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BBenenne

TepMuH «TeopeTHyeckoe MPOrpaMMHUPOBAaHUE» 0003HAYAECT MATEMATHU-
YEeCKYI0 JUCHUIUIMHY, H3YYaION[ylH0 CHHTAKCHUCCKUE U CEMaHTHUYCCKUE
CBOWCTBA MPOTPaMM, HX CTPYKTYPY, MpeoOpa3oBaHus, MPOIECC UX COCTaB-
JICHUST W WCIIONHCHHSA. DTO CIIOBOCOYCTAHUE IMOCTPOCHO MO aHAJOTHH C
HA3BaHUSAMH TAKHX HAyK, KaK TeopeTUdecKas (pU3MKa, TeopeTHIeCcKas Me-
XaHWKa U T. 1. Teopernueckas HaydHas JHUCIUIUIMHA U3ydaeT (pyHIaMeH-
TaJbHBIC MOHATUS U 3aKOHBI OCHOBHON HAyKW M HA OCHOBaHHW OOHApy)KEeH-
HBIX 3aKOHOMEPHOCTECH CTPOUT MaTEMATHUYSCKHE MOJEIU HUCCICITYyEMbIX
00BEKTOB, Ha KOTOPBHIX CTABUT U pEIIAeT MPHUKIATHBIC 3aJavyd. B Harem
ClIydae CHUTYyallds YCIIOXKHSACTCS TeM, YTO OOBEKT MOJCIHPOBAHUS — IPO-
rpamMMa — yKe IpeICTaBIIsieT cCo00i aOCTPaKTHBINH OOBEKT.

B Hacrosiiee BpeMsl CIOXWIHCH CIEAYIOIIAE OCHOBHBIC HATPaBICHUSI
HCCIICIOBAHUIA TEOPETHYECKOr0 MPOrPpaMMHUPOBAHUSL.

1. Mamemamuueckue ocnosvr npocpammuposanus. OCHOBHas UENb HUC-
CIIEJIOBAaHUM — pa3BUTHE MAaTEMAaTUYCCKOTO armapara, OpUCHTUPOBAH-
HOT'O Ha TEOpEeTHYECKOe MpOorpaMMHUpOBaHME, pa3paboTka o0Iel Teo-
pUM MAITUHHBIX BBIYUCICHUN. JTa TEOPUS TECHO COMPHUKACACTCS C
TEOpPUEH AJITOPUTMOB M BBIYUCIUMBIX ()YHKIUH, TeOpHel aBTOMAaTOB U
(hOpMaITEHBIX SI3BIKOB, JIOTHKOM, anreOpoi, C TEOPUCH CIOKHOCTH BBI-
YUCIIEHUH.

2. Teopusa cxem npocpamm. B 3Tnx paborax BHUMaHHE KOHIIEHTPUPYETCS
HA M3YYCHHH CTPYKTYPHBIX CBOWCTB W MPEOOpa3OBaHUIA Mporpamm, a
UMEHHO Te€X, KOTOPBIC OTIUYAIOT MPOrPaMMBI OT JPYTUX CIIOCOOOB 3a-
JAHWS aJITOPUTMOB. [ TaBHBIM OOBEKTOM HCCICAOBAHUS CTAHOBUTCS
cXeMa MporpaMMBbl — MaTEMAaTHIECKash MOJIENb TPOrPaMMBI, B KOTOPOM
C TOW WIM WHOH CTCICHBIO JCTATU3AIMH OTPAXKEHO CTPOCHHE TPO-
TpaMMBI, B3aUMOJICHCTBHIE COCTABJISIONINX €€ KOMIIOHCHTOB.

3. Cemanmuueckas meopust npocpamm. CeMaHTHKa MPOrpaMMbl HIH OT-
JIEIHBIX KOHCTPYKITUI S3bIKOB MPOIPaMMHUPOBAHHS — 3TO HX CMBICI,
MAaTEeMaTHYCCKUI CMBICH JUI IPOTPaMMICTAa U ONMKCAaHUE ()YHKI[MOHH-
POBaHUS Il MAIIMHBL DTOT pa3zen TCOPETHUSCKOro MPOrpaMMHUPOBa-
HUS U3y4aeT METOIbI (POPMATFHOTO ONMUCAHHS CEMAHTHKH IPOrpaMM,
CEMaHTUYECKUE METOIBI MPeoOpa3oBaHUs W JIOKA3aTEIbCTBA YTBEp-
JKJICHUH O mporpaMMmax. B gacTHOCTH, pabOTBI MO METOAAM MPOBEPKH
CEMAaHTHUYECKOM MPaBHILHOCTH MPOrpaMM HAIleICHBl HAa aBTOMAaTH3a-
U0 WX OTJIAJIKU U aBTOMATUYCCKUIA CHHTE3 ITPOrPaMM.

4. Teopus 8bI4UCIUMENLHBIX NPOYECCO8 U CMPYKMYD (Meopus napaiieib-
Hblx ebluucienutt). ViccnenoBanus B 3TOM 00JIaCTH HAIPABIICHBI Ha pa3-
paboTKy U 0OOCHOBAHHE HOBBIX METOJIOB MPOrPAaMMHPOBAHUS, TIPEKIC
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BCET0 METOJIOB MPOrpaMMHUPOBAHMS HapauIeNbHBIX Hporecco. M3y-
YaroTCsl MOJIEIIH, CTPYKTYPBI U (YHKIIMOHUPOBAHUE ONEPAMOHHBIX CH-
CTeM, METOJbl pacHapauleNuBaHusl alropuTMOB U Tporpamm. Vccie-
JIYIOTCS. HOBBIE apXUTEKTYPHBIE NPUHIMUITEI KOHCTPYHUPOBAHUS BBIUMC-
JIUTENFHBIX MAIIMH U CHCTEM Ha OCHOBE PE3YJIbTATOB M PEKOMEHIAIMH
TEOPETHYECKOT0 NPOrPaMMHUPOBAHHUS M BBIYHUCIUTEIEHON MaTeMaTHKH.
5. [Ipuxnaonvie 3a0auu meopemuuecko2o npozpammuposanus. Crona B
TIEPBYIO OUepe/ib OTHOCATCS pa3paboTka U 00OCHOBAHHE AJITOPUTMOB
TPAHCIISIIMY Y AJITOPUTMOB aBTOMATHYECKOH ONTHMHU3AIMHU TIPOTPAMM.

JIBe MUCIMILTHHEI TOCYIapCTBEHHOT0 CTaHAapTa crnenuaisHocTd 220400 —
[porpamMHoe obecriedeHne BBIMUCIUTEIFHON TEXHUKH M aBTOMATH3HUPOBaH-
HBIX cHCTeM — «TeopHst SI36IKOB POrpaMMHUPOBAHUSI M METOJIBI TPAHCIISILIHID 1
«Teopust BEIYMCIHUTENBHBIX MPOLIECCOBY» PaccCMaTpHBAIOT OCHOBBI TEOpETHYE-
CKOTO TIpOorpamMMupoBaHusl. [lepBasi MCHMITIMHA OXBaThIBAE€T MEPBBIN M TIO-
CNIEIHUI TYHKTHI Hallel, He NMpeTeH/IYIomel Ha KIIacCU(PUKAIIOHHYIO CTpO-
TOCTb U MOJHOTY, pyOpuKaiwu. Bropast nucimiumHa, cocTapisitolas npemMer
HACTOSIILIETO Kypca, PacKpbIBAeT MYHKTHI 2 — 4.

Lenpro mporpaMMHUpOBaHMs SIBJISIETCS ONHMCAHUE TPOIECCOB 00paboTKH
TAHHEBIX (npoyeccos). [Hannvie - 310 TipeacTaBieHue (HakToB U uaed B Gop-
MaJIM30BaHHOM BUJIE, IPUTOJHOM MJISl TIEPEadn U 1mepepadoTKe B HEKOEM
nporecce, a uHgopmayusi - TO CMBICI, KOTOPHIA NPUIAETCs JaHHBIM NPU
nx npencrasieHun. O6pabomra OaHHbIX - ITO BBHINOJIHEHHE CHCTEMaTHYe-
CKOM MOCNe0BaTEeNbHOCTU IEHCTBUI C JaHHBIMU. JlaHHBIE MPECTABISAIOT-
Csl U XpaHsTCsl HA Hocumensax NaHHBIX. COBOKYITHOCTh HOCHTEINIEH JaHHBIX,
UCTIONIb3YEMBIX TIPH KakoH-T1100 00paboTKe JaHHBIX, OyleM Ha3bIBaTbh UH-
dopmayuonnou cpeooii. Habop HaHHBIX, COACPIKANIMXCS B KaKOU-THOO
MOMEHT B WH(OpMaIMOHHON cpene, OyaeM Ha3blBaTh COCMOsAHUEM ITON
nH}popMannMoHHOH cpensl. [Ipoyecc MOXHO ONpENENUTh Kak MOCIenoBa-
TEJIFHOCTh CMEHSIOLINX JPYr APYyra COCTOSHUI HEKOTOpoi MH(OpPMaIOH-
HOM cpepbl.

Onwcatp NpoIecc - 3HAYUT ONPEAETUTH MOCIEI0BATENFHOCTh COCTOS-
HUH 3a1aHHOW MH(pOPMAIMOHHON cpeabl. Ecnyu MbI XOTHUM, 4TOOBI 1O 3a-
JTAHHOMY OIMCAHUIO TPeOyeMBIi MPOIecC MOPOXKIAIICT asmomMamu4ecky Ha
KOMIIBIOTEpE, HEOOXOMUMO, YTOOBI ATO OMHCAHUE OBLUIO @opmManuz0eaH-
uoim. Takoe onucanue Ha3bIBaeTcs npozpammoti. C Ipyroil CTOpoHsl, Ipo-
rpamMMa JIOJDKHa OBITh TIOHATHOHM M YENOBEKY, TaK Kak M Ipu pa3paboTke
MporpamMm, U MpPU WX UCIIOJIH30BAHUU YacTO MPUXOJUTCS BBUICHATH, KAKOH
HMMEHHO TIpoliecc OHa nopoxniaer. [loaToMy mporpamma cocraBisieTcsi Ha
TIOHSITHOM YEJIOBEKY (hOPMaJIM30BAHHOM A3bIKEe NPOSPAMMUPOBAHUS, C KO-
TOPOrO OHa aBTOMATHYECKH TIIEPEBOJUTCS HAa SI3BIK COOTBETCTBYIOIIETO
KOMITBIOTEpPA C MOMOUIBIO APYroil NMpOrpaMMBbl, Ha3bIBAEMOW MpaHCAsMO-
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pom. Ilpocpammucmy TNPUXOTUTCA MPOJEIBIBATH OOJBIIYI0 IOATOTOBU-
TENbHYI0 padoTy IO yTOYHEHHUIO IIOCTAHOBKHU 3ajayd, BHIOOpY MeToza ee
pelieHus, BEISCHEHHIO CeNU(PHUKA TPUMEHEHUS! TpeOyeMOoi MporpaMMsbl 1
MHOro€e Apyroe.

Ilon «mporpaMMmoi» YacTO MOHMMAlOT TMPABUIBHYIO IPOrpammy,
T. €. IPOrpaMMy, He COAEpKalllyl0 OMIUOOK, COOTBETCTBYIOILYIO crenudu-
Kallid ¥ Jarollyl0 BO3MOXHOCTh ()OPMAJIFHOTO BBIBOJIAa HPOTPaMMBblI U3
(dopmanpHOro Habopa mpeanocbutok. OJHAKO TOHATHE OMIMOKKA B TIPO-
rpaMMe TPaKTyeTCsl MPOrpaMMUCTaMU HEOJHO3Ha4yHO. byneM cuutats, 4To
B IIpOrpaMMe UMeeTcs ouubKa, €CU OHA HEe BBIIOIHAET TOT0, YTO Pa3yMHO
OXKU/IaTh OT HEE€ Ha OCHOBAHWM JOKYMEHTAIUM IO MPUMEHEHUIO IpOorpam-
Mbl. Cief0oBaTeNnbHO, PABUIbHEE TOBOPUTH O HECOTTIACOBAHHOCTU MEKAY
IIpOrpaMMaMH U JOKYMEHTAIlel N0 UX IPUMEHEHHUIO.

B cBs13u ¢ Tem, uTO 33aHKe Ha MPOrpaMMy OOBIYHO (OPMYIIUpYETCs He
(dopManpHO, a TaKkKe M3-32 He()hOPMAaJIM30BAHHOCTU ITOHATHSI OIIMOKH B
mporpamMme, Henb3sl JoKa3aTh (OpMabHBIMA METOJaMH (MaTeMaTHYecKH)
MIPaBUIBHOCTE MporpaMMel. Henb3st qoka3aTh NpaBMIIBHOCTH IPOrpaMMBbl U
TECTUPOBAaHUEM: KaK yKka3an J[efikcTpa, TECTUpOBAHUE MOXKET JIUIIb MPOJe-
MOHCTPHUPOBATh HAJIMYHME B IPOrPaMMe OITHOKH.

AJBTEpHATUBOM TPaBUILHOW INPOrPAMMBI SIBIISIETCS HAOEHCHAsL TIPO-
rpamma. Haodedicnocmsy IIPOrpaMMBL - 3TO €€ CIIOCOOHOCTh O€30TKa3HO BbI-
TIOJHSATH ONpe/eieHHble (QYHKIMHU MpY 33aHHBIX YCIIOBUSIX B TEUCHHUE 3a-
JAHHOTO IIEPUOJA BPEMEHU C JOCTATOYHO OOJBIION BeposATHOCThbIO. Ilpu
9TOM II0J] OMKA30M B TIPOTpaMMe MOHMMAIOT MPOSIBJICHWE B HEM OIIMOKH.
Takum oOpa3zoM, HajgeXHas HporpaMMa HE HCKIIOYaeT HalIW4usl B HEH
OLIMOOK — Ba)KHO JIMIIb, YTOOBI ATH OMIMOKH MPU MPAKTUYECKOM HpUMe-
HEHHMH 3TOU NMPOrpamMMbl B 3alaHHBIX YCJIOBHSX HPOSBISINCH 1OCTATOYHO
penxo. YOeauTbcs, 4To mporpamMma o0JagaeT TaKMM CBOMCTBOM MOXHO
IIPU €r0 HCHBITAHUM ITyT€M TECTUPOBAHUS, a TAKXKE MPU NMPAKTHUECKOM
NpUMeHeHnH. TakuM o0pa3oM, (aKTHYEeCKH MBI MOXKEM pa3pabaThIBaTh
JIUILb HaJIe)KHbIE, a HE IPaBUWIbHBIE IPOTrPaMMBIL.

Pa3pabatbiBaeMasi porpaMma MOXKET 001afaTh Pa3IM4HON CTEHNEeHBIO
HaaexHocTu. Kak u3smepsaTs 3Ty creneHb? Tak xke Kak B TEXHUKE, CTETIEHb
Ha/ISKHOCTH MOKHO XapaKTepPH30BaTh BEPOSTHOCTHIO PaOOTHI MPOrPaMMEI
0e3 0TKa3a B TeUEHHE OIpPEJEIEHHOro Iepuoaa BpeMeHu. OIHaKo B CHILY
crenupuIecKuX 0COOEHHOCTEH porpaMM OIpeeNIeHUe ITOH BepOITHOCTH
HATAJIKUBAETCA Ha pAJ TPYAHOCTEH.

IIpu oneHKe cTeneHn HaJeXHOCTU MPOrpaMM CIIEAYeT TakKe YUUTHIBATH
TIOCITIENICTBUST KaXKJOro OTKaza. Hekoropble ommMOKM B MporpaMmax MOTYT
BBI3BIBATH JIMIIL HEKOTOpHIE HEYZOOCTBA NMpPU €ro NMPHMEHEHWH, TOrna Kak
JIpyrue OmMMUOKKM MOTYT MMETh KaTacTpo(HUIECKHe MOCIE/CTBHS, HalpuMep,
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YrpoxKaTtb YEeJI0BEUECKOM IKU3HU. HOBTOMy JJIA OLICHKW HAJACKHOCTH IIPO-
T'paMMHBIX CPCACTB MHOI/Ia UCIIOJIB3YIHOT JOMOJHUTCIbHBIC MTOKA3aTC/IN, YIU-
THIBAOIIUEC CTOUMOCTD (Bpe;[) JJIs TIOJIB30BATEIIA KaXK/10I'0 OTKa3a.



1 CxeMsbI nporpamm
1.1 IlpenBapurejibHble MAaTEMATHUYECKHE CBE€HUS
1.1.1 ®ynxuuu u rpadsl

Benem nexoropble cornamieHusi 00 0003HAYEHUSIX 3JIEMEHTOB TEOPUH
MHOXKECTB Y JIOTUKH.

Mnoocecmeo — ecth HAOOp HECOBITAIAIOIINX 00BEKTOB, KOTOPHIE OyIeM
3a/aBaTh SIBHBIM IIEPEUUCICHHEM, W 3aKI04aTh B (UIYpHBIE CKOOKH.
Hampumep: D - MHOXeECTBO THEW HEAENH:

D :{HH, Bm, Cp, Um, IIm, C6,Bc },D1 = {Bm, Cp, Um, IIn, Co, IIm, Bc}

D u D, T. e. HOPSIOK 3JIEMEHTOB HE BayKEH.

Byz[eM HCIIOJIb30BaTh 0003HAYCHHS:

x€eA - x ecTb OJICMCHT, U MPUHAJICIKUT MHOXKECTBY A N

x ¢ A - x HE ABISETCS JIEMEHTOM MHOXXECTBA A.

I[J'IH 0OEeCKOHEYHBIX MHOXKECTB MCTOA MEPCUUCIICHUA SJIEMECHTOB MHOKEC-
CTBa HC NPUMCHUM, IJIA 3TOI'0 HUCIIOJB3YCTCA XapaKTCPUCTHUUCCKOC CBOW-

CTBO A= {X| P (X)} , TAC X — MCPpEMCHHAs, 3HAYCHUAMU KOTOpOﬁ SIBIIAKOTCSA
HCKOTOPHBIC O6’BeKTI>I, ap — CBOMCTBO T€X M TOJBKO TEX 3HAYECHHUU X , KO-

TOpBIC ABJISFOTCS DJIEMCHTAMU 3a/1aBAEMOT0 MHOXKECTBA.

ITycToe MHOXECTBO - MHOXECTBO, KOTOPOE HE COJCPKHUT HHU OIHOTO
sJeMeHTa, obo3Havaercs & .

Ecnu ka bl DJIEMEHT MHOXKECTBA A SBIISIETCS DJIEMEHTOM MHOKECTBA
B, T0 MHOXECTBO A sBISETCS MOIMHOKECTBOM MHOKeCTBa B, Oyiaem
mucatb AC B.

Ecnu x0T GBI OMH DJEMEHT MHOXeCTBA A He ABIAETCA DIIEMEHTOM
MHOXKECTBa B, To MHOXeCTBO A He ABIAETCA MOJAMHOKECTBOM MHOXKE-
crBa B wm 910 3amuceiBaercs A & B .

Hexapmosvim npouszsedenuem A x A, x...x A, muoxcecme A ,4,,...,4

n

n
a, € 4,a, € 4,,...,a, eAn}, a A4

Ha3bIBAETCSI MHOXKECTBO {(a1 s0ys...sd, )

obo3Hauaer Ax Ax...xA (n paz).
Dynxyueil, omobpaxcaiowei mnodcecmeo X 6o muoocecmgeo Y (
F:X — Y ) Ha3zpBaeTcs MHOXKECTBO F < X xY Takoe, 4TO Ui JFOOBIX

map (x,y)eF u (x,)')eF us x=x" cnenyer, uto y=y'.
MHOecTBO {x|(x, y) eF } — obnacmv onpedenenus (ynkuun F
(MHOXXECTBO 3HAYCHUIN €€ apryMeHTa); MHOXXECTBO { y|(x, y)e F } — 00-

nacmo 3navenutl GyHkoun F .
10



Oynkuo F: X — Y Ha3BIBAOT n-mMecmHou QyHKyueli Hal MHOXe-

ctBoM A ,ecit Y=Au X =A4".
Tlpeduxamom Ha3pIBAIOT (QYHKITUIO, 00JIACTHIO 3HAYCHUN KOTOPOH 5B-

JISIeTCS. MHOXKECTBO CUMBOJIOB-IIH (P {O,l}. IIpenukar P: X — {O, 1} uc-
munen 114 x € X eciu P(x) =1, u noorcen, ecnu P(x) =0. OtHomeHuE

Ha MHOKeCTBe X — 3TO IBYXMECTHBIH npeaukat P: X* — «{O, 1} .

Angasumom HA3BIBAIOT HEMYCTOC KOHEYHOE MHOXKECTBO CHUMBOJIOB.
Hanpuwmep, ¥, ={a,b}, v, ={0,1} A ={a,+, 1, =} — andasurel. Crosom 6
angasume V Ha3bIBACTCS KOHCUHBIA OOBEKT, IMONYYaCMBIH BBIMTUCHIBAHH-
€M OJIHOrO 3a JAPYIMM CHMBOJIOB }' , Hanpumep, a+1=1+a — cnoBo B an-
¢basure V,, 101011 — cnoso B andasure V,, abaab — cnoso B andasure
V.. Jnuna cnosa — 4ucno CUMBOJIOB B HEM, 1yCimoe CJi060 HE CONEPKUT HU
OJTHOT'O CHIMBOJIA.

*
Mnoocecmeo ecex cnos 6 argpasume V ob6o3Hauaercst V.
N-MeCmHOU C08APHOU (yHKYuel Hao angasumom V Ha3bIBAIOT 1 - MECT-

Hyio hyHKImIo Han V', 1. e. yrxmmo us V' xV x..xV" (npas)B V.
Hanpasnennviv gpagom HazwpBaercs poiika G = (V, E ,CD) ,Te V- MHo-

JKeCTBO BepinH, £ — MHOXecTBO yr, a @ — dynkimst u3 E B (Vu{a)})z,
wegV . Jyra e HaspBaercs exooom Tpada, eciu CD(e) = (a),v), JUTS
Ve Vu{a)} ; GHYympeHHeli, eClu CD(e) = (vl,vl) s v,v, €V ; evixodom,
€CITn CD(e) = (v,a)) ), i veV u{a)} . lyra e, sSBASIOIIAACS OJHOBPEMEHHO

Y BXOJIOM U BBIXONOM Tpada, Ha3bIBACTCS Gucsuell, I Hee CD(e) = (a),a))

Jlyru, He SBJISIONMECS BHYTPEHHUMHE, HA3bIBAIOTCS TAKXKE CBOOOTHBIMU.

Jyra e unyudenmmna BEPUIMHE Vv, €CIIH ¢ BBIXOIUT U3 V MM BENET B V.
JIBe Jyru cmedicHble, €CIU CYIIECTBYET XOTs Obl OTHA MHIMACHTHAS UM 00eHM
BepimHa. BepiiHa v Ha3bIBaeTCs HACICOHUKOM BEPUIMHBI V', €CJIH B rpade

MMEETCs XOTs OBl OJTHA Takas JTyra, 4ro O (e) = (v', v) .
N306paxceHHsblil Ha pucyHke 1.1 rpad G, comepxut 4 BepLIUHBL, § OYT.
Jyra e, — BXoOHas, Oyra e, — BBIXOJHAs, Oyra €, — BHCSYasl, OCTAJIbHbIC

AYru BHYTPpCHHHMC, BEPIIMHBL Vv, W V; HACJICAHUKHN BCPUIMHBI V), .
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Puc. 1.1. I'pad G,

ITymem B Tpade G HA3BIBAETCS TOCTENOBATENBHOCTD VeV, ... AYT U

BEpIINH, TaKas, 4TO I BCEX i CI)(e[) = (v[,v,

1) OOpasoM myTn HasbiBaet-
Cs CIIOBO, COCTaBJI€HHOE U3 MOMETOK IPOXOAUMBIX YT H BEpILHH.

JlBe BepuIMHBI V,,V, Irpada G HA3bIBAIOTCS CEA3AHHLIMU, ECIIU V, =V,
WU CYMIECTBYET MapIIpyT e,...,e, Ipada G TakoH, 4To Ayra e, HHIU-

JACHTHA BEPLINHE V,, a Ayra e, — BCPUIMHE V, .

1.1.2 Be1yucauMoOCTh U pa3pelinMoCTh

[IpuBeneHHOE BHINIC ONpeneicHue (GYHKIUU HE COMCPKUT yKa3aHWU O
TOM, KaK Jyis 3aJIaHHBIX 3HAYEHUH apryMEHTOB MOJYYHTb COOTBETCTBYIO-
e 3HaueHus ynkiun. Ilenecoodbpazno mepedopMymupoBaTh 3TO Ompe-
JIEICHUE TaKUM 00pa3oM, Y4TOOBI OHO COIEPIKaI0 KOHCTPYKTHBHYIO MPOIIe-
ypy, WIH aJITOPUTM, HAXOXKJICHUS 3HAYCHUH () YHKIIHH.

TeropuHT (QopMaNH30BaT CHOCOO TMONYYCHHS 3HAYCHUN BBIYHCITAMON
(YHKIIMU ¢ TIOMOIIBI0 A0CTPAKTHOH «MATEMAaTUYCCKOW MAITHHBDY, BBIYUC-
JISONIeH 3HaueHWs (YHKIMU 10 3HAYCHHSIM e¢ apryMeHToB. KoHKpeTHas
MamHa ThIOpUHTa 3a/Ja€T KOHKPETHYIO BBEIUHUCIUMYIO (DYHKIMIO H €ro
TUIoTe3a (Te3Wc) COCTOsUIAa B TOM, YTO Kaxaas (yHKIUS, UIT KOTOPOH Cy-
LIECTBYET AJITOPUTM HAXOXKJIEHHUSI €€ 3HAYEHW, MpelcTaBUMa HEKOTOPOM
mamHoW ThlopuHra, T. e. siBisieTcs BblunciauMoi. Tesuc TrropuHra He
MOXKET OBITh JTOKa3aH, TaK KakK Hapsay ¢ (GOpMabHBIM MOHATUEM BBIYHC-
JIUMOU (DYHKITUH OH COJIEPKUT IMITUPHUCCKOE TTOHATHE aITOPUTMA.

Mawuna Teropunea T 3amaer cnoBapHYI0 (QYHKIMIO HaJ HEKOTOPHIM
angaBuToM V¥ W TpencTaBiIseT cOOOH ONMUCaHWe MAaIIWHBI - HAO0p

(F ,0.q,,#,1 ) - ¥ TpaBWIO (DYHKITMOHUPOBAHUS, OOIIEee I BCEX MAIIIVH,
rie
V' - angaBuT MalIuHEI,
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(O - KOHEYHOE HEeMYyCTO€ MHOXECTBO CHMBOJIOB, Ha3bIBAEMBIX COCTOS-
HUSIMU MaIIHHBI (Q NV = @) ;

qdy - BI)II[eJ'IeHHHﬁ 9JICMCHT MHOXKECCTBA Q, Ha3bIBaeMBIA Ha9aJIbHEIM CO-

CTOSTHUEM;
# - crienUaNIbHBIN «ITYCTOM» CUMBOJI, HE MpUHAANEKamuid HU V', HU Q ;

1 - mporpamMMa MarMHEL.

IporpaMma MaIllHHBI - 5T0 KOHEYHOE MHOXKECTBO CIIOB BUIAa ga — q'a'd ,
Ha3BIBAEMBIX KoManoamu, TIE ¢,q € O, a,a’' eV U {@} ; — - BCIIOMOraresb-
HBIN CUMBOJI-PA3JIENIUTEND; ¢ - SJIEMEHT MHOYKECTBA {l .7, p} , COIIEPIKAILETO TPH
CIIENUANTBHBIX CUMBOJIA, KOTOPHIX HeT HU B V , uu B Q . B mporpamme / Hu-

KaKne€ IBC KOMaH/bl HC MOT'YT UMCTb OJMHAKOBYIO Mapy IMCPBLIX IBYX CUMBO-
JIOB.

# a b c d ¢ #
YnpapieHue
IIporpamma CoctosiHue

Puc. 1.2 Mammna Tsropunra
MaliHa COCTOUT M3 MOTEHIUATBHO OCCKOHEUHO# JICHTHI, YIPABICHHUS U
TOJIOBKH, TIEpEeMEIIaeMOi BJIOb JICHTHI (CM. puUcyHOK 1.2). JlenTa pa3oura
Ha KJIETKH, KOTOPbIC MOT'YT COJIEpPKaTh CUMBOJIBI U3 anaBuTa V' Win ObITh
MYCTBIMH, T. €. COACPKaTh CUMBON #. YTpaBlieHHe Ha KaXJIOM Inare pado-
TBI MaIIMHBI HAXOAUTCS B OJTHOM M3 COCTOSHHUN Q , paciiudpoBbIBaeT mpo-

rpaMMy, KOTOpasi OJHO3HAYHO OIPECIIACT MOBEICHUE MAIITMHEI U YIIPaBJIs-
€T TOJIOBKOM. ['0I0BKa B KaXKIBIil MOMEHT PaCIOJIOKEHA MTPOTHB HEKOTOPOI
KJICTKH JICHTHI ¥ MOXKET CUUTHIBATH CUMBOJIBI C JICHTHI, 3aIMCHIBATh UX HA
JICHTY ¥ TIEpEeMENIaThCs B 00€ CTOPOHBI BIIOJH JICHTHL. MaruHa (yHKIHOHU-
pyer cieayromuM o0pa3oM. B HauanbHBI MOMEHT Ha JIGHTE 3aIllcaHo He-
KOTOpOE CIIOBO U3 V', a ynpaBeHHe HaXOAUTCS B HAYAIbHOM COCTOSIHUM ¢, .

HavasnbHoe cI0BO, paBHO KaK U CJIOBA, MOSABIIAIOIIMECS B IpoLecce paboThI
MaIllMHBI, OTPaHUYEHO C IBYX CTOPOH ITYCTHIMH CHMBOJaMH #. I onoBka 060-
3peBaeT KpalHHI cleBa CUMBOJI 3aJaHHOTO CIIOBA.
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PaGoTta MalmHbI COCTOUT B MOBTOPECHHH CIICTYIOIIETO IUKIIA dJIeMEHTap-
HEIX JEUCTBUIA:
1) cuMThIBaHUE CHMBOJIA, HAXOMASAIIECTOCS MPOTUB TOJOBKHY,
2) MOWCK MPUMEHHUMOM KOMAHJIbI, & MIMEHHO TOM KOMaHabl qa — q'a'd , B

KOTOpPOH ¢ - TEeKyIllee COCTOSHUE YIPABICHHUS, ¢ - CIUTaHHbII CHMBOIT;
3) BBINOJHEHHE HAWICHHON KOMaHJIbI, COCTOSINEE B TEPEBOJC YIIPABICHUS B
HOBOE COCTOSIHHE ¢’ , 3aIIMCH B 0003pEBaEMyIO TOJIOBKOI KJICTKY CHUMBOIA

a' (BMECTO CTHPaEeMOro CHMBOJIA ¢ ) U TOCIICAYIOIIEM MEPEMEIICHUN To-
JIOBKH BIPABO, €CU d = r , BIEBO, €CIU d =/, UJI COXPAHEHUHU €€ B TOM
e TOJIOKCHUH, ecli d = p .

MarmuHa OCTaHAaBIMBAETCA B TOM U TOJBKO B TOM Cllydae, €ClIM Ha Ode-
PEIHOM Iare HU OJHA M3 KOMaHJ He IpuMeHuMa. Pe3ynbraT paborel ocTa-
HOBUBIIIE}CS MAIIIVHBI - 3KTFOUUTENLHOE CIIOBO HA JICHTE.

Mammna TrlopuHra, nepepadaTbiBas HauajbHBIE CIOBa Ha JICHTE B 3a-
KJIIOUUTEIIbHBIE, 3a/1a€T CIIOBAPHYIO (DYHKIIMIO, IS KOTOPO HayalbHbIE CIIO-
Ba - 3HAYEHUs apryMEHTa, 3aKIIOYUTENbHbIe - 3HaueHus QyHkuuu. (duas
HpeACTaBIIeHHUs N-MECTHOM (hYHKIMM HayaJbHOE CIOBO Ha JIEHTE MMeEeT
Bup #a, #a, #...#a, #, r1e noAciIosa a,,d,,...,d, HE COIEPKAT CUMBOJIA

#). Eciin mammHa He ocTaHaBIIMBaeTcs, Ha4aB pabOTy ¢ HEKOTOPBIM CJIO-
BOM Ha JICHTE, TO (PYHKIIHSA, 3ajaBacMasi MallTHHOW, CYUTAETCS HEOIpeIe-
JICHHOW JUUIsl 3TOTO ciioBa. TakuMm oOpa3zom, mammmHa Triopunra 7 3amaer
YacTUUHYIO (QYHKIMIO F, U cnoco0 BBMUCIEHUS ee 3HaueHuil. XoTsa Ma-

IUHBl THIOpUHTa ONEPUPYIOT CO CIIOBAaMH, OHU MOTYT 33JaBaTh U YUCIIO-
BbIe (DYHKIIMH B CHJTy YCTAHOBJICHHOH BBIIIE CBSI3U MEXKIY CJIOBAMHU U YHC-
JIaMU.

