MIHICTEPCTBO OCBITU I HAVKH YKPAIHU

C.A. JlyneHko

KOMIPTIOTEPHA JIOTI'IKA

Tom 1

IHigpy4yHuk

Bugasaunrso “MarnoJis - 2006”

JIbBIB



VYK 004.032.24+004.272+004.75 Biomeopennsa uiei knuzu abo 0yov-akoi il yacmunu
JI869 3a00poHeHo 0e3 nuceMo60i 3200u GUOAGHUUMEA.

Byov-aki cnpobu nopywienna aemopcvoKux npae
0y0ymo nepecnioysamucs y cy0080omy nopAoOKY.

Penenzeurnu:
Bnracwk A.Il. — n.1.1., npod. (Hamonansauii yHiBepcutet «OCTpO3bKa akaeMisi»);
bepesvruii O.M. — n.t.H., ipod. (TepHONMILCHKHUI HaIllOHATHPHUNA EKOHOMIYHUN

YHIBEPCUTET);
Coxonogcokuti A.1. — n.1.H., npod. (HamioHanpHUI JTICOTEXHIYHUN YHIBEPCHUTET
VYkpainn).

PexoMeH10BaHO HAYKOBO-METOANYHOKO PAOI0
TepHONUIBCHKOr0 HAIIIOHAJIBHOTO TEXHIYHOIO YHIBEpcUTeTY iIMeHi IBana Ilymros

JI869 Jlymenko C.A.
Komm’rorepHa norika: niapyunuk: y 2 1./ C.A. Jlynenko. — JIbBiB : Bunag-
HunTBo «Marnomisa — 2006» — T.1. — 346 c.

Jlauuii MigpPyYHUK MPUCBIYEHO KOHUENTyalbHUM, (hOpMajibHO-MaTeMaTUYHUM Ta
IH)KEHEPHO-TEXHIYHUM OCHOBAaM  apXITEKTypHOi, (YyHKIIIOHAIbHOI Ta MPOEKTHOI
KOMIT FOTepHUX JIOTIK. OCHOBHUN aKIEeHT Yy IMiJPYYHUKY 3pOOJICHO Ha BHUCBITIICHHI
(bopMaNbHO-JIOTTYHUX MOJIEJICH, METO/IB Ta aJTOPUTMIB OpraHizailii Ta (GyHKIIOHYBaHHS
KJIACUYHUX [U(PPOBUX KOMIT IOTEPHUX CHUCTEM. 30KpeMa, PO3TISHYTO apudMeTU4Hl Ta
JOTIYHI OCHOBH IM(GPOBUX KOMIT FOTEPHHX CHCTEM, OCHOBU Teopli aOCTpakTHUX
JUCKPETHUX aBTOMATIB, METOJM aHaNi3y Ta CUHTE3Y KOMOIHAUIMHUX LU(PPOBUX CXEM Y
PI3HUX eJeMEHTapHUX JOTiYHMX Oa3mcax. PO3riasHyTO METOAM CTPYKTYpPHOTO CHHTE3Y
nu(ppoBUX aBTOMATIB 13 MaM ATTIO Ta METOAM CHUHTE3Y OINEpaliiHUX Ta KepPYHUHX
aBTOMATIB 13 >KOPCTKOIO Ta MPOrpaMoOBaHOI0 JiorikaMu. OKpeMi po3AuUid MiAPYYHHKA
OPUCBAYEHO TPAIMUIMHIN JIOTIl 3 €JIeMEeHTaMu MaTeMaTuyHoi ¢opmamizamii Ta
BHUCOKOPIBHEBIH JIOTiI 1HPOPMALIMHUX 1HTENEKTyalll30BaHUX CHUCTEM, SIKI 3aCHOBaHI Ha
3HAHHSX.

[TimpygHuk agpecoBaHO CTYACHTaM Ta aclipaHTaM BUINUX HABYAJIBHHUX 3aKJIaJliB,
30KpeMa TUM, SIKi HaBYalOThCs 3a HampsMmamu «Komm'toTepHa iHxkeHepis», «lIporpamua
1HX)eHepis» Ta « KoM’ roTepH1 HayKu.

