (2,1) cywecmsyem maxoti nomok 3anpocos H, umo ecmo
makm i, HQ KOMOPOM MmouiHocmo 6a3v. danHblx 6ydem pasHa 3
(\V(i,H) = 3|), u 86 amom makm cyuecmsyem npeduxkam [,
z ¢ {H(1),...,H(i)}, paccmoanue om KopHsi 00 KOmMOpozo He
menvuie [M/2] — 1 pebep.

Hokazameavcmeo. JIpyruMu CJ0OBaMM JeMMa 3 YTBEPXKAAEeT, UTO
st mo6oro MWD u3 ycoBusi TeopeMbl 2 MOXKHO 1ono0path Ta-
KOH TOTOK 3ampocoB [, 4TO uepe3 HEKOTOPOe KOJHYECTBO TAKTOB
MOIIHOCTb 6a3bl JaHHBIX GyneT paBHa 3, U OyIeT CYIIeCTBOBATh 3a-
THCb, PACCTOSTHUE OT KOPHS 0 KOTOpoil GyneT He MeHble [M /2] —1,
ylaJjeHrne KOTOpoHd He Oblio B .

BaXHo B 1aHHOH JleMMe, YTO paccMaTpUBaeTCs KOHEYHbIH U
ceqekTopubld MWD, Tak kak MJWI koHeuHBIH, TO 04eBHIHO,
MOXXHO HaWTH TaKOH TaKT, UTO HU OAUH aBTOMAaT He OyaeT (PyHK-
LIMOHUPOBAaThb. 3aUKCUPYEM ITOT TAKT U OyeM MOCHLIATb HCKOMYIO
NocJ/e0BaTeNbHOCTD, 3alPOCOB Ha yAaJeHHe HauyuHas ¢ Hero. [aB-
HBIF CMBICJI COCTOMT B TOM, YTO aBTOMAaT Ha yAajleHHe He MOXKeT
YAAJNUThb, YyXKYIO 3alHUCh, TaK KaK B 3TOM CJyyae ee Hesb3sl OyneT
BOCCTaHOBHUTbD.

Wrak, npuctynum K pokasatesbcTBy. [Ipexne Bcero, noiimewm,
KOrJla 3alUCb TOYHO He MoxkeT ObITb ypnajeHa. Bcem pebpam UI
MpUMHKCaAHbl NpeauKkaThl U3 MHoxectBa F(T'). PaccMoTpuM mpowus-
BOJIbHBIM aBTOMAT, 06CayKHUBAIOLIKH 3anpoc z. O4eBUIHO , YTO Tle-
pemewasicb o MI', on Oyner BumeTb 3HaueHWe |, TONBKO Ha TeX
pebpax, KOTOPBIM COMOCTaBjeHbl mpeavkartsl Bupa fL.t € T. Ha
BCeX OCTa/NbHBIX pedpax oH OyzneT BUAeTh 3HaueHHe 0.

JlonycTuM aBTOMAaT MOXKET YAAJUTh I[POU3BOJIBHYIO BepILHHY.
[Tokaxem, uto npu atom MJIMI He Oyner KOPpeKTHO (PYHKIIMOHHU-
poBaTh.

PaccmoTpuM noTok 3anpocoB. B nepBblil TakT MaeT ynasneHue z,
a B MOCJIEAYIOIIMX UAeT NMoucK M —1 3anucH BceX 3JIeMeHTOB, KpoMe
z. Ecan aBromar, 00CayKUBAOWIUH 2, YAAJIUT BEPLIMHY C 3aMUCHIO
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He paBHOH 2z, TO aBTOMAT Ha MOWCK 3alKCH, COOTBETCTBYIOLIEH AaH-
HOU BeplLIMHe, 3aBepLIUTCS HeNpaBUJbHO, ciaenoBaTesbHo, MIWT
OyneT paboTaTb HeKOppeKTHO. [leHcTBHUTesNbHO, KaK ObLIO MOKa3a-
HO BBILIE, HU OJHOrO aBTOMAaTa, COMAEpPrKalllero yHaJeHHYI0 YYyXKYIo
3anuch, He (QyHKUHOHUpYeT (KoHeuHbltm MJIUI). Tloatomy, mocse
yAaJeHUsl 4y>KOH 3allHUCH, OHa HHUKAK He CMOXKEeT BOCCTAaHOBUTbCS,
oTKyza nojayvaem, uto MJIMI" 6yner pa6otaTb HEKOPPEKTHO.