[o onpenenennto, pyHkms F sBisercss (4aCTUYHO) BBIYUCIUMOM, ec-
1M cymecTByeT MamuHa Telopunra 7' Taxad, 4to F, = F . Jl19 MalIuHbI

TriopHHTa, KaK U IS BCEX APYTUX (GOPMAIBHBIX CIIOCOOOB 3aIaHUs ajro-
PHUTMOB, BKIIFOYasi mporpamMMmbl Uit DBM, XapakTepHbI CIEIYIOIIHE CBOM-
CTBa:

1) KOHCTPYKTHUBHOCThH - MamiuHa ThIOpUHTa MPECTaBIIIET COOOM KOHEY-
HBIA OOBEKT, MOCTPOEHHBIA MO OMPEe/ICHHBIM MpaBHiIaM K3 0a30BBIX
00BEKTOB,

2) KOHEYHOCTD - MPOIECC HAXOKCHUS 3HAUECHUHM (DYHKIUU IS T€X 3Ha-
YeHUU apryMEHTOB, JJIsi KOTOPHIX OHA OIpEeeNieHa, COCTOMT U3 KO-
HEYHOI'0 YKCJIA [IaroB;

3) OJHO3HAYHOCTH - PE3yAbTAT PAOOTHI MANINHBI €JUHCTBEHHBIM 00pPa3oM
OIpeIeIISIETCS HAYaIbHBIM CIIOBOM;
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4) MaccoBOCTb - MalllMHA paboTaeT ¢ JIIOObIM Ha4daJbHBIM CJIOBOM Ha JICH-

Te, COCTaBJICHHBIM U3 CHMBOJIOB €€ aJipaBuTa.

Mammnaa TeropuHra OfHO3HAYHO 3a7aercsi cBoed mporpammoi. Ecmu
YIIOPSIOUUTh €€ KOMaH/bl M 3aKOIUPOBATH ITOCIIE0BATEIBHOCTh KOMaH/I
CJIOBOM B aJpaBUTE MAIIMHBI THIOPHHTA, TO MOXKHO TIOJIYYUTD €€ OIMCaHne
B COOCTBEHHOM asi(haBHTE.

[Tpn n3ydeHun cBoiicTBa MporpaMM M UX MaTeMaTH4ecKHX aOCTpakiui
— CXE€M TpOorpaMM, LEINbIO SBJISIETCS aBTOMAaTHU3alMs IPOrpaMMHUPOBAHUS, B
TOM YHCIIe aBTOMATHUECKUI aHaJIM3 CBOWCTB NMPOrpaMM U UX MpeoOpa3oBa-
HUSI, OCYILECTBIIIEMBIE C MIOMOIIBIO APYTHX, CIIEHHUANBHBIX TporpaMM. [lo-
9TOMY MHTEPECYIOT aJI'OPUTMBI, KOTOpPbIE MO ObI MO JIIOOOW NpeIbsB-
JICHHOH TporpamMMe YCTaHOBHTb, 3aBEPIIUT JH OHA PabOTy WiM Oyaer
«UUKINTB», JAIOT JIM JBE IPOrPaMMBbI, UCXOAHAs M ONTHMH3WPOBAHHAs,
OIMH M TOT XK€ PE3YJbTAaT, SIBJISETCS JIM NporpaMma CHHTaKCHYECKH Ipa-
BWIBHOMU U T. 1.

MaccoBbie alnropuTMHU4ecKUe IPodIeMbl (OPMYIUPYIOTCS CIEIYIOIINM
obOpa3oM. HeoOXoanMo yka3aTh aqropuT™, KOTOPEIH OBl ompenernsii, o0ia-
JIaeT JIM TpeNbsIBICHHBIN 00BEKT N3 HEKOTOPOro Kiacca 00BEKTOB MHTEpe-
CYIOIIMM HAC CBOMCTBOM, TIPHHA ICKHT JTH OH MHOXECTBY M BceX 00bEK-
TOB, 0OJIaZIAIONIMX 3TUM CBOMCTBOM. Ecimn cymiecTByer Takod 4acTHYHBINA
aJITOPUTM, TO TOBOPST, YTO MHOXKECTBO HEPeUlUCIUMO, a TIOCTABIICHHAs Mac-
coBasi aJirOpUTMHUUEcKas npobiema yacmuuno paspewuma. Ecim asror an-
TOPUTM K TOMY K€ BCIOJly ONpeelieH, TO MHOXecTBO M  paspewumo n
TIOCTaBJICHHAs npobiema Takxke pazpewtuma. CymecTBYIOT Hepa3pelumMble
IpoOJIEMBI U a)ke TPOOJIEMBI, KOTOpPBIE HE SIBIISTIOTCS YaCTUYHO pa3pelin-
MBIMH, YTO CBHJETEIHCTBYET O CYIIECTBOBAHUU HEBBIYUCIUMBIX (DYHKIIHH.

[Tycte V' —andasur, M < V' — MHOXECTBO CIIOB B V.

Xapaxmepucmuueckoti ghynkyueti mHoxcecmea M Ha3bIBaeTCsS Npeau-

kar F, .V — {O, 1}, BCIONly OMpesieNeHHblii Ha V' :F,, (a) =1 ecnu
aeM,uF,=(a)=0,ecnagM .

Yacmuunas Xapaxkmepucmuueckas gyuxyus mnoocecmea M —— 310
dynxums H,, V" — {1}, onpenenennas Tonbko ms cnos u3 M 1 umeto-

was Bun H,, (a)=1 nnsBeex aeM .

MuoxecTBO M Ha3BIBaeTCS paspeuiumsbiM, €CIIU ero XapaKTepucTuye-
ckast (yHKIMSA BhruciuMa. MHoxecTBO M nepeuucaumo, eciv e€ro 4a-
CTHYHAs XapaKTepUCTUUecKass (QyHKIMs BBIYUCITHMA. Pa3permmMocTs MHO-
xecTBa M o03Hauaer, 4To CyIIECTBYET BCEria OCTaHABIUBAIOMIASICS (OKaH-
yuBaromas padoTy 3a KOHEYHOE BpeMsl) MaliiHa THIOPHUHTA, TO3BOJISIONIAS
JUIsl JII000ro cinoBa B andasure J yepe3 KOHEYHOE YHMCIIO IIaroB yCTaHO-
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BUTb, IPHHAUIEKUT JIX 3TO CIOBO MHOXecTBY M wumu Her. Ilepeuncinu-
MOCTh MHOXKecTBa M 0O3HaYaer, 4To CyliecTBYeT MalnHa ThIOpUHTa, KO-
TOpasi OCTAHABIUBAETCA B TOM U TOJIBKO TOM CIlIydae, €CII NpeabsBICHHOE
CJIOBO NPHHAUIEKUT MHOXECTBY M .

IMpusenem 6e3 HOKa3aTENbCTBA HECKONBKO BAXKHBIX TEOPEM.

*
Teopema (Ilocm). MHOXecTBO M C V' pa3pemuMo TOoraa U TOIbKO TO-

ria, korma M u ero nononHenne M' =V \M nepedncianmsl.

Mammna TelopuHra, Ha4aB padOTy, WIIM OCTaHABIMBAETCS, WK paboTa-
eT 6eckoHeuHO. [IpobiieMa OCTAHOBKU (POPMYITUPYETCS CIEAYIOIUM 00pa-
30M. [lyctb M — MHOXXECTBO Bcex map cJioB B ajdaBute V , B KaXI0H Ia-
pe TIepBOe CIIOBO — CIIOBapHOE IIPE/ICTAaBICHHE HEKOTOPOW MaIlMHBI
TrropuHra, BTOpoe — Takoe CJOBO, YTO 3Ta MallllHA OCTaHAaBIIMBAETCH,
Hayap paboTy HaJ HUM. SIBIsieTcs TH MHOXeCTBO M Hepaspenmmbim?

Teopema (Tvropune). [Ipodbaema ocTaHOBKM MalIuHb THIOPUHTA HEpas-
peumma.

IMocnennss TeopemMa JEMOHCTPHPYET CYIECTBOBAHHE HEBBIYHUCIMMBIX
¢bynkuuid. 13 Tesuca ThIOpHHTa CIEAYET, YTO UTs HEPA3pEIINMBbIX IPOOIeM
HEJIb3s TIOCTPOUTH allTOPUTM, KOTOPBIH peliai Obl UX, HAPUMEp, ¢ MOMO-
mpero OBM.

[TpoGriema 3aMKIMBAHUS COCTOUT B CIIEAYIOIIEM: CYLIECTBYET JIH ajro-
PHUTM, XOTs1 ObI YaCTHBIN, KOTOPBIA BBIACHSACT 3apaHee sl MPOU3BOIBHOM
MamuHbl ThropuHra, OyaeT 1 oHa paboraTh OECKOHEYHO.

Teopema. TIpobneMa 3alUKIMBaHKUS MAIIUHBl THIOPHUHTA HE SBIAETCS
YACTUYHO Pa3pelInMOii.

1.1.3 IIporpaMMbI 1 cXeMBbI IPOrPaMM

CxeMbl nporpaMm - 5TO MAaTEMATUYCCKUC MOJICIN NpOorpaMm™, OITUCHI-
Baromure CTPOCHUC IMPOrpaMMbl, WIN TOYHEEC CTPOCHUC MHOKECTBA IIPO-
rpaMM, I'i¢ KOHKPETHBIC ONcpalunu U (l)yHKHI/II/I 3aMCHCHBI a6C’I‘paKTHHMI/I
(byHKHI/IOHaJ'H)HBIMI/I U NpeAUKaTHbIMU CHUMBOJIAMH. CJ'IC)IyIOIJ_II/Iﬁ npumep
nporpaMm BBIYUCIICHUSA (baKTOpI/IaJ'Ia n!' u nepeBOpavYrBaHus CJIOB MOSACHS-

€T pa3Iu4die MeX 1y IPOrpaMMaMH U HX CXeMOH S, .

begin integer x,y; begin integer x,y; begin
BBOZL (X) ; BBOZL (X) ; BBOZL (X) ;
y:i=1; yi=¢; y:i=a;

L:if x=0 then L:if x=0 then L:if p(x) then
goto L1; goto L1; goto L1;
y:i=x*y; y :=CONSCAR (%, y) ; vi=g(x,y);
x:=x-1; x:=COR (x) ; x:=h (x);
goto L; goto L; goto L;

Ll:BeBOLO(Y) ; Ll:BuBOn (V) ; Ll:BeBOO(Y) ;
end end end
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@ynaknust CONSCAR (cynmepriosunusi GyHknuii CONS u CAR H3 s3bIKa
Jlucn) mpunuceIBaeT nepByr0 OyKBY HEPBOTO CIOBa KO BTOPOMY CIIOBY
(T. . CONSCAR (a6, B)=aB), a pyHkuus CAR cTHUpaeT NepBylo OYKBY
cinoBa (T. . CAR (aB) =0).

1.2 CrannapTHbIe CXeMbl IPOrpaMM
1.2.1 Ba3uc ki1acca CTAaHIAPTHBIX €XeM NPOrpaMm

Crannapraeie cxembl nporpamMM (CCII) xapakrepusyroTcst 0a3ucom u
CTPYKTYypOii cxeMbl. bazuc kiacca ¢puKcUpyeT CUMBOJIBI, U3 KOTOPBIX CTPO-
SITCSL CXEMBI, YKa3bIBaeT UX POJIb (TIepeMeHHbIe, ()yHKIIMOHAIBHBIE CHMBO-
JIBL ¥ JIP.), 33Ja€T BUJ BEIPAYKEHUH U OTIEPaTOPOB CXEM.

Honwetit 6aszuc B xknacca cmandapmuwvix cxem COCTOUT U3 4-X HENepe-
CEeKAIOUIUXCs, CYETHBIX MHOXECTB CHMBOJIOB M MHOXECTBa OIIEpaTo-
POB - CJIOB, IOCTPOEHHBIX M3 3THX CHMBOJIOB.

MHoKecTBa CHMBOJIOB TTOJIHOTO 0a3uca:

1) X={x,x1,x2,...,y,yl VyseesZs zl,zz,...} - MHOXECTBO CHMBOJIOB,
HA3BIBACMEBIX HepeMeHHbIMU,
_[rO £0 @ o L0 SO © 70 7
2) F={fO " f?,...g" g, g%, KWV h? .} - wHOWe-

CTBO (YYHKYUOHAILHBIX CUMBOI08; BEPXHUI CUMBOJI 33]1a€T MECHHOCHIb
CUMBOA; HYTbMECTHBIE CMMBOJIbI HA3bIBAIOT KOHCTAHTAMH M 0003HA-
YaroT HAYaJbHBIMU OYKBaMU JIATHHCKOTO ajdasura a,b,c,...;

3) P= {p(o),p(l),p(z),..., q%,q", q(z),...} - MHOJKECTBO NDEOUKAMHbIX

cumeonos; p'»,q® - HymLMeCTHBIE CHMBOJIBI HA3bIBAIOT JOTUYECKUMU

KOHCTAHTaMU,;
4) {start, stop,...,:= ¥ T. 1.} - MHOKECTBO CIICIUATHHBIX CUM-

BOJIOB.

Tepmamu (yHKYUOHATLHBIMU 8bIPAdICEHUMY) HAZBIBAIOTCS CIIOBA, TO-
CTPOEHHBIE U3 MEPEMEHHBIX, (DYHKIIMOHAIBHBIX U CHEIUATBLHBIX CHMBOJIOB
MO CIEAYIOUIUM MPaBHIAM:

1) OIHOCHMMBOJIBHBIE CJIOBA, COCTOSIIUE U3 IEPEMEHHBIX UJIM KOHCTAHT,

SIBJISIFOTCSI TEPMAaMM;

2) cnoso 7 Buga [ (7,,7,,...,T,), TA€ 7,,T,,...,T, - TEPMBI, sBISETCA

n
TEPMOM,;
3) Te M TONBKO TE CJIOBA, O KOTOPBIX TOBOPUTCS B IL 1. 1,2, SIBIISIOTCS TEPMaMHU.

Ipumepst tepmos: x, [ ,a, V' (x),g? (x, h? (, a)).
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Tecmamu (102ueckuMU 6bIPAdNCEHUAMY) HAZBIBAIOTCS TOTUYECKUE KOH-
crantsl 1 cnosa Buta p" (7, 7,,...,7,).

Ipumepv: p», p* (x), g? (x, y,z),p(z)(f(2 (x,y)).

Jlonyckaercst B (DYHKI[HOHATIBHBIX U JIOTHYECKUX BBIPAKEHUAX OMYCKATh
MHJIEKCHI MECTHOCTH, €CJIH 3TO HE MPUBOIUT K BYCMBICICHHOCTH UITH TPO-
TUBOPEUHIO.

MHOECTBO OIEPATOPOB BKIIFOYAET IISITh TUTIOB:

1) Hauanvuvii onepamop - CIOBO BUA start(xl,xz,..., X, ), rae k>0, a

Xi5Xy5eeey X, = HEPEMCEHHBIC, HA3BIBAEMbIC PE3YJIBTATOM 3TOI'0 OIICPATOPA,

K

2) 3axmouumenbHbuIl onepamop - CIOBO BUIA stop(rl,rz...rn), rae n>0,

a 7,,7,,...,7, - TCPMbl; BXOXIACHUA IICPEMCHHBIX B TCPMbl 7 Ha3bIBa-

n
I0TCS apeyMeHmamu 3TOro onepamopa;
3) onepamop npuceaueanusi - CIOBO BUAAX:=T , TIe X — NEpeMEHHas
(pesynomam onepamopa), a T - TEPM; BXOXKJCHHS [TEPEMEHHBIX B Tep-
MBI Ha3bIBAIOTCS ap2yMeHmamu 3TOT0 onepamopa,
4)  ycnosuwiil onepamop (TECT) - JOTMUECKOE BHIPAKEHUE; BXOXKICHHS TIe-
PEMEHHBIX B JIOTMUYECKOE BBIPA)KEHUE HA3bIBAIOTCA ap2yMeHmamu 3To-
TO onepamopa,
5) onepamop nemau - OMHOCUMBOJILHOE CJIOBO loop.
Cpenu orepatopoB MPUCBAMBAHUS BBHIIEIUM CIIy4au: KOTaa 7 - Iepe-

MEHHasl, TO ONepaTop Ha3bIBACTCS nepecbuikoil (X:=y) M KOria 7 - KOH-
CTaHTa, TO ONEpaTop HA3bIBACTCS 3aCbLIKON (X =a).
TToaKIacChl MCTIONB3YIOT OrpaHHueHHbIe Gasuchl. Tak, HampuMmep, ToJ-
xace Y, umeet Gasuc:
1 1
{x, %}, {a,f()}, {p()}, {start, stop,(,),:=,,!d MHOKECTBO

omepatopoB {start (x;,x;); xi:=f(x1), =x,:=f(x3), x;:=a,
x,:=a, p(x1), p(x), stop(xi, X,)}, T.€ CXEMBI U3 3TOTO IMOI-
KJlacca HCHONB3YIOT JIB€ TEepEeMEHHbIE, KOHCTaHTy a, OJUH OJJHOMECTHBII
(hYHKIIMOHATBEHBIN CHUMBOJI, OIVH MPEAUKATHBIN CHMBOJ U OTIEPATOPHI YKa3aH-
HOT'O BUA.

1.2.2 I'padoBas ¢popma cTaHIAPTHOI CXeMbI

[IpencTaBuM cTaHAApPTHYIO CXeMy IpOrpaMM Kak pa3MedeHHbIH rpad,
BEpLIMHAM KOTOPOT'O ITPUIMCAHBI OIIepaTOphl 3 HEKOTOporo 6asuca B .
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Cmanoapmuoii cxemoti B 6a3uce B Ha3pIBaeTcs KOHEUHBIH (pa3MedeH-
HBII OPHEHTHPOBAHHBIN) rpad 0e3 CBOOOMHBIX IYT U C BEPIIMHAMH CIIEIy-
FOIIUX TISITU BUJIOB:

1) Hauanvuas eepwuna (POBHO OJHA) TIOMEUYEHA HAYaJIbHBIM OIEPATO-
pom. M3 Hee BBIXOJMT POBHO OonHa Ayra. Her ayr, Beaymux K Hayailb-
HOU BEpUINHE.

2) 3Baxmouumenvhas eepuiuna (MOXeT OBITh HECKONBbKO). [lomeueHa 3a-
KJIIOUUTENIEHBIM orepaTtopoM. VI3 Hee He BBIXOAWUT HU OIHOMU JIyTH.

3) Bepwuna-npeodpazosamenv. IloMedeHa OIEepaTopoM NPUCBAWBAHUS.
U3 Hee BBIXOAUT POBHO OJ[HA JIyTa.

4) Bepwuna-pacnosnasamens. TloMeueHa YCIOBHBIM OIEpaTopoM (Ha3bI-
BaeMbIM YCIIOBHEM JaHHOM BepIIHMHBI). 113 Hee BHIXOJWUT POBHO JIBE Y-
ru, moMmeueHHbie 1 (JieBas) u O (mpaBast).

5) Bepwuna-nemusa. Tlomeuena omepatopoM meriid. 3 Hee HE BBIXOIUT
HU OFHOM JTyTH.

KoHeuHoe MHOXKECTBO MIEPEMEHHBIX CXEMBI S COCTABIIAIOT €€ MaMATh X .

W3 onpenenenus cienyer, 4To OAMH U TOT XK€ ONEPaTOpP MOXKET MoMe-
YaTh HECKOJIBKO BEPIIMH CXEMBI. BepunHbl IMeHYIOTCSl (METKH BEPILIHHBI)
LIEJIBIM HEOTPULIATEIbHBIM YU CIIOM (O, L2,.. ) . HauanbHag Bepiza Bceraa
noMeyvaercst MeTkoi 0.

Cxema S Ha3bIBaeTCs NIPABWIBHOM, €CIHM Ha KaXKJIOW Ayre 3aJaHbl BCE
NIEpEMEHHBIE.

Ipumep npasunsHoit CCII S, B rpadooii hopMme puBeaEH Ha PUCYH-
ke 1.3, a).

Bepuunst n300paKeHbI MIPAMOYTOJIbHUKAMH, a BEpLIMHA-
pacno3HaBatenb - oBasioM. Omneparopbl 3alHMCaHbl BHYTPHU BEPIIUHBI (pHC.

5 y:=g(x,y) 5 5 y:=CONSCAR(xy)

Stop(y) ‘ 3

Stop(y) ‘ 3

Puc. 1.3 CrangapTHbie cXeMbl IpOrpaMm
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1.2.3 JInneiinas ¢opMa cTAaHIAPTHOI cXeMbI

[ ucnionp3oBanust muHeHHOH Gopmbl CIIIT MHOXKECTBO crienMallbHBIX
CHMBOJIOB pacUIMpPHM JIONIOJHUTEIbHBIMU CUMBOJIAMH {:, goto, if,
then, else}. CIIII B yimHEHHOW (opMe TPEACTABISACT COOOH MOCIENO0-
BaTEJILHOCTD UHCHIPYKYULL, KOTOPAst CTPOUTCS CIEAYIOIINM 00pa3oM:

1) ecnu BBIXOmHAs JAyra HayaJllbHOM BEpIIMHBI C OMeparopoM start
(xl,xz,...,x,c) BEJIET K BEPIIMHE C METKOW L, TO HAa4aJlbHON BEPLINHE
COOTBETCTBYET UHCTPYKLUS:

0: start(x;, ..., x,) goto L;

2) eciu BepIIMHA CXeMBI S C METKOH L - mpeoOpa3oBateb ¢ OIepaTopoM
MIPUCBANBaHMsS X :=T, BBIXOJHAs Jyra KOTOPOI'O BEJIET K BEpPLIMHE C
MeTKo# L1, To 3ToMy peoOpa3oBaTeio COOTBETCTBYET HHCTPYKIIUS:

L: x:=1 goto LI;
3) ecnu BeplIMHA ¢ METKOH L - 3aKJIIOYMTEIbHAS BEpIINHA C OIIEPaTOPOM

stop (Ti,...Tn), TO €W COOTBETCTBYET UHCTPYKLHUS
L: stop(Tti,.-+/y Tm)s
4) eciu BepIIMHA C METKOW L - Paclio3HaBATENb C YCIOBHEM P (T, . . . Ty),

mpuyeM 1-myra BeJeT K BepIllMHe ¢ MeTkoi L1, a 0-ayra — K BepIIUHE C
MeTKo# L0, TO 3TOMY paclo3HaBaTeNI0 COOTBETCTBYET MHCTPYKIIHS
L: if p(11,...7x) then L1 else LO;
5) ecnu BepHIMHA C METKOHM L - TIETJIS, TO € COOTBETCTBYET MHCTPYKIIUS
L: loop.
OOBIYHO MCMOJB3YETCs COKpallleHHas 3arich (oImycKkanue MeTok). [loHast
u cokpanieHHas uHeitHble popmbl CCII nprBeneHb! Hibke

0: start(x) goto 1; start (x);
1l: y:=a goto 2; yi=a;
2: If p(x) then 5 else 3; 2: If p(x) then 5 else 3;
3: y:=g (x, y) goto 4; 3: y:=g(x, Vy);
4: x:=h(x) goto 2; x:=h(x) goto 2;
5: stop(y): 5: stop(y):
a) 0)

1.2.4 UnTepnpeTanys CTAHAAPTHBIX CXeM IMPOrpaMM

CCII He sBRsIeTCS 3alUChI0 AITOPUTMA, TTOATOMY TO3BOJISIET UCCIIENO-
BaTh TOJILKO CTPYKTYpPHBIE CBOMCTBAa MpOrpamMm, HO HE CEMAHTHKY BBIYHC-
nenuil. [Ipy mocTpoeHUN «CEMaHTUYECKOW» TEOPUU CXEM MPOrpamMM BBO-
nutcs nonstue uaTepnpetanus CCIL. Onpenenum 3710 NOHATHE.
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ITycts B HekoTOpOM Gasuce B ompexneneH knacc CCIL. Uumepnpema-
yueu b6aszuca B 6 ooracmu unmepnpemayuu D wHazpBaercs QyHkms [,
KOTOpAst COTIOCTaBJISICT:

1) xaxmol nmepeMeHHOW x W3 Oa3uca B - HEKOTOpHIH dyeMeHT d =/ (x)
u3 obnactu uHTepnperamyu D ;

2) KaxI0H KOHCTaHTe a M3 Oa3uca B - HEKOTOpBIHA dieMeHT d = [ (a) u3
obnactu unrepnperaimu D ;

3) kaxaoMy (QyHKIMOHAJIEHOMY CUMBONY f ) _ BCIOJIy OIpEIEIECHHYIO
GyHKIHIO F=I(f("));

4) Kaxol TOrMuecKoit koHCTaHTe p° - OJMH CHMBOJ MHOXKECTBA {O, 1} ;

5) KaxIOoMy NpeIuKaTHOMY CHMBOIY p(") - BCIOly ONIpEJENeHHbIN mpe-
muxar P = I(p(")) .

ITapa (S,I ) HA3BIBACTCS UHIMEPNPEMUPOBAHHOU CIMAHOAPMHOU CXeMOU

(UCC), wu cmanoapmuoti npoepammotrt (CII).
OnpenenuM TIOHATHE 6bINOHEHUs HPOSPAMMbI.

CocrosiHEM TaMsTH  IPOTrPaMMBbI (S,I ) Ha3bIBAIOT  (DYHKIHIO
W . X¢ — D, xotopas KaXJ0i NEPEMEHHON X W3 IaMATH CXEMEI S COMO-
CTaBJIAET 3JIEMEHT W(x) n3 obiact uHTepnperayu D .

3HaueHHe TepMa 7 MPU UHTEpHpeTanud I W COCTOSHHU mamstu W
(obo3HAUMM T, (W) ) onpeersieTcs CICAYIONUM 00pa3oM:
1) ecmu 7 =x, x —IepeMeHHasd, TO T, (W) = I(x);

2) ecmu T =a, a —KOHCTaHTA, TO T, (W) = I(a);

3) ecmnt =" (c,5,0,), 10 1 (W)= (£ (2 (W), 02y (W),oms (7))
AHanoruuHO ONpesIeNeTcs 3HAUSHNE TECTa T PY MHTepnperauuu [ u
COCTOSHMH NaMATH W UM 7, (W) :

ectn 7= p" (5,050.007,), 10 7, (W) =1 ( P (23, ()00 (W), (7))
nz0.
Kon¢urypauueir mnporpammsl HaseBaloT mnapy U =(L,W) , TIhe

L - mertka BCPUINMHBI CXCMbI S ,a W - CcOCTOSHUE €€ NaMsTH. Brimonnenne
mporpaMMbl OIMUCBIBACTCS KOHEYHOW MJIM OeCKOHEUHOMH IOCJICA0BATCIIBHO-
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cTell KOH(pUTypanuii, KOTOPYIO Ha3bIBAIOT IPOTOKOJIOM BBITIOJTHEHUS TIPO-
rpammsl (ITBIT).

Iporoxon (U,,U,,...,U,,U,,,,...) Bbmonnesns nporpammer (S,1)
ompesensieM CIeAYIOmMUM 00pa3oM (HIKe k, O3HAuaeT METKY BEpIINHEI, a
W, - cocrosHMe aMATH B [ -i KOHPUTrypaLuu IpoTokona, U, = (k[, VK) ):

U, = (O,WO) — HaYaJIbHOE COCTOSIHUE MaMATH CXeMbl S TpU UHTEpHpe-
Tanuu 1 .

IMycte U, =(k[,W[) - i— s xoHdurypauus IIBII, a O - omepaTtop
cxeMbl S B BepluHe ¢ MeTKoi k. Eciu O - 3aKiounTensHbI onepaTop
stop (Ti,..., Tu), TOo U, - mocnenHss KOHGUrypanus, TaK 4To IIpo-
TOKOJI KOHEYEH. B 3TOM citydae CUMTArOT, 4TO, IIporpaMma (S v ) oCmanas-

Jueaemcsi, a TMOCIENOBATEIbHOCTh 3HAYCHHUN T”(W),TZI (W), T (W)

Ty
OOBSIBIISIOT pesyabmamom val (S,I ) BbINOIHEHUS. NPOSPAMMbl (S,I ) B

MNPpOTUBHOM Cliy4dae, T. €. Koraga O - He 3aKJIIOYNTEIIbHBIN oreparop, B 1po-
VVH—] ) >

i i+l

Tokone mmeercst cueaytomas, (i+1)-1 kondurypaumus U, =(k

npuyeM

a) ecnu O - HAYAIIBHBIN OMEPATOpP, a BBIXOAAIIAS U3 HEro Jyra BeeT K
BepluHe ¢ Metkoit L, 10 k,, =Lu W, =W,

b) ecmm O - omeparop MpHCBaUBaHUA X := T , & BBIXOJIAINAS U3 HETO JIyra Be-
JIeT K BepIlMHe ¢ MeTKol L, 10 k., =L, W, =W,, Wm(x)=‘r, (VK),

i+1 i+l

¢) ecau O - yCIOBHBIA omepaTtop =z U 7, (VK)=A, rae Ae{O,l}, a
BBIXOJAIIIasl U3 HEro Ayra BeeT K BepliuHe ¢ MeTkoi L, 1o k,,, =L

uWw, =w,

i+l
d) ecmu O - oneparop neriy, To k,, =L u W,

i+1

=W, , TaK 4TO IIPOTOKOI
OeCKOHEUEH.

Takum 00pa3om, mporpamma OCTaHABIUBAETCS TOT/A U TOJBKO TOTJA,
KOT/Ia ITPOTOKOJI €€ BBIMIOJIHEHUS] KOHEUeH. B IMpoTuBHOM cityyae mporpam-
Ma 3ayuKIUeaemcs N pe3yibTaT ee BHIIIOIHEHNS! HE ONPe/IeNeH.

Paccmorpum aBe unrepnperanuu CIIIT S, (pucynok 1.3, 6). Hutep-
nperawms (S,,1,) 3anana Tak:

— obnacts uHTepnperanun D, € Nat - NOAMHOXECTBO MHOXeCTBa Nat
LIEJIBIX HEOTPHULIATENIBHBIX YUCET;
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- Il(x) ( )=0;I(a)=l;
- 1,(g)=G.,rae G - hynxums ymuoxenws wacen, T. e. G(d,,d,)=d, -d,;
- 1 (h) H ,tne H - GbyHKIWS BEIYUTAHUS CIUHUIIEL, T. €. H(d): d-1;
- I(p)=P,rae B, - npenukar «pasHo O», T.e. B (d)=1, ecnn d =0.
[Iporpamma (Sl,ll) BeuucIsieT 4! (pucynok 1.3, 0).
Wnrepnperanus (Sl,lz) 3aJlaHa CIEyIOUM 00pa3oM:

* *
— obnacte unTepnperauuu D, =V ,rae V = {a, b,c}, V' - MHOXeECTBO

BCEX BO3MOXKHBIX CJIOB B aniaBuTe V .

- 1 (x) =abc,

- L(y)=¢,rme ¢ - mycroe ci1oBo;
- La)=¢;

- 1,(g)=CONSTAR

- L, (h)=CDR;

- L(p)=P,, rne P, - npenukar «pasHoe o, T. e. Py(a) =1, ecin a=¢.
HpOl"paMMa(S],[z) npeodpasyeT cIoBo abc B ¢oBo cha (pucyHok 1.3, B)
nBn (S1 A ) u (S1 ,12) KOHEUEH, pe3ylbTar - 24 U - cba (tabmuua 1.1 u 1.2).

Tabnuma 1.1 [TpoToKoN BEIMOIHEHUS IPOrPaMMBbl (S1 ,Il)

Koudurypanus Ug| Ui | Us | Us | Uy | Us | U | U7 | Ug| Ug | Uyo| U | U2 | Uiz

Mertka 0|1 |2]|3|4]12]|3]|4]12|3|4|2]3
3uaueHus X 4 (4414131332221 |(1]1]0
y 0|1 |1]4]4]4]12|12]12(24]24]|24|24(24
Tabnuma 1.2 TTpoToKON BEIOIHEHUS IPOrPaMMBbl (S1 A )
KOHCI)I/IpraI_II/ISI U() U1 U2 U3 U4 U5 U(-, U7 Ug Ug U[() U11 U12

Mertka o1 2342|3423 [4]2]5
3HaveHus x |abc|abc|abclabe| be | be | bc|l ¢ | c | c |l e | e ¢

y el el elalal albalbalbal|cba|cba|lcba|chba

1.3 CBoiicTBa ¥ BH/ABI CTAHAAPTHHIX CXeM NPOrPaMM
1.3.1 DKBUBAIEHTHOCTb, TOTAJIBHOCTD, IyCTOTA, CB0O0O/A

CCII S B Gasuce B momanvha, ecnu Juis M000# uHTepnperanun [
0azuca B mporpamma (S,I ) OCTaHABIIUBACTCA.
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CCII S B Gazuce B nycma, ecnu 1us mo6oii narepnperannu [ 6a3u-
ca B mporpamma (S,I ) 3aIMKJINBAETCS

CranpapTHele cxeMbl S, u S, B Oasuce B ¢yukyuonanvno sxeusa-
JIeHMHbL (S1 ~ Sz), ecau 100 00e 3aluKIMBaIoTCs, MO0 00e OCTaHaBIH-
BAIOTCS C OMIUHAKOBEIM PE3yJIbTAaTOM, T. €. val (S1 i ) =val (SZ,I ) .