ISBN 978-617-574-132-0 © Jlynenko C.A.
© «Maruoumis 2006



3MICT

[lepenmoBa HayKOBOT'O peakToOpa cepii MiIPyYHHUKIB Ta HAaBUAJbLHUX TOCIOHUKIB
«KOMITIOTUHI»
Berynne cnoBo aBTopa. OOrpyHTYBaHHST Ta OKpPECIEHHS MPEAMETHOI 00JacTi
HaBUalibHOI Jucnuiurind  «KoMm’roTepHa Jorika» Ta TIOpO3JUIbHA aHOTAIlls

MIpyYHUKA

PO3/IJI 1. OCHOBHI TIOHATIMHI CKJIAJOBI, ®YHJIAMEHTAJIBHI
OOPMAJIBHI CTPYKTYPU TA 3ABJAHHA JUCHUITJIIHA «KOMIT'FOTEPHA
JOI'lKA»
1.1. Tlonsarrs «Jlorikay. Knacudikarii morik. Jlorika sk Hayka B ICTOPUYHOMY
DOBDIB
1.1.1. Ilousarra «Jlorika»
1.1.2. Knacuikamis JTOTIK
1.1.2.1. ApxitektypHa, pyHKITIOHATbHA Ta €BONIOIMHA JIOTIKK
1.1.2.2. Cy0’extHa Ta 00’ekTHa Joriku. Kiacudikaiis 70rik 3a 03HAKOIO
CBUIL CHCT MUY
1.1.2.3. Knacudikaris JOTiK 3a i€papXiqyHUM piBHEM OpraHizailii cucTeMu
1.1.2.4. Knacudikartis JIOTiK 3a iX ()OpMOIO OTHCY
1.1.3. Jlorika sik Hayka B ICTOpHYHOMY PO3pI31___
1.1.3.1. Tpaguuiiinuii Ta CydacHU eTanu po3BUTKY JIOTIKK
1.1.3.2. Tpamgumiiina jgorika: ¢popmanbHa Ta JlaJeKTHYHA JOTiKA
1.1.3.3. Cyuacha maremaThuyHa Jorika. KiacuuyHa Ta  HEKJIacH4Ha
MaTEMaTH4HI JIOTIKA
1.2. Tlonstrs «Komm'torepHna morika». Komm’iorep sk iHdopmariiiHa cucrtema.
Knacudikaiis KOMIUIOTEPHUX JIOTIK
1.3 ®opmanbHI MOBH SIK 3aCO0M OMUCY JIOTIK KOMIT' FOTEPHUX CUCTEM
1.3.1. CuHTaKCUYHUN Ta CEMAHTUYHUU aclieKTu iHpopmari_
1.3.2. [IpupoaHa Ta mMITYy4HAa MOBH K 3aC00M MofaHHs iH(opmarri
1.3.3. Ilpouenypu dhopmaiizaiiii Ta iHTepIpeTaIlii 3HaHb
1.3.4. Enementu Teopii GOopMaibHUX MOB___
1.3.5. Merona ta 3acobu (opmabHOTO MojaHHs iH(OpMaIlli B KOMI FOTEPHHUX
CUCT MK
1.4. ®yngamenTanbH1 (hOpMaNIbHI CTPYKTYPH KOMIT FOTEPHOT JIOT1KU
1.4.1. AnreOpaidi CUCTeMM
1.4.1.1. O3nauenns anreOpaiuyHoi cucreMu Ta ii BUMIB._
1.4.1.2. lexapToBuii 100yTOK MHOXHWH. AJreOpaiuHi orepariii Ha MHOKHHaX
1.4.1.3. BigHomeHHd Ha MHOKHHAX
1.4.1.4. TumnoBi anreOpaivufi CTpyKTypH (anredpn)
1.4.2. ®opmanbHi aKCiIOMaTU4Hl CUCTEMA