HMrak, nokasaHo, 4To ec/au He ObLJIO aBTOMAaTa Ha ylajleHHe Ka-
KOW /MO0 3alHCH, TO BepILHHA, COAEPKALLYI0 3Ty 3alHUCh, HE MOXKET
ObITb yHaJseHa.

PaccMoTtpuM cienyouui, He TPyOHBIH, HO BaKHBIH (akT. AB-
TOMAaT MOXeT IOHAITb, €CThb JIK HUCKOMas 3allHChb B KaKOU-1HOO0 Bep-
ILIMHE, TOJBKO B TOM CJy4ae, €CJAU OH YBHUAWUT NpeauKaT paBHBIH 1.
Ecau Bo BpeMs cBoero (hyHKLMOHUPOBAHHUS OH BHUAMUT MPEAUKATHI
TOJIbKO paBHble 0, TO OH He 3HaeT ecTb JM MCKOMasi 3aluch B 6asze
NAHHBIX UJH HeT.

PaccmoTpuM nocsieoBaTeNbHOCTh 3aNPOCOB Ha yAajeHHe, B KO-
TOPOH HET MOBTOPSIOIIMXCS 3aMPOCoB (yAalsIOTCs pa3inyuHble 3Je-
MeHTbI). 171 Takoll mocJienoBaTeNbHOCTH 3aMpOCOB, €CH aBTOMAT
BUJIUT, BO BpeMs CBOero (pyHKLHOHUPOBAHHUS, TOJBKO MPEIUKATHI
paBHble 0, TO 3amuch, KOTOPYIO OH ynajsieT He MOXeT ObITb yaa-
JeHa. [leficTBUTe/NBbHO, 3aUCh MOXKET OBITb yAaJseHa TOJbKO B TOM
cJydae, eCid XOTb OIMH M3 aBTOMATOB YBUIMUT NpelMKaT paBHbIH 1,
COOTBETCTBYIOIIEeH 3TOH 3amucH (MpeauKaT ¢ MapaMeTpoM pPaBHOU
sanucu). Kpome aBTomata, ynassiomiero faHHyIO 3amMUch, HUKTO He
MOXKeT YBUIETb 3HaueHHe paBHOoe | Ha TakWX MpeauKarax, Tak Kak
IpyrUe aBTOMAThl YAAJSIOT APyTHe 3aIlucH.

3 npenblaylux BBIK/JIAJ0OK CJeNyeT, YTO eCJH B MOTOKe 3arnpo-
COB BCe aBTOMAaThl Ha yAaJeHHe, BO BpeMsl cBoero (hyHKIIMOHUPOBA-
HUsl OYAYT BUAETb MPeNUKaThl paBHble TOJAbKO 0, TO HU O HA 3aMuCh
He Oyner ynasneHa. [TokaxxeM, 4yTo Takylo MocJie0BaTe/JbHOCTb 3a-
MIPOCOB MOXKHO MPHUBECTH.