[Tpumeps! TOTaNbHBIX (@), MyCTHIX (6) W DKBUBAJICHTHBHIX (6, 2) CXeM
TIpUBEJICHbI Ha pUcyHKe 1.4.

o

Start(x)

'

1| y:=f(x)

3| x:=f(y) 5| x:=f(x)

OIS

1 0 1 0
Stop(y)

Puc. 1.4 Ilpumeps! cxeM nporpaMm
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Lenouxoti cmanoapmmuot cxemol (LLCC) Ha3BIBAIOT:

1) KOHEYHBIH IyTH IO BEPLIMHAM CXEMBbI, BEAYIIMH OT HadaJbHOH Bep-
IIMHBI K 3aKJII0YUTETHHON;

2) OecKOHEYHBIH MyTh HO BEpIIMHAM, HAUYMHAIOUIMICS HavalbHOW Bep-
IIUHON CXEMBI.

B cnyuae, xorja BepIlinHa-pacrno3sHaBaTellb, TO JOMOJIHUTEIBHO YKa3bl-
Baercst BepxHuid wmHAekc (1 wmm 0), ompenenstonmwii 1-nyry win 0-myry,
WCXOJISIIIYIO M3 BEPIIHHBI.

Tpumepwr neriouex cxemsl S1 (pucynok 1.3, a):

0,1,2',5);(0,1,2°3,4,2°3.42' 5)ur n

Lenouxoti onepamopos (I10) Ha3bIBaeTCs MOCICIOBATEIBHOCTE OMEpa-
TOPOB, METSIIMX BEPIIMHBI HEKOTOPOH LEMIOYKH CXEMBI.

Hampumep mis S,: (start(x), vy:=a, p (x), stop(y)) wm
(start(x), vy:=a, p’(x), y:i=g(x, y), x:=h(x), p°(x),
vi=g(x, y), x:=h(x), p°(x), y:=g(x, y), x:=h (x), ..))
UT. 1.

IMpenukaTaeie cumBoiel IO 0b03HavatoOTCS Tak Ke, Kak BEPIIUHBI pac-
nozHaBareneit B L{CC.

ITycte § - CCII B Gasuce B, I - HekoTOopas €ro MHTEpHpeTaiys,

(0, 1, 2,...,k1,k2,k3,...) - MOCJIEIOBATEIHLHOCTh METOK HMHCTPYKIMHA S , BBI-
MUCAHHBIX B TOM TIOPSJKE, B KOTOPOM 3TH METKH BXOST B KOH(UTYypaIuu
MPOTOKOJIA BBIMOIHEHHS MPOrPaMMbI (S,I ) SIcHo, 4TO 3TAa TOCIEI0BA-

TENBHOCTh — Ilenmouka cxembl S . CuuTarpt, uro uHTEepnperanus [ noo-
meepacoaem (nopodxcoaem) STy MEMOUKY.

ICC B 6azuce B Ha3BIBAIOT 00NYyCMUMOL, €CIA OHA MOJATBEPIKAAETCS
XOTs ObI OTHOM MHTEpIIpeTanue aToro d6asuca.

He Bcakas IICC saBnsercst gomyctumoil. B cxeme S, (pucyHok 1.4, a)
nenoukw (0, 1, 20, 5, 61, 7), (0, 1, 21, 3, 40, 7) u Bce npyrue KOHCYHKIC Iie-
MOYKY HE MOATBEPXKIAIOTCSA HU OJHON MHTEPIpeTaIuei.

CBOIACTBO JIOMYCTUMOCTH ILIETMOYEK MIPACT YPE3BBHIUANHO BAKHYIO POJIb
B a”Hanu3ze CCII. B uwacTHOCTM OHO ompenensieT Te ciydad, KOrja CTaH-
JapTHAs cXema CBOOOHA.

CCII c60600Ha, ecny Bce ee LETOYKH JIOMyCTHMBI.

Jlonycmumas yenouka onepamopog - 3T0 IIEMOYKa OIepaTopoB, COOT-
BETCTBYIONIAs IOMYCTUMOM IIEMOYKE CXeMBI. B TOTaNbHOM cXeMe Bee JI0My-
CTUMBIE TEMOYKHU (M JOMYCTUMBIE IEMIOYKH OMEepaTopoB) KOHEUHBI. B my-
CTOM cXeMe - OECKOHEUHBI.
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1.3.2 CBoOoaHBIe HHTEPIIPETAIMHA

MHOXECTBO BCEX MHTEPIPETAMI OYEHb BEMKO M MOITOMY BBOIHUTCS
KIace ¢60600nbix unmepnpemayuti (CH), KOTOpEI 00pa3yer sapo Kiacca
BCEX MHTEPIPETALHUIA B TOM CMBICIIE, YTO CIIPABENTHBOCTh BHICKA3bIBAHUI O
cemanTnueckux cBoiictBax CCII mocTaTo4HO NPOAEMOHCTPUPOBATH IS
IIPOrpaMm, MOITy4aeMbIX TOJIBKO ¢ momousio CH.

Bce CH 6azuca B uMEIOT OfIHY U Ty e 00J1acTh WHTEPIIPETalnH, KO-
TOpast COBIIaZiaeT C MHOXKecTBOM 1  Bcex TepMmoB Oazuca B . Bce CH onu-
HAKOBO WHTEPIPETHPYIOT MEPEMEHHbIC W (YHKIHMOHAIBHBICE CHMBOJBI, a
HUMEHHO:

a) 14 moOoll nepemMeHHo x u3 6asuca B u g moboit CU I, storo
Gazuca I, (x) =X;
b) s moGoi KoHCTaHTE! @ w3 6asuca B 1, (a)=a;

C) s M000ro (PYHKIIMOHAIEHOTO CUMBOIA ™) u3 Gasuca B ,TIe n>1,

I, (f(n) ) =F". 7" 57 e F" - cnosapuas ¢ynxius Takas, 4to

F(n)(‘L'l,‘L'z,...,‘L'n)= f(")(rl,rz,...,rn),

™ 1o TepMaM T,,7,,...,7, U3 T CTPOUT HOBBIHA TEpPM, UC-

T. €. QyHKIUS F

MONB3Ysl QYHKIMOHAIBHBIA CMBICT CUMBOJIA f ™

WHTtepnperanusi NpeIuKaTHBIX CHMBOJIOB TOJHOCTBIO C80000HA, T. €.
pa3seie CHU pa3nuuaroTcs JUIb HHTEpIpeTalyii IPeAUKaTHBIX CHMBOJIOB.

Takum oOpaszom, nocne BBeneHuss CHU TepMBbl HCIIONB3YIOTCS B JIBYX
pa3HbIX KauecTBaX, Kak (pyHKIMOHAJIbHBIE BRIPAYKEHUS] B CXEMaxX M KaK 3Ha-
YEeHHs IePEMEHHBIX U BBIPaKEHUH

1.3.3 CornacoBaHHble cBOOOHBIC HHTEPIPETALUH

Ionaratot, yro unrepnperaunus / u CH I, (Toro xe 6asuca B ) cornaco-
BaHBL, €CIU JUIS JIOOOTO JIOTMYECKOrO BBIPAKEHMS 7 CIPaBEIUBO
I, (77,') =1 (77) CripaBe/UTUBBI NPSIMOE W OOpaTHOE YTBEP)KJICHUS, YTO JUIS

Kaknoi naTepnperanun / Oazuca B cymectByer cornacoBanHas ¢ Heit CH
9TOrO Oasmca.

BBenem nossatue noocmanosku mepmos. Eciun X, X,,..., X, (nZO) -
MOMAPHO pa3lMYHbIe MepeMEeHHble, T,,T,,...,7, — Tepmbl u3 I, a
7 - (YHKIMOHAJIbHOE WM JIOTHYECKOE BBIPAaXKEHUE, TO uepes

m[t,/%,7,/%,,...,7,/x,,] Oyaem o6osHauaTh BeIpakKeHHE, MOTyYAKOLIEECS
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U3 BBIpQXKEHUsI 77 OJHOBPEMEHHOM 3aMEHOM KaXKJI0r0 U3 BXOXKJICHUH Tepe-

MEHHOM X, Ha TEPM T, (i = 1,n).

Hanpumep:

aly/x]=a, f(x.y)[y/x.x/y]=f(9.x), g(x)[ g(x)/x]=2(2(¥)).
p(x)[a/x]=p(a).

[TpuBenem 6e3 noKa3aTeIbCTBA HECKOIBKO BAXKHBIX YTBEPIKIACHHM:
Ecnu unrepnperanust / u cBoOogHas uHTEpHpeTanus /, COINacoBaHbI,

o nporpammsi (S,1) u (S,1,) 6o 3anukIMBaroTCs, 1MG0 06 OCTaHAB-

JUBAIOTCS U val(S,I ) = val(S, 1 h), T. €. K&XKJI0W KOHKPETHOH Mporpamme

MOKHO MOCTaBUTh BO B3aUMHO-OIHO3HAUYHOE COOTBETCTBHE CBOOOJHO WH-
TEpIPETUPOBAHHYIO (CTAHAAPTHYIO) COrTIACOBAHHYIO IPOTPaMMy.

Ecnu nHTepnperanys U cBoOOAHAs UHTEPHPETAIUs COrTIacOBaHbI, OHH
TIOPOXK/IAIOT OJIHY M TY K€ IIEMOYKY OMEPATOPOB CXEMBI.

Teopema Jlaxxama — Ilapka — Ilammepcona. CTaHaapTHEIE CXEMBI S, U

S2 B Oasuce B (byHKHI/IOHaJ'H)HO OKBHUBAJICHTHBI TOrga M TOJIBKO TOrja,

KOTJIa OHU (DYHKI[MOHANTBEHO SKBUBAJICHTHBI HA MHOKECTBE BCEX CBOOOIHBIX
uHTepnpeTanuii 6azuca B, T. e. Korga ajs 000K cBOOOAHOW HMHTEpIIpe-

tamn 1, nporpammsl (S,,7,) u (S,,1,) mibo obe saumkmmBaroTcs, 60
00€ OCTaHaBJIMBAIOTCS U
val(8,,1,)={1(S,.1,) =1(S,.1,)} = val(S,.1,)
CrangaprtHas cxema S B Oasuce B mycra (ToTasnbHa, cBOOOAHA) TOr/AA U

TOJIBKO TOTJA, KOT/ia OHA MycTa (TOTalbHA, CBOOOJHA) HA MHOKECTBE BCEX
CBOOOJTHBIX MHTEpPIpETalNii 3TOro 06asuca, T. €. eCiM IS JIF000i CBOOOTHOM

uHTeprperaunu /, nporpamma (5,7, ) 3auMKIMBacTCs (OCTAHABIMBACTCS).

CrangaprtHas cxema S B 0asuce B cBOOOAHA TOrJa M TOJNBKO TOT/A,
Koryia oHa cB00OO/JHa HA MHOXKECTBE BCEX CBOOOIHBIX MHTEPIPETALMI 3TOr0
6aswuca, T. €. KOra Kaxkaasi Lernoyka CXeMbl MOATBEPKAaeTcsl XOoTsl Obl ofi-
HOU CBOOOJTHOI MHTEpIIpETaIHeH.

1.3.4 Jloruko-tepMajibHasi IKBUBAJIEHTHOCTDb

OTHoIIEHUE 5KBUBAJEHTHOCTH FE , 3aJaHHOE Ha Iapax CTaHAapTHBIX
CXEM, Ha3bIBAIOT KOPPeKmHbIM, €CIU JUId JTI000H mapsl cxeM S, u S, u3
S, ~ E~S, cunenyer, uro S, ~S,, T.e. S, u S, (QYHKIHOHAILHO SKBUBA-
JICHTHBIL.

27



IMocTpoeHue Takux (KOPPEKTHBIX U Pa3pEeIUMbIX ) OTHOIIECHHUH CBSI3aHHO
C BBEJICHHUEM ITOHSATHUS HCTOPUH IIETIOYKH cXeM. B uctopuu ¢ TO# uin WHON
CTENEHBIO JIETATBHOCTU (DUKCUPYIOTCS MPOMEXYTOUHBIE PE3YIbTAThl BBI-
MOJIHEHUST OIEPATOPOB PACCMATPUBAEMOM IIEMOYKH. DKBUBAJICHTHBIMU
OOBSBISIFOTCSI CXEMBI, Y KOTOPBIX COBMNAJAalOT MHOXKECTBA HMCTOPUIl BCEX
KOHEYHBIX IEMOYEK.

OmHHUM U3 OTHOLICHHUH YKBUBAJICHTHOCTH SIBISIETCS JI02UKO-IMEPMATbHASL
axeusanrenmuocms (JITI).

OnpenenuM TepMaabHOE 3HAUCHUE TEPEMEHHON X JUISI KOHEUHOT'O IMyTH

@ CXeMBbl S Kak TepM t(a), x), KOTOPBII CTPOUTCS CIIETYIOMINM 00pa3oM.
1) Ecmu nyte @ COAEPXUT TONBKO OAUH omepatop A, To: t(a),x) =7,
ecnu A — onepaTop NpUCBaUBaHUS, t(a), x) = X, B OCTAJIbHBIX CITyJasiX.

2) Ecmu w=w'de, tne A — onepatop, e — BBIXOJSINAS U3 HErO Ayra,

@' — HeIycTOoH IMyTh, Beaymuii k 4, a x,,x,,...,X, — BCE IePEMEH-

n

uble /(Ae,x), To

t(w,x)= t(Ae,x)[t(a)',x1 )/xl,t(a)',xz)/xz,...,t(a)',xn )/xn]

IloHsATHE TepMalbHOrO 3HAYEHMS PACIPOCTPAHUM Ha HPOU3BOJIBLHBIE
TEPMBI T:

t(w,x) =r[t(a)’,xl )/xl,t(a)’,xz)/xz,...,t(a)',xn)/an
Hanpumep, mytn
start (x); y:=x; p'(x); x:=f(x); p’(y); y:i=x; p (x);
:=f (x) B cXeMe Ha pUCYHKe 1.5 a COOTBETCTBYeT TepMaJIbHOE 3HAUYEHUE
f (£ (x)) mepeMeHHOH x.

Start(x)

SECD}

stop(f(x)) loop

Puc. 1.5
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Jns nmytu @ B cTaHgapTHOM cxemMe S ONpeAenuM €€ J102UKo-
mepmanvryto ucmoputo (JITH) lt(S,a)) KaK CJIOBO, KOTOPOE CTPOUTCS

CIIEYIOIIM 00pa3oM.
1) Ecmm myte @ He CONEPXHT pacro3HaBaTellell M 3aKIIOYMTENbHON

BEPIIUHEI, TO lt(S,a)) — IYCTOE CJIOBO.
2) Ecmu o= ow've, rie v — pacrno3HaBaTelb C TECTOM p(rl,rz,...,rn), a

e — BBIXOJAIIas u3 Hero A-myra, A € {0,1} , TO

It(S,0)=1t(S,0")p* (t(a)',rl ),t(a)',rz),...,t(a)',rn)) .
3) Ecmm w=w'v, THe v — 3aKIIOYUTEIbHAS BEPIIMHA C OIEPATOPOM
stop (T, ..., Tn),TO
lt(S,a)) =lt(S,a)')t(a)',rl),t(a)',rz),...,t(a)',rn)
Hanpumep, TOrHKO-TepMaIbHON HCTOPHUEN MYTH, YIIOMSIHYTOTO B MPH-
BEJIEHHOM BBIIIE HpuMepe, Oyaer p* (x) p°(x) pr(f(x)).
Lemepmunanmom (det(S )) CTaHJAPTHON CXeMbI S HA3BIBAIOT MHOXE-

ctBo JITHU Bcex ee 1enovex, 3aBeplIalONIMXCs 3aKIIOUUTENBHBIM ONEpaTo-
poM.
Cxemel S, u S, HazpBaroT JITI (a1 - 5kBUBanenTHoIMU) S, ~ JIT ~ S,

€CJIM UX JIETEPMUHAHTHI COBNAAIOT.
Jloruko-TepMuHanbHasi 3KBUBAJIEHTHOCTh KOPPEKTHA, T. €. u3 JITI cue-
oyeT (QyHKIMOHANbHAs 3KBUBaleHTHocTh (S, ~JIT ~S§, = S, ~S,). 06-

paTHOe yTBEp>KAEHHE KaK BHIHO U3 pUCYHKa 1.5 O He BepHO.
1.4 MonesnpoBaHne CTAHAAPTHBIX CXeM IPOrpamMMm
1.4.1 OnHOIEHTOYHBIE ABTOMATBI

Koneunviii 00nonenmounwili (IeTepMUHUPOBAHHBIA, OIHOCTOPOHHUI)
aBTOMAaT OOHApPYXXHMBAIOT PsIJI MOJIE3HBIX KAYECTB, UCIIOIB3YEMBIX B TEOPUHU
CXeM IporpaMM il ycTaHOBJIeHHs pa3pemnmMoctu csoiicts CCIIL.

OpnonenTounslii KoHeyHbI aBTomMar (OKA) Hax andasurom V' 3ana-
ercsi Habopom

A= (V, O,R,q,,#,1 ) W TpaBWIOM (QYHKIMOHHPOBAHMS, OOIIUM ISt
BCEX TaKHUX aBTOMaToB. B Habope A

V - andasur;

(O - KOHEUHOE HEIMYCTOE MHOMCECHBO COCMOSIHULL (Q NV = @) ;

R - MHOXECTBO BBLAEICHHBIX 3AKIIOYUMENLHBIX COCTHOAHUL (R c Q) ;
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g, - BBICTICHHOE HAYA/IbHOE COCTOSTHUE;

I - npoepamma asmomama;

# - «IIyCTOI» CUMBOJI.

IMporpamma aBToMata I MpeACTaBiseT COOON MHOXECTBO KOMAHO BUMIA
qa—q', B xotopoit ¢,q'€Q, aeV wu g a1000# mapel (q,a) cyrie-
CTBYET ¢IUHCTBEHHAsI KOMaH/[a, HAUMHAIONIASCS STUMH CHMBOJIAMH.

Hedopmansno OKA MOXHO NpencTaBUTh Kak a0CTPAKTHYHO MAIHHY,
MOXO0XKYIO Ha ManiuHy ThIOPHUHTA, HO UMEIOIIYIO CISIYIONHE 0COOCHHOCTH:
1) BBIACICHBI 3aKITIOYUTEIBHBIC COCTOSHHS;

2) MaluHa CYUTHIBACT CUMBOIIBI C JICHTHI, HUIYEro HE 3a1ChiBas HA Hee;

3) Ha KaXJOM Ilare rojioBKa aBToMara, CYMTaB CUMBOJI C JICHTHI U Mepeii-
ISl COTJIACHO MPOrpaMMe B HOBOE COCTOSIHUE, 00sI3aTeIbHO MepeBUra-
eTCsl BIIPABO HA OJIHY KIIETKY;

4) aBTOMAT OCTAHABJIMBACTCS B TOM U TOJBKO B TOM CIIydae, KOTJia TOJI0B-
Ka JIOCTUTHET KOHI[A CJIOBa, T. €. CUMBOJA #.

ABTOMAT JTOIyCKaeT cIoBO « B andasute V , ecnu, HaYaB paboTaTh C
JICHTOM, COJIepKalIeii 3TO CIIOBO, OH OCTAHABIMBACTCS B 3aKITIOYUTEIHLHOM
COCTOSHMU. ABTOMAT A 3aIaeT XxapakmepucmuyecKkyio (YHKyuio MHOXKe-
crBa M , donyckaemvix um cios B andasure V , T. €. OH paclo3HAeT, Npu-

HAJUIEXKHUT JIU 33JaHHOE CIIOBO MHOJKECTBY M , €CIH CBSI3aTh C OCTAHOBKOM
B 3aKJIIOYUTENIBHOM COCTOSIHMM CHMBOJI 1, a C OCTAHOBKOM B HE3aKJIIOUU-
TeJILHOM cocTOsTHAU — 0.

Harnsgaeim criocobom 3amannst OKA ciyxar rpadsl aBToMaToB. AB-
tomar A mpencraBnsercs rpadoM, MHOKECTBO BEpIIUH KOTOPOrO — MHO-
’KECTBO COCTOSHUN (), ¥ U3 BEPUIMHBI ¢ B BEPIIMHY ¢’ BENET ayra, moMe-
YEHHasl CUMBOJIOM ¢, TOTAAa U TOJBKO TOrAa, KOrja MporpaMma aBToMaTa
COZIEP)KUT KOMaHAy ga — q'. Pabore aBTOMara Haja 3aJaHHBIM CIOBOM
COOTBETCTBYET IyTh M3 HayallbHOM BepmuHBI ¢, . IlocmenoBaTenbHOCTH

MIPOXOAUMBIX BEPIIUH 3TOTO MYTH — 3TO MOCIIEJOBATEILHOCTh MPUHUMAC-
MBIX aBTOMATOM COCTOSIHUI, 00pa3 IyTH IO JyraM — YATaeMoe ciIoBo. JIro-
Ooii myTh B rpade aBTOMAaTa, HAUUHAIONIUIICA B BEpIIUHE ¢, U 3aKaHYMBA-

IOLIUICS B BEPIIMHE ¢ € R , MOPOXKIAET CIIOBO, JOMYCTUMOE ABTOMATOM.
Hpuvep OKA  A=({a.b}.{4,.9,:¢,-4;},{¢,}.4,-#1). nonyckaromero

clioBa {a"b'” |n =1,2,...;m= 1,2...} , 3aaercs rpadom (pucynok 1.6).
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[Mporpamma I conmepXUT KOMaH-
bi138

49,4 > 4,5

90b = 45

9,94 — 4,5

ab = q,;

9,4 > 4qs;

9,4 > 4q,;

q4;a —> 455

;b —q,.

Puc. 1.6 Ilpumep OKA
ABTOMAT Ha3wIBaeTCA nycmoim, eciu M , = . ABToMatel 4, u A, ox-

susarenmmuol, ecnu M, =M, .

Jnst OKA nokazaHo:

1) IIpobaema nycmomur OKA paspewuma. JIoka3aTensCTBO OCHOBAHO Ha
TIPOBEPKE TOMYCTUMOCTH KOHEYHOTO MHOXECTBA BCEX CJIOB, JUTMHA KO-
TOpBIX He npesblmaeT uncna coctosuuii OKA - n . Ecnu Hu onHoO cno-
BO U3 3TOr0 MHOXecTBa He Jonyckaercs, To OKA «mycry.

2) Ilpobaema sxsusarenmuocmu OKA paspewuma. JloxasatenbcTBo oc-
HOBAHO Ha UCIOJIb30BAaHUU OTHOIICHHS 3KBHBAJEHTHOCTH JIBYX COCTO-

SHUA ¢ W ¢'': eCIM COCTOSHHUS ¢ U ¢ OSKBUBAJCHTHBI, TO JUIS BCEX

ae A cocrosnns §(g,a) n 8'(¢q',a) TaxKe SKBUBAICHTHBL.

1.4.2 MHOroJIeHTOYHbIE ABTOMAThI

MHOT0JIEHTOYHBIN (IeTEPMUHUPOBAHHBIN, OJJHOCTOPOHHHN) KOHEUHBIN
aBromat (MKA) 3amaercs tak ke, kak OKA. OTiauuue COCTOUT B TOM, YTO
MHOXECTBO cocTossHMiA () pa3OuBaeTcs Ha n>2 HeNepeCceKaroIUXCs

nogMHokecTB  Q,,0,,...,0,. «®Dusuueckas» UHTEpHOpETaNUs 7 -
JIEHTOYHOI'0 aBTOMAaTa OTJIMYAeTCs TE€M, YTO OH UMEET n JIEHT U n TONo-
BOK, II0 TOJIOBKE Ha JIEHTY. Ecnu aBToMaT HaXOAWUTCSA B COCTOSHUU ¢ € O,
TO i -5 TOJIOBKA YUTAET i -10 JIEHTY TaK ke, kak 31o aenaer OKA. Ilpu ne-
pexone MKA B cocrosinue g’ € 0, (z’ £ ) i -5 TOJIOBKA OCTaHABJIMBAETCH, a
J -1 HauuHaeT 4yuTath cBoro JeHTy. MKA ocraHaBiuBaeTcs, Koraa rojoBka

Ha OJIHOM U3 JIEHT MPOYUTAET CUMBOII #.
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Ipumep. Paccmorpum ¢yukimonupoanue MKA ¢ n=2 (pucyHok
1.7) Ha mpuMepe cpaBHEHUS Tap CJIOB B aj(aBuTe {O, 1} U JIOIYCKE TOJBKO

COBIIaAarOIIUX CJIOB.

Brec 0=0,V0,, me 0 ={q};
0, ={a".a.a}; R={aq}; v={o1},

HavaibHOe coctosHue - g, . MKA o6paba-
THIBA€T HaOOpBI CIIOB (UI,UZ), TJIE CIOBO
U, 3ammcano Ha nepBoi nente, a U, - Ha

BTOpOii. JlomycTiMoe MHOXXECTBO HaOOpOB
M , - 3TO Bce BO3MOXKHBIE MApbl OIWHAKO-

BBIX CJOB, T.e€. Habopsl, rae U, =U,.

Hanpumep, Habop MOXET OBITH
(111001,111001) u 7. m.

Puc. 1.7 Ilpumep MKA
B tom ciyuae, korna cinosa cosnanaiot, MKA ocTaHOBUTCS B 3aKJIIOUU-

TELHOM COCTOSIHMH ¢, (MMEHHO B 3TOM COCTOSIHUM TMOCTYIIUT CUMBOJ #) U
Habop Oyner nomymieH. Eciu ciioBa He coBmagyT XoTsi ObI B OJJHOM CHMBO-
ne, MKA nepeiiier B COCTOSIHUE ¢, U3 KOTOPOTO HE BBIMIET JI0 MOSIBIIE-

HUS CHMBOJIa #, KOTOpPBIH M 3a()UKCHPYET OTCYTCTBHE COBIIQJICHHS CJIOB,
T. €. HE IONMYCTHUT MUCKa)KEHHBI Habop.

1.4.3 JIByXro/ioBoYHbI€ aBTOMATHI

Jleyxeonosounviii koneunwlii asmomam (JKA) umeer ofHy JIEHTY U Ose
20/106KU, KOTOPBIC MOT'YT HE3aBUCHMO TIEPEMEIAThCS BJIOb JICHTHI B OJTHOM
HampaBieHUH. MHOXeCTBO cocTosiHui () pa3OMTO Ha JiBa HElepeceKaro-

MIUXCA MHOXCCTBA. B cocrostHMX Q1 AKTHBHA II€pBas rojioBKa, a B COCTO-

SHUAX (J, - BTOpAas.

I[ByXFOJ'IOBO‘IHBIfI ABTOMAT MOKHO paCcCMAaTpUBATh KaK TaKoM JABYXJICH-
TOYHEIN aBTOMarT, KOTOpI)IfI pa60TaeT C WICHTUYHBIMH CJIOBAMHU Ha o0enx
JICHTaXx.
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Tpumep. JKA npoBepsieT paBEHCTBO JIBYX IMOCIEA0BATEILHO 3aIIMCAHHBIX
cioB B andasure V = {O,l} . [Ipu3HakoM OKOH-

YaHUS KaXXIOr0 W3 CJIOB SBJISETCSA BCIIOMOTa-
TENbHBIA CUMBON * , HE BXOIAIIUI B V . ABTO-
MaT JOJDKEH JIOMyCKaTh TONBKO CJIOBA BHJA

ad, rie aeV’.
A:(VU{*}anqu»q;n#J)a e
0= {q:),qll ,qlz,q;} - MHOMKECTBO COCTOSIHHUIL, B
KOTOpHIX ~ AKTMBHA  TiepBas  TOJOBKA;
0, ={q§ N ,q(f} - MHOXECTBO COCTOSIHHIA,
B KOTOpHIX aKTHBHA BTOpas  TOJIOBKA;
R= {q;} - MHOXECTBO, COJEp)Kallee eIuH-

CTBEHHOE 3aKIIFOYMTENBHOE cocTosiHue. ['pad
aBTOMara MoKa3aH Ha pucyHke 1.8, Ha KoTopoM
BMECTO MHOTHX «TapaJUICIIBHBIX» IYT C pa3HbI-
MU TIOMETKaMH HapyCcOBaHa OJIHA Jyra cO BCEMU

STUMH TIOMETKaMH.
Puc. 1.8 Ilpumep KA

Haxo;mcr; B COCTOSIHHUU q(l) , ABTOMAT NEPpEABUTACT NECPBYIO I'OJOBKY K

HaJay BTOPOrO CIIOBA M, OOHAPYKUB €T0, TIEPEXOIUT B COCTOHUE ¢, . Ec-
JIM KOHEII JIEHTHI # BCTpeyaeTcs paHblle CUMBOJa *, aBTOMAaT MEPEXOIUT B
HE3aKITIOYUTENLHOE COCTOSHUE ¢, . ECIM e aBTOMAT MPUXOIUT K COCTOS-
HHUIO ¢, OH CUUTBHIBAET MOOYEPETHO CUMBOJIBI BTOPOTO CIIOBA MEPBOI TO-
JIOBKOH (COCTOSIHUE ¢, ), @ CUMBOJIBI TIEPBOTO CJIOBA - BTOPOii TOJOBKOM
(cocTosiHMsL g; W q.), CpPaBHMBAsi 3T CUMBOJIBL. ABTOMAT BO3BPAIIAETCS
KaXIIblii Pa3 B COCTOSIHUE ¢, , €CIIM CUMBOJIBI OJIMHAKOBBL. Eciu ke oOHa-
PYXXHTCS HECOBIAJeHHWE CHMBOJIOB WJIM TEpBasi TOJIOBKA BCTPEYAeT KOHEIl
CJIOBA paHbIIE CUMBOJIA *, aBTOMAT yXOJUT B COCTOsIHUE ¢, . [lonas B 310

COCTOSAHUEC, aBTOMAT HEC MOXKET BBINTH U3 HETro,; nepemeias BTOPpyro rojioB-
Ky K KOHIY CJIOBA Ha JICHTC, OH JOCTHUIacT #, HaxoJs4Ch B HE3AKIIHOYHUTECIIb-
HOM COCTOSIHMH, TAK YTO CJIOBO HA JICHTC OTBEPracTcH. Ecmu TrepBas rojoB-
Ka JOCTUTHET KOHLA BTOpPOro CjJOBa, a BTOpasA r0JIOBKa O6Hapy)KI/IT, qTo
NEPBOC CJIIOBO TOKE IMPOCMOTPCHO A0 KOHIIA, TO aBTOMAT nepeﬁ;[eT B 3a-
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KIIFOYUTECIBHOC COCTOSHUC q; .B MPOTUBHOM CJIyda€ aBTOMAT r[epef/'lz[eT B

COCTOSIHUE ¢, , OTBEPTasi CIOBO.

DTOT mpuUMep JIETKO 0000IUTh Ha CITydali IPOU3BOIBHOTO anaBuTa V
, YBEJIMUMBAs KOJIUYECTBO COCTOSHHIM MHOKecTBa (O .

Toopst, uro AKA mooderupyem pabomy mawunst Toropunea nao He-
KOMOPbIM HAYANLHLIM CAO060M, €CIIA aBTOMAT [OMYCKAaeT eIUHCTBEHHOE
CJIOBO - KOHEYHBIH MPOTOKOJ paOOTHl MAIIUHBI HAJl HAM.

Jlemma (Posenbepe). CylecTByeT allrOPUTM, KOTOPBIN sl JIF0OOH Ma-
mHEl THIOPUHTA U YIS JTF000r0 HAYAIBHOTO CIOBA CTPOMT JBYXTOJIOBOY-
HBII aBTOMAT, MOJISITUPYIONINI ee paboTy HaJl STHM CJIOBOM.

Teopema. Tlpodnema myctotel KA He SBIIICTCSA YaCTUYHO pa3peInMON.

Teopema. Tlpobnmema skBuBaieHTHOCTH KA He SBISICTCS YaCTHIHO
pa3peumon.

W3 HepaspemmMocTd TpoOJIEMBI TYCTOTHI CIIEAYET HEepa3pelIruMOCTh
MPOOJIEMBI SKBHBAJICHTHOCTH, TaK KaK IyCTOTY MOXKHO pacCMaTpUBATh KaK
YACTHBIN Cllydyall SKBUBAJIEHTHOCTH.

1.4.4 JIBoUYHBII ABYXT010BOYHBII aBTOMAT

CTaHZ[apTHI)Ie CXEMbI MOT'YT MOACINPOBATH JIBYXT'OJIOBOYHLIC aBTOMA-
TbI, YTO IMO3BOJIET CBECTU r[p06neMy IMyCTOTbI 5TUX aBTOMATOB K Hpo6neMe
IMyCTOThI CXEM. Taxoe MOACINPOBAHUE MOKHO OCYHICCTBUTH Oonee apo-
CTbIM CHOCO6OM, €CJIU MCIOJIb30BaTh CIICIIMAJIBHBIN KI1acC JABYXTOJIOBOYHBIX
aBTOMAaTOB, 4 UMCHHO KJIaCC ABOHWYHBLIX aBTOMATOB, pa6OTaIOIHI/IX CO CJ10-

BaMU HaJl aji(haBUTOM {O, 1} .

Jlemma. CylecTByeT aIropuTM IpeoOpa3oBaHUs JBYXT'OJIOBOUHBIX aB-
TOMATOB B JABOMYHBIE JIByXrojoBo4yHble aBToMathl (JIJIKA), coxpaHsronmii
IIyCTOTY aBTOMATOB (IIOCTPOEHHBIM JBOMYHBINA aBTOMAaT 4, IycT TOrAa U
TOJIBKO TOT/Ia, KOTJIA ITyCT MCXOHBIN aBTOMaT A ).