1.4.2.1. O3HauenHs hopmaabHOT aKCIOMAaTUYHOT CUCTEMHU

34

35
51
51
52
53
54

55
58
58
58
59
61
65
70
70



4 Komm’rorepHa siorika

1.4.2.2. ®opmanbHa rpamaTuka sk ¢opMasibHa akCioMaTUYHA CUCTeMa_ 76
1.5. Tlomsatrs «ABromar». MopgemoBanHs aBromariB. Kiacudikamii aBToMariB.
3aCTOCYBaHHS TEOPIT ABTOMATIB 78
1.5.1. ABromar 4K TexXHIYHUH 3aci0, M0 peaji3ye JIOTIKYy KOMII IOTEPHOI
cucteMu. AOCTpakTHa Ta CTpYKTypHa Teopii aBromariB____ 78
1.5.2. OcHOBH MareMaTU4YHOI'O MOJEJIIOBAHHS aBTOMATIB HAa OCHOBI KOHIIEHIN1
«4OPHOI CKPUHBKWY Ta KOHIIEIIIII1 OMKMCY CUCTEM y MPOCTOP1 3MIHHUX CTaHy 79
1.5.3. Knacuikamii aBTOMATIB 83
1.5.4. Konmeniiss BruieHHS (QOpMaIbHOI CHUCTEMU SK MaTeMaTUYHOI Mojeni
KOMIT FOTE€PHOI JIOT1KM B aBTOMaTHOMY cepefaoBumi 88
1.5.5. IIpo B3aeMO3B’SI30K MK Teopi€ro (popmanbHUX MOB, (opMaIbHUX
TPaMaTUK Ta TEOPIEIO aBTOMATIB 90
1.5.6. 3actocyBaHHs Teopii aBTOMATIB.____ 91
1.6. [TousATTA anroput™My siK GyHIaMEHTAJIbHE MOHATTS KOMIT IOTEPHOI JIOTIKKA 93
1.7. lepapxiuyHuii TPUHIUII OpraHizamii KOMIT IOTEPHUX CHUCTEM Ta lepapXis
KOMIT FOTCPHUX JIOTIK 95
1.8. Komm’roTepHa jiorika ik HaB4ajibpHa AMCIMIUIIHA 100
OCHOBHI M ICYMKHU POBIILITY 101
KOHTpONBHI 3aIUTAHHS 107

PO3UI 2. APUODMETHUYHI OCHOBHU IIOJAHHA YMCEJI ¥V LHHUDPPOBUX

KOMIT'IOTEPHUX CUCTEMAX 109
2.1. Ilonsarrs «Cucrema uncinends». Knacudikamis cucrem UucineHss 109
2.2. [lo3umifiHl CHCTEMM YMCIEHHA 111
2.3. [lepeBenennst yucen 3 OAHIET CACTEMH YUCJICHHS B 1HIY 114
2.3.1. IlepeBeeHHs IIIMX YHCEN 3 OMHIET IMO3HMINNMHOI CHCTEMHU YHCJICHHS B
THIILY 115
2.3.2. IlepeBeneHHs MPaBUIBHUX APOOIB 116
2.3.3. IlepeBenenus HenpaBUiIbHUX ApOOIB. 118
2.4. JIBiiKoBa cMCTeMa YUCJIEHHS 118
2.5. JIpiiikoBa cucreMa uuciesnss 3 iuepanu 1, 1. 119
2.6. lllictHagugTKOBA Ta BICIMKOBA CUCTE€MH YMCICHHSL 121
2.7. Bubip cucTteMu YHMCIECHHS M1 MOJAHHS JaHUX y LUPPOBUX KOMI FOTEPHHX
CUCTEMaX 123
2.8. ®opmu nogaHHA Yucen y MUGPOBUX KOMIT FOTEPHUX CUCTeMax 125
2.8.1. Ilonstrsa «®@opma momaHHs yucia» Ta «MaimHHe 300paxkeHHs yuciaa» 125
2.8.2. ®opma mojaHHs ABIMKOBUX YHCeN 3 (DIKCOBAHOIO KOMOKO 125
2.8.3. Ilomanns Bix eMHUX uncen y ¢popmi 3 pikcoBaHOO KOMOKO 127

2.8.4. ®opMa noaHHs YHUCEN 3 IUIABAIOYOK0 KOMOIO 128



3MicT 5

2.9. [ToxuOKM mOJaHHS YUCEA 130
OCHOBHI I ICYMKH POBIIUITY 131
KoHTponbHI 3anUTalHs Ta 3aBMaHHSA 132