M nes moctpoeHus Takoi moc/se0BaTe/bHOCTH COCTOUT B CJefly-
ouleM. KaxKablil TakT, KpoMe MepBoro, cBoero (PyHKLHOHHPOBaHUS
aBTOMAT MOXeT yBHUIeTb He OoJiee OAHOrO HOBOro pebpa. B mepBbiii
TaKT aBTOMAaT MOXKeT yBHJETb ABa pebpa. TO CJAENCTBHE TOTO, YTO
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paznyc BUAMMOCTH aBToMaTa paBeH 1, a jqto6oi BepuinHe B UI' nH-
IUIEHTHO He Gosiee nByX pebep (MJHWI tuna (2,1)). 3ametnm, 4T0
HOBBIH TpenuKaT, KOTOPbIH YBUIMT aBTOMAaT, OyaeT paBeH | TOJMbKO
Ha omgHoM 3ampoce. [lostomy, yToObl aBTOMAaT yBUAen 3HaueHue O,
IOCTAaTOYHO He UCIMOJb30BaTh 3TOT 3aNpoc.

s mpocToThl 0ObSCHEHUSs, He OrpaHUuYMBasi OOLIHOCTH pac-
CYyKIeHHs1, OyleM CUHUTaTh, YTO HHU OJHOTO aBTOMAara He (PYHKIIHO-
HUpYeT, U YTO MOTOK 3ampocoB H, HauWHas c MepBOro Takra, OyneTr
COZlepKaTh 3alpochl Ha ylajeHHe, a He NyCTble 3ampochbl, YTOOBI
N0XKIAThCS, NTOKA HU OAMH aBTOMAT He OyneT (DYyHKIIMOHHUPOBATb.

[TocnenoBaTebHOCTD 3aMpPOCOB HA yhaJjeHHe COCTOUT u3 M — 3
3anpoca. Kaxxmomy aBTOMaTy cOMoCTaBUM MHOXKECTBO 3alpocoB
Bi1<i<M-3, rnei HOMep aBTOMaTa B HCKOMOM IOCJen0-
BaTeJbHOCTU yHajeHUH. B HyJeBOH TakT 3TO MHOXKECTBO COCTOHUT
UX BCeX 3JeMeHTOB 6a3bl AaHHbIX. O603HAaUYaTh HOMep TakTa Gyaem
UHIEKCOM CHHU3Y, TO ecTb 1 Bcex 4,1 < i < M —3: |Bé] > M.

PaccmoTpuM nepBblii TakT. B nepBblil TakT HauWHaeT (PyHKLHO-
HUPOBAThb TOJbKO MepBbld aBToMar. [TycTh OH yBUAMUT ABa mpeauKa-
Ta Cﬁ, }f; OH nosxeH yBUIeTb 3HaueHre 0 Ha 06OUX MpenUKaTax,
yTOGBl 3TO rapaHTHUPOBATh, U3 MHOXKeCTBA B yGepem 1Ba 3JeMeH-
Ta a; ¥ ap. [losyuum MHOXecTBO sseMeHToB B = Bj \ {a1,as},
KOTOpble MOXKeT yHaJsTb MepBbIA aBTOMAT, TaK, YTOObl BO BpeMsi
(DYHKLIMOHUPOBAHUS BUJETb TOJNbKO HYyJIeBble 3HAUEHHUS MPEAUKATOB.

Tak kak apyrue aBTOMaThl M3 MOCJEN0BATENbHOCTH ellle He Ha-

4a/Ju CBOe (PYHKLUHMOHMPOBAHHE, TO OIS BCex 4,2 < ¢ < M — 3 :

¢\ = Bj. CienoBaresibHo B mepBbiil TakT |Bi| > M — 2,2 < i <
M —3:|Bj| > M.