Hoxasamenvcmeo. Tlycte IKA A wnan andasurom V = {al,az,...,an}
HMeeT MHOXECTBO COCTOsSHUH O, = {qlk ,qé‘,...,q,’j} , TJIe BEpXHHUH HUHJIEKC

k= (1,2) orpezessieT HoMep aKTUBHOW ToiioBKU. [IpeoOpa3oBaHue 3TOr0

o *
aBTOMAaTa B JBOWYHBIA HAYHEM C KOJUPOBKU CHMBOJIOB U CJIOB U3 V' cro-
BaMH B ayiaBUTe {O, 1} 0 CIEAYIOUIEMY MIPaBUILY:

— KOJI (#)=O;
- xon (a,)=11...10 (i=12,...n);

34



— Xofn (aai ) = KoJl (a)KozL (al. ) .
Tak Kak CHMBOI # KOIUPYETCS HYJIeM, TO JIIOOOMY HEITyCTOMY CJIOBY Ha
JIeHTe aBTOMaTa A COOTBETCTBYET ABOMYHOE CJIOBO HA JIGHTE aBTOMaTa A, ,

OKaHYMBAIOLICCCA ABYMSA HYJISAMMU..

[ OT SakITOTMTENBHEIX |
| _crapeix cocrosmunii__|

8 e
Puc. 1.9 IlpeoOpa3zoBanue ABYXTOJIOBOYHTO aBTOMATA

ABtomar 4 mpeoOpasyercs B ABOMYHBIN aBTOMAT A, Tak, Kak IOKa3a-
HO Ha rpadax pucyHka 1.9. Kaxneiii pparment rpadpa A (pucynok 1.9, a)
3ameHsieTcs pparMeHToM (pucyHok 1.9, 6) s 4, .

[Mocne 3amens! no6aBmsroTcst pparMenTsl (pucyHok 1.9 B, r).

MHOX€ECTBO COCTOSIHUI aBTOMaTa A, BKIIIOYAET:
— BCE CTapble COCTOSHUA U3 O, ;
— 71 KaXKAOr'0 CTAPOro0 COCTOSHUSA qf n HOBBIX COCTOSTHMH, 1 - YHCIIO

CUMBOJIOB andasura V ;
— JIBa HOBBIX COCTOSIHUS 7' U 7; .

3aKIIOYUTENBHBIMUA COCTOSHUSIMUA aBTOMaTa A SBISIOTCS 3aKIHOYH-
TEIbHBIE COCTOSHUSA aBTOMAaTa A, .
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Bepumasl S, (ocTaHOB JoImycKaroluii) U S, (OCTaHOB OTBEpPraroIHii)

HOCAT Ha rpade BCIIOMOTraTelbHbIH Xapakrep B rpade A4, . OHH oTMeudaroT
TOT (haKT, YTO aBTOMAT IPOYMTAI JBa HYJS MOAPS U OCTAHOBHJICS B 3a-
KJTIOYUTENBHOM COCTOSHUU (Ciiydail S, ) WIM B HE3aKIIOUUTEIBHOM COCTO-

aHuu (caydair S,).

a
Puc. 1.10 [Ipumep npeobpazoBaHus
Jlerko ybeauTbes, 4TO aBTOMAT A, AOMYyCKaeT JBOMYHOE CIOBO p TO-

.
IZla ¥ TOJIBKO TOTJla, KOT/Ia OHO SIBJISI€TCS ABOMYHBIM KOJIOM ciioBa u3 V',
nomyckaemoro aBTomatom A . Takum 00pa3oM, W3 MyCTOTHl aBToMara A
clleyeT IIycToTa aBToMara A,, 1 Ha000poT.

Ha pucynke 1.9 a mpuBenen rpad JKA A gomyckaronmii TOIbKo Te
cioBa B andaBute Vz{a,b,c} , B KOTOpPBIX CHMBOJ g BCTpedyaeTcs He
MEHBIIIEE YUCIIO Pa3, YeM CUMBOIBL b U ¢, BMECTE B3ATble. 3aKIIOUUTENb-

1
Hoe cocrostHne R :{qo}. Ha pucynke 1.9 6 npusenen rpadp JAKA, mo-

cTpoeHHbIif o aBtomary A (10 — xox cumBona a, 110 —xox b, 1110 —
KOI ¢).
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1.5 PexkypcuBHBIE CXeMBbI

1.5.1 PexypcuBHOE IpOrpaMMHUpPOBAHHE

dopmanuzanuu MOHATUS BBIYMCIUMON GbyHKIUH METOJ
ra - Ilocta ocHOBaH Ha YTOYHEHHH NOHATHS IpoOLEcCa BBIYMCICHUH, IS
Yero UCIOJb3yIOTCS a0CTPAKTHBIE «MAIIMHBD), OITMCAHHBIE B TOUHBIX MaTe-
MaTUYeCKuX TepMuHax. Jpyro#t momxon (meron Yepua - Kimuau) ocHOBaH
Ha TOHATUHM PEKypCUBHOM (GyHKUMH. PexkypcuBHas (GyHKIMs 3amaercst ¢
MIOMOIIBIO0 PEKYPCUBHBIX OIpeesneHnil. PexypcuBHoe onpepaeneHue mo3Bo-
JISIeT CBS3aTh MCKOMOE 3HaueHHe (DYHKIMH IS 3a/JlaHHBIX apryMEHTOB C
W3BECTHBIMH 3HAYEHHUSMH TOH K€ QYHKIWH MPHU HEKOTOPBIX JPYTHX apry-
MEHTax. JTa CBA3b YCTAHABIUBAECTCSA C MOMOIIbI0 YHHBEPCAJIBHOIO MeXa-
HU3Ma PEKYpPCHH, JAIOIEro MEXaHWYECKYIO MPOLEeNypy MOHUCKA 3HAUEHWH
¢yHKIMU. [IByM MoaxomaM K ONpeNesIeHHIO BBIYHCIUMBIX (DYHKIMHA COOT-
BETCTBYIOT J[Ba METOJa MPOrpaMMHPOBaHMS 3THX (DYHKIMIA - orepaTopHOe
U peKypCUBHOE porpaMMupoBanue. [Ipu onepatopHoM MeTOzE IporpaMma
TIPE/ICTaBIsIET COOOW SBHO BBIMHMCAHHYIO MOCIIEAOBATEIFHOCTh, OMHUCAaHUN
JIEWCTBUH THIOTETHMYECKOW BBIYHMCIUTENFHONW MalIHMHBI (TOCTIEe0BATEb-
HOCTb OIIEpaToOpOB, KOMaHJ | T. I1.).

SA3pix DopTpaH - TUMUUYHBINA NpPEACTaBUTEIb ONEPATOPHBIX SA3BIKOB. C
JIPYTOi CTOPOHBI, PEKYPCUBHAs IPOrpamMma - 3TO COBOKYIHOCTb PEKYPCHB-
HBIX ONpeeNIeHNnH, 3a/1al0IUX PEKYPCUBHYIO (DYHKIHUIO, 1T KOTOPOH ap-
TYMEHTAaMHU CIIY)KaT HauyajlbHble JaHHBIE NPOrpaMMBl, a 3HAUEHUEM - pe-
3yJIbTaT BBINOJIHEHHUS MPOrpaMMbl. M3BECTHBIM A3BIK PEKYpCHBHOIO IMpO-
rpaMMHUpPOBaHUs - sA3bIK Jlucn - npeaHasHaveH it 00pabOTKH CUMBOJIBHOM
nHdopmanuu. B 1pyrux 3pikax KOMOMHHPYIOT 00a MeTozia IporpaMMHUpPO-
BaHus. Tak, [Tackams - onepaTopHBIH SI3bIK ¢ BO3MOXKHOCTBIO PEKYPCHUBHOIO
IIPOrpaMMHPOBAHUs, PEIOCTABIIEMON MEXaHU3MOM PEKYPCUBHBIX IpOILie-
yp ¥ QYHKIIHIA.

[Mpumepom pekypcuBHO ompenensieMoid GyHKuuuM siBisiercs Qakropu-
anbHas ynkuus FACT : Nat — Nat :

FACT (x) =1,eciiu x=0, FACT (x) =xXFACT (x-1) , ecinu x>0.

DTy QyHKIHIO MOXHO 3alIpOrPaMMHPOBATH B HEKOTOPOM PEKYPCHBHOM
sI3bIKE, Oa3MpyIOIIeMCs Ha MEXaHH3Me PeKypCUBHBIX (DyHKUMI si3b1ka [lac-
KaJlb!

FACT (a),

FACT (x)=if x=0 then 1 else xxFACT (x-1),

I7ie a - HEKOTOPOE LIeJI0e HEOTPULIATETBHOE YUCIIO.

Beruncnenre yHKIMOHAIBHOTO BBIPRKEHHSI CBOIAMTCS K €T0 YIIPOIIe-
HUIO, T. €. BBINOJHEHUIO BCEX BO3MOXKHBIX BhluMcneHuil. Ecnu B ynpouieH-
HOM BBIPQXEHHSI OCTAaeTCsS BXOXKAECHHE CHMBOJA OIperenseMol (GpyHKunu
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FACT, TO OCYWICCTBIACTCS II€PEX0J K HOBOMY IIary BBIIIOJIHEHUS IIPO-
rpammel. Ha aToM miare BxoxkaeHue FACT (m), IZie m - 3HaYEHUE BHYTpHU
CKOOOK IMOCIIe YIpOIIeH s, 3aMeHsieTcs JeBbiM (m=0) win npaBeiM (m>0)
(YHKIIMOHAIBEHBIM BBIPAKEHHEM, B KOTOPOM BCE BXOXIEHHS X 3aMEHEHBI
Ha m. YTpOIIEeHHs] MPOJOIDKAIOTCS JI0 TeX TOp, I0Ka He OyJeT MOoIyueHo
BBIpa)KEHHE, He coAepikamee FACT .

Brruucnenne pekypcuBHON NpOrpaMMbl MOXKET 3aBEPIIUTHCA 32 KOHEU-
HO€ YHCJIO IIAroB C pe3ylIbTaTOM, paBHBIM 3HAYEHHUIO 3alpOrpaMMHUPOBaH-
HOHM (YHKIMH JUIsl 3aJaHHBIX apryMEHTOB (HadabHBIX 3HAYEHHH IepeMeH-
HBIX), HO MOXET M IPOJOIDKAaThC OecKOHeuHOo. B mocienHeM ciydae 3Ha-
yeHune (QyHKIMU HE ONpeeNIeHO.

1.5.2 OnpeneJieHne peKypcCHBHOI CXeMBbI

PexypcuBHas cxema (PC) Tax xe, kak CIIII onpenensiercsi B HEKOTO-
pom Oazwuce. [Homnwii 6azuc PC, xak u 6azuc CCII, Bxitouaer yersipe
CUETHBIX MHOXXECTBA CUMBOJIOB: nepemenuble, yHKYUOHAIbHbIE CUMBOIIbL,
npeouKammvle CUMBOIbI, CHEYUATbHbIE CUMBOJIbI.

MHOXecCTBa MEPEeMEHHBIX ¥ MPEANKATHBIX CHMBOJIOB HUYEM HE OTJIMYAIOTCS
or CCIL. MHOXecCTBO CrelHMabHBIX CHUMBOJIOB — JIpyroe, a UMeHHo: {if,
then, else, (,),,}. Oumure MHOXeCTBA (DYHKIMOHATEHBIX CHMBOJIOB
COCTOMT B TOM, YTO OHO Pa30MTO Ha J[Ba HEIEpPeceKaroIHecs MOIMHOKECTBA.
MHO2#CeCMB0 6A306bIX YHKYUOHATILHBIX CUMBOJIO8 U MHOINCECHBO ONpedesie-
MBIX DYHKYUOHATbHBIX CUMB0/I06 (0003HAYAFOTCS YISl OTJIMYMS TIPONMCHBIMHU
OykBamu, Harpumep, F ® ,GY ur. ).

B 6aszuce PC Her MHOXecTBa onepaTropoB, BMECTO HET'O — MHOXECTBO
JIOTHYECKUX BBIPaXXEHUI 1 MHO)KECTBO TEPMOB.

Ilpocmole mepmbl ONPENEISIIOTCS TaK K€, KaK TEPMBbI—BBIPRXEHHS B
CIIII. Cpemu mpOCTBIX TEPMOB BBIICIUM 0a308ble mepmbl, KOTOPBIC HE
coJiepKaT omnpenensieMbIX (QYHKIMOHAJIBHBIX CHMBOJIOB, & TAKXKE 6bl306bl-

mepmul  BUIA F(")(rl,rz,...,rn), rae 7,,T,,...,7, - IPOCTBIE TEPMBI,

F - orpeAenseMblil (QyHKIMOHAIBHBIA CHMBOIL.
Jlocuueckoe evipadicenue — CIOBO BUIA

p(")(rl,rz,...,rn),

e p(") - IpeUKaTHBII CUMBOIL, & 7,,T,,...,7, - 0OA30BBIC TEPMBL
Tepm — 3T0 npocmoti mepm, WIHA YCLOBHBIL mepM, T. €. CIIOBO Buaa if

n then 71, else 71,

38



rae m - JOru4eCKO€ BbIPpAKCHHE, 7,,7T, - HPOCTbIC TCPMbl, HAa3bIBACMbIC

J1e601i ¥ COOTBETCTBEHHO Npasoll abiMepHaAmugoLL.
ITpumeps! TEpMOB:

— f(x.g(x,»)): h(h(a)) - Gasosbic Tepmbr;

= S(F(x).g(xF(»))); H(H(a)) - npocrsre repus;

— F(x); H(H(a)) - Bersossi;

— if p(x,y) then i(h(a)) else F(x) - ycnoBuerii Tepm.

Pacmpum B 6azuice B MHOXKECTBO CHEIMATBHBIX CHUMBOJIOB CUMBO-
JIOM «=».

Pexypcusnviv ypaenenuem, wnu onpeodenenuem @ynkyuu F HazoBeM
CIIOBO BHJA

F(")(xl,xz,...,xn)=r(x1,x2,...,xn),

n

rae z'(xl,xz,...,x ) - TEpM, CONIECpIKAIIUI TIepEMEHHbIC, Ha3bIBaeMbIe op-

ManvHuiMu napavempamu GyHkuuu F .
PexypcuBHOI cxeMoil Ha3bIBaeTCs mapa (T,M ), IA€ T - TEpM, Ha3bIBa-

eMBIH 2nasHbiM mepmom cxemvl (WK €€ 6xo0om). M - Takoe MHOKECTBO
PEKYPCHBHBIX ypaBHEHUH, YTO BCE OmpeaessieMble ()YHKITMOHAIBHBIC CUM-
BOJIBI B JIEBBIX YACTAX YPABHEHUMN PA3JIUUHBI U BCSIKUN ONMpeeNsieMblii CUM-
BOJI, BCTPEYAIOLIUICS B MPaBOi 4acTU HEKOTOPOr'O0 YPaBHEHUS WU B IJIaB-
HOM TEPME€ CXEMBbI, BXOJIUT B JIEBYIO YaCTh HEKOTOPOTO ypaBHEeHUs. [pyru-
mu cinoBamu, B PC umeercs ompeneneHue BCSKON BbI3bIBAEMOW B Hei
(G yHKIUY, IPHYEM POBHO OJTHO.
ITpumeps! PC:

. RS1 F(x); F(x)=1if p(x) then a else g(x,F(h(x))).

. Ry, :A(b,c); A(x,y)=if p(x) then f (x) else
B(x,y):
B(x,y)=if p(y) then A(g(x),a) else C(x,y);
C(x,y)=A(g(x), A(x,9(y))).

. Ry, :F(x); F(x)=if p(x) then x else

f(F(g(x)),F(h(x))).
Mapa (R 1), tne Rg - PC B Gasuce B, a I - nHTepnperauns 5Toro

0a3uca, Ha3BIBACTCS PeKypCUHoU npocpammou. IIpu 3TOM 3aMeTUM, 4TO
omnpenenseMbie () YHKIIMOHATBHBIC CHMBOJIBI HE HHTEPIIPETHPYIOTCS.
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1.6 Tpancasiuus cxeM IporpaMm

1.6.1 O cpaBHeHUH KJIACC COB CXeM.

JIroOyto BeMUCIMMYIO (DYHKIHIO MOKHO 3alpOrpaMMHpOBaTh M HaWTH ee
3HAUYCHHs JJIS 3aJAHHBIX 3HAUCHUH aprymMeHToB. Ilpu 3TOM He TpeGyercs
GoraToro Habopa NMPOrpaMMHBIX NMPUMHUTHBOB M 0a30BBIX ONEpaIMid: J0cTa-
TOYHO T€X CPEICTB, KOTOPHIE MOJEIUPYIOTCS CTaHAapTHBIMU cxeMamu. OnHa-
KO OJIHH TIPOrPAMMHbIE TIPUMHTHBBI SBJISOTCS «O0Nee BBIPA3UTEIBHBIMIY, YeM
Jpyrue. 3arvch arOpUTMOB C TIPUBJICYEHUEM PEKYPCUHM KOpoue, YeM HTepa-
[MOHHOE TPEJCTABICHHE, HO BBIYKMCICHHS MO TAKOW MporpaMMme MOTYT MO-
TpeboBaTh Oonble BpeMeHH, U T. 1. [Ipu mepexospe K cxemaM Iporpamm
BO3HHUKAET MPoOIeMa BBIPaXKEHHS OJJHUX HAOOPOB MPUMHTHBOB Yepe3 JAPY-
rue. 3aJauy TaKoro THIa 00pa3yloT CPaBHHUTEIBHYIO CXEMATOIOTUI0, OCHOBY
KOTOPOH COCTaBIISIIOT TEOPEMBI O BO3MOXKHOCTH MIIM HEBO3MOXHOCTH TPe00-
pa3oBaHMs CXEM U3 OJHOTO KJIacca B CXEMBI JIPYToro.

Bynem cpaBHMBaTH Kilacchl CXeM, Y KOTOPBIX 0a3UCHl cO21dCO8AHHbL B
TOM CMBICIIE, YTO MHOXKECTBA NepeMeHHbiX, 0a30BBIX YHKYUOHATLHBIX
CHMBOJIOB U TIPETUKATHBIX CUMBOJIOB OOUHAKOBbL B TAaHHBIX 0a3ucax. ITo
JIaeT BO3MOXKHOCTB MPEBPAIATh B MPOrPAMMBI CXEMbI M3 Pa3HBIX KJIACCOB C
MOMOIIBIO OJTHOW U TOM XK€ MHTeprperanuu 6a3ucoB. Hampumep, monHbie
0a3uChl  CTaHAAPTHBIX M  PEKYPCUBHBIX  CXEM  COIJIaCOBaHHBI,
T. €. onpe/eneHne (yHKIMOHAIbHON SKBUBAJIEHTHOCTH MOXKET OBITH 0000-
IIIEHO Ha CXEMBI U3 PAa3HBIX KIIACCOB.

Cxema S, u3 xinacca W ucxema S, us kiacca W' @yuxkyuonanisno sx-
BUBATIEHMHbL, €CITU TS TI000I HHTepnperanun / COrjacoBaHHBIX 0a3HCOB
KiaccoB W u W' mporpamMmbl (SI,I ), (SZ,I ) Wik o0e 3aIMKJINBaIOTCS,

WM 00e OCTaHABIIMBAIOTCS C OHUM U TEM XK€ PE3yIbTaTOM.

I'oBopsT, uto xnacc cxem W mowmnee xnacca cxem W', unu knacc W'
mpancaupyem 6 kiacc W, eciam Juis 1000 cxeMbl U3 W' cyliecTByer JK-
BHUBAJICHTHas el cxeMa B knacce W . Knaccot W u W' pagenomowynul, ecnu
W' momHee W u W momHee W'.

Hoxazano, uro knacc CCII tpancnupyem B kinace PC u xnacc PC He
TpancnupyeM B kiacc CCIIL.

CymectBytor Hekotopsle knaccsl PC, tpancnupyemsie B CCIIL. K Hum
OTHOCHTCS KJIACC iuHelinblx yHaphoix PC, uMeromux 6a3uc ¢ eMUHCTBEHHON
MIEPEMEHHON x W OMHOMECTHBIMH (PYHKIIMOHAIGHBIMUA U TMPEIUKATHBIMU
cumBoiamu. Hanpumep, nuneiinas ynapaas PC

Ry, F(x); F(x)=if p(x) then x else f(x,F(g(x)))
tpanciupyema B CCII.
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1.6.2 CxemsblI ¢ mpoueaypamu

CxeMbl ¢ MpoLenypaMH CTPOATCS B OObEAMHEHHOM Oasuce KIaccoB
CTAaHIAPTHBIX W PEKYPCHUBHBIX cxeM. OHa COCTOMT U3 [BYX 4YacTel - e1as-
HOUl cxeMbl M MHOXECTBaA cxem npoyedyp. I'MaBHas cxema - 3TO CTaHAapT-
Has cXeMa, B KOTOPOM MMEIOTCS ONepaTopbl MPHCBAMBAHUS CHEIHATBLHOTO

Buga x=F (")( YisVaseres, ) HA3HIBACMbBIC ONEPAMOPAMU 6bI306d NpOYe-

oyp. Cxema IpoLeaypbl COCTOUT U3 3a207106KA U mena npoyedypbl, pasje-
JICHHBIX CUMBOJIOM PAaBEHCTBA. 3arojIOBOK MMEET TOT K€ BU[, YTO U JIeBas
4acTh PEKYPCHBHBIX ypaBHEHUH. Teno mpouenaypel — 3TO CTaHAApTHas
cxeMa TOro *e BHJa, YTO U IJaBHas cxeMa. 3aKIIOUUTENbHBIM omepaTop
Tena Mpolexypsl BCeraa ofHoMecTeH (stop (x) ). Hwxe npusenen npu-
MEDP CXEMEI C IPOLECAYPAMHU.

I'nmaBHas cxema MHOXECTBO CXeM MPOLEAYP
(start (x), F(y,v,w)=start,
l:z:=x, 1:if p(y) then 2 else 4,
2:u:=a, 2:y:=h(y),
3:x:=F(x,z,u), 3:v:=G(v,w) goto 1,
4:u:=b, 4:if g(w) then 5 else 6,
5:z:=F(z,x,u) S5:y:i=v,
6:stop(z)) 6:stop(y))
G(t,r)=(start,
1:if g(r) then 2 else 3,
2:t:=f(t),
3:stop(t);

JoxkasaHo, uto knacc PC TpaHCIupyeM B KJacc CXeM ¢ MpOeAypaMu |
HA00OPOT.

1.7 OboramenHbie ¥ CTPYKTYPUPOBAHHBIE CXEMbI
1.7.1 Kitaccnl 000raimeHHbIX cXeM

Bblaensior cinefyromnye KiIacchl 00OTallleHHbIX CXeM: KJIacC CyYemyuKo-
8bIX CXEM, KIIACC MA2A3UHHBIX CXEM, KIIACC CXEM C MACCUBAMU.

Krnaccpl cueTYMKOBBIX M Mara3sMHHBIX CXeM oOpa3oBaH H00aBJIEHHEM B
6azuc CCII cueTHOro MHOXKECTBA CYETYMKOB M Mara3uHOB C UX MHTEpIIpe-
TUPOBAaHHBIMHU OIIEPATOPAMH.

Cuemuux - UHTEPIPETUPOBAHHAS TIEPEMEHHas], Y KOTOPOi 00nacTbio 3Ha-
YeHUH ABJIAETCA MHOKECTBO Nat ; HaYaJIbHOE 3HAUCHHE cYeT4ynKa paBHo 0.

Hnmepnpemuposannvie onepamopbi IMEIOT CIEIYIOUIUI BU

¢:=c+1 - onepaTtop npubaBlICHUS eUHUILIBL;

¢:=c—1 - oneparop BEIUUTAHHS ETUHUIIBI;
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¢ =0 - yCIOBHBII oIlepaTop NPOBEPKU PABEHCTBA CYCTUMKA HYIIO.

Ipu 3Ha4YeHNM cueTyrka paBHOM () OIepaTop BBHIYUTAHUS CJMHULBI HE
U3MEHSIET €ro, OHO OCTAeTCs paBHBIM (.

K mHTepnpeTHpoBaHHBIM ONEPaTOpaM MOXKET ObITh JOOABIICH OIepaTop
HEPeChUIKH 3HAYCHMS CUCTUYMKA ¢, =C,, KOTOPBIH MOXET OBITh MONy4eH
HIPH TIOMOIIY CTAHIAPTHEIX OIEPaToOpOB.

Maeasun - HEMHTEPIPETHPOBAHHAS NIEPEMEHHAsT CIIOKHOH CTPYKTYpHI.
B mporecce BBINONHEHUS UHTEPIPETHPOBAHHON CXEMBI cocmosie Maza-
3UHA - 3TO KOHEUHbIH HAOOp 3JIEMEHTOB (dl,dz,...,dn) u3 00JIacTH UHTEp-

NpETalMy, TAE d, - 6epXyuiKa Mazasuna.

HnmepnpemuposanHvie onepamopbl IMEIOT CIEAYIOIUNA B

M = x - 3anuch B MarasuH;

x:=M - BHIOOpKa M3 MarasuHa;

M = - ycIOBHBI OmepaTop MpOBEPKH ITyCTOTHI Mara3uHa,
rae M — MarasmH, x - oObIYHasi mepeMeHHas. [lepBEIif omepaTtop MeHseT
COCTOSIHHE (dl,dz,...,dn)MaramHa M Ha cocrosHUE (dl,dz,... d ), rae

> ¥+l
d

n+l

- 3HaueHMe nepeMeHHON x . Ilocne BBHIIOMHEHMS 3TOrO omeparopa
3JIEMEHT d,,, CTAaHOBHMTCS HOBOH Bepxyllkoi MarasuHa. Bropoit oneparop
NPUCBAaNBAET NEPEMEHHON x 3Ha4yeHUE, PABHOE BEPXYIIKE MarasHa, co-
CTOSIHUE KOTOPOTO MEHSETCS C (dl,dz,...,dn)Ha (dl,dz,... d ), pu

> n-1
9TOM d, | CTaHOBUTCS HOBOW BepXyIIKOW MmarasuHa. Ecnium marazun M
IyCT, TO MMPUMEHEHNE BTOPOTO OIEpaTopa OCTABISAET €ro MyCThIM, a Tepe-
MEHHas x HE MEHSET CBOEro 3HaueHus. TpeTuil onepaTop - MpeauKar npo-
BEPKH Mara3uHa Ha IMyCTOTY; €CJIM Mara3uH ITyCT, TO 3HaYCHHUE MpeIuKaTa
M = paBHO 1, B IpoTUBHOM citydae - 0.
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Start(x)

v

w.=X *
Vi=X

Start(x)

Z:=X

x:=g(x)

Stop(x)

Stop(x)

x:=f(y,x) x:=f(y,x)

a 9]

Start(x)

Start(x)

Alcl:=x
c:=c+1
x:=g(x)
c:=c-1
y:=A[c]
x:=f(y,x)

Stop(x)

Stop(x)

8 2
Puc. 1.11 IIpumeps! oOoraieHHbIX cXeM
Kracc cxem ¢ MaccHBaMu - 3TO pacIIMpeHHE KIacca CYETYUKOBBIX CXEM 32
cueT 100aBIeHHs CYETHOTO MHOKECTBA MACCHBOB U ONEPAaTOPOB HAJl HUMH.
Maccue - HeMHTEpPIPETHUPOBAHHAs MEPEMEHHAas CIIOXKHON CTPYKTYpBHI.
ITpu BHINONHEHUM UHTEPIPETUPOBAHHON CXEMBI cOCMOsAHUE Maccusa - Oec-

KOHEUYHas II0CJIE0BATENbHOCTh (dl,dz,...,di,...) 9JIEMEHTOB U3 00JacTH

HMHTEPIPETALIMUHN.
Hnmepnpemuposannvie onepamopuvl UMEIOT CIEAYIOIIUNA BUA:
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A[c] ‘= X - 3aIIUCh B MAcCHB;
X = A[c] - BEIOOpKA U3 MacCHBa,

rne A -wmaccus, [c] - 1IEJI0E YMCII0, PABHOE TEKYLEMY 3HAYEHHIO CUETUHMKA C .
Ha pucynke 1.11. mpuBeZIcHBI YeTBIPE CXEMBI: CTaHIapTHAS (), CUCTIUKO-
Bas (0), mara3suHHas (B) U cxema ¢ MaccuBami (T). Bce oHU SKBHBaJICHTHBI

JIpYT IpYTy U PEKYPCUBHON CXEME:
F(x), F(x)=1if p(x) then x else f (x,F(g(x))).

1.7.2 Tpanciasuusi 000ralieHHbIX CXeM

Juarpamma Ha pucynke 1.12 maet momHyro HHPOPMAIUIO O BO3MOXKHO-
CTH TPaHCISILUU OJHOTO Kjacca CXeM B JIPYroi, KJIacChl UMEIOT CIIEAYIO-
e 0003HAYCHUS:

Y - crannapTHbIE CXEMBI; (M ) - Mara3uHHBIE CXEMBI;

Y
Y (R) - PEKypCUBHBIE CXeMBI; ¥ (A) - CXEMBI C MaCCUBaMU;
Y

Y (c) - CYETYMKOBBIE CXEMBI; (P) - CXEMBI C ITPOLIEypaMHU.

Puc. 1.12 Jlnarpamma B3aMHON TPaHCIISALMH CXEM
JlmarpamMa mokasbIBaeT, 4TO Kacchl Y (M ) nY (A) SIBJISIFOTCSL YHU-

BEpPCAJbHBIMU B TOM CMBICIIE, YTO CXEMBI BCEX JPYTHX KIACCOB TPAHCIHUPY-
eMBI B HEX. B TO ke BpeMs1, B ki1acc Y He TPaHCIUPYIOTCS CXEMBI HH OfTHO-
TO JPYroro Kiacca.

1.7.3 CTpyKTypHpOBaHHbIE CXEMbI

Bospacratomas ci10KHOCTh MIPOrpaMM 3aCTaBIsIET IEPECMOTPETh NIPHH-
LUMBl OpraHU3alluy MPOrpamM, UX CTPYKTypy. JleMKcTpa HepBBIM BBICKa-
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3aJiCs TPOTUB HEYIOPSIOYEHHOTO HCIIOJIb30BAaHMS IIEPEXOJIOB HA METKH,
KOTOpOE MOXKET IIPUBECTH K IEPEyCIIOKHEHHIO CTPYKTYPHI MPOrpaMMBbl,
3aTpyJHSIONIEMY €€ NMOHUMaHue. Pean3ysl KOHLENIUIO TaK Ha3bIBAEMOI0
CTPYKTYPHPOBAHHOI'O MPOrPAaMMHPOBAHUS, OH MPEIOKUII OTKA3aThCs OT
WCIIONIb30BaHMS TIEPEXO0B M OTPaHHUYHUTHCS Oojee TUCIUILTUHUPYIOIMMHU
CpEJCTBAMH YIIPABJICHUS BHIUUCICHUSMHU, TAKUMU, KaK YCIIOBHBIE OITEPaTo-
PHI ¥ OIIEpaToOpHI IUKJIA.

Knacc cmpyxmypuposannvix cxem Y (S) OIpeNIeNIeTCs] B TOM 0as3uce
B, xoroperii 6611 BBeneH aist CCIT Y.

Pazmiume Mexay Y u Y(S) nposBusiercss Ha ypoBHE CTPYKTYP CXeM.

BMecTo criernuanbHBIX CHMBOJIOB Y  BBOJSATCS CICIMATBHBIC CHUMBOJEL:
if, then, else, while, do, end. BMmecro uHcTpyKuHUii C MET-
KaMH BBOJTCS TPU THIIA CXEeMHbIX onepamopa B 6a3uce B : mpocTolt ome-
paTop, YCIIOBHBIM ONepaTop U onepaTop LUKIA.

IIpocmoti onepamop — 3TO HaYAIBHBIH (3AKITIOYUTENBHBIN) ONepaTop 1
ornepaTop NpucBavBaHUsL.

Yenosnwiii onepamop — 3to onepatop Buaa

if © then o, else ¢, end,
Ige 7 - JIOTM4eCKOe BBIPaXKE€HUE, O,,0, - IOCIEI0BATEIbHOCTU (MOXKET
OBITh, IYCTHIC) CXEMHBIX ONEPATOPOB, CPEIU KOTOPHIX HET HU HAYAJLHOTO,
HU 3aKJIIOYUTENHHOTO.

Onepamopbl yuxia UMEIOT BUJ

while m do ¢ end wm until n do ¢ end,
I7i€ 77,0 UMEIOT TOT K€ CMBICH, UTO U BBIIIIE.

Hwxe npuBeneH mpumep S5KBUBAIEHTHBIX cxeM Y n ¥V (S ) .