PO3JII 3. APUOGMETHUYHI OITEPALIIT 3 IBINKOBUMU TA JIECATKOBUMU

YUCJIAMUA ¥V IUOPOBUX KOMIT'KOTEPHUX CUCTEMAX 134
3.1. Bukonanus apupMeTUUYHHUX Oomnepaliid Hal IBIMKOBUMH YUCIaMu___ 134
3.1.1. ®opmanbHi npaBuia ABIMKOBOI apudMeTHKu 134
3.1.2. JlomaBanHg ABIMKOBHMX WmMcesl 136
3.1.2.1. lonaBaHHs yncel, mogaHux y ¢gopmi 3 piKCOBaHOO KOMOKWO 136
3.1.2.2. [lepenioBHEHHS PO3PSAAHOI CITKKA 138
3.1.2.3. lonaBanHs yuce, Kl ToAaHo y (hopMi 3 TUIABAIOYOI0 KOMOIO 139
3.1.3. MHOXX€EHHS OBIMKOBUX YACET 144
3.1.3.1. MHoxeHHsT yucen, skl nmojgaHo y ¢opmi 3 ¢GikCOBaHOIO KOMOIO, Ha
JIBIMKOBOMY CyMaTOpi MPSIMOTO KOJLY 146
3.1.3.2. MHOX€eHHSI yucen, sKI MogaHo y (opmi 3 (iKCOBAHOIO KOMOIO, Ha
JIBIMKOBOMY CyMaTOpi TO0AaTKOBOrO KOAy 146
3.1.3.3. MHO€eHHsI 4Kcell Ha IBINKOBOMY CyMaTopi 3BOPOTHOTO KOAY 147
3.1.3.4. MHOX€eHHS 4uced, K1 ToAaHo y (opMi 3 TUIABAIOYOI0 KOMOIO 147
3.1.4. JlimeHHs ABIMKOBUX Ykcen 148
3.1.4.1. inenHs NABIAKOBUX dYHCEN, sKl moaaHo y ¢opmi 3 (HIKCOBAHOIO
KOMOIO 148
3.1.4.2. JlineHHss JBIMKOBUX YHCEN, Kl NOJAaHO y (opMi 3 (HIKCOBAHOIO
KOMOIO Ha cymMaTopax AOJAaTKOBOTO KOAY 150
3.1.4.3. OcoGauBOCTI JIUICHHS 4YHCeN, K1 moaaHo y ¢opMmi 3 TUIaBAIOYOI0
KOMOIO 151
3.2. BukonanHsg apu(pMEeTUYHHUX OmNepaIliid HaJl JeCATKOBUMH YUCIIaM#A 151
3.2.1. ITopanns necstkoBux uucen B J[-xkomax 151
3.2.2. ®opManbHi TIpaBWIa MOPO3PSAIHOTO JIOJABaHHS JIECSITKOBUX YHCET B
J-xkomax 153
3.2.3. Ilomanns Bix eMunx uucen y J-xkomax 156
3.2.4. MHOXEHHS uucen Y JI-KOomaxX 157
3.2.5. JineHns uncen Y JI-KOmaX 157
3.2.6. IlepeBenenns nBiiikoBux uucen y JI-koau Ta HaBmaka 158
OCHOBHI MIICYMKH PO3IILITY 159
KoHTponbHI 3aMUTAHHA Ta 3aBIAHHS 160

PO3JIUI 4. OCHOBU TPAJUIIMHOI JIOIIKM 3 EJIEMEHTAMU
MATEMATHUYHOI ®OPMAIJII3AIIIT 162

4.1. TpanuuiiiHa JOriKa SIK HAyKa PO MUCIEHHS 162



6 Komm’rorepHa siorika

4.2. Bugu ta GOPMU TIBHAHHS 162
4. 1. UyTTeBe MIBHAHHS 162
4.2.2. PamionaneHe mi3Ha"dsa. DopMu MUCAEHHS 164

4.3. Jlorika MmoHATb 165
4.3.1. Tlonsarrs sk HaitmpocTima ¢gopma MuciaeHHs. OOCAT Ta 3MICT TOHATTS 165
4.3.2. Knmacudikariist IOHATb 167
4.3.3. BigHomeHust MK DOHATTAIMA 170
4.3.4. Onepamii Hax MOHATTAMU. 175