Paccmorpum BTOpod TakT. Kak Obl0 10Ka3aHO BhbIlle MepBbIH
aBTOMAaT MOXeT yBUJeTb He OoJiee OfHOro HoBoro pebpa. [lycTts
mpeIyvKat, KOTOPBIH eMy cooTBeTcTByeT f:. BaxkHo, uTo Ha peb-
pe, KOTOpOe OH YK€ BHJeJs He MOXKeT MOSIBUTbCS HOBBIH apryMeHT,
TaK KakK HUCIOJb3YIOTCS TOJNBKO CeJleKTOpHble NpeoOpa3oBanusl. Kak
M Ha MEePBOM TakTe, yOepeM 3TOT 3JeMeHT W3 Bi, MoJyduM 4To
Bj = B} \ {a}, |B?| > M — 3. Bropoii aBTOMaT BO BTOPO# TaKT,
aHaJIOTHUHO NepPBOMY aBTOMAaTy B MepBBIH TaKT, MOXKeT YBHAETb He
GoJiee IBYX MPEAUKATOB, M03TOMY |B2| > M —2. MoLHOCTb MHOXKe-
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CTBa OCTABLIMXCSI aBTOMAaTOB He U3MEHUTCS, TaK KaK OHU He Hauasu
elle cBoe (PyHKLUHOHHPOBAHHUE.

Hrak, paccmorpuM M — 3 takt. Kaxablii TakT, HauMHas co BTO-
pOro, MOLIHOCTb MHOXecTBa B! Moria ymeHbluathes He Godee,
uem Ha 1. To ectb B, 5| > |Biy ol —1 > By 4| —2> -+ >
|Bi| — (M —5) > M —3— (M —5) = 2. He TpynHo 3aMeTHTb, UTO
|Bir sl >3, By sl >4, B3 > M -2

Eme pa3 HamoOMHHM CMBIC] AaHHBIX MHOXKECTB. MHOXKeCTBO
B}, 5 COCTOMT He MeHee YeM W3 JBYX 3/eMeHTOB. Ec/id mepBbiid
aBTOMAT yHAJsJ JIOOYIO0 3aMMCh U3 MHOXKeCTBa Bj, 5, TO OH BHIEJ
Obl, BO BpeMsi CBOero (h)yHKLHOHHPOBAHHS, TOJNbKO HY/eBble 3Haue-
HHU$ TIPeIMKaToB. AHAJOTUYHO JJIsi OCTAJbHBIX MHOXECTB.

[Tyctp mepBBIl 3ampoc Ha ypajeHHe ObLI 21 € B}\4_3, TO €CThb
H(1) = (Y, 7). ABromar, KoTopel#i ero obcnyxuBaet no M — 3
TakTa, 00si3aTeNbHO BUAMUT HyJeBble NpeAHKaThl. BTopoil 3ampoc
Ha ypajleHde zp, BbiOMpaeM u3 MHOXKecTBa B3, 5 \ {z1}, Mou-
HOCTb KOTOPOTO He MeHblle ABYX, Tak Kak |B3, .| > 3. AHa-
JIOTHUHO [JI OCTalbHBIX TakToB j,j < M — 3, H(j) = (¥, %),
rae z; € Bg\4_3 \ {Zl, 29y ,Zj_l}, |Bg\/[—3 \ {217 29y ... ,Zj_1}| Z
jH1—(—1)>2

Hrak, nas notoka 3anpocoB H, B M — 2 TakT He Oblja ynaneHa
HM OflHa 3aMuCh, TaK KaK BCe aBTOMAThl Ha y[ajeHHe BUIEJTH BO
BpeMsi CBOero (pyHKIMOHHPOBAHHUS HyseBble mpenukarthl. [lo semme
1 cymiecTByeT 3anuch, pacCTOsIHUE OT KOPHS 10 KOTOPOH He MeHbllle
[M/2] —1 pebpa. [IycTb 3T0 3amuchk z. 3ameTHM, 4To OblIa cBOOOIA
BbIOOpA M3 JBYX 3amuced AJs1 KaXKA0ro aBromara. Hampumep, eciu
21 = z, To B Kauectse H(1) Bhibepem z, € B, ;\{z}. Ecam 2, = z,
To H(2) Gymer paBen z, € B2, ,\ {z,2}, |B% 5\ {z1,2} > 1.
AHasoruuHo A/ OCTaJbHBIX TakTOB j,j < M — 3,2’; € By, 5\
{Zl, 29y ,ijl,Z}, B5\473 \ {Zl, 29y ,Zj,1,2}| Z ] +1 —j Z 1.