CranmapTHas cxema nporpamMmm CTpyKTypUpOBaHHAsl CXeMa Mpo-
rpaMm
start (x), start (x),
l:y :=f(x), y:=f(x),
2:if p(y) then 7 else 3, if p(y) then else
3:y:=f(y), y:=f(y),
4:if p(y) then 5 else 7, if p(x) then
5:if p(x) then 6 else 7, while p (x)
6:x:=h(x) goto 5, do x:=h(x) end
7T:stop (x,V) else
end
end,
stop (x, V).
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Jokazano, uro kmacc Y wmomHee kiacca Y (S), T. €. CXeMbl Y (S)

TPAHCIUPYEMBI B Y , HO HEe HA00OPOT.
VYcunuts knace Y (S ) MOXXHO 32 CUET YCIOKHEHUS JJOTMYECKUX BhIpake-

HUI B YCIIOBHBIX ONEpaTOpax M olepaTopax IukKiIa Y (SL) , BBEJICHHEM CUM-

BOJIOB JIOTMYecKHX omnepaiuii NOT, OR, AND u aToMapHbIX (OpMYIl, KO-
TOPBIMU SBIISIFOTCS IOTHYECKUE BBIPAXKEHUS B CTAPOM CMBICIIE, HATIpPUMeEp:
NOT p(x) AND q(y,X);
p(g(x,t)) OR g(h(x),x).
B stom ciygae cipasemnuBa meopema (Awxpogpm - Mann)
Knacc cranmaptHeIx cxeM Y TpaHCIMpyeM B KJIacc CXeM C JIOTHYECKHU-

MU onepanusiMu Y (SL)

KonTponbsnbie Bonpocsl
1) Ompenenenrie mporpaMMbl Kak (hOpMaM30BaHHOTO OMMCAaHUE Tpoliecca
00pabOTKM TaHHBIX.
2)YTto Takoe npaBWIbHAS POrpaMMa 1 HaJIeKHasl mporpamma?
3)/laiiTe onpeneieHue BHIYUCIUMOCTH W Pa3pEIIMMOCTH.
4) Naiite onpenencHne CXeMbl IPOrpaMM.
5)Uro BKJIrOUaercs B 0a3uc Kiiacca CTaHJapTHBIX CXEM Iporpamm?
6)Uro Takoe nMHEHHAs popMa CTaHIaPTHON CXEMBbI?
7)B 4eM CyIIHOCTb HHTEpPNPETAMN CTAaHJAPTHBIX CXEM IporpamMm?
8)UTto Takoe SKBHBAJICHTHOCTh, TOTAIBHOCTS, ITYCTOTa, CBOOOAA?
9)B 1eM 0coOeHHOCTH CBOOOIHOMN HHTEpIIpETAIN?
10) YTto Takoe coriacoBaHHBIC CBOOOTHBIC HHTEPIIPETAIH?
11) [aiite orpeneneHue JOTHKO-TepMabHasi SKBUBAJICHTHOCTH.
12) CdopmyupyiiTe onpeaeneHie oJJHOJICHTOYHOTr0 aBTOMATa.
13) OcobeHocTH MHOTOJICHTOYHOTO aBTOMATA.
14) s xakux 3aqa4 yJo0HO UCIIONB30BATH JIBYXT'OJIOBOYHBIE aBTOMATHI?
15) Onpenenenre u CTPYKTpypa ABOMYHOT'O JBYXTI'OJIOBOYHOT'O aBTOMATA.
16) IocTpoeHne cxeMbl, MOAENUPYIOLIEH aBTOMAT.
17) Yro Takoe pekypCHBHOE POrpaMMHUpoBaHue?
18) Ompenenenue peKypCUBHOM CXEMBI.
19) CpaBHeHHE KJIACCOB CXEM.
20) Yto Takoe CXeMBbI C IpoIeypamu?
21) Kiaccel 000TrameHHbIX ¢XeM, HX (opMaTH3aIus.
22) Tpancusuusi 00OrameHHbIX CXEM.
23) O000EHHOCTH CTPYKTYPUPOBAHHOW CXEMBI.
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2 CemaHTHYeCKasl TeOPHs NMPOrpamMMm

2.1 OnucaHue cMbICJIA IPOTPaAMM

CeMaHTUUECKasi TEOPHS IPOrpaMM 3aHUMAThCS OIUCAHUEM CeMAHMUKU
npocpamm, WA CMBICIIA BRIPA)KEHUH, OIIepaTopoB U MPOTrPaMMHBIX €HHHII.

B s13pIKe MIMeeTCst MHOXKECTBO Pa3IMYHBIX KOHCTPYKIMH, TOYHOE OIpe-
JIeTIeHNe KOTOPHIX HEOOXOIMMO KakK IIPOrpaMMUCTY, HCIIOJIb3YIOMIEMY
SI3BIK, TaK ¥ pa3padOTYMKy peasu3alyy 3TOro s3bIka. [IporpamMmucry stu
CBEJICHUS! HY>KHBI JUIS TOTO, YTOOBI MHCAaTh NpaBWIbHBIE POrPaMMBbI U 3a-
paHee 3HaTh Pe3yJbTAT BHINOJIHEHHS JIIOOBIX OIEepaTopoB MporpaMMel. Pas-
paboTYMKy KOMITWIIATOPA KOPPEKTHBIE ONpeesieHHs] KOHCTPYKIINI He00X0-
JIUMBI JUTSl CO3/IaHMS TIPABUIILHON peasTu3aliy S3bIKa.

Kak mpaBuio, onpeneneHne CEMaHTUKHU JAeTCsl B BUJE OOBIYHOTO TEK-
cra. CHavasa npy MOMOIIM KaKoW-T100 (opMaIbHONH TpaMMaTHKU JTAeTCs
oIpesielIeHe CUHTAKCHUCa KOHCTPYKIMH, a 3aTeM JJIsl TIOSICHEHUSI CeMaHTH-
KU TIPUBOJISITCSI HECKOJIBKO MMPUMEPOB U HEOOJIBIION MOSICHUTEBHBIH TEKCT.
CMBICII 3TOTO TEKCTa YacTo HeoHO3HaueH. [IporpaMMHCT MOXKET MOMY4YHUTh
OIIMO0YHOE IMTPEJICTAaBIECHHE O TOM, YTO UMEHHO OyJeT JiefaTh HalrcaHHas
UM TIporpaMma IIpH BBITIOJIHEHHUH, a pa3padOTYMK MOXKET pPeayn3oBaTh Ka-
KYI0-TN0O SI3BIKOBYIO KOHCTPYKIMIO MHA4Ye, YeM Pa3pabOTUHKU JPYrUx pe-
anM3anui Toro ke s3bika. Kak u Ui cuHTakcuca, Hy)KeH KaKoi-TO MEeTof,
HO3BOJIAIONUN JaTh y10004UTaeMOe, TOUHOE U JIAKOHUYHOE OIpeJeNIeHHe
CEMaHTHKH sI3bIKa.

3amaua oInpenereHusl CEMaHTHKHU SI3bIKA NMPOrPaMMHUPOBAHMS paccMart-
pHUBaeTCs TEOPETHKAMHU JaBHO, HO JIO CHX IOp HEe Hal/IeHO Y/IOBJIETBOPH-
TEJIFHOTO YHUBEPCAILHOTO PEIICHHSI. .

2.2 OnepanuoHHasi CEMAHTUKA

Onepayuonnas cemaumuka, CBOTUTCS K OIMMCAHHUIO CMBICIIAa MPOrpaMMBbl
MOCPEICTBOM BBINIOJTHEHUS €€ ONEepaTOpOB Ha PeajbHON MM BUPTYaIbHOU
ManHe. CMBICH onepaTopa ONpeaensaeTcs] U3MEHEHUSIMH, ITPOU3O0LIe IIN-
MU B COCTOSIHUM MAaIlIMHBI TIOCJIE BBIMOTHEHUS JAaHHOTO OIlepaTopa.

ITycTb cocTosiHME KOMIMBIOTEpA - ITO 3HAYEHUS BCEX €r0 PEruCTpOB U
slUEeK MaMATH, B TOM YHUCIE KOABbl YCIOBMH M PEruCTpsl cocTosHUM. Ecnu
IIPOCTO 3aMUCaTh COCTOSIHUE KOMIBIOTEPA, BBIMOIHUTH KOMaHAY, CMBICT KO-
TOpPON HY)KHO OIpPEIEIUTh, & 3aTEM H3YUUTh HOBOE COCTOSHHME MAIIMHBI, TO
CEMaHTHKa 3TOM KOMaHJbl CTAHET MOHSITHOW: OHA IPEJCTaBIsACTCA U3MEHE-
HUEM B COCTOSSHUM KOMITBIOTEPA, BEI3BAHHBIM BBITIOJIHEHHEM KOMaH/IbL.

OnucaHue onepallMOHHON CEMaHTHKH ONEPATOPOB SA3BIKOB IMPOrpaMMU-
POBaHHMS BEICOKOTO YPOBHS TpeOYeT CO3/IaHMs PEalIbHOTrO MIIH BUPTYaJIbHO-
ro KOMIbIOTEpa. ArapaTHoe o0ecieueHre KOMITBIOTEpa SIBISIETCS YHUCTHIM
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HMHTEPIPETATOPOM €r0 MAIIMHHOTO s3bIKa. UNCTHIH HHTEPIPETATOP JII0O0T0
sI3bIKa TIPOrPAaMMHUPOBAHHS MOXET OBITh CO37[aH C TIOMOIIBIO IPOrPaAMMHBIX
CpPE/ICTB, KOTOPbIE CTAHOBSITCS BHPTYaJIbHBIM KOMITBIOTEPOM [UISi JAHHOTO
si3bIka. CEMaHTHKY S13bIKa BBICOKOTO YPOBHSI MOXKHO OITHUCATh, HUCIIOIB3Ys
YHUCTHIH MHTEPIIPETATOP JAHHOTO S3bIKa. [IpH TakoM MMOAXO0/E CYIIECTBYIOT
JIBE TIPOOJTIEMBL. Bo-nepebix, CIOKHOCTh U WHIUBHIYaJIbHBIE OCOOCHHOCTH
anmapaTHOro OOEecCIeYeHUs] KOMITbIOTEpa U OIEPAlIOHHOW CHCTEMBI, HC-
TIOJB3YEMBIX JUIs 3aIycKa YUCTOr0 MHTEPIIPETaTOpa, 3aTPyJHSIOT MOHUMA-
HUE TPOUCXOJAIINX JICHCTBUI. Bo-6mopulx, BHIIOIHECHHOE TAKUM 00pa3oM
CeMaHTHYeCKoe omnpeneneHne Oyaer AOCTYITHO TOJIBKO JUIs Jitofel ¢ abco-
JIIOTHO MJIEHTUYHON KOH(QHTYypalyeil KOMITBIoTepa.

Oroil MpoOJIeMbl MOXXKHO H30eXaTh, 3aMEHUB DEAJbHBI KOMIIBIOTEP
BUPTYaJIEHBIM KOMITBIOTEPOM HH3KOTO YpOBHS. Perucrpel, mamsith, nHGOp-
Malysl O COCTOSIHMY U IIPOIIECC BBIMOIHEHHUS ONIEPAaTOPOB MOXKHO CMOJIEIH-
pOBaTh, COOTBETCTBYIOIIMMH HporpamMmaMu. HaGop KomaHa MOXHO co-
3/aTh TaK, YTOOBl CEMaHTHKY Ka)KJAOH OTHENbHOW KOMaHIbl OBUIO JIETKO
TIOHSATH M onucarh. TakuM oOpa3oM, MammHa Oblta OBl WaeaNu3upoBaHa U
3HAYMTEIBHO YNPOIIEHA, YTO OOJIErdmio Obl NMOHMMaHHE W3MEHEHHH ee
COCTOSTHHSI.

Hcnonp3oBaHue ONEpalMOHHOTO METOJa ISl IOJHOI'O ONMHCAHMsS Ce-
MaHTHUKH S3bIKa MpOrpaMMHUpoBaHusi L TpeOyeT co3maHus IByX KOMIOHEH-
TOB. Bo-nepebvix, nis npeoOpa3oBaHus sf3bIka L B OmepaTopbl BEIOPaHHOTO
sI3bIKa HU3KOT'O YPOBHS HYXKEH TPaHCIATOp. Bo-emopwix, Ui 3TOTO S3bIKa
HHU3KOr'O YPOBHSI HEOOXOAMMAa BHPTYyalbHasi MalllMHA, COCTOSHUE KOTOPOH
W3MEHSIETCSl C ITOMOIIBI0 KOMaH/I, TIOJy4eHHBIX TPH TPAHCISAIWHU OIepaTo-
POB BBICOKOI'O YpOBHS. VIMEHHO M3MEHEHHS COCTOSIHUSI STOW BHPTYaIbHOU
MAIIWHBI ONPEAENISIeT CMBICI JaHHOTO ollepaTopa.

CemaHTUKY KOHCTpYKIMU for s3pika C MOXHO ONMUCATh B TEPMHHAX
CJIETYIOIHX ITPOCTHIX KOMaH/I.

Omneparop s3pika C OrnepanroHHasi CeMaHTHKa
for (exprl;expr2;expr3) exrpl
{ loop:if expr2=0 goto out
} expr3;
goto loop
out:

cI)OpMaJ'H)HOG OIMUCAHUEC OHepaHHOHHOﬁ CEMAHTHUKH MOXHO NPCACTABUTH
B BUJIC CUCTEMbI PABCHCTB!
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TJIc B JICBBIX YACTSAX PABEHCTB SBHO yKa3aHBI omnperenseMble GyHKIUU ¢
(hopMaTbHBIMU TTApaMETPAMH, BKJIFOYAIOIIMMU 0003HAYCHUS BCEX BXOHBIX
JAaHHBIX X,,X,,...,X,, @ IPaBble YAaCTH NPEACTABIAIOT COOOW BBIpaXKEeHHU,

coJieprKalie, BOOOIIe TOBOPs, BXOXK/JCHHS 3TUX (YHKIHH C apryMeHTaMH,
3a/1aBa€MbIMH HEKOTOPBIMH BBIPAXKEHUSIMH, 3aBUCSILUMH OT BXOAHBIX JaH-
HBIX X,X,,...,X, .

n

OmnepalioHHasi CEMaHTHKa WHTEPIPETUPYET 3TH PABCHCTBA KaK CHCTeE-
My nojicTaHoBOK. [loj moacranoBkoi <s;E;z’> TepMa 7 B BbIpaxeHue E

BMECTO CHMBOJIA § 6yz[eM NOHUMATh NEPCIMCbIBAHUEC BBIPAKCHUA E ¢
3aMEHOM KaXKa0ro BXOKJICHUA B HETO CMMBOJIa § Ha BBIPAKCHHUC T . Kax-

JI0€ PAaBEHCTBO f; (xl,xz,...,xn) = E, 3amaer B mapaMmerpuyeckoil opme
MHOKECTBO IIPAaBUII OACTAHOBOK:
<xl,x2,...,xn; i(rl,rz,...,rn)—>Ei;rl,rz,---,rn>

rae 7,,7,, " *,T, - KOHKPETHbIE apT'yMEHThl JaHHOH (yHKIUH. DTO IPaBUIIO

n
JIOIYCKAaeT 3aMEHY BXOXJICHUS JICBOM €ro YacTh B KaKOe-JTHOO BBIPAXKEHHE
Ha ero MpaByko YacTb.

WurtepnipeTaiiusi CUCTEMbI PABEHCTB TS TIOJYYEHUs] 3HAYEHHIA orpejie-
JIIEMBIX (DYHKIUU B paMKaX OMEPallMOHHON CEMaHTUKH POU3BOMTCS Cle-
nqyromuM obpasoM. Ilycts 3amaH HaOOp BXOAHBIX AaHHBIX d|,d,,...,d, . Ha

MIEPBOM IIIare OCYIIECTBIIICTCS MOJCTAHOBKA 3TUX JAHHBIX B JICBBIC U Ipa-
BBIC YaCTH PABEHCTB C BBIIIOJIHEHUEM TaM, TJIC 3TO BO3MOXHO, TIPEIOTpeIe-
JICHHBIX OIEPAlliil W C BBINHCHIBAHUEM IIOJYYAEMBIX B PE3YyJIBTaTEe STOTO
paBeHCTB. Ha Kax70M ClieyromeM mare npocMaTPUBAIOTCS TPABIC YacTh
MOJYYCHHBIX paBeHCTB. Eciu mpaBas 4acTh SIBISCTCS KAKUM-JIHOO 3Haue-
HHUEM, TO OHO U SIBJIACTCS 3HAYCHUEM (PYHKITUH, YKa3aHHOHW B JICBOH 4acTu
ATOrO PaBEHCTBA. B MPOTUBHOM cilydae mpaBasi 4acTh SBJISICTCS] BBIPAKCHH-
€M, COJICPIKAIIUM BXOXKJICHHUS KaKUX-JTHOO0 OMpPEaeNIeMbIX (QYHKITHA ¢ TEMU
WM WHBIMU HA0OpaMu apryMeHTOB. ECITU 71 TAKOT'0 BXOXICHUS COOTBET-
cTByrOIIast GYHKIMS ¢ TAHHBIM HA0OpOM apryMEHTOB UMEETCS B JICBOH Ya-
CTH KaKOTO-JTUOO W3 TMOJYYCHHBIX PABCHCTB, TO JIUOO BMECTO 3TOTO BXOXK-
JICHUST TIOAICTABIISACTCS BBIYHCIICHHOE 3HAYCHUE MPABO YaCTH 3TOrO PaBCH-
CTBa, JIN0O HE TPOU3BOJUTCS HUKAKUX U3MEHECHHI. B TOM ke cirydae, eciu
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9Ta (QYHKIMS ¢ JAHHBIM HAOOPOM apryMEHTOB HE SBJISICTCS JICBOH YacCTHIO
HUKAKOr'0 M3 MOJYYCHHBIX PaBEHCTB, TO (hopMHUpyeTcs (M JOMUCHIBACTCS K
MMEIOLINMCST) HOBOE paBeHCTBO. OHO MONydaeTcsi U3 MCXOAHOTO PaBEHCTBA
JUTSL TAaHHOW ()YHKIMH TOJICTAHOBKOW B HET'O BMECTO MMApaMeTPOB yKa3aH-
HBIX apTyMEHTOB 3TOW (QYHKIUH. Takue Iaru OCYIIECTBISIOTCS JO TEX
mop, TOKa BCE ompesenseMble QyHKIMH HEe OyIyT MMETh BBIYMCICHHBIC
3HAYEHUSI.

Ilpumep. PaccMOTpUM CHCTEMY PaBEHCTB, ONPEACIAIONIYI0 (PYHKIIUIO

FACT (n)=n!

FACT(0)=1
FACT (n) = nx FACT (n—1).
Jlnst Bbraucnenns sHavenns FACT (3) ocymiecTBasitorcs 6 miaros.
wae 1 wae 2 waz 3
FACT(0)=1 FACT(0)=1 FACT(0)=1
FACT (3)=3x FACT (2) FACT (3)=3x FACT (2) FACT (3)=3x FACT(2)
FACT (2)=2x FACT (1) FACT (2)=2x FACT (1)
FACT (1)=1x FACT (0)
wae 4 wae 5 waz 6
FACT(0)=1 FACT(0)=1 FACT(0)=1
FACT (3)=3x FACT(2) FACT (3)=3x FACT(2) FACT(3)=6
FACT (2)=2x FACT (1) FACT(2)=2 FACT(2)=2
FACT (1) =1 FACT (1) =1 FACT(1)=1

OHepaHI/IOHHaH CCMaHTHUKa SBJISACTCA S(b(beKTHBHOfI A0 TE€X TOop, IMOKa
OIMMCAaHUE A3bIKa OCTACTCAd TIPOCTBIM U He(bOpMaJ'H:HHM. OHepaHI/IOHHaH
CCMAaHTHUKaA 3aBUCUT OT aJITOPUTMOB, 4 HE OT MATCMATHUKH. OnepaTopLI oa-
HOT'O A3bIKa IIPOrpaMMHUpPOBAHUA OIMMUCBIBAIOTCSA B TCPMHHAX OIICPATOPOB
JAPYroro fA3blka MporpaMMHpOBaHUsA, WUMCIOIIECTO Oornee HU3KUI YPOBCHb.
JToT NOoAXO0 MOXKCT IMPUBCCTU K TOPOUYHOMY KPYTY, KOrla KOHICIIIUU HE-
SIBHO BBIPAXKArOTC 4Y€PE3 CaMUX ce0s1.

2.3 AkcuoMaTHYecKasgd CEMAaHTHKA

Axcuomamuyeckaa cemanmuka ObUIa CO3[jaHa B Ipolecce pa3paboTKu
MeToJa J0Ka3aTeJabCTBa IPAaBWIBHOCTH mporpamMM. CeMaHTHKy KaxKIou
CHHTaKCHYEeCKOW KOHCTPYKIMH sI3bIKa MOXKHO OIPEIEINTh KaK HEKHH
HaOOp aKCMOM WJIM NPaBWJI BBIBOZAA, KOTOPHIH MOXKHO HCIIONB30BaTh JUIS
BBIBO/Ia PE3YJbTAaTOB BBIMIOJIHEHUSI J3TOW KOHCTPYKIMH. UYTOOBI TMOHATH
CMBICTT BCEH NpOrpaMMBbl, 3TH aKCHOMBI M TpaBWJa BBHIBOAA CIEAYET HC-
TIOJTB30BaTh TaK K€, Kak MPH J0Ka3aTelbCTBE OOBIYHBIX MaTEeMaTHYECKHX
TeopeM. B mpearnonoxeHun, 4To 3HaUEHHSI BXOJHBIX NIEPEMEHHBIX YIOBIIE-
TBOPSIFOT HEKOTOPBIM OrPaHWYEHHSM, aKCHOMBI U TpaBHJa BHIBOJIA MOTYT
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OBbITh UCIIOJB30BAHBI JUIS MOJYYEHHs OTPaHMYCHUI HA 3HAYEHUS APYTHX
MepeMEHHBIX MOCIIE BBIMOJIHEHUST KaXI0ro ornepaTtopa nporpammel. Korma
MporpaMMa BBITIOTHEHA, TIOIYYaeM JIOKa3aTeIbCTBO TOTO, YTO BBIYHCIICH-
HBIE PE3YIBTAThI YAOBIETBOPSAIOT HEOOXOJMMBIM OrPAaHUYEHHUSIM HA MX 3HA-
YEeHHUs] OTHOCUTENIBHO BXOJAHBIX 3HaueHui. To ecTh, JOKA3aHO, YTO BBHIXOJI-
HBIE JaHHbIE MPEICTABJIAIOT 3HAYEHUS COOTBETCTBYIOIIEH (DYHKIMU, BbI-
YKCJIEHHOM MO 3HAYCHUSIM BXOJIHBIX JTaHHBIX.

Takue J0Ka3aTeNbCTBA MMOKA3BIBAIOT, YTO MPOrPAMMA BBIMOJIHSET BbI-
YHCJIEHWs, OMUCAaHHBIE ee crenupuranueii. B 1oka3atensCTBe Kaxblid
oreparop MPOrpaMMbl COMPOBOKIACTCS MPEIICSCTBYIONIMM H IMOCIETY0-
MM JIOTHYECKUMHU BBIPAXKEHUSIMH, YCTAHABIMBAIONIMMU OTPAHUYEHUS Ha
nepeMeHHbIe B IPorpaMMe. DTH BBIPAKEHUs UCIIONB3YIOTCS IS ONpeIerie-
HUS CMBICJIA OIlepaTopa BMECTO IMOJIHOTO OMUCAHUS COCTOSHHS aOCTPaKT-
HOW MallluHBI.

AxkcromaTnveckass ceMaHTHKAa OCHOBaHA Ha MaTEMAaTHUYECKOH JIOTHKE.
Bynem Ha3bIBaTh MpPEAHMKAT, MOMEHICHHBIA B MPOTPAMMY VmMEepiCOeHUEM.
YTBepxkIeHHEe, HEMOCPEICTBCHHO MPEIIISCTBYIONIEEe OMepaTopy Mporpam-
MBI, OITUCHIBAET OIPAHUYEHUS, HAJIOKEHHbBIC Ha MEPEMEHHbBIC B JAHHOM Me-
CTEe TPOrpaMMBbl. Y TBEpXKJICHHUE, CICAYIOIIee HEMOCPESICTBCHHO 3a Orepa-
TOPOM TIPOrPaMMBbI, OMUCHIBAET HOBBIC OTPAHMYCHUS HA Te€ e (a BO3MOXK-
HO, U JIPYTH€e) TIEpEMEHHBIE TTOCTIE BHITOIHEHUS OIepaTopa.

Beenem obo3HaueHue (mpuada Xoapa)

{0} 5{R}

rne O,R - mpenukatel, S - mporpamma (ONepaTop WU IMOCIEI0BATENb-
HOCTh omneparopos). OOo3HaueHue omnpezenser cieayomuil cMoicn: «Ecnu
BBITIOJTHEHHE S HAYaNOCh B COCTOSHHH, YIOBJIETBOpsionieM (J, TO UMeeT-
Csl TapaHTHsl, YTO OHO 3aBEPIIUTCS Yepe3 KOHEYHOE BPEMs B COCTOSHHH,
yaoBieTBopsitomeM R ».

[Mpenukat () Ha3bIBACTCS npedycnoguem WIA BXOJHBIM YTBEPIKICHUEM
S, mpemukaT R - nocmyciosuem WX BBIXOAHBIM YyTBEpXKJIEHUEM, R
OIpe/IeNIsieT TO, YTO HYKHO YCTAaHOBUTH ( R ompezenser creunpukaiuio
3ajaun). B npexycnoBun () HY)KHO OTpakaTh TOT (aKT, YTO BXOIHBIC Ie-
pEMEHHBIE TTONTYIHIIN HadyaJIbHbIe 3HAYEHHSI.

Ilpumep. PaccMoTpuM orepaTop NpPUCBAaWBaHUS Ui LIEIOYUCICHHBIX
TIepEeMEHHBIX 1 MOCTYCIOBHE:

sum:=2*x+1 {sum>1}

OpHUM 13 BO3MOXHBIX IIPEIYCIIOBHUI TAHHOTO OIepaTropa MOXET OBITh

{x>10}.
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Crabeitwumu npedycnogusimy Ha3BIBAIOTCS HAUMEHBIIHE MPEAYCIIOBHS,
obecrieYnBalOIIHe BEITOIHEHNE COOTBETCTBYIONIEro mocrycious. Hampu-
Mep, JUIsl IPUBEACHHOTO BBILIE ONEPaTopa U ero MOCTYCIOBHS MPEAYCIOBHS
{x>10}, {x>50} u {x>1000} sBustoTcs npaBWIbHBIMU. Crabedmm u3
BCEX IPEIYCIOBHUI B TAHHOM ciydae OyzeT {x>0}.

2.3.1 [IpeoGpa3oBaTte/b NPeIUKATOB.

2. Heiikctpa paccMaTpuBaer cabeiimvie MpeayCIOBUS,
T. €. IPEAYCIOBUS, HCOOXOMUMBIC U JOCTATOUHBIC JIJISl TAPaHTHU JKeIacMO-
TO pe3ynbTara.

«YcnoBUe, XapaKTepU3yIOIIee MHOKECTBO BCEX HAYaJbHBIX COCTOSHUM,
IIPH KOTOPBIX 3aIMyCK 00s3aTEIBFHO MPUBEAET K COOBITHIO MPAaBUILHOTO 3a-
BEpILCHUS, TIPUYEM CHCTEMa OCTAHETCS B KOHEYHOM COCTOSHHH, YHAOBJIC-
TBOPSIFOLIEM 33JJaHHOMY ITOCTYCJIOBHIO, HAa3bIBAETCS CIA0CHIINM TpeIycIio-
BHEM, COOTBETCTBYIOIIIUM 3TOMY ITOCTYCIIOBHIOY.

Ecmn S - Hekoropblii omeparop (IOCIeqOBATENBHOCTH OIEPATOPOB),
R - xenaemoe moctycioBHe, TO COOTBETCTBYIOIEe ciabeiiiee mpemycio-

Bue OymeM 0003HAYATh wp(S,R). AOOpeBuatypa wp oOmpenensieTcs

HayalbHBIMM OyKBaMHU aHIVIMICKUX CJOB Wweakest (cnmabedmmid) u
precondition (IpenycioBUe).

OmnpezienieHHe CEMaHTHKH OIMEPaTopa JaeTcsl B BUJEC TPABUIIA, OIHCHI-
BAIOIIErO, KaK JUIS JIIOOOro 3aJaHHOTO IOCTYCJIOBHS R MOXHO BBIBECTH

COOTBETCTBYOIIEE ciabeiiee mperycioBrue wp(S,R) .

Jlns ¢ukcupoBaHHOTO orepatopa S Takoe MPaBWIIO, KOTOPOE IO 3a-
JAHHOMY TIpeauKaTy R BbIpaOaThIBaeT MPETUKAT wp(S,R), Ha3bIBaETCsI
«npeobpazosamenem NPeoUKamos»: {wp (S ,R)S {R}} .

OTO 3HAYMT, YTO ONHCAHUE CEMAHTHUKU oleparopa S MPEACTaBUMO C
TIOMOIIBI0 TIpeoOpa3oBaTens npeankaToB. [IpUMEHNTENBHO K KOHKPETHBIM

S u R uacto ObIBaeT HEBa)KHBEIM TOYHBIA BH]I wp(S ,R) , ObIBaeT JocTa-
TOYHO Ooyiee CHIBHOrO ycioBus (J, T. €. YCIOBHS, JUIS KOTOPOTO MOXKHO
JI0Ka3aThb, 4TO yTBEpKAeHUE QO = wp (S,R) CIIPABEATIUBO JJIs1 BCEX COCTO-
SIHU. 3HAYUT, MHOXKECTBO COCTOSHUMU, [T KOTOPbIX () - UCTUHA, SBJISIETCS
MMOJMHOKECTBOM ~ TOTO ~ MHOXXECTBAa  COCTOSIHMM,  JUISI  KOTOPBIX
wp(S ,R) - uctuHa. Bo3amMoxxHOCTh pabotaTh ¢ npexycnoBusmMu ( , He sB-
JISFOIMMUCS CIa0eWIIMMH, M0JIe3Ha, TOCKOJIBKY BBIBOJUTH wp(S ,R) SIBHO

HEC BCCrja NpakKTU4IHO.
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Cdopmynupyem cBOMCTBa wp(S,R) .
1) wp(S,F)=F mams mo6oro S . (3aKOH HCKIFOUEHHOTO 1y/a).

2) 3akoH MOHOTOHHOCTH. {15t moboro S u mpemukatoB P u R Takux,
9yT0 P = R JUIS BCEX COCTOSIHUH, CIPaBEIIMBO IS BCEX COCTOSHUIMA

wp(S,P) = Wp(S,R) .

3) JductpuOyTUBHOCTH KOHBIOHKIWH. J[Jis TFOOBIX S, R, P CIpaBeIUBO
wp(S,P)AND wp(S,R)=> wp(S,P AND R).

4) JIucTpuOyTHBHOCTH NU3BIOHKIMU. [[11st 1F00BIX S, R, P ClIpaBEITUBO

wp(S,P)OR wp(S,R)= wp(S,P ORR).

Ecnm nnst xakgoro omeparopa si3plka M0 3a/IaHHBIM  TTOCTYCIIOBHSIM
MOXXHO BBIYMCIIUTH ciadeiiiee npeaycioBre, TO JUIs IPOrpaMM Ha JJaHHOM
A3bIKE MOXKET OBITh IIOCTPOEHO KOPPEKTHOE J0Ka3aTenbcTBO. JlokazaTens-
CTBO HAUMHAETCS C WCIIOJIb30BAHUS PE3YJAbTATOB, KOTOPHIE HAJO MOIYYHUTh
TIPY BBITIOJIHEHWH TIPOrPaMMBl, B KAUECTBE IOCTYCIIOBHS MOCIIEAHEr0 OIle-
paropa nporpamMMbl, ¥ BBITIOJIHSIETCS C MTOMOIIBIO OTCIIEKMBAHUS MIPOrpaM-
MBI OT KOHIIAa K Hayally C IOCJIEAOBATENbHBIM BBIYUCICHUEM CIIa0EHIINX
IpeqycIoBUM A Kakaoro omepatopa. Ilpu JocTikeHMM Hadana IIpo-
TpaMMBbI IIEpBOE €€ TPEIyCIOBUE OTpPa’kaeT YCIIOBHS, NMPHU KOTOPBIX Mpo-
rpamMMa BBIYHCIUT TpeOyeMble Pe3yabTaThI.

Jlis HEKOTOpBIX OIEepaTOpPOB IPOrpaMMBl BBIYKCIEHHE cllabeimiero
IpeIyCIOBUS HAa OCHOBE ONEpaTopa U €ro MOCTYCIOBUS SBJIAETCS AOCTa-
TOYHO TPOCTBIM U MOXET OBITh 331aHO C TIOMOIIBIO aKCHOMBI. OJJHAKO, KaK
npaBuiIo, ciabeiiiee NpeaycIOBUE BHIUUCIAETCS TOIBKO C MOMOILBIO 1pa-
8UNA N02UHECKO20 6bl600d, T. €. METOJA BBIBEJECHUS HCTUHHOCTU OJHOI'O
YTBEPXK/ICHHSI HA OCHOBE 3HAYEHH OCTaJbHBIX YTBEPKICHUH.

2.3.2 AkcnoMaTH4ecKoe onpe/eaeHue OepaTopoB si3bIKa
MPOrPaMMHUPOBAHUSA

Onpenenym crnabeiiliee nMpeaycaoBUe JJIsl OCHOBHBIX OIEPaTOpPOB: OIle-
paropa NpHCBaMBaHUs, COCTAaBHOTO OIlepaTopa, olepaTopa BhIOOpa U ore-
paTopa LuKIa.

Onepamop npuceausanus uMeeT BuA: x = E, rae x - mpocras mepe-
MeHHasi, £ — BeIpakeHUE.