4.3.4.1. Oneparis oOMeXeHHS MOHATTSA 175
4.3.4.2. Onepariis y3aragdpHeHHs HOHATTA 176
4.3.4.3. Onepariist JoAaBaHHs MOHATh___ 178
4.3.4.4. Oneparis nepetuHy (MHOKEHHS) IOHATb___ 179
4.3.4.5. Oneparis BifHIMaHHS NOHATH 179
4.3.4.6. Onepariis 3anepedyeHHs mOHATTS 180
4.3.4.7. Onepatist IOAUTY MOHATTS 180
4.3.4.8. Knacudikaris sk 6ararocTymiHyaTAd MOALT MOHATTS 182
4.3.4.9. Onepariist 03Ha4YCHHSI MOHATTA. 183

4.4, JIOTIKA CYKCHD 184
4.4.1. Cymxennss sk  nuHamidHa Qopma  wmucneHds. CymKeHHS  Ta
BUCJOBJIIOBAHHSA 184
4.4.2. Knacuikaiii CyoKeHb 185
4.4, 3. JIOTIUHUT KBA AT 191
4.4.4. OcHOBHI JIOT1YHI 3aKOHU 194

4.5. JloriKa YMOBUBOIIB 195
4.5.1. llonstra «YMoBuBiny. Gopmanizaiis yMoBUBOAIB. Buny yMOBUBOAIB 195
4.5.2. besnocepeHi yMOBUBOAW 197
4.5.3. OnocepenKoBaHi A1€IyKTUBHI yMOBUBOAM 199

4.5.3.1. IlpocTuii KaTeropuyHut CWJIOTI3M____ 199
4.5.3.2. Po3aiioBi onocepe/IKoBaH1 JeyKTUBHI yMOBUBOIMA 205
4.5.3.3. YMOBHI onlocepe/IKOBaHi IeTyKTUBHI yMOBUBOIMA 206
4.5.4. [HIYKTUBHI YMOBUBOMM 210
4.5.5. AHanoris ik pi3HOBUJ TPAAyKTUBHOIO YMOBUBOAY 212

4.6. Teopis sk Halipo3BUHYTIMIA ¢popma 3HaHb. Twnw TCOPINA 213

OCHOBHI M ICYMKH PO3IILITY 216

KOHTpONBHI BalUTaAH S 222

PO3ZIUI 5. MATEMATHUYHI OCHOBW HU3BKOPIBHEHOI JIOT'IKU
HUOPOBUX KOMIT'IOTEPHUX CUCTEM 224

5.1. Jlorika BUCJIOBIIOBAHb IK OCHOBA MATEMATUYHOI JIOT1KHA 224



3MicT

5.2
5.3.

5.4.

5.5.
5.6.
5.7.
5.8.

5.9.

OCHOBHI TZICYMKH PO3JILTY
KoHTposbHi 3anMTaHHs Ta 3aBIaHHS

5.1.2. JloriuHi omnepaiiii HaJ BUCIOBIIOBAaHHAMH. AjreOpa BUCIIOBIIOBaHb

5.1.3. Jlorika BUCIIOB/IIOBaHb SIK (hOpMalIbHA aKCIOMaTUYHA CUCTEMA
Enementn anrebpwm morike
AHaJTHYHE MOJaHH JoriyHuX GyHKmi

5.3.1. Kanou14yHi ¢popMu mOJaHHS JOTTYHUX (PYHKITIH

5.3.2. Tlepexix Big TabmuyHOi (QOpMHU 3amaBaHHS JOTIYHUX (QYHKIIH A0 iX

aHATITUYHUX (HOPM 3alUCyBaHHS

5.3.3. Anroput™m nepexonay Bia AoBUIBHUX (hopmyn anreOpu joriku g0 JAJIHD

Anre6pa XKerankina
5.4.1. Akciomu anreOpu XKerankina
5.4.2. lloninom XKeranxiga

Aunre6pu Ileddepa Ta Ilipca

JliniitHi OyneBi GyHKIII1

YacoBi OymeBl QyHKINT

[ToBHOTa Ta 3aMKHEHICTh OyJIeBUX (PYHKIIII
5.8.1. ®yHKITIOHAJIBHO TTOBHI CUCTEMU
5.8.2. 3amMKHeHi xjjacw
5.8.3. Kpurepiit hpyHKIIIOHAIHHOT TOBHOTH CUCTEMH OyieBUX (DYHKITIN
5.8.4. Tlocnabnena (yHKIIOHAIbHA TTIOBHOTA
5.8.5. lepennoBHl KIMACHU