[TocTpoeHHbIH MOTOK H yIOBJETBOPSIET YCJOBHIO JIEMMbI 3, TaK
KaK B TakT |V (M — 3), H| = 3 u cyuecTByeT 3anuch z, (¥, z) ¢ H,
paccTosiHhe OT KOPHS 0 KOTOpOU He MeHblue [M/2] — 1 pebpa. [

BepHemcsi K mokaszartesibCcTBY TeopeMbl 2. 3aUKCUpyeM MPOU3-
BOJIbHYI0 (yHKUHIO L W mpousBoJbHBIM KoHeuHbld MWD tuna
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(2,1). dns nokasatesnbCTBaA HYKHO MPEAbSIBUTH MOTOK 3anpocoB H,
B KOTOPOM CYIIECTBYET TaKT ¢ ¥ MOUCKOBBIH 3ampoc, 4To BpeMsi Ha
ero o6paboTky Oynet Gosblue, ueM L(|V (i, H)|).

Kak yxxe OblJO CKa3aHO B MJee J[0Ka3aTesJbCTBa, CHayajaa B
MOTOKe 3ampocoB H OyayT MATH 3ampockl Ha BCTaBKy. H(l) =
(B,1),...,H(M) = (B,M), rne M > 4 x2V°0) 4 4. Janee cra-
BUM CTOJIbKO TyCTBHIX 3aMpOCOB, YTOOBI Ha rpade He OCTANOCh HH
opHOro paboratoiiero apromara. Homep TakTa, KOra 3TO CJAYy4HUTh-
cs, o6o3HauuM M'. TlpumeHsisi jeMMy 2 MOXHO TNpPeIbsiBUTb MOTOK
sanpocoB H', Takoil, uTo GyjeT CYLIeCTBOBATh TakKT ¢, AJS KOTO-
pOro MOIIHOCTb 0a3bl NaHHBIX OyneT paBHa 3, U OyoeT CYyILEeCTBO-
BaTb 3alMChb 2, PACCTOSIHHE OT KOPHS 10 KOTOPOH OyeT He MeHblie
[M/2] — 1, ynanenue koTopoii He 6bio B H .

Myers HM'+1)=H'(1),...,H(M' +t)=H (t), H(M' +t +
1) = (I1,z). Tlokaxem, uto Bpemsi o6paboTku 3ampoca H(M'+t+1)
6osbiue, yem L(|V (M'+t+1, H)|), a TeM caMbIM J0KaxeM TeopeMy.

IefictButensHo, mo Jgemme 2, |V(M' +t + 1,H)| = 3, pac-
CTOSHMe OT KOpHSI 10 z He MeHbuie [M/2] —1 > 2F°() Bynem
cuutath, 4to M > 202, 4yTOObl BBIMNOJHHUJIOCH YCJOBHE JIEMMBbI
2. Tlo nemMme 2 aBTOMAT 3aTPaTHUT HA MOUCK z He MeHbIe, 4YeM

log, \/% > log, v/ L?(3) = L(3), a nomkeH OblI 3aTPaTUTh He
6oabiie L(|V(M'+t+ 1, H)| = L(3) TaKToB, IPOTHBOpEYHE.

Teopema 2 nokasana.

Jloka3areqbCcTBO TeopeMbl 3

Hckompit MWI 6ynetr noctaToyHO NPOCTHIM, B CHJY TOTO, YTO
paspeluaercss B NpeoOpa3oBaHMUAX HCIOJNb30BATH He CeJEKTOPHbIE
(DYHKLIUH.