Crna0eiimee mpemyciioBre oreparopa MpucBauBanus Q = wp(x =F ,R) ,

noiy4yaercs U3 R 3aMeHOH KaXK[J0ro BXOX/ICHUsT x Ha E (Q :Rg).
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[Ipenmnonaraercs, yro 3HaueHne E onpeneneHo, U BBIYUCICHUE BBIpa-
xeHus £ He MOXeT U3MEHUTh 3HAUCHUS HU OJHOM mepeMeHHoi. Chemopa-
TEJBHO, MOXKHO HCIOJIB30BaTh OOBIYHBIC CBOIMCTBA BBIPAXKCHUM TaKue, Kak
aCCOIMATUBHOCTh, KOMMYTaTHBHOCTD U JIOTUUECKUE 3aKOHBI.

Cocmaenoti onepamop uMeeT BUJ: begin S;;S,; ... ;S, end.

Crao0eiiniee mpeayciaoBue IS OCIeJ0BATEIBHOCTH ABYX ONEPaTOpPOB:

wp(Sl;Sz,R)= wp(Sl,wp(Sz,R)).

AHanoru4Ho cnaOeiiliee MpPeAyCIIOBUE OMPEACISICTCS I MOCIe0Ba-
TEIBHOCTH U3 1 ONEePaToOpOB.
Onepamop 6blO60pa OTIPEIENACTCS:
if B, >S11B,->S,..11B - S fi.
3nece n>0, B,B,,....B

n

- JIOTUYCCKUC BBIPAKCHUA, HA3bIBAEMBIC

oxpaHamu, S,,S,,...,S

n

- omeparopsl, napa B, — S, Ha3bIBaeTCs OXpaHsie-

Moii komauo#, I1 - pasmenutens, if u fi urparoT pone omepaTopHBIX CKO-
OOK.

BeimosnasieTcst onepaTop cieayommuM 00pa3oM.

Iposepstorcst Bce B;. Ecnu ogHa U3 oXxpaH HE OIpezesieHa, TO MPOHC-

XOJUT aBapuiiHoe 3aBepiueHue. Jlanee, mo kpaiiHeil Mepe, OJHa U3 OXpaH
JIOJDKHA WMETh 3HAUCHWE WCTHHA, WHAYE BEHIMONIHCHHUE 3aBEpIIACTCS aBa-

puiiHo. BeiOupaercst omHa U3 oxpaHseMbIX KoMaH# B, — S, y Koropoii
3Ha4YeHNHE B, UCTUHA, U BBINOIHAETCA S, .

CraO0eiiniee rmpeaycioBUe ISl 3TOTrO orepaTopa:
wp (if,R) = BB AND (B, = wp(S,.R))AND...AND (B, = wp(S,.R)),
rne BB=B OR B, OR...OR B, .

EctecTBeHHO onpenenuTs wp(if ,R) C IIOMOILBIO KBAHTOPOB:

wp (if,R)=(3i:1<i<n:B)AND (Vi:1<i<n:B = wp(S,R))

Ipumep. Onpenenuts z = |x| .
C ucrosp30BaHMEM OIepaTopa BeIOOpa:
fx20->z=xIIx<0>z=—xfi.

K ocobeHHOCTSIM omepaTopa BhIOOpa CIEAYET OTHECTH, 60-NEPEbiX, TOT
(hakT, 4YTO OH BKITIOYAET YCIOBHEIN omeparop (if. . .then..), ampTepHa-
TuBHBIN onepatop (1£.. then... else...) u onepatop BeiOOpa (case).
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Bo-eémopuix, onepatop BbIOOpa He JOIYCKaeT yMONTYaHUH, 4YTO HOMOraeT
Ipy pa3paboTKe CIOAKHBIX IPOrpaMM, TaK KakK Kaxkaas albTepHATUBA NPes-
CTaBJIEHA TOJPOOHO, ¥ BO3MOXKHOCTb YTO-IM00 YIIYCTUTh YMEHBIIAETCS.

B-mpemvux, G1aromapst OTCYICTBHIO yMONYaHHWM, 3aIlUCh ONEpaTopa
BbIOOpa MPECTaBIEHa B CHMMETPUYHOM BUJIE.

Onepamop yuxna umeet Bua: do B — S do.

O0o03HauUM 3TO cooTHoIIeHue Yepe3 DO U MPeACTaBUM €ro B CIEAy-
IOIEM BHIE:

DO:doB — S, 11 B, > S, I1...I1 B, = §, od ,
rae n>0, B, =S, - oxpaHsieMble KOMaH[bI.

IToxa BO3MOXHO BbIOMpaeTcs oxpaHa B, co 3Hau€HUEM HCTUHA, U BbI-
HOJIHAETCA COOTBETCTBYIOIMIA onepatop S,. Kak Tonbko Bce oxpaHbl Oy-

JAYT UMCTb 3HAUYCHUC JIOKb, BBITIOJITHCHUC DO 3aBCPUINTCA.

BI)I60p OXpaHbl CO 3HAYCHUEM HCTHWHA W BBIIIOJHCHUEC COOTBCTCTBYIO-
Iero orneparopa Ha3bIBACTCA BLINTOJIHCHUEM 1Iara 1uKia. Ecnu ncTuHHBIMH
SABJIAIOTCA HECKOJIBKO OXpaH, TO BBI6I/IpaeTC$I mo0as U3 HUX. CJ'IeZ[OBaTeJ'IB-
HO, oriepatop DO 3KBUBAJICHTEH ONIEPaToOpy

doBB —if B, — S,TI1B, - S,...1 B, - S, fi od w1 do BB — IFod,

rne BB - nusbronkims oxpaH, IF - omepatop BeIOOpa.
Ipumep. Anroputm EBxnmna.
Bapmuanr 1.

samats (N,M);

if N>0ANDM >0—>n,m=N, M,

donzm—oifn>mon=n-mlIlm>n—->m=m-nfiod,

BBIJIATh (n)

fi

Bapuant 2.

samats (N,M);

if N>0ANDM >0—>n,m=N, M,

don>m—-o>n=n-mllm>n—->m:=m-—n od;

BBIJIATh (n)

fi

ITycts npeaukar H, (R) onpezensieT MHOXKECTBO COCTOSIHUM, B KOTOPBIX
BemonmHeHne DO 3aBepmaercs 3a 0 maroB (B 3TOM ciydae BCe OXPaHbI C

CaMOoro HaydaJia JIOXXHbI, ITOCJIC 3aBCPIICHUS R wumeer 3HaueHune I/ICTI/IHa)Z
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H,(R)=NOTBBANDR.

UYrobbl onepatop mukia DO 3aBepiini paboTy, HE MPOU3BO/IS BHIOOPKU
oxpansieMoii komaH b1, Heooxoaumo, utoobl NOT BB =T . Ilpu sToM uc-
TUHHOCTh R 110 BhimoiHeHust DO sBJsIETCS HEOOXOAMMBIM YCIOBUEM TS
ucTHHHOCTU R mocie BeimoiaHenus DO .

Onpenennm npeankar H, (R) Kak MHOXECTBO COCTOSIHMI, B KOTOPBIX
BBIMONMHEHHe DO 3aKaHUMBAETCA 32 k IIAroB Tpu 3HaueHMH R ucthHa (
H, (R) 6yner onpenensitoes uepes H,_ (R)):

H,(R)=H,(R)ORwp(IF,H, (R)).k >0 wp(DO,R)=(3k:k>0:H,(R)).

DTO 3HAYMT, YTO JIOJKHO CYIIECTBOBATh TAaKOE 3HAYEHUE k , UTO MOTPeOy-
ercst He OoJyiee yeM k IIaroB, AJIsl 0O0ecHedeHus 3aBeplIeHHs] paboThl B KO-
HEYHOM COCTOSTHHH, YJIOBJIETBOPSIOLIEM MOCTYCIOBHIO R .

Teopema unsapuanmnocmu 0Onsa onepamopa yukaa. IlycTs omepaTop
BoiOopa IF n npenukar P TakoBbI, 4TO JJIsl BCEX COCTOSHHUM CITPaBEIINBO

(P AND BB)= wp(IF,R).
Torna nnst orneparTopa nukKjia cupaBeaInBO:

(P AND wp (DO, T)) = wp(DO,P ANDNOT BB).

HpeZ[I/IKaT P , HCTUHHEBIN nepea BLINMOJIHCHHUEM W IOCJIC BBIIIOJIHCHUA
KaXJ0ro 1mara nukiia, Ha3bIBaCTCA UHEAPUARNMHKbIM OmMHOouleHuem Win 1mpo-
CTO UHeApuarmom yuxia.

910 YCJIOBHUEC O3HAYACT, YTO €CJIU MPECAUKAT P NEPBOHAYAIBHO UCTUHCH
" OlHA U3 OXPAHACMbBIX KOMaHJ BI)I6I/IpaeTCH JJI1 BBITIOJIHCHUS, TO IIOCJIE €€
BBINONHEHUST P COXPAaHUT 3HAYCHUEC UCTUHHOCTH. ITocne 3aBCPUICHUS OIIC-
paropa, Koraa H1U OHa U3 OXPaH HE ABJISACTCA PICTPIHOﬁ, 6yz[eM HUMCTh:

PAND NOTBB.

Pabora 3aBepmmrcs MpaBWIIBHO, €CITU YCIOBHE wp(DO,T) crpaBen-
nuBo 1 Jo BeimonHeHus DO . Tak xak iqr000e cocrossaue ynosneTBopsier T,
TO wp(DO,T) SIBIIICTCS CIA0CHIIUM TIPETYCIOBUEM JUIS HAYAJIBHOTO CO-
CTOSIHUSI TAKOT'O, 4TO 3aIyCK oneparopa iukia DO mpuBeneT K MpaBUIbHO
3aBepiIaemMoil pabore.

IIpu onpesneneHnyn CEMAHTUKH TMOJHOTO SI3bIKA MPOrPAMMHUPOBAHUS C
HCIIONB30BaHUEM AKCHOMAaTHYECKOTO METOAA JUIsl KaKJI0ro BHJA ONEeparo-
POB SI3bIKA JIOJDKHBEI OBITH C(HOPMYITHMPOBAHBI aKCHOMA WJIH TPABUIIO JIOTH-
yeckoro BeiBoga. Ho onpenenenne akcuoMm U MpaBuiI JOTMYECKOTO BBIBOJA
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JUTSl HEKOTOPBIX OIMEPATOPOB SI3BIKOB MPOrPAMMHUPOBAHUS - OUCHB CIIOXKHASI
3aja4a. TpymIHO MOCTPOMTh «MHOXKECTBO OCHOBHBIX AKCHOM, JIOCTATOYHO
OrPaHUYCHHOE JUISl TOrO, YTOOBI U30EKATh MPOTUBOPEUHI, HO JOCTATOYHO
Gorartoe Uil TOro, 4TOOBI CITY)KHTh OTIPABHOW TOUKOH JUIs JOKAa3aTeIbCTBA
yTBepxkIeHHH o mporpammax» (3. Jledikcrpa).

Pemienrem Takoil mpoOieMbl SBISETCS pa3paboTKa A3bIKA, HCIOIb3YHO-
Ier0 aKCHOMAaTHYEeCKOr0 METO/a, T. €. COZIepIKaIllel TOIBKO Te ONepaTophl,
JUTSL KOTOPBIX MOTYT OBITh HAIMCAHBI AKCHOMBI WITH MPaBHJIA JIOTHYECKOTO
BbIBOJIa. K coxalleHuro, MOMOOHBIN A3BIK OKa3aycsi Obl CIUIIKOM MalleHb-
KAM M TIPOCTHIM YTO OTpakaeT HBIHEIIHEe COCTOSHUE aKCHOMATHYECKOH
CEMaHTHKHU KaK HAYKU.

AKcHOMAaTHYECKasl CeMAHTHKA SBIISICTCS MOIIHBIM HHCTPYMEHTOM IS
UCCIIEZIOBAaHMI B OOJNACTH JIOKA3aTENLCTB IIPABIJIEHOCTH IPOTPAaMM, OHA
TaKKe CO3JACT BEIMKOJNCIHYIO OCHOBY IS aHANIM3a IPOrPaMM, Kak BO
BpeMsl X CO3[aHus, Tak u mo3jaHee. OMHAKO ee MOJe3HOCTh MPU OMHCAHUH
CofiepKaHMsl S3bIKOB MPOrPAMMHPOBAHMS BECbMa OrpaHUYCHA Kak JUis
MOJT30BATENIeH A3bIKA, TAK U I Pa3paboTIYMKOB KOMIMIATOPOB.

2.4 JleHoTauMOHHASI CEMAHTHKA

Jlenomayuonnas cemaumuxa — CaMbId CTPOTHI HIMPOKO W3BECTHHIN
METOI OMUCaHus 3Ha4YeHus nmporpaMM. OHa OmUpaeTcs Ha TEOPHUIO PEKyp-
CUBHBIX (DYHKIHI.

OCHOBHOW KOHIIETIIIUEN JE€HOTAIMOHHON CEMAaHTUKHU SBIIAETCS ONpese-
JICHHUE JUTA KaXKJOU CYITHOCTH S3bIKa HEKOET0 MaTeMaTHIECKOTO OOBEKTa U
HEKOeW (QYHKITMH, OTOOpa)aromieil IK3eMIUIIPBI 3TOH CYIHOCTH B 3K3EM-
IUTSIPBI 3TOTO MAaTEMATHYECKOTO 00beKTa. II0CKOIBKY OOBEKTHI OMPEICIICHBI
CTPOro, TO OHH MPEACTABISAIOT COOOM TOYHBIA CMBICIT COOTBETCTBYFOIIHX
cymHoctel. CaMa uyes OCHOBaHA Ha (pakTe CyIMICCTBOBAHUS CTPOTUX METO-
JIOB OTNICPUPOBAHUS MATEMATHYCCKHUMU OOBEKTaMHU, a HE KOHCTPYKIHSIMH
SI3BIKOB MPOrpaMMHUpoBaHus. CII0XKHOCTH WCIIONB30BAaHHUS 3TOTO METOMa
3aKJIFOYACTCS B CO3JaHUM OOBEKTOB WM (YHKIMU oToOpaxkeHus. Haspanwue
METO/Ia «ICHOTAI[MOHHAS CEMAaHTHKa» MPOHCXOIUT OT AHTJIMHCKOrO CIOBa
denote (0003HAauYaTh), MOCKOJIBEKY MAaTEMAaTHUYCCKUH OOBEKT 00O3HAYaeT
CMBIC]T COOTBETCTBYIOIICH CHHTAKCHICCKON CYIIIHOCTH.

Jlnst BBeNieHUsT B ICHOTAIIMOHHBIA METOJ MBI HCIOJIb3yeM OYCHB IPO-
CTYIO SI3BIKOBYIO KOHCTPYKIIUIO — JBOWYHBIC 4rcia. CHHTAKCUC STUX YH-
CeJl MOXKHO OITUCATh CIICAYIONIMMHU TPAMMATHICCKUMHY TTPABIIIAMH:
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<):[BOI/I‘IHO€_‘II/ICJ'IO> —0
It
|<I[BOI/I‘IHO€_‘H/ICJ'IO> 0

|<z[Boanoe_chno> 1

Jlmst omucaHWs MBOMYHBIX YHCEN C UCIIONB30BAaHHEM JICHOTAIIMOHHOMN
CEMAaHTUKU U TPAMMATUYECKUX MPABWJI, YKA3aHHBIX BBINIEC, UX (haKTHUECKOE
3HAYCHUE CBS3BIBACTCSA C KAXKIBIM IPABUIOM, UMCIONIMM B CBOCH MpaBOU
YacTU OMUH TCPMUHAIBHBIA CUMBOJI. OOBEKTAMH B JTAHHOM CITydaec SIBJIS-
FOTCS ISCSTUIHBIC YUCTIA.

B npumepe 3Hauamnme 0ObEKTHI JOKHBI CBSI3BIBATHECS C TICPBBIMU JIBY-
Ms npaBwiamMu. OCTalbHBIC JBa TMPABWIA SBISIOTCS MPaBUJIAMHU BBIUUCIIC-
HUH, TIOCKOJIBKY OHU OOBCTUHSIIOT TEPMHUHAIBHBIA CUMBOII, C KOTOPBIM MO-
JKET acCOIUUPOBATHCS OOBEKT, C HETEPMHHAIBHBIM, KOTOPBIA MOXKET TPE/I-
CTaBJIATH COOOH HEKOTOPYIO KOHCTPYKIIHIO.

Ilycte o0OMacTh oOmpeneNneHUus CEeMAaHTUYCCKUX 3HAYCHHH OOBEKTOB
MIPEJCTABIAET COOOW MHOXKECTBO HEOTPHIIATEIBHBIX JIECATHYHBIX IEITBIX
gucen Nat. ITO UMEHHO T€ OOBEKTBI, KOTOPHIC MBI XOTHM CBS3aTh C J[BO-
nuHbIMU yuciaamu. CemanTuueckas ¢yHKuust M, oToOpakaeT CHHTAaKCHU-
YyecKkrue OOBEKTHl B OOBEKTHI MHOXECTBa N COINIACHO YKa3aHHBIM BHIIIE
npasuiaMm. Cama yHkuust M, omnpenensercs CIeoyONUM 00pa3oM:

M, ’O’)=0,Mh (’1’)=1

M, (nBOHqH%_qHCﬂO)'O ') =2xM, (()lBonqﬁoe_qMCJm))

M, ((nBOHqH%_qHCﬂO)'l ') =2xM, ((}IBOI/I‘IHOG_III/ICHO» +1

Ipumep. Onucanue 3HAYCHUS JIECITUIHBIX CHHTAKCUYCCKUX JTUTEPAITh-
HBIX KOHCTAHT.

<):[eC$ITI/IlIHOC_‘II/ICJIO> - O|l| 2|3|4|5|6|7|8 |9

|<):[eC$ITI/IlIHOC_‘H/ICHO>O|1| 2|3|4|5| 6|7|8 |9

JleHOTalMOHHBIE OTOOpaXKEHUS IS JTUX CHHTAKCHYCCKUX TPaBHUI
HUMEIOT CIIEeYIONINNA BU/I;

M, (107)=0,M, (1) =1,....M,('9") =9
M, (,uecamqﬂoe qncno)’O’) 10xM, (()leCSITI/I‘{HOG_‘-II/ICJ'IO>)

(
M, ((,uec;lTHque qncno) "1 ’) 10xM, ((,uecmuqﬂoe_qucno» +1

M, ((ﬂeCﬂTHHHoe_l{I/ICHO> "1 ’) =10xM, ((,uecamqnoe_qmcno)) +9
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JIeHOTaIIMOHHYIO0 CEMAaHTUKY MPOrpaMMBbl MOXHO ONpPENENUTh B TEPMUHAX
W3MEHEHUH COCTOSHUIN HIEaIbHOrO KoMIbloTepa. COCTOSHUS ONPENeNIioTcs B
TepMHUHAX 3HAUYEHUI BCeX MEpeMEHHBIX, OOBSIBIEHHBIX B IporpaMme. B neHo-
TAllMOHHOA CEMAaHTHKE OHM OIPEAECNAIOTCS CTPOrMMHM MaTeMaTH4ECKUMU
¢yaxkimsMu. IlycTh cocTosiHME s TNPOrpaMMBI ONPEAEISIETCS CIENYIOIINM
HA0OPOM YTIOPSITOYCHHBIX TTap: {(il,vl >,<i2,v2 ), . ..,(in,vn >} .

Kaxxaplilt napamerp [ SBJISETCS UMEHEM NEPEMEHHON, a COOTBETCTBYIO-
IUe NapaMeTpbl v SBISIOTCA TEKYIUMMY 3HAYECHUSMU JAHHBIX IIEPEMEH-
HbIX. JI1000i U3 MapaMeTpoB v MOXET MMETh CIIeIMalIbHOE 3HAYEHHE un-
def, ykasbIBatoliee, UTo CBSI3aHHAs C HUM BEJIMUYMHA B JAaHHBI MOMEHT HE
oIpeJieNeHa.

[Tycte VARMAP - ¢yHKIMS ABYX MapaMeTpoB, MIMEHH NEpEMEHHOU U
COCTOSIHMSI TIPOTpaMMBbl. 3HadeHne (QyHKuuu VARMAP (ik,s) paBHO Vv,

(3HaueHue, COOTBETCTBYIOLIEE [IAPAMETPY §, B COCTOSHUU s ).

BonbImuHCTBO ceMaHTHYECKUX (PYHKITUI OTOOpakeHUs ISl IPOrpaMM U
MIPOrPaMMHBIX KOHCTPYKIIMH OTOOpPa)KarOT COCTOSHUS B COCTOSIHUS. DTH
HU3MEHEHHUsI COCTOSIHUN HUCIIONB3YIOTCS JUIsl ONIPENIETICHHS CMBICIIA POrPaMM
Y IPOrPaMMHBIX KOHCTPYKIIUH.

BrIpaxkeHus SBISIOTCS OCHOBOW OOJBINTUHCTBA SA3BIKOB IPOTrPaMMHPO-
BaHus. IlycTh MMeeM Jel0 TOJNBKO C OY€Hb MPOCTHIMH BBIPAKEHUSIMHU.
EnuHCTBEHHBIMU oOnepaTopaMu SIBIISIOTCS ONEPATOPBI + U X ; BBIPAXKEHUS
MOTYT COJIepXKaTh HE OoJiee OJHOrO ONEpaTopa; €AUHCTBEHHBIMU OIEPaH-
JIaMHU SIBJISIFOTCSI CKaJISIpHbIE TIEpEMEHHBIE U 1IEJIOYMCIICHHbBIE JTUTEPAIbHbBIE
KOHCTaHTBI; KPYIJIbIe CKOOKHM HE MCIOJIb3YIOTCS; 3HAUCHUE BBIPAXKCHUS SIB-
JIETCS IIeTBIM YUCIIoM. Hrbke cliefyeT ommcaHue 3TUX BBIPAXCHUH B Qop-
me BH®:

(BBIpaKCHHE) —> <z[eﬂquoe_qncno>|<nepeMeHHaﬂ>
|<z[Boanoe_BLIpa>KeHHe>
(nBowuHOe_BBIpaKeHHe) — (BhIpaKEHME_CreBa ) (OmepaTop)
BBIpAXXCHNUE_CIIPaBa )
(onepatop) — +x

EnvHCTBEHHOI paccMaTprBacMOi ONIMOKOW B BBIPAXKCHUSIX SBIISCTCS
HeornpeiesIeHHOe 3HaYeHHe nepeMeHHol. Pazymeercs, MOryT MOSIBISITBCS U
JIpyTUE OIMIUOKH, HO OOJNBITMHCTBO M3 HUX 3aBUCAT OT MammHbL [lycTh
Z - Habop 1EeNbIX YKcel, a error - OIIMOOYHOE 3HayeHue. Torna MHOXe-

CTBO ZU{eI"}"OI"} SABJIACTCA MHOXKCCTBOM 3Ha‘IeHPII>i, JUIL KOTOPBIX BbIpa-

’KEHHE MOYKET OBITH BEIUUCIIEHO.
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@OyHKus 0ToOpaXkeHHs IS AaHHOTO BBIpAXEHUS E ¥ COCTOSHUS s
npuBeneHa Hwke. CUMBOJI = 0003HayaeT PaBEHCTBO IO OIPEIEICHUIO
GbyHKIMN.

M, ((BI)Ipa)KeHI/Ie>,S) =

case<BLIpa>1<eHI/Ie> of

<z[ec;1THque_chno> =>M, (<IleCHTI/I‘{HOG_‘{I/ICJ'IO> , s)

<nepeMeHHaﬂ> = if VARMAP ((nepeMeHHaﬂ> ,s) = undef

then error

else VARMAP ((nepeMeHHaﬂ> , s)

<):[BOI/IlIHOC_BI>Ipa>KeHI/Ie> =

if (M, ((I[BOPI‘IHOC_BI:Ipa)KeHHe).<BI>Ipa)I<eHI/Ie_CJ'IeBa>,S) =undef OR

M, ((I[BOPI‘IHOC_BLIpa)KeHPIe) .<BI>Ipa)I<eHI/Ie_CHpaBa>, s) =undef)
then error

elseif (M, (<I[BOI/I‘IHOC_BI>Ipa)I<eHI/Ie>.<0HepaTOp>, s) ='+"then

M, <):[BOI/IlIHOC_BI>Ipa>KeHI/Ie>.<BI>Ipa)I<eHI/Ie_CJIeBa> , s) +
M, (I[BOPI‘IHOC_BLIpa)KeHHe) . (BmpameHI/Ie_cnpaBa> , s)
else M, ((I[BOPI‘IHOC_BLIpa)KeHHe).(BBIpa)I(CHHG_CJ‘IeBa) ,s) X

M, ((I[BOPI‘IHOC_BLIpa)KeHHe).<BI>Ipa)I<eHI/Ie_CHpaBa>, s)

Onepamop npuceausanus - 5T0 BRIYUCIIEHUE BBIPAKEHUS TUTIOC MTPHUCBa-
MBaHMWE €ro 3HAYEHHUs TMEepPEeMEHHOM, Haxojslieics B JeBod yactu. Ero
MOJKHO OIHCATh CIIEAYIONICH () yHKITHEH:

M, (sz)Eif M, (E,s)zerror

then error

esle {(i{, v{),(ig vy ) yenes (z; V) )} where

for j=1,2,...,n,V) = VARMAP(Z'J'.,S) ifi,#x
M, (E,s)ifi =x

CpaBHEHHs, BBINOIHSIOMUECS B CTPOKaX (i CEXUD = x) OTHOCATCS K

HUMCHaM, a HC 3HAYCHUAM.

ITocne OIpCACTICHUA TIOJTHOW CHCTEMBI JJI 3aJaHHOI'O A3bIKa €€ MOXXHO
HCIOJIb30BATh JJId OIPEACIICHNA CMbICJIA IMMOJHBIX IMTPOTrpaMM 3TOI'O A3bIKA.

I[eHOTaHI/IOHHaH CEMAHTHKa MOXET HCIIOJIb30BATHCA JJIA pa3pa60TKH
SA3bIKa. OnepaTopLI, OIMMCAaTh KOTOPBIC C IMOMOLIBIO J.'[eHOTaHPIOHHOfI CEMaH-
TUKWU TPYAHO, MOI'YT OKa3aTbCA CJIOXKHBIMU U I IOHUMAaHUA T1O0JIb30BaTC-
JISIMU A3bIKa, U TOr4a pa3pa60TlH/H<y CJICAYCT MNoAyMaThb 00 aJ'ILTepHaTPIBHOfI
KOHCTPYKIIUU.
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C OIHOHN CTOPOHBI, IEHOTAIMOHHBIE OMUCAHHSI OYEHb CIOXKHBI, C JIPY-
roM - OHU JAIOT BEJTMKOJIETIHBIN METO/I KPATKOTO OMMCAHUS SI3bIKA.

2.5 JlexsiapaTUBHAsl CEMAHTHKA

Hexnapamusnas cemanmuxa SBISETCS CYIIECTBEHHOM XapaKTepUCTU-
KOM SI3BIKOB JIOTMYECKOTO MPOrpaMMHPOBaHHMS, B KOTOPHIX IPOTrPaMMBI CO-
CTOST U3 OOBSBIICHUN ([eKJIapalyii), a He U3 ONepaTopOB MPUCBAUBAHUS U
YIIPABISIONINX ONEPaTOpOB. JTH OOBSBICHUS B JEHCTBUTEILHOCTH SIBIIS-
I0TCS OTIepaTOpaMH, WM BBICKa3bIBAaHUSMH, B CHMBOJILHOM JIOTHKE.

OcHOBHas KOHLENIUS ACKJIAPATUBHON CEMAHTHKH 3aKJIIOYAeTCs B TOM,
YTO CYIIECTBYET MPOCTOM CIIOCOO OMpeeNieHns] CMbICIa KaKI0ro oneparo-
pa, ¥ OH HE 3aBUCHUT OT TOr'0, KAK UMEHHO 3TOT OIIEPaTOp UCIOIb3YyeTCs s
pemeHus 3ajnaud. JlexkmapaTHBHAs CEMaHTHKAa 3HAYUTENIBHO MpOILIE, YeM
paccMOTpeHHBbIE BhIle ceMaHTHKH. OHa He TpeOyeT AJIsl IPOBEPKH OTAEIb-
HOTO OIlepaTopa PacCMOTPEHHS] €r0 KOHTEKCTa, JIOKAJIBHBIX OOBSBICHUIH
WJIN TIOCJIEI0BATEIBHOCTH BBIMOJHEHHS IPOTPaMMBL.

dopmanbHOE OIpesieieHNe CEMaHTUKU CTAHOBHUTCS OOIICNPUHATON Ya-
CTBIO OIIpEZEIICHHsI HOBOTO si3bIKa. TeM He MeHee, u3ydeHne QpopMalibHBIX
OTpENICNIEHNI CEMaHTHKHN HE OKa3aJlo TAKOrO CHJIBHOI'O BIIUSHHSA HA Ipak-
THUYECKOE OIIpE/eIeHUE SI3BIKOB, KaK H3ydeHHe (opMasbHBIX TIpaMMa-
TUK - Ha OIpefeNeHne cuHTakcuca. Hu onuH U3 MeTo0B onpeneneHus ce-
MaHTHKH HE OKa3aJics 110 HACTOSIILEMY MOJIE3HBIM HU JUI MOJIb30BaTeNs, HU
JUIsl pa3pabOTYMKOB KOMITHIIATOPOB SI3BIKOB MPOrPaMMHPOBAHUSL.

2.6 S3bikn popmanbHoll cnienupUKanun

SI3b1kK ¥ MeTOABI POPMANBHON criel(pUKAIMY, KaK CPEIICTBO MPOEKTH-
POBaHUA U aHAJIM3a IPOrPaMMHOr0 oOecleueHus NOABUIIUCH Oojiee Copoka
JeT Ha3aJ. 3a 3TO BpeMs ObLIO HEMAJIO MOIBITOK pa3paboTaTh KaK yHUBEp-
caJlbHbIE, TaK U CIElHUaIN3UPOBAHHbIE S3BIKK (POPMATIBHBIX CrielM(UKaINi
(ADC), koropbie MOrTH OBl CTAaTh MPAKTHYECKUM HHCTPYMEHTOM pa3pa-
OOTKH ITPOrpaMM, TaKUM K€, KaK, HAIpUMep, S3BIKH IPOrpaMMHUPOBAHMSI.
Xots celfyac nake TEPMHUH «SI3BIKM (pOpMalIbHBIX CrienupuKanmiiy 13Be-
CTEH JaJeKO He BCEM IPOrpaMMHUCTaM B 3TOW OTPACIN MPOrpaMMHUPOBAHHMS
HOJIydeHbl 3HAYUTENbHBbIE Pe3ynbTaThl. OHU BBIPAXKAIOTCA, 60-NEPEbIX, B
TOM, 4TO ecThb Heckonbko SIPC, KoTopble yKe Helb3sl Ha3BaTh DKCIIEPH-
MEHTaJILHBIMH, 0oJiee Toro, Hekotopsle SI®C NMoAKpeNIeHbl COOTBETCTBY-
IOIUMU CTaHIapTaMu. Bo-6mopuix, 0ojlee YUeTKUM CTaJlo MIPEACTaBICHUE O
cniocobax ucrions3oBanus APC, o mecre GOpMaNbHBIX METOIOB B KH3-
HEHHOM IIMKJIE pa3pabOTKy IPOrpaMMHOI0 00ECIIeUeHNUs U B IIPOLIECCaX ero
pa3pabOTKU U UCIIOIb30BAHUS.
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Bropoit u3 nepeuncieHHbIXx (HAKTOPOB Ba)KeH, MOCKOJBKY CIIOCOO HC-
MTOJIb30BAHUS SI3BIKA CEPHE3HO BIIMSCT Ha 3BONIONHIO s13bIKa. Ecin paccmar-
PHBAaTh HCTOPHUIO SI3BIKOB CrelU(UKaimu 00lIero Ha3zHayeHus (yHHBEp-
CallbHBIX, HE CIEIUaIM3UPOBAHHBIX), TO BHIHO, YTO OHHM PA3BUBAIUCH B
COOTBETCTBHH CO CJIEAYIOIIUM NPEICTABICHUEM O «IPABHIBLHOM TOPSIKE»
pa3paboTKH MPOrPaMMHOTO 00ECIICUCHUS:

—  OMHMCaTh 3CKU3HYIO MOJIENb ((DYHKIIMOHATBHOCTH, IOBEICHHS);

—  JI0Ka3aTh, YTO MOJIENb KOPPEKTHA (HE MPOTUBOPEYUNBA);

—  JeTaiu3upoBaTh (YTOUHUTH) MOJEIb,

—  JI0Ka3aTh, YTO JETAIHU3AIHS [TPOBEIeHA KOPPEKTHO;

—  MOBTOPSTH JIBa NPEABIAYIIUX IIara 0 TeX Mop, MoKa He OyaeT moayde-
Ha TOTOBAsI IPOrpamMma.

YcTaHOBKA Ha JaHHYIO CXEMY Mporiecca pa3pabOTKU MPUBOMWIA K aK-
[IEHTUPOBAHHOMY BHUMAHUIO Ha CPEJICTBA 00OOMICHHOrO OMUCaHus (hyHK-
[UOHAJIBHOCTH, CPEACTBAa YTOYHCHUS, CPEICTBA aHATUTHYCCKOTO JOKa3a-
TENLCTBA KOPPEKTHOCTH B CTUIIE TPATUIIMOHHBIX MAaTEMAaTHYECKUX JIOKa3a-
TenbCeTB. Kak cecTBre, MOSBUIINCH SI3BIKH, KOTOPBIE HE COZEpIKalli B cede
KOHCTPYKIIUH, 3aTPYAHSIONMX AHATHUTHUECKHE OKA3aTebCTBA, TIPH 3TOM
OHU JIMIIAJIKCh M TEX KOHCTPYKIMHU, 06€3 KOTOPHIX TPYAHO OMUCAThH PEasu-
3aIMI0 CKOJBKO-HUOY/Ib CIIOKHOM MPOrPaMMHOM CHCTEMBL.

VY crenuanu3upoBaHHbIX SI3BIKOB Apyras UCTopus. HekoTopblie U3 HUX,
Hanpumep SDL (Specification and Design Language), ponaInucCh U3 Tpak-
TUKH POEKTUPOBAHMS CUCTEM PENEHHOro yIpaBjeHusl, TJIe MPOEKT TPaIu-
IIMOHHO OBLT OOJNBIIEC TMOXOXK Ha YEPTEXK, YeM Ha TEKCTOBOE (SI3BIKOBOE)
onucaHue. 37eCh IBONIONUS 3aKII0Yaiach BO B3aMMHOM COJNIKCHUU Tpa-
(hHUEeCKOM U TEKCTOBOM HOTAIMM HA OCHOBE B3aMMHBIX KOMIIPOMHCCOB H
OrpaHUYEHUH.

ADC TpaUIHOHHO PACCMATPUBAIKMCH KaK CPEACTBO MPOEKTUPOBAHMS.
Hogwiit B3rsin Ha SA®C nosiBuiics, KOrjia cTajia akKTyaJIbHOHM 3a/1aya aHallu-
3a YK€ CYIIECTBYIONIEro ImporpaMMHoro obecrnedeHus. CyiiecTBeHHOE
MIPOJIBIXKCHHE HA 3TOM (hpOHTE OBUIO CBs3aHO ¢ HampaBicHUeM O0bexmHo-
Opuenmuposannozo Ananuza. Ero ujaen Bo MHOTOM CO3BYYHBI ¢ Ob6vexm-
Ho-Opuenmuposannvim Ilpoexmupoeanuem. Oba 3TH HanpaBJeHHUsS Npe-
JIararoT OJU3KUE U300pa3UTENbHBIE CPEICTBA TS OMUCAHUS ApPXUTEKTYPhI U
noBesieHus cucreM. Hanbosee W3BECTHBIM CPEICTBOM TAKOTO Pojia SIBJISET-
cs rpaduueckuii 1361k UML (Unified Modelling Language). Bmecte ¢ Tem
UML w nofo6Hble eMy S3bIKM CHEU(DUKAIMK SBIIACH HETIOXUMH CPEJI-
CTBaMU MPOEKTUPOBAHUS, HEMPUTOIHBI JJISl TOKA3aTEIbCTBA MPABUIBHOCTH,
HA YTO JEIAJICSI AKIIEHT B KJIACCHYECKUX A3bIKAX CHEIU(PUKAIIIH.

HoBble TpeOoBaHUsI K SI3bIKAM CrEIU(DUKAIMN TOSBUIUCH C UeeH Hc-
MOJIb30BAHUS MX KaK UCTOYHMKOB JUIs reHepanuu tectoB. OKa3aaoch, 4To
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Pa3HbIC BUIBI MPUIOKCHUNA TPEOYIOT pa3IMYHBIX MOAXOJ0B K Creruduka-
UM ¥ WMEIOT HEMOXOXKHE JPYr Ha JApyra BOSMOXKHOCTU JUIsS TCHEPAIUU
TecToB. B 4acTHOCTH, OHU BUBI CICITU(DUKAIWIA B OOJBINCH CTEIICHH MIPH-
TOJHBI JIJIsl TCHEPAIUU MOCIEIOBATEIEHOCTEH TECTOBBIX BO3ICHUCTBHIA, TO-
I/la KaK JAPYrue MPeIOCTaBISIOT YAOOHBIC BOSMOXKHOCTH JUIS T€HEpaIUu
TECTOBBIX OPAKYJIOB — MIPOrPaMM, OLICHUBAIOIINX PE3YIIbTAT, TOTYyICHHBINA B
OTBET Ha TECTOBOE BO3JIEHCTBHE.

VmeeTcst HECKOIIBKO CTIOCOO0B KITaCCU(UKAIMK TIOIXO/I0B K CHEM(UKAIINH.
Paznuyaror Moperne-opreHTHPOBAaHHBIE M CBOHCTBO-OPHEHTHPOBAHHBIE CIICI-
(duKaImy Wi crerMpyKay, OCHOBaHHBIC HA OIMMCAHWH COCTOSIHHN W JICH-
crBui. EnuHOM Kitaccndukalmm He CyIIECTBYET, Mbl PAaCCMOTPHM CIIETYIOIINE
YeTeIpe KJlacca MOIXONOB K CrelM(HKaLiN: HCIOIHSIEeMbIe, anreOpandyeckue,
CLIEHapHBIE U OrpaHUYEHUSL.

Hcnonnumsie cneyugpuxayuu, ucnoanumsie Mooeau. ITOT MOAX O Tpe.-
mojiaraeT pa3paboTKy MPOTOTHIIOB (MOJENeH) CUCTeM IS JIEMOHCTpAIUU
BO3MOXKHOCTH JIOCTM)KCHHUS TOCTABJICHHON IENIM U TPOBEICHUS JKCIICPU-
MEHTOB TPU YaCTHYHOW peaim3armu (yHKIHOHaIbHOCTU. [IpuMepamu Ta-
KHX METOAONOTUN U s3b1KOB sBIsIIOTCS SDL, RSL (RAISE Specification
Language).

Aneebpauveckue cneyuguxayuyu TIPEANONaralT ONHCAHHE CBOWCTB
KOMIIO3HITUH omeparuii. KoMmo3umuu Moryt OBITh MOCIEI0BATECIHHBIMH,
MapaJuIeIbHBEIMK, C BPDEMEHHBIMU OrpaHudeHusMA U 0e3. [IpeumymiecTBoM
9TOTO MOJXO0/a SIBJISIETCS TO, YTO B MJI€alIe MOXKHO MOJHOCTBIO abcTparupo-
BaThCS OT CTPYKTYp JAaHHBIX, KOTOPBIC UCIOIB3YIOTCSA B KAYECTBE BXOIHBIX
U BBIXOJHBIX 3HAYCHUUA W, BO3MOXKHO, HCIIOJNB3YIOTCS ISl COXPaHCHUS
BHYTPEHHEr0 COCTOsiHUS Mojeniell. OCHOBHOM HEJO0CTaTOK — 3TO HETpaju-
IIUOHHOCTh TPUEMOB CICIU(PUKAIMH, YTO 3aTPYAHACT WX BHEIPECHUC B
MIPOMBINIJICHHBIX pa3paboTkax. B kadecTBe mpumepa s3bIka ajireOparde-
CcKkuX crnenudukanuii MoxHo Ha3Bate ASNI (Abstract Syntax Notation
One), cTaHmapT KOTOPOTO BXOJHT B TPYIITY CTAHAAPTOB, OMUCHIBAOIIHX
SDL, RSL.

CyenapHule cieUpUKAIMH OMKUCHIBAIOT HE HEMOCPEICTBEHHO LIENEBYIO
CHUCTEMY, a CITOCOOBI €€ MCIIOIh30BAHUS WM B3aMOJICHCTBHS ¢ Hell. Takue
KOCBCHHBIC OITUCAHUS, C OJIHOW CTOPOHEI, TO3BOJISIIOT CYAUTh O HEKOTOPBIX
CBOWMCTBaX CHUCTEMBI W, C JAPYrod CTOPOHBI, TAKHE CICIH(PHUKAIUNA MOTYT
CIIY’KUTh XOPOIIUM PYKOBOJCTBOM II0 HCIOJIE30BAHHIO CHCTEMBI, YTO HE
BCET/Ia MOXKHO CKa3aTh O APYrHX BHIax cnenudukamuii. Hanbomnpmiee pac-
MpoCTpaHeHne Noixydwin padorsl OMG Tpynnbl U NPOLYKTHl KOMITAHHU
Rational Corporation.

Ozpanuvenust COCTOAT U3 MPEA- U TOCTYCIOBUNA (DYHKIMH, ITPOLEAYp H
JIPYTUX OIEpanuii 1 WHBAPUAHTOB JAHHBIX. IMEIOTCS pacHIUPEHUs] STOro
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noaxozaa /it 00bEKTHO-OpUEHTHPOBAaHHbIX crienudukanuid. B aTom ciaydae
K crienu(uKanysaM orepanyii 100aBIsIoTCs crenuduKaniy METOI0B Kiac-
COB, a K HHBapHaHTaM — MHBapUaHThl OOBEKTOB M KJIACCOB. SI3BIKOM, MOJ-
JIEp>)KUBAIOIINM CHeU(UKAINIO OrpaHndeHNH, siBisiercst RSL.

2.7 Bepudukanus nporpamm
2.7.1 MeToab! 10Ka3aTeJIbCTBA MPABUJILHOCTH NPOrPaMM

YHuBepcasbHBIE BBIYMCIUTENBHBIE MAIIUHBI MOTYT OBITH 3amporpam-
MHUPOBaHBI JJIsl PEILICHUS] CAMBIX Pa3HOPOAHBIX 3a/1a4 - B 3TOM 3aKJII0YAETCs
OJIHa U3 OCHOBHBIX MX OCOOEHHOCTEH, NMEoIast OrPOMHYIO ITPAKTHUECKYIO
1eHHoCTh. OIMH M TOT )K€ KOMIBIOTEP, B 3aBUCHMOCTH OT TOT'0, Kakas IIpo-
rpamMMa HaxOIUTCS Y HEro B MaMsTH, CIIOCOOEH OCYIIECTBIATH apudpMeTH-
YeCKHe BBIYMCICHHUS, JIOKa3blBaTh TEOPEMBl W PEIaKTUPOBATH TEKCTHI,
YIIPaBISATH XOJOM DKCIIEPUMEHTa M CO31aBaTh MPOEKT aBTOMOOMIS Oymy-
IIero, Wrpath B IIaxMaTtel W 00y4aTh HHOCTPAHHOMY SI3bIKY. OnHaKo
yCIIEITHOE PEeIIeHHe BCeX 3THX M MHOTHX JPYrHX 3a1ad BO3MOXKHO JIMIIb
TIPY TOM YCJIOBHH, YTO KOMITBIOTEPHBIE MPOrPaMMBI HE COZEPKaT OMINOOK,
KOTOpBIE CITIOCOOHBI MPUBECTH K HEBEPHBIM PE3YJIbTaTaM.

MOoXHO cKa3aTh, 4YTO TpeOOBaHHE OTCYTCTBUSI OINIMOOK B IPOrpPaMMHOM
o0ecrieueHNH COBEPIIEHHO €CTECTBEHHO M HE HYKAAeTCs B 00OCHOBaHHH.
Ho kak yOeauThCsl B TOM, YTO OIIMOKH, B CAMOM JIEJI€, OTCYTCTBYIOT?

K HedopManbHBIM MeTOJaM JOKa3aTeIbCTBA IPABHIBHOCTH MPOrPaMM
OTHOCST OMIAOKYy W MeCmupo8anue, KOTOpbIe SBISIOTCS HEOOXOANMON
COCTaBJISIFOIIIEH Ha BCEX 3Tamax Ipolecca MpOrpaMMUpPOBaHUs, XOTS U HE
pelaT IMOJTHOCThI0 NpoOsieMbl NpaBUWIIbHOCTH. CyIIeCTBEHHBIE OIIMOKH
JIETKO HAaWTH, €CITM HCIIOJIb30BaTh COOTBETCTBYIOIIME MPHUEMBI OTJIAJKH
(KOHTpOJIBHBIE pacrieyaTky, TPACCUPOBKH).

Tecmuposanue — TIpolecC BBITOIHEHUS MPOrPaMMBbl ¢ HaMEpPEHUEM
HalTH omMOKy, a He MOATBEPIUTH NMPABHIBHOCTH NporpaMmbl. CyTh €ro
cBoaMTCS K cuenyroniemy. Iloanexanryro mpoBepke IporpaMmy HEOIHO-
KpaTHO 3aITyCKalOT C TEeMU BXOAHBIMH IaHHBIMH, OTHOCHTEIHEHO KOTOPBIX
pe3ynbTaT M3BECTEH 3apaHee. 3aTeM CPaBHHUBAIOT ITOJIYYEHHBIH MAallMHON
pe3ynbTar ¢ oxujaeMbIM. Ecii Bo Bcex cilydasix TECTHPOBAHHMS HAJIHIO
COBMAJICHNE ITUX PE3YJbTATOB, MOSBISETCS HEKOTOPasi yBEPEHHOCTH B TOM,
YTO W TOCIIEAYIOUINE BBIUUCICHUS HE NPUBEIYT K OUIMOOYHOMY HTOTY,
T. €. YTO MCXOJHAasl IporpaMmMa paboTaeT MpaBHIIBHO.

C MHTYWTHBHOW TOYKH 3pEHHUSI TporpamMma Oy[eT MpaBWIIBHOM, €Ci B
pe3ynbTare ee BBIINOIHEHHsT OyAeT JOCTUTHYT Pe3yJbTaT, C HEJbI0 MoTyde-
HUS KOTOpOro u Obuta HamucaHa mporpamma. Cam mo cebe dakr Oe3zaBa-
PHIHOTO 3aBepIIEHHs MPOrPaMMBI €llle HU O YeM He TOBOPUT: BIIOJIHE BO3-
MOXHO, 4TO IpOrpamMma B JICHCTBHUTEIFHOCTH JIEAaeT COBCEM HE TO, YTO
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66110 3amyMaHo. OmMOKK TaKOro poja MOTYT BO3HHKATH IO Pa3JIMYHBIM

TPUYHHAM.

B nanpheiimmem Oynaem mpenmnonarath, 4To OOCYKIAaeMble MPOTrPaMMBbI
HE COAEp)KaT CHHTAKCHYECKHX OIIMOOK, MO3TOMY MpHU OOOCHOBAaHMU HX
MIPaBWIILHOCTH BHUMaHWe OyneT oOpaiaThCsl TONBKO Ha CO/EPKATENBHYIO
CTOpPOHY JeJa, CBSI3aHHYIO C BOIIPOCOM O TOM, JOCTUTAETCS JIM TP OMOIIN
JITAaHHOM TpOrpaMMBbl JaHHask KOHKpeTHas 11enb. L{enbio MoXXHO cuMTath Io-
WCK pelIeHus] MOCTaBJICHHOW 3aJa4yd, a MpOrpaMMy pacCcMaTpuBaTh Kak
crocod ee pemenus. [Iporpamma OyJeT NpaBWIBHOW, €CIM OHA PELIUT
copMyIMPOBaHHYIO 3a1auy.

Merto/| ycTaHOBJIEHHS NPAaBHIBHOCTH IIPOrPaMM MPHU TIOMOIIHM CTPOTHX
CPEJICTB M3BECTEH KaK 8epuhurayiis npoepamm.

B oTnuume oT TecTHpOBaHMS MPOTrpaMM, TJie aHATU3UPYIOTCS] CBOMCTBA OT-
JIETIbHBIX MPOILIECCOB BBITIONHEHUSI MPOTPaMMBbl, BEpUPHKAINS HMEET
JIETI0 CO CBOMCTBAMH TIPOTPAMM.

B ocHOBe MeTona BepuHKALNK JIEKHUT MPEANOI0KEHHE O TOM, UYTO CY-
IIECTBYET NMPOrpaMMHasi IOKYMEHTaIHs, COOTBETCTBUE KOTOPOW Tpedyercs
JI0Ka3aTh. JJOKyMeHTaIusl JOJIKHA COJIEePKATh!

—  cnenuQuKanuio BBOJA-BbIBOJA (ONMCAHUE JAHHBIX, HE 3aBUCSIIUX OT
mporiecca 00paboTKN);

—  CBOWMCTBa OTHOLIEHUI MEXIY 3JIEMEHTaMH BEKTOPOB COCTOSIHUI B BBI-
OpaHHBIX TOYKAX MPOrPaMMBI;

—  crenuQuKalyy U CBOWCTBA CTPYKTYPHBIX ITOJAKOMIIOHEHTOB IIPOTrPaMMBI;

—  cneuuduKanrio CTPYKTYp JaHHBIX, 3aBHUCSIIHMX OT Mporecca 00padoTKH.

K takomy Meronmy nokaszarenscTBa NpaBUIIBHOCTH IPOrPaMM OTHOCHTCS
METOJl WHAYKTUBHBIX YTBEP)KAECHHH, HE3aBHCHUMO C(OpMYIHPOBaHHBIN
K. ®noiigom u I1. Haypowm.

CyTb 3TOr0 METO/Ia COCTOMT B CIIEAYIOLIEM:

1) ¢dopmynupyroTcsi BXOAHOE M BBIXOAHOE YTBEP)KACHHS: BXOJIHOE
YTBEpXK/IEHHE ONMCHIBAET BCE HEOOXOAWMBIE BXOIHBIE YCIIOBHS JUIS
MIpOrpaMMBbl (WJIK TIPOrpaMMHOTO (pparMeHTa), BBIXOTHOE YTBEPIKICHNE
OITMCHIBAET OXKUJIAEMBII Pe3yJbTaT;

2) mpearornarasi ICTHHHBIM BXOJHOE YTBEP)KACHHE, CTPOUTCS HMPOMEKY-
TOYHOE YTBEP)KAEHHE, KOTOPOE BBIBOJUTCS HA OCHOBAaHMM CEMaHTHKH
OIIEpaTOpPOB, PACIIONOXKEHHBIX MEXK/y BXOJOM M BBIXOJIOM (BXOAHBIM U
BBIXOZHBIM YTBEPIK/ICHUSIMH); TaKOE YTBEpXKJIEHHE Ha3bIBAacTCsl BhIBE-
JICHHBIM YTBEPXKICHHUEM;

3) dopmymupyercs Teopema (yCIOBUS BEpUDUKAIUH):

13 BBIBEJICHHOI'O YTBEPXKJCHUS CIIEAYET BBIXOIHOE YTBEPIKACHHE;

4) noka3bIBaeTCs TEOPEMA; JIOKA3aTEIbCTBO CBHUIETENBCTBYET O MPaBUIIb-

HOCTH TIPOTpaMMBI (IIPOrpaMMHOTO (parMeHra).
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JlokazaTenbCTBO MPOBOAWTCS IIPH TIOMOIIM XOPOIIO pa3pabOTaHHBIX
MaTeMaTUYECKUX METOJIOB, MCIOIb3YIOIUX HCUUCICHHUE MPEIUKaTOB Iep-
BOTO MopsiaKa.

YcnoBust BepruuKayyu MOKHO OCTPOUTH U B 0OPaTHOM HaIlpaBJICHHH,
T. €., CUNTas WCTHHHBIM BBIXOJHOE YTBEP)KICHHE, IONYYUTh BXOIHOE
YTBEpKJICHHUE U I0KAa3bIBATH TEOPEMY:

U3 6x00H020 ymeepowcOenus credyem bleeOeHHOe YMEepIicOeHuUe.

Taxolt MeTo[ MOCTPOEHUS! YCIOBUH Bepr(PHUKAIIK MOJICIUPYET BBIIOI-
HEeHHUE MPOrpaMMbl B 00paTHOM HalpaBJIeHHUH. J[pyruMu ciioBaMu, yCIOBUS
BepuHKaIMM JOJDKHBI OTBEYaTh Ha TaKOW BOMNPOC: €CIM HEKOTOpoe
YTBEpKJICHHE HMCTUHHO IIOCNE BBIMNOIHEHUS oOleparopa MpOrpaMMsbl, TO,
KaKoe yTBEep)KJCHHUE JOIDKHO OBITh UICTUHHBIM TIEpe]] OrepaTopoM?

IMocTpoeHre HMHAYKTHBHBIX YTBEpPXKIECHUI mNoMoraeT (opMaln30BaTh
WHTYWTHBHBIE TIPE/ICTABIICHUS O JOrMKe nporpamMMbl. OHO U SIBIISIETCS ca-
MBIM CJIO)KHBIM B IIPOIECCE JO0KA3aTeNbCTBA NMPABMJIBHOCTH IPOrPaMMBI.
OTO OOBSCHSETCS, 80-NEPEbIX, TEM, YTO HEOOXOIUMO OIHCATh BCE COJIEp-
KaTellbHbIE YCIIOBUS, U, 80-6MOpbIX, TEM, YTO HEOOXOJUMO aKCHOMaTHYe-
CKO€ ONHMCaHNEe CEMAHTHKH SI3bIKa TPOrpaMMHUPOBAHUSI.

BaxxHbIM I1aroM B Ipolecce J0Ka3aTeIbCTBA SIBISETCS JOKA3aTENbCTBO
3aBEpIICHUS BBITIOJHEHUS MTPOTPaMMBI, IJIsl 4ero ObIBaeT JOCTATOYHO He-
(opMabHBIX PACCYKACHHM.

Taxum 00pa3om, aJrOpUTM IO0Ka3aTeIbCTBA MPABUIBHOCTH TPOTPAMMBI
METOJIOM MHIYKTHUBHBIX YTBEP)KICHHUH MPEICTABISETCS B CIIEAYIOIIEM BUJIE:
1) TlocTpouTh CTPYKTYpY NPOrPaMMBL
2) Beimucars BXOJHOE M BEIXOJAHOE YTBEPIKICHUSL.

3) CdopmymupoBaTh Ist BCEX UKIOB MHAYKTHBHBIC YTBEPIKICHUSL.
4) CocTaBHTh CITUCOK BBIACIEHHBIX ITyTEH.

5) Tloctpouts ycrnoBus BepudUKanuu.

6) JloxazaTh ycroBUe BepUPHUKAIIUU.

7) JloxaszaTb, YTO BHIIOJHEHHE POrPaMMBbI 3aKOHYHUTCS.

DTOT METOJl CPaBHUM C OOBIYHBIM IIPOIIECCOM YTEHMSI TEKCTa Mporpam-
MBI (METOJl CKBO3HOTO KOHTpOJIs). Pasnuuue 3akiroyaercs B crenenu ¢op-
MaJu3aluu.

[MpenmymecTBo Bepu(UKAMM COCTOMUT B TOM, YTO MPOLECC JIOKa3a-
TENILCTBAa HACTOJILKO (hOpMasM3yeM, 4TO OH MOXKET BBHIITOJTHSATHCS Ha BBI-
YHUCIUTEIBHOW MaliHe. B 3TOM HampaBieHMHM B BOCBMHIECSTHIE TOJIBI
MIPOBOJWINCH MCCIEOBAaHUs, MaXke CO3/aBalMCh aBTOMATH3HPOBAHHBIE
JINAJIOrOBBIE CHCTEMBI, HO OHM HE HAIIM MPAKTHYECKOTr0 IPUMEHEHNSI.

Jl71s1 aBTOMAaTU3UPOBAHHOM TUANOrOBON CHCTEMBI MPOrPaMMHUCT JOIKEH
3a1aTh WHIYKTUBHBIE YTBEPXKIEHHS Ha SI3bIKE WCUHCICHUS IPEIUKaTOB.
CHHTaKCHC ¥ CEMaHTHKA sI3bIKa MPOrPaMMHUPOBAHHUS JIOJDKHBI XPAHUTHCS B
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CUCTEME B BHJE€ AaKCUOM Ha SI3bIKe HCUHMCIeHMs npeaukaroB. Cucrema
JIOJDKHA ONPENIEINISATh ITyTH B MIPOTpPaMM€ U CTPOUTH YCIIOBHS BepH(pUKaIUK.

OCHOBHOWM KOMITOHEHT JOKa3bIBAaIOIIEH CHCTEMBI - 3TO HOCMpOumens
YCIIOBUI BepH(UKAIMH, COJAEp)KaIINil ONepali MaHWITYJIMPOBaHUS Tpe-
JIMKaTaMH, aJlrOpUTMbI MHTEPIIPETAIMU OIIEpaToOpoB MPOrpaMMbl. Bropeim
KOMITOHEHTOM CHCTEMBI SIBIISIETCS] HOOCUCHIEMA OOKA3AMENbCEA TEOPEM.

OTMeTHM TPYAHOCTH, CBSI3aHHBIE C METOJIOM MHIYKTHBHBIX yTBEpIKJe-
Huid. TpyaHO NOCTPOUTH «MHOXECTBO OCHOBHBIX aKCUOM, JOCTaTOYHO
OrpaHMYEHHOE JUIS TOro, YTOOBl M30€XKaTh MPOTHBOPEUYHiA, HO JIOCTATOYHO
Goraroe ISl TOrO, YTOOBI CIYKUTh OTIIPABHOW TOYKOM JUIsl TOKa3aTelbCTBa
yTBepkIeHu o mporpammax» (J. elikcrpa). Bropas TpymaHOCTE - ceMaH-
THUYECKast, 3aKIovaronascs B (QOPMUPOBAHUM CaMHX YTBEPXICHHWH, MOA-
JIeXalMX JoKa3aTenscTBY. Ecnu 3amada, amas KOTOpoi MUIIETcs Mporpam-
Ma, HE UMEET CTPOroro MaTeMaTUYECKOro OMUCaHMA, TO IS Hee CIOXKHEee
c(OpMYIIMPOBATH YCIIOBHS BEPUPHUKAIHH.

[epeuncienHble METOIBI UMEIOT OHO O0IIlee CBOMCTBO: OHM paccMart-
PHUBAIOT POTpaMMy KaK YK€ CYIIECTBYIOUIMH OOBEKT M 3aTEM JIOKa3bIBAIOT
€€ MPaBUIbHOCTb.

Meron, koropslii copmynuposanu K. Xoap u D. Jlefikctpa ocHOBaH Ha
(opMarbHOM BBIBOJIE IPOTPaMM U3 MAaTEMATHYECKOH ITOCTAHOBKH 3aJ[auH.

2.7.2 Ucnonb30BaHue yTBEPKACHUI B IPpOrpaMmMax

YTBepkKICHUS HCIIONB3YIOTCS JUTS JTOKAa3aTeIhCTBA MPABMILHOCTH IMIPO-
rpamMm. Torma yrBepKIeHHS HEOOXOMUMO (OPMYIUPOBATH B HEKOTOPOU
(dopmanibHON JTorudeckoit cucreme. OOBIYHO HCHONB3YETCS UCUUCTIEHUE
npeouKkamos nepeoco nopsioKa.

Hcuucnenue - 370 METO WM TIPOLIECC PACCYXAECHHUN ITOCPEICTBOM BBI-
YHUCJICHUN HaJ CHMBOJIAMU. B MCYHCICHUU MPETUKATOB YTBEPIKICHUS SIB-
JITFOTCS JIOTUYECKUMU TTEPEMEHHBIMHY WU BBIPAKCHUSIMH, UMCIOIUMHY 3HA-
yeane T - wctuHa wim F - 10xb. [Ipy HanmcaHuu mporpaMMbl CTABUTHCS
3ajl@ua 10Ka3aTh MCTMHHOCTE yrBepkaenus {Q}S{R}. Jlms sT0ro HyxHO
YMETh 3alHChIBATh €r0 B MCUUCIICHUM MPEAUKATOB M (POPMATHHO JTOKA3bI-
BaTh €ro UCTHHHOCTb.

Ilpeduxam, MOMEIICHHBIA B TPOTPAMMYy, HA3BIBACTCS YMEEPHCOCHUEM.
YTBepkIaeTCs, YTO OH UCTUHECH B COOTBETCTBYIOIIHI MOMEHT BBITOJTHCHUS
nporpammbl. B nipenycnoBun (0 HY)KHO OTpakaTh TOT (akT, 4TO BXOJHBIE
TIEpEMEHHBIC TONYYHIN HavajdbHbIC 3HA4YCeHUsS. [y 0003HAYCHUS Hadailb-
HBIX 3HAYCHUIA OY/IEM HCITONB30BaTh OONBIIHE OYKBEIL.

Ipumep. TlycTh HAMO OMpEACTUTL MPUOTIKEHHOE 3HAYCHHUE KBAIpaT-

HOT'O KOpHS: § = sqrt(n) , e n,s € Nat . OnpesieiuM TIOCTYCIIOBHE B BUJIE:
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R:ssznS(s+l)><(s+l).
Ilpumep. JlaHbl 1leNOUYMCICHHBIE 3HAUeHUs n >0 M MaccuB a [1, . n] .
OTcopTHpOBaTh MaccHB, T. €. YCTAHOBUTH
R:(Vi:l<i<n:ali]<ali+1]).
Tpumep. Onpenenuts x Kak MaKCUMaJIbHOE 3HAYEHHE MacCUBa a[l,...n].

Onpenenum MocTycIoBUE:
R :{x =max(y|y ga)}.

Jist mocTpoeHUsI MPOTrpaMMEBI CIIEAYET ONPEACTUTh MaTeMaTHYECKOE
MoHATHE max . Torma

R:{(3iz1<i<n:x=afi]) AND(Vi:1<i<n:a[n]=x)}.
Ipumep. Tlycth uMeeM TiporpaMMy S OOMeHa 3HAYCHUSIMH JBYX IIEITBIX
nepeMeHHbIX a U b . ChopMynupyeM BXOTHOE W BBIXOJHOE YTBEPIKICHUS
IIPOrpaMMBbl U PEACTaBUM IIPOrpaMMy S B BUJE IIPEIUKATA!
{a=4ANDb=B}S{a=B ANDb =4}

rae A,B - KOHKPETHbIE 3HAUEHUS TIEPEMEHHBIX a,b .

[Iporpamma BMecTe C YTBEPKACHUSIMH MEXKITY KaXKIOW Mapoi COCETHUX
OIIepaTOpOB HA3BIBAETCA HAOpockom Ookazamenvcmaa. IlocnenoBarensHo,
JUTSL KQXKJIOTO OTlepaTopa MporpaMMbl GOPMYIHPYS MPETUKAT, MOXKHO JIOKa-
3aTh, 4YTO MPOrpamMMa YIOBJIETBOPSCT CBOMM crierudukarmsam. [IpeacraBum
HAOPOCOK JTOKA3aTEeIBCTBA JJIS IPOTrPaMMBI S :

{a=4 AND b= B};

r=a, r:aANDazaANDsz};
a=b;{r=a AND a=B AND b = B};
b=r;{a=B ANDb = 4}.

He obs3arensHO HaOpOCOK JOKa3aTelIbCTBA JOJDKEH OBITh HACTOJIBKO
MOTHEIM. JIJ1s1 TOKYMEHTUPOBAHUS TIPOrPaMMbI HY)KHO BCTABHTH JTOCTATOY-
HO YTBEPXKJCHHUI, YTOOBI IporpaMMa cTajia HOHHMAaeMOH.

IIporpamma, conepkamias yTBEpXKACHHUS JUIS €€ JIOKyMEHTHPOBAHUS,
HA3BIBACTCS AHHOMUPOBAHHOU npocpammou. YTOObI UCIOIB30BATh yTBEP-
KJICHUS JIUIS JIOKA3aTeNbCTBA TMPABUWIBHOCTH TMPOTPAaMMBbI, HEOOXOUMBI
COOTBETCTBYIOIIHEC MTPABIJIA BEPUPHUKAIINH.

2.7.3 IlpaBuna Bepupuxanuu K. Xoapa
Cdopmynupyem npasuna (axcuoMsl) K.Xoapa, KOTOpble ONpeAessroT

npeayCioBrd KaK OOCTATOYHBIC MPEAYCIOBUA, TapaHTUPYIONIUE, YTO HC-
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MOJHCHHUE COOTBETCTBYIOIIECTO OIlCpaTopa MpU YCICHIHOM 3aBCPUHICHUUN
MPUBCCT K )KCIACMbIM IOCTYCJIOBUSAM.

Al. Axcuoma npuceausanusi: {RO} x=F {R} .
Hegopmanvroe obvacHenue akcuomvl: TaK KaK X TMOCIE BHIMOTHEHUS

6yz[eT COACPIKATH 3HAUYCHUC E , TO R 6yz[eT HUCTHUHHO I10CJIC BBIINIOJITHCHUA,
€CJIM pE3YyJIbTAaT MOACTAHOBKHU E Bmecto x B R ucrunen nepea BbIMOJIHE-

HueM. Takum obpasoM, R, = R(x) npu x = E. Jlna R, BBoauTCA 0003Ha-

yeHue: R, = RxE (y Buprta) unu Rx — E (y JelKcTpsl), 4To O3Ha4aeT,
4YTO0 X 3ameHsiercs Ha E .
Akcroma rprcBauBaHus OyJeT UMEThb BUIL: {RxE } x=F {R} .

Cdopmynupyem /1Ba OUEBHIHBIX PaBUiIa MOHOTOHHOCTH.

A2. Ecnu u3BECTHO: {Q}S{P} u {P} = {R} , TO {Q}S{R} .

A3. Ecnm mseectro: {Q}S{P} u {R} = {0}, 10 {R}S{P}.

Ilycts S - 3TO MOCNEIOBATENLHOCTh U3 ABYX omepaTopoB S1;52 (co-
CTaBHO# omeparop).

A4. Ecrm wssectro: {Q} SI{P1} u {P1}S2{R}, 10 {O} S{R}.

DTO NMpaBWIO MOXHO C(HOPMYIHPOBATH ISl MOCIEN0BATENFHOCTH, CO-
CTOSIILIEH U3 1 ONEPaTOpPOB.

Chopmymupyem paBwiIo I YCIOBHOTO ornepaTopa (Kpatkas ¢opma).

AS5. Ecnu u3BecTHO:

{O AND B} S1{R} u {O NOT B} = {R},10 {Q} if B then SI{R}.

[IpaBuno A5 coOOTBETCTBYET MHTEPIPETALMU YCIOBHOTO OIepaTtopa B

SI3BIKE ITPOTPAMMHPOBAHUSI.

Chopmynupyem MpaBWio Ui albTepPHATUBHOIO omeparopa (momiHast
(hopMa yCI0BHOTO OrepaTopa).

A6. Ecr usBectHo: {Q AND B} S1{R} u {Q NOT B}S2{R} , 10

{0} if B then Sl else S2{R}.
Chopmymupyem mpaBuiia JUist OIIEPaTOPOB ITUKIIA.
[IpenycnoBus U NOCTYCIOBUS IMKJIAa until ynOBIETBOPSIOT MIPaBUILY:
A7. Ecnn mseecto: {Q AND NOT B} S1{0}, 1o

{0} repeat S1 until B{Q AND NOT B}.

[IpaBuio oTpakaeT MHBAPUAHTHOCTH LIMKJIA. B JaHHOM ciiydae eauH-
CTBCHHAs ornepanus - 3TO BBIIIOJHCHUC 1Iara 1ukKjia rnp1u ycjaoBUHU UCTUHHO-
ctu 0 BHayaje.

[IpenycnoBus U mocTycnoBus 1HKiIa while ynoBIETBOPSIOT MIPaBUILY:
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A8. Ecnn msBecto: {Q AND NOT B} S1{0}, 1o
{0} while B do S1{Q AND NOT B} .

IIpaBuna A1 - A8 MOXHO HUCMONB30BATh JJIsl MMPOBEPKU COTJIACOBAHHO-

CTH TIepeavu JaHHBIX OT OIleparTopa K OIepaTopy, IS aHalu3a CTPYKTYp-
HBIX CBOMCTB TEKCTOB MPOrPaMM, JUIsl YCTAHOBJICHUS YCIOBUH OKOHYAHHS
[UKJIA ¥ ISl aHAJTN3a PE3yJIbTaTOB BBIMOIHEHUS IPOrPaMMBL.

Ipumep. TlycTb HaNO OMPEACTUTH YACTHOE ¢ W OCTATOK 7 OT JCICHHUS

X Ha y.

1
2)

3)

4)

5)

6)

7)

BxopHbie TaHHBIC X, ) W BBIXOMAHBIC JaHHbIC ¢,7 € Nat , mpuuem y >0.
BaﬂaTL(x, y);/ X X,y TIONy4arOT KOHKpeTHbIC 3HaUeHus X,V x/.
r:=x; q:=0;
while y<r do

begin

r:=r-y; q:=qgtl

end;
BHOATH (4, r) ;
Ccdopmynupyem nocrycioBue

R:(r<y)AND(x=y><q+r).
HyxHo nokasats, 4to

{y>OAND x/y}S{(r<y)AND(x=y><q+r)} .
Jloxa3zaTenscTBo.

OueBumHO, uto Q => x=x+yx0.

IIpumennm axcuoMy 41 k oneparopy r = x, TOrAa NOTYyIUM

{x=x+y><0}r:=x{x=r+y><0} .

Amnasornyno, npumensis 41 k onepatopy ¢ =0, nomyuum:

{x =x+y><0}q :=O{x =r+y><q} .

[Mpumensis npaBuiio 43 K pe3ynbraraM IyHKTOB 1) # 2), MOIydnm

{Q}r :=x{x = r+y*0} .

[Mpumensist npaBuiio A4 k pesyibpraTaM NMyHKTOB 4) U 3), MOIYy4uM

{0} r=x;9=0{x=x+yxq}.

BeImosHnM paBHOCHIIBHOE ITpeoOpa3oBaHme

x=r+y><qANDySr:>x=(r—y)+y><(q+l).
IIpumensit  mpaBuno Al k onepatopy r:=

{x=(r=y)+y><(q+1)}r:=r—y{x=r+y><(q+1)}.
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8) st omepaTopa g :=¢q+1 aHanmOrMYHO MONYYUM

{x=r+y><(q+l)}q:=q+1{x=r+y><q} .

9) Ilpumensist npaBwio A4 K pe3ynbraTaM IyHKTOB 7 W 8, MOIY4UM
{x=(r—y)+y><(q+l)}r:=r—y;q:=q+1{x=r+y><q} )

10) IIpumensist npaBuiio A2 K pe3yiabraTaM IYHKTOB 6) U 9), moiydum
{x=r+y><qANDySr}r:=r—y;q::q+1{x:r+y><q} .

11) Ipumensis npaBuio 48 k pe3yinbrary myHkTa 10), nomydnm
{x=r+yxq}while y <rdobegin r:=r—y,q:=q+1end

{NOT (yér AND x =r+y><q)}.

VYTBepxkAEHUE X =r + yx g SABISAETCS MHBAPHUAHTOM IMKJIA, TAK KaK

3HA4YEHHE €TI0 OCTAETCSl HCTHHHBIM JI0 IIWKJIa U T10CJIe BBIMOJIHEHNUS
Ka)KJIOro II1ara UK.

12) Ipumensis npaBuio A4 k pesyabraTtaM MyHKTOB 5) u 11), momy4daem To,
4TO0 TpeOOBAIOCh 10KA3aTh,

{Q}S{NOT (y < r) AND (x =r+y><q)} .

OcTanock 10Ka3aTh, YTO BHIIOIHEHUE TPOrpaMMBbl 3aKaHUHUBAETCS.

JlokaspiBaTh OyZieM OT MPOTHBHOTO, T.€. TPEIOI0KHUM, YTO MporpamMma
He 3aKaHuuBaeTcs. Torja JOJDKHA CyLIECTBOBATh OECKOHEUHas MOCIIe10Ba-
TENILHOCTh 3HAYCHUH 7' U ¢ , YJOBJIETBOPSIOIIAS YCIOBUSIM

1) y<r
2) r,q€ Nat.

Ho 3HaveHue 7 Ha KaXKJOM MIare IUKJIAa YMEHBUIAETCS Ha TOJI0XHUTEIb-
HYIO BEJIMYUHY: 7 :=r—) ( y> O) . 3HAYHUT, MOCIIENOBATENFHOCTh 3HAYCHUI
¥ U ¢ SBISETCS KOHEUHOM, T.e. HaliieTcs Takoe 3HAUeHHe 1, JJIS KOTOPO-
ro He OyJIeT BBIMONHITLCS YCIOBHE ) <7 W IHKINYECKHUIl Ipolecc 3aBep-
LIATCSL.

KonTpoabsHsbie Bonpocsl

1) CdopmynupyiiTe OCHOBHBIC TIOHITHS ONEPAITMOHHON CEMAaHTHKU.

2) B 4em CyIHOCTH aKCHOMAaTHIECKON CEMaHTUKU.

3) Cohopynupyiite moHsITHE «cabeliiiee MPEAYCIOBUE» W YKAKUTE €ro
OCHOBHBIE CBOMCTBA.

4) JlaiiTe akCHOMATHYECKOE OINpPENCICHUE OMEepPaTOpOB sI3bIKA IMPOTrpaM-
MUPOBAHUS B TEPMUHAX WP .

5) CodopmynupyiiTe onpeneneHue IeHOTAIIMOHHON CEMaHTHKY.
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6) VYKaxuTe OCHOBHBIE JOCTOMHCTBA M HEJOCTATKH JCHOTAI[MOHHOW ce-
MaHTHKH.

7) OcCHOBHBIE TIOHATHSI JEKJIAPATUBHON CEMaHTHKH.

8) VYkakuTe OCHOBHBIE KJIACCHI SI3BIKOB (pOpMasTbHON Criel(UKaIIH.

9) VkaxuTe OCHOBHBIE JOCTOMHCTBA W HEIOCTaTKH Oa30BBIX S3BIKOB
(opMabpHOH criennpUKanum.

10) CdopmynupyiiTe OCHOBHBIE MOJOKEHNSI METO/IOB JI0KAa3aTeNbCTBA Ipa-
BIJIEHOCTH TIPOT PaMM.

11) B 4eM CymIHOCTH TEXHOJIOTHH HCIOJE30BAHUS YTBEPXKICHUH B IIPO-
rpamMmax.

12) Cdopmymnupyiite npasuia Bepudukamu K. Xoapa.
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3 TeopeTuyeckue Mo/eJ M BLIYMCIUTETbHBIX MPOLIECCOB
3.1 BzaumopaeiicTByIomMe nocae10BaATEAbHbIE IIPOLECCHI

Hawnbonee a¢hexrrBHOMN chepoii mprMeHEHHUs pe3yIbTaToB U pEKOMEH-
AU TEOPETHYECKOro MPOrpPAMMHUPOBAHUS U BBIYUCIUTENBHOH Marema-
THUKH, CIY)KHUT CreIU(pHUKAIHs, pa3paboTKka U peann3aiys BIYUCITHUTETbHBIX
CHCTEM, KOTOPbIC HEMPEPHIBHO NCHCTBYIOT M B3aUMOJICHCTBYIOT CO CBOMM
okpyxeHneM. Ha ocHOBe Mopenn B3aMMOJECHCTBYIOIINX IIOCIIEOBATENb-
HbIX nponeccoB (BIIII) aTtu cucteMbl MOXKHO Pas3iioKHUTh HA MapauleNbHO
paboTarolye moJCUCTEMbI, B3aUMOICUCTBYIOIINE KaK JPYT C IPYroM, TaK U
CO CBOMM OOIIMM OKPY)KEHHEM.

Takoit moxxoa obyagaeT MeNbIM PSIIOM IPEHUMYIECTB. Bo-nepevix, OH
MO3BOJISACT M30€KaThb MHOTHX TPAJMIMOHHBIX U MapauielbHOrO Ipo-
rpaMMHpPOBaHUs MPOOJIeM, TAKUX, KaK B3aHMHOE BJIHMSHHE U B3aUMHOE HC-
KJIFOUYEHHE, IPephIBanus, ceMadopbl, MHOTOMOTOYHAs 00paboTKa U T. .

Bo-emopuix, oH BrIOuaeT B ceOs B BHJE YACTHBIX CIIy4aeB MOJICIH
CTPYKTYPHOTO TPOrPaMMHUPOBAHHS: MOHHUTOPBI, KIaCChl, MOAY/IH, TAKETH,
KPUTHYECKHE YUaCTKH, KOHBEPTHI, (POPMBI U JaXKe TIOIIPOrPAMMBL.

B-mpemvux, oH 0O3BOJISIET N30EKATH TAKHE OMIMOKH KaK PACXOAUMOCTS,
TYIHKH, 3a[[UKIMBAHHUE.

3.1.1 Ba3oBble onpeeJeHUs

HedopmanwsHo, npoyecc MOXXHO TPEICTABUTH ceOe KaK TPYIILY sSYECK
MaMSATH, COAEP)KUMOE KOTOPBIX MEHSAETCS M0 ONpEeAeTIeHHBIM NpaBuiam. B
OBM 51y npaBuiia OMUCHIBAIOTCA MPOTrPaMMOM, KOTOPYIO UHTEPIPETUPYET
nponeccop. CunonuM tepmuna «lIIpouece», — «3agaday, «IIporpaMma.

«3ajgauya — OCHOBHAs €JUHMIA, MOTYMHSIONIAsICA YNpPaBIAIOMIEN Ipo-
rpaMMeé B MyJBTHIIPOIpaMMHOM pexumer; «lIpouecc — 3To mporpamma,
BBITIOJIHSAEMAs TIceBionpoueccopomy; «IIpomecc — 3To TO, YTO MPOUCKXOAUT
IIPU BBINOJIHEHUU IIporpaMMbl Ha DBM»y.

XopuuHr u PeHnemn mocrpownu (GopMalbHOE ONpeNeNeHUe IMOHSATHE
npoyecca. OCHOBHBIMU HOHATUAMU MOJIETIH SBJISIOTCS:

— Habop MepeMeHHBIX COCTOSHHS;
— COCTOSIHUE;

— TPOCTPAHCTBO COCTOSIHUU;

— JIEUCTBHS;

— pabora;

— (yHKIMS OeWcTBUS;

— TIpoLECC;

— HaYaJIbHOE COCTOSIHUE.
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B monenu BIIII nonsitue npoyecc ncnonb3yercs Uit 0003HAYESHUs! TO-
BefleHust oObekta. JInmst (opMasbHOrO OMUCAHUS TOBEACHHS OOBEKTa B
BIIII HeoOX0MMMO CHavaa BBIICIHTh B TAKOM MOBEICHUH HanOonee Bak-
HBIE COObIMUS WU Oelicmeus, ¥ BEIOPATh ISl KaXKI0TO M3 HUX TMOIXOsIIee
Ha3BaHKE, UITH UM

B cnydae mpocToro aBromara, TOPIYIOIIETO IIOKOIaIKaMH, CYIECTBY-
IOT JIBa BUJIa COOBITHIA;

MOH - OIIyCKaHHE MOHETHI B IIIENIb aBTOMATA,

WOK - TIOSIBJICHUE NIOKOJIAIKK U3 BBIIAIOLIETO YCTPOKWCTBA.

MmMs kaxa0oro coObITHS 0003HAYAET LENbIH KIace COOBITUM; OTIEILHEIE
BXOXKJICHUSI COOBITHS BHYTPU OJHOTO Kiacca pasJielieHbl BO BPEMEHH.
MHOXECTBO UMEH COOBITHH, BHIOPAHHBIX [Tl KOHKPETHOT'O OMHCAHUS 00b-
€KTa, Ha3bIBAETCS €T0 a1agumoMm.

CyHTaeTCsl, YTO KOHKPETHOE COOBITHE B JKHU3HH OOBEKTA MPOHCXOIUT
MTHOBEHHO, T. €. SIBIISICTCS 3JEMEHTAPHBIM JICHCTBHEM, HE UMEIOIIUM IIPO-
TSDKEHHOCTH BO BpeMeHH. [IpoTshkeHHOe IefiCTBHE CIeAyeT paccMaTpUBaTh
Kak Mapy COOBITHI, IEPBOE U3 KOTOPBIX OTMEYAET HAYAJO JCUCTBUSI, & BTO-
poe - ero 3aBepieHHe. J[Ba MPOTSDKEHHBIX JCHCTBHS MEPEKPBIBAIOTCS T10
BPEMEHH, €CITH HAayalo Ka)XJOro U3 HUX MPEAUICCTBYET 3aBEPUICHUIO JPY-
roro. Korga coBMecTHOCTb COOBITHI CyIIecTBeHHa (HampuMmep, NpU CHH-
XPOHHU3AIINH), TAKHE COOBITHS CBOAATCSA B OJJHO COOBITHE, UITH K& COBMECT-
HbIE COOBITHS MPOUCXOMAT B JTFOOOM OTHOCHTENBHO JPYT APYyra MOpsIIKe.

BBenewm cnenyroniue cornameHus:

1) HWmena coObiTuii OyneM 0003Ha4aTh CIIOBAMH, COCTABJICHHBIMU W3
CTPOYHBIX OYKB, HAIIPUMEP, uioK , @ TAKKe OyKBaMH 4d,b,c, ...

2) MHWmena mpoueccoB OyaeM 0003HauaTh CIOBAMH, COCTAaBIICHHBIMH W3
NPONKCHBIX OyKB, Hampumep, 1Al - mpocToi TOProBbIi aBTOMAT, a
oykBamu P,Q, R,... Oynem 0003HaYaTh MPOU3BOJIBHBIE MTPOIIECCHI.

3) bBykBBl X,),z,... HCHONB3YIOTCS IJISl TIEPEMEHHBIX, O003HAYAIOUINX
coObITHSI.

4) ByxBwl 4, B,C UCIONB3YIOTCS s 0003HAUYEHHST MHOYKECTBA COOBITH.

5) bBykBbl X,Y WCHONB3YIOTCS Uil TIEPEMEHHBIX, 00O3HAYAIOMIMX MPO-
LIECCHI.

6) Aundasurt mporecca P obo3naercs o P (aTAH ={M0H,m01<}).

7) Ilpouecc ¢ andaButoM V', Takoi, 4TO B HEM HE MPOUCXOAUT HU OIHO
coObite U3 V', HazoBeM CTOII,. DTOT mpolecc OMUCHIBAET MOBEE-

HUE CIIOMaHHOT'O OOBEKTa. )Z[anee OIpeaAC/IUM CUCTEMY O603Ha‘leHPII>i,
KOTOpas TakKKE NMpeAHasHauCHa 1JIs ONIMCaHusA MMOBCACHUA 00BEKTOB.
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Ilpegpuxcor

Ilycte x - coOwiTHe, a P - mporecc. Torma (x - P) «P 3a x» omu-
ChIBaeT 00BEKT, KOTOPBIN BHAYAJIC yIaCTBYET B COOBITHH X , & 3aTEM BEJCT
cebst B TOUHOCTH Kak P , rie o (x - P) =aP,xeaP.

Ipumep. TIpocToli TOProBeIli aBTOMAT, KOTOPBIA 01aronoixydHo obciy-
KHUBAeT ABYX NOKyHaTenel U 3aTeM JIOMaeTCs:

(MOH - (mox - (/l/lOH - (WOK - CTOHaTAn)))) .

Pekypcusn

[pedukcHyO 3aTUCh MOXKHO HCIIOIB30BATh JUIS ITOJTHOT'O OTIMCAHHUS T0-
BE€JICHHS IIpollecca, KOTOPHIM paHo WM MTO3IHO OCTaHaBIMBaeTcs. bouto Ob1
KENMATeITFHO, YTOOBI 3TOT COCO0 OBUT KOMITAKTHBIM U HE TpeOOBaJ 3HATH
3apaHee CPOK XM3HHM 00BbeKTa. PaccMOTpUM IPOCTON JONTOBEYHBIH 00B-
€KT - 9achl, ()YHKIIMOHUPOBAHUE KOTOPHIX COCTOUT B TOM, YTOOBI THKATh.

aYACHI = {mux} .

Tenepb paccMOTPUM OOBEKT, KOTOPBIN BHAYAJEC U3/ACT CAMHCTBCHHBIN
« mux », a 3aTeM BeJeT ce0s1 B TouHOCTH Kak YAChHI

(mux — YACBI ).

IToBenenue sToro 00BEKTa HEOTIIMIUMO OT MOBCACHUA HMCXOAHBIX Ya-
coB. CieoBaTeNnbHO, OIMH U TOT KE poHeCcC OMUCBLIBACT IMMOBECACHUC obonx
00BEKTOB. DTH PACCyXJIEHUS TIO3BOJISIOT CHOPMYINPOBATH PABEHCTBO

YACHI = (mux —> YACBI ).

OTO ypaBHEHHE MOXKHO pa3BepTHIBATh MPOCTOM 3aMEHOM B MpaBoOi ua-
ctu  ypaBHeHuss wieHa YACHI Ha paBHOE €MY  BBIPAKEHHUE
(mwc —>YACBI ) CTOJIBKO pa3, CKOJIBKO HYXHO, NMPH 3TOM BO3MOXKHOCTb
JUISl TAJIBHEHIIETo pa3BepThIBAHUS COXPAHAETCS.

PexypcuBHBII MeTOA OompeneneHus npouecca, OyneT MpaBUIBHO pado-
TaTh, TOJIBKO €CIIU B NPABOM YaCTH YpaBHEHHS PEKyPCHBHOMY BXOXICHHIO
HMMEHH Tpolecca IMPEeIecTBYET XOTsi Obl 0JHO coObITHe. Hanpumep, pe-
KypcuBHOE «omnpezeneHue» X = X He onpejenser HUYero, Tak Kak perie-
HUEM 3TOr'0 YPaBHEHMsI MOXET CIYKHUTh BCe 4TO yrogHo. OmnucaHue mpo-
liecca, HauMHaromIeecs ¢ npeduKca, Ha3bIBACTCS HPEOBAPEHHBIM.

Onpeoenenue. Ecnmu F (X ) - TIpEJIBAPEHHOE BBIPAXKEHHE, COJIEPKAIEe

umst poriecca X, a V- angasur X, 1o ypaHenne X =F(X) nmeer

eIMHCTBEHHOE pellieHue B andasute V . DTo pelieHne 0003HaYal0T BbIpa-
HKEHUEM
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puX:V.F(X).
Tlpumep. TIpocToil TOProBeIif aBTOMAT, MOJTHOCTHIO Y OBJIETBOPSIOIINMA
CIPOC Ha IIOKOIAKU:
TAIT = (MOH - (wox — TAH)).
Penrenue sToro ypaBHEHUS MOXKET OBITH 3aITUCAHO B BHJIEC
TAIl = pX : {MOH,WOK}.(MOH - (morc - X))
Buvioop

Hcnonp3ys nmpeduKCh U peKypCHIO, MOXKHO ONMUCHIBATH 00BEKTHI, 00JIa-
aIoIIie TOJBKO OJHOM BO3MOKHOM JuHHEH moBenenus. OIHAKO MOBEJe-
HUE MHOTHX 00BEKTOB 3aBHUCHUT OT OKPYXKAOIIEH HX 00CTAaHOBKH.

Eciu x um y - pa3nuuHble COOBITHUS, TO (x—) P| y—=> Q) OIKCBLIBAET

00BEKT, KOTOPBIH CHaYasla y4acTBYET B OTHOM U3 COOBITHH X,V , T/Ie
a(x—)P|y—>Q)=aP,x,yeaPHaP=aQ.
[Mocnenyromiee ke moBeneHne 00BEKTa OIMKMCHIBAaETCs mporeccoM P, eciu
MEPBBIM MPOU30ILIO COOBITHE X, WM (J, €CIH MEePBBIM MPOU3OLLIO COObI-
THE ) .
Tpumep. TIporecc KOMUPOBAHUS COCTOUT W3 CICTYFOIIUX COOBITHIA:
66.0 - CUNTHIBAHUE HYJIS U3 BXOJHOTO KaHaa,
66.1 - CUUTHIBAHWE CIMHUIIBI U3 BXOJHOTO KaHaja,
6b16.0 - 3aMUCh HYJIS B BHIXOJIHOM KaHAJ,
6b16.1 - 3aNUCh €IUHUIIBI B BHIXOJHON KaHAI.
[ToBenenne mporiecca COCTOUT M3 TMOBTOPSIOMIMXCS Map coObITHi. Ha
Ka)X/IOM TaKTe€ OH CUMTBIBAET, a 3aTEM 3aIHChIBAET OJIMH OUT.
KOIIUBUT = pX : (66.0 — 6b18.0(66.1 = gb16.1 > X).
OmnpezeneHre BHIOOpA JIETKO 00OOIUTH Ha Ciiydail Oojiee 4eM JBYX
ajgpTepHaTUB. B 001IeM citydae ecim B - HEKOTOPOE MHOXKECTBO COOBITHIHA,
a P(x) - BBIp@)KEHHE, ONpeelIsIolIee IPoIece Al BCEX Pa3iIMYHbIX X W3
B, To 3amuce
(x B> P (x))
oIpeieNIsieT Mpolecc, KOTOPhI CHavyasia IpejyiaraeT Ha BbIOOp Jiroboe co-
ObiTie y w3 B, a 3aTeM BezeT ceds Kak P( y) .
B3aumnasn pexypcusn
Pexypcust Mo3BOJISIET ONpeENeNTUTh €NMHCTBEHHBIN TPOIECC KaK PEelIeHne

HEKOTOPOro €IMHCTBEHHOT'O YpaBHEHHs. DTa TEXHHKa JIETKO o0oOmaercs
Ha CIIyJall pelieHus CUCTEM YpaBHEHHUi ¢ OoJiee YeM OJTHUM HEM3BECTHBIM.
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Jlst mocTIXeHUS KeIaeMoro pe3yiabrata HeoOXO0aUMO, YTOOKI MPaBhIe Ya-
CTH BCEX YpaBHEHUI OBUIM MPEIBaPCHHBIMU, & KaXKIbI HEM3BECTHBIHA IPO-
IIECC BXOJIVJI POBHO OJIMH Pa3 B MIPABYIO YaCTh OJHOT'O U3 YPaBHCHUIA.

Ilpumep. ABTOMAT C Ta3MPOBAHHOH BOJONW HMEET PYKOSATKY C JIBYMS
BO3MOXKHBIMU MOJOXKEHUsIMU - JIUMOH w AIIEJIPCHUH . JleiictBus 1o
YCTAHOBKE PYKOSITKH B COOTBETCTBYIOIIEE ITOJIOKEHUE HA30BEM YCTMIUMOH
U ycmaneisbcu , a NCHCTBUSA aBTOMATA 110 HAJTMBAHUIO HAMTUTKA - JUMOH U
anenvcun . BHauane pykosiTka 3aHUMaeT HEKOTOPOe HEHTpalIbHOE TTOJIOXKe-
HHe, K KOTOPOMY 3aTeM y)Ke He Bo3Bparaercs. [loBezeHue Tpex mpoueccos
OIUCHIBACTCS YPABHCHUEM:

aAl'A3=aG=aW = {ycmﬂuMOH,ycmaneﬂbcuH,MOH, JUMOH, aneﬂbcuH} .
Al'43 = (ychmM()H - G|ycmaneﬂbcun - W) ,
G= (MOH —> JIUMOH —> G|ycmaneﬂbcuH — W) s

W = (MOH —> anenvbcun — W|ycmﬂuMOH - G) .

3.1.2 3akoHbI B3auMO/1eliCTBUS MOC/I€I0BATEILHBIX MPOLECCOB

ToXIecTBEHHOCTh TPOLECCOB C OAMHAKOBBIMU aJ(aBUTaAMH MOXKHO
YCTaHABIIMBATH C MOMOIIBIO aNredpanveckux 3aKOHOB, OUYSHb MOXOXKUX Ha
3aKOHBI apU(METHKH.

3axon 1. JIBa mporiecca, onpeeieHHbIe ¢ MOMOIIIBIO ollepaTopa BhIOopa,
Pa3IMYHBI, €CJIM HAa TEPBOM IIAre OHM IMPEAIAraloT Pa3/inuHble ajabTepHa-
TUBBI MJIM TIOCJIE OJIMHAKOBOI'O MEPBOrO 11ara BeAyT ceds mo-pazHomy. Eciu
K€ MHOXECTBA HAYaJILHOTO BHIOOPA OKA3bIBAIOTCS PABHBIMH U IS KAXKION
HAYaIbHOM aJbTEPHATUBEI JajIbHEHIIee MOBEAEHHE MMPOIIECCOB COBIAJIACT,
TO, OUEBHUJIHO, YTO MPOIECCHI TOXKIECTBEHHBI:
(x:4- P(x))=(y:B—>0(y))=(4=B AND Vxe 4P(x)=0(x)).
Cneocmsue 1:
CTOIl =(a — P)
Cneocmeue 2:
(c—)P)i(d—)Q), ecnmuc#d .
Cneocmeue 3:
(c—>P|d—>Q)=(d—>Q|c—>P).
Cneocmsue 4.
(c>P)=(c>Q)=P=0.
Tlpumep.
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(MOH —> WOK —> MOH —> WOK —> CTOH) #* (MOH - CTOH).

Jloxazamenvcmeo: Caenyer u3 ciaenctsuit 2 u 1.
3axon 2. Besikoe TOIDKHBIM 00pa3oM NpeBapeHHOE PEKYPCUBHOE ypaB-

HCHUC MMCECT CIUHCTBCHHOC PCIICHUC. Ecmu F(X) - pEeABAapCHHOC BbI-
paxenne, 10 (¥ = F (Y))= (¥ = uX.F(X)).

Cneocmaue.

HX F (X ) SABJIACTCA  PCIICHUEM  COOTBCTCTBYIOUICTO  YpPaBHCHUA
HXF(X)=F(uX.F(X))

Hpumep. Tycts TAl = (mon —> TA2), a TA2 = (wok — TAL). TpeGyer-

¢ nokaszath, uro 1TA1=TAII .
Hoxazamenvcmeso:

TAl = (MOH — TA2) = 110 OTpeaeICHUIO TAIZ(MOH — (morc — TAI)) .

Takum oOpazoM, TAl sBisercsi pelmieHHEM TOrO ke PEKYPCUBHOTO
ypaBHeHus, uto U TAII . Tak kak 3T0 ypaBHEHUE NpeaBapEHHOE, OHO UMEET
enMHCTBeHHOe pelienne. 3Haunt, T4l =TAIT .

3.1.3 Peanu3anus npoueccos

JIro6oit mporecc P, 3amuCaHHBINA ¢ MOMOIIBIO BBEACHHBIX 00O3HAUC-

HHH, MOKHO MTPE/ICTABUTH B BUJIE
(x ‘B> F (x)),

rne £ - QyHKUus, cTaBsIas B COOTBETCTBUE MHOXECTBY CHMBOJIOB MHO-
JKECTBO TIPOIECCOB. MHOXECTBO B Moxer OBITh TyCTHIM (B CIly4ae
P =CTOII ), MOXeT cofepKaTh TOIBKO OJMH 3JIEMEHT (B ciryyae npeduk-
ca) win - 0oJIee OJTHOTO AJIEMEHTa (B CiTydae BBIOOpa).

Takum 00pa3om, KaIblii MMPOIECC MOXXHO PacCMaTpuBaTh KakK (DyHK-
yuto I ¢ obnacteio onpenenenuss B (MHOXXECTBO HAYaIbHBIX COOBITHIT), U

0061aCThIO 3HAUCHHUSI {F (x)| xe B} )

Kaxmoe coOpiTHe w3 andaBuTa THpollecca NPEACTABICHO aTOMOM
("MOH "). [Ipu 5TOM ecu CUMBOJI HE MOXKET OBITh HAYaJIbHBIM COOBITHEM
mporiecca, TO pPE3yAbTaToM (DYHKIUM OyaeT CHEelHUaIbHBIA CHUMBOI
"BLEEP" . Hanpumep, nias mpoiecca (x 1@ — CTOIl (x)) 3HAYEHHEM
¢yuximu o6yner "BLEEP", uto 0603HaunM

CTOIl = Ax."DLEEP"

Ecnu sxe apryMeHT sBiseTcs COOBITHEM, BO3MOXHBIM JIJIS TpoIiecca, pe-

3YJIIETATOM (PYHKITUH OyAeT aApyras (YHKIHS, ONpPEICIISIonias MOCIeyo-
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1iee IOoBeEeHHe IpoLecca.
Tpumep. Oynk1Ms, peanusyromas nporecc (c - P) MOXET UMETh BUJI:

npeguxc (c,P) = Ax.if x = c then P else"BLEEP" .
Ipumep. OyHKIMS, peanu3yromas AByMECTHBIH BHIOOp (c - P| d— Q)

MOYKET IMETH BUI
6b160p(c,d,P,Q)=ﬂ.x.if x =c then P else if x = y then QO else "BLEEP".

3.1.4 IIpoToko,bI NOBEICHUS MPoLecca

IIpomokonom TOBENEHUs MpoLiecca Ha3bIBAETCS KOHEYHAs IOCIEIO0Ba-
TEJILHOCTh CUMBOJIOB, (PUKCHPYIOIIAsi COOBITHS, B KOTOPHIX IPOIIECC y4acT-
BOBaJl JI0 HEKOTOPOrO MOMEHTa BpeMeHH. MOXKHO TpejcTaBUTh cebe
HaOozaTens ¢ GJIOKHOTOM, KOTOPBII CIEIUT 3a MPOLECCOM U 3aIUChIBAET
MMl KaXK/I0TO TIPOMCXO/ISIIETO COOBITHSI.

Bynem 00603Ha4aTh IPOTOKOJI MOCIIEOBATEILHOCTHIO CUMBOJIOB, pa3/e-
JICHHOH 3aITBIMHM W 3aKJIIOYEHHOH B YIJIOBBIE CKOOKHM, HAIlpuMmep, IpoTo-

KOJI <x,y> COCTOUT U3 JIBYX COOBITUH - X ¥ CICAYIONICTO 33 HUM

(x) - COCTOUT U3 OJIHOI'O COOBITHUA X, @ IPOTOKOI ( > - IyCTOH MPOTOKOIL.
Ipumep. TIpoTokon mpoctoro Toproporo apromara 1Al B MOMEHT 3a-
BeplIeHHs 00CTyKMBaHHS NEPBBIX JABYX IMOKyIaTesNeit:
<MOH, WOK , MOH, mozc)
[Iporokon Toro ke aBTOMara Iepea TeM, Kak BTOPOM MOKyIaTelb BbI-
HYII CBOIO IIIOKOJIAJIKY:
<MOH, WoK, /l/lOH> .

3.1.5 Onepanuu HajJ MPOTOKOJAMH

[Iporokonam npuHaIEKUT OCHOBHAS POJIb B (PUKCUPOBAHHUH, ONIMCAHUHT
Y TIOHUMaHUH TIOBE/IEHHSI IPoIleccoB. BBeneM crienyromnye 0003HaYeHUsL:

S,¢,u - IIPOTOKOJIHI,

S,T,U - MHOX€ECTBa IIPOTOKOJIOB,

f,g,h — byHxumm.

Kounkamenauusn

Hawnbonee BaxxHOl oneparnyei HaJl MPOTOKOJIAMU SIBIISIETCSI KOHKAaTEHa-
must s\ ¢, KOTopasi CTPOUT HOBBIN