Minimizanist GyHKIIM nepeMUuKaHHs
5.9.1. OcHOBHI OHATTA
5.9.2. I'padiunuit MmeTon MiHIMI3aIiT QYHKITINA

5.9.2.1. Kaptu KapHo

5.9.2.2. Miarpamu Beitua
5.9.3. Merox minimizamii Ksaviga
5.9.4. Merox minimizamii Kaitna—Maxk-Kiracki
5.9.5. Meto HeBU3HAUYCHHUX KOE(IIIEHTIB
5.9.6. Merop bneitka-I1lopenpkoro
5.9.7. Meron Henpcowa .~~~
5.9.8. Merop icTOTHHMX 3MIHHMX
5.9.9. MiHiMi3alisl KOH IOHKTUBHUX HOPMaJbHUX (OpM
5.9.10. Minimi3aliis 4aCTKOBO BU3HAYCHUX PyHKIIN
5.9.11. Minimizaris goriuaux QyHkIii B anreopi Xerankina
5.9.12. Minimizauis B anredopax Lleddepa ta Ilipca

5.9.13. MiHimi3aIisi CHCTEM JIOTTYHUX (YHKITINA

226
230
239
246
246

254
255
255
257
260
264
265
266
266
267
272
274
274
276
276
277
278
282
285
287
292
294
295
296
298
301
303
306
309
309
312



8 Komm’rorepHa siorika

PO3/I1JT 6. OCHOBU TEOPII ABCTPAKTHUX JUCKPETHUX ABTOMATIB __ 318

6.1. AOGCTpakTHUI AUCKPETHUH aBTOMAT SK MOAEIb (YHKIIOHYBAaHHS MH(PPOBHUX

aBTOMATIB KJIACHYHOT'0 IU(PPOBOTO KOMI'FOTUHTY 318
6.2. Apromatu Mini Ta Mypa. C —aBTOMaT . 319
6.3. 38’530k MK aBTOMatamu Mini ta Mypa 324

6.4. MiHimi3aIlis KITbKOCTI BHYTPIIIHIX CTaHIB a0CTPAaKTHUX AUCKPETHUX aBTOMATiB 328
6.4.1. MiniMizalisi KUIBKOCTI BHYTPINIHIX CTaHIB IOBHICTIO BU3HAYCHUX

ABTOMATIB 328

6.4.2. MiHiMi3aIlig KUIBKOCTI BHYTPINIHIX CTaHIB YacTKOBO BHU3HAYCHHX

aBTomMariB____ 330
6.5. JlekoMrio3uilisi abCTpakKTHUX aBTOMATIB . 336
OCHOBHI I ICYMKH POBIIUITY 342

KoHTponbH1 3anuTaHHs Ta 3aBJIaHHS 344



C.A. JlyneHko

KOMIPTIOTEPHA JIOTI'IKA

Tom 1
HIAPYYHUK

®opmar 70x100/16. ITanip odceTHui.
I"apuiTypa Times New Roman
YMOBH. JpyK. apk. 28,11.

IIT «Marnomis 2006»
M. JIbBi1B-53, 79053, Vkpaina, Ten.+380503701957
e-mail: magnolO6@ukr.net
CB110UTBO PO BHECEHHSI CY0’€KTa BUJABHUYOI CIIPAaBU
10 Jlep>kaBHOTO peecTpy BUAABIIIB, BATOTIBHUKIB 1 pO3MOBCIOI)KYBauiB BUJIaBHUYO1
npoaykuii: cepia JIK Ne 2534 Bix 21.06.2006 poky,
BuaaHe /lep>kaBHUM KOMITETOM iH()OPMAIIITHOT O THKHY,
TeneOauyeHHs Ta paJiOMOBIIEHHS Y KpaiHH

HanpykoBano y npykapsi BugaBHuirea «Maruaomis 20065