Paccmorpum gyukuuio P : N — N, Kotopasi Ha BXode NoJyyaeT
HaTypaJibHOe YMCJIO 1, a Ha BbIXOJE BBIAAET n-e MPOCTOe YUCJI0. To
ectb P(1)=2,P(2)=3,P(3)=5,P(4)=17,....

Bynem ncnonb3oBaTh caenyrode GyHKUHANA B IpeoOpa3oBaHUsX.
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HEeT — P .
op(a,z) = 4 Ja eemO=amod Plo): oy

Py, HMHAYE;

f%, ecan 0 = a (mod P(z));
P(x

faer unHaue;

on(a. 7) = 2 ecmn 0 =a (mod P(x));

HeT . )
faer uHaue;

T 6ynet coctoaTh u3 onHoro pedpa. MsHauanbHo cuntaem, 4To
HUT' coctout u3 onHoro pebpa c¢ npeaukatom fi°". [lpumep Hauasb-
Horo MI' nzobpaxxen Ha pucynke 20.

HeT
1
[ ——Y

K

Puc. 20: Usnauanbuniit UT.

OcHoBHast uzesl COCTOUT B cjenyiolieM. ApryMeHT eIHHCTBeH-
Horo npenukata B I kaxablii TakT BpeMeHH paBeH NPOH3BeJeHHI0
MPOCTBIX YHMCEJ, COOTBETCTBYIOLIUX 3JeMeHTaM 0asbl AaHHbIX. Ha-
nprMep, ecau B 6a3e AaHHBIX HaxonsTcs uuchaa 1, 4, 7, To aprymeHT
npenvkara 6yner paseH P(1)P(4)P(5) = 2x7x 11 = 154. Mmes Ta-
KOM apryMeHT, MOMCK OCYLIeCTBJ/sIeTCsl IPOBEPKOH JeJIeHHsl ero Ha
NPOCTOE YUCJIO COOTBETCTBYIOLEe MOMCKOBOMY 3amnpocy. Hanpumep
ecsId MOCTyNaeT 3anpoc Ha MOUCK 3, TO NPOBepsieTCs AeJUTCS YHC-
a0 154 = P(1)P(4)P(5) na P(3) = 5. OHO He meauTCsi, 3HaUUT 3 B
0ase naHHbIX HeT. He c/102KHO 3aMeTHUTb, UTO OTBEeT OyleT MOJIOXKH-
TeJIbHBIH TosbKO TpH moucke 1,4 uau 5. Tem cambim MJIUT 6yner
paboTaTb KOppeKTHO. UTOOBI [OOUTHCS TAKOTO apryMeHTa, OyAyT HC-
110JIb30BaHbl IPe00pPa30BaHUsI HAa OCHOBE He CeJIeKTOPHBIX (PYHKLMH
¢B<a7 I) H gby(a, I)

Hrak, pasbepem npeobpasosanus, npumensiemble MJIHI. Bce
npeo6pa3oBanus u300paxeHsl Ha pucyHke 21. [Ipeo6pasosanue R}
3T0 npeoOpa3oBaHKe Ha BCTABKY. ABTOMAaT Ha BCTaBKYy & (DYyHKIIHO-
HHUpPYyeT POBHO OAMH TakT. OH NmpuMeHsieT npeo6pa3oBaHKe, U3MEHS-
[olllee apryMeHT NpefHKaTa Ha HOBBIH. Ec/iM aprymMeHT npeaukara
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6 Ié R} K @B(a,z) bn(a,z) = {f(z: ecm 0 = a (mod P(z)); ;
,  MHAYE;
(B, ) t € {ma, mer} oP()
13 1 HET — .
6 fa R} K Oy(am) by (a,z) = {fp&) , ecan 0 =a (mod P(z)); :
uer uHade; '
(V,2) t € {na, ner} 7,
CK) fa R} K Omi(a,z) o orila,z) = {f{; eciim 0 = a (mod P(x)); ;
,  HHAUE;
(11, z) t € {na, ner} ¢
K fl v R} K
— 6 ITouck BeLIAET OTBET ¢ (lja MM HET)
(I, 2)

Puc. 21: Ipeo6pasosanus R}, R}, R} u Rj.

penuics Ha P(x), 3HaunT B 6a3e TAaHHBIX yXKe eCTh & U €ro He HyX-
HO BCTaB/ATb. [losTOMy aprymeHT mpeaukara ocTaeTcsl MPeXHHM.
B npoTuBHOM c/yuae apryMeHT npeaukaTa AOMHOXaetcs Ha P(z).

[IpeoGpasoBanre R} Ha ynajeHHe aHANOTHYHO PeoOpa30BaHHUIO
Ha BCTaBKy. ApryMeHT mpeaukarta nenautcss Ha P(x), ecau TOT Je-
auics Ha P(x) W ocTaeTcs MpeXXHUM B MPOTHBHOM CJydae.

[Ipeo6pasoBanue R: Ha MOMUCK T MPOBEPSIET, AEJUTCH JH apry-
MeHT npenukarta Ha P(z). Ecnu pmenutes, To B ClenyOlIMH TakT
aBTOMaT Ha MOMCK YBUIMUT THI INpeauKata 1a, MHaue yBUIUT HeT.
[TosTomy npeoGpasoBanue R} — 3TO Bblgadya oTBeTa. ABTOMAaT Ha
MOKMCK BO3BpalllaeT OTBET [a, €CJU THI NpeauKarta paBeH 1a, U UHa-
4ye OTBET HerT.

[IpuBenennbiil anroputm padoraet kKoppekTHo. [lycTh 6asa naH-
HeIx V' coctout u3 asnementoB V = {y,...y;}. He TpynHo 3zame-
TUTb, YTO apryMeHT npeaukarta Gynet paBeH P(y;)...P(yx). Oue-
BUIHO, YTO €CJIM MOCTYIUT 3ampoc Ha Mouck z,x € V, 10 P(y;) X
... P(yy) pasmenutcs Ha P(z). Ecnu xe x ¢ V, t0 P(y1) ... P(yx)
He pasnenutcs Ha P(z).

KOH(JMKTOB Tak>ke He BO3HMKaeT, TaK KaK TOJbKO OIWH aB-
TOMaT MeHsieT Harpys3Ky Npeaukara B OIMH TakT. B KoHLe npuse-
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[leM HarysiaHbId npuMep, M300paKeHHbI Ha pUCYHKe 22, paboThl
MIUT.

ITorok 3anpocos H = (I1,1), (B,1), (IL,1), (B,3), (IL,3), (V¥,3), (II,3)

0 TakT 1 TaxT
HeT HeT
K 1 K 1
— »e — »e OTBET HeT
(IL,1) (B.1) (IL1)
2 TakT 3 TakT
K féIeT K ;d )
OTBET JIa
(IL,1) (B,3) (IL1)
4 TakT 5 TakT
a Ja
K Jio K J10 OTBET Ja
(IL,3) (¥.3) (IL3)
6 TaxT 7 TakT
J1a HET
K 2 K 2
—— e OTBET HET
(I1,3) (I1,3)

Puc. 22: Ilpumep ¢yukuuronuposanus M.

Teopema 3 nokasana.
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The lower bound of automaton’s view that
handles arbitrary stream of requests to
the dynamic databases

A. A. Pletnev

This work considers dynamic task of searching identical
objects. In the articles [?, ?, ?] the author shows how this
problem can be solved for arbitrary stream of requests using
multiple state machines dynamic information graph (MDIQG).
This work also shows that there is no final MDIG with a
radius of visibility one and with degree of branching two the
processing arbitary stream of requests.

Keywords: Dynamic Databases, Key Searching, Information
Graph, State Machine, Flow of Requests, Parallel Data
Processing.
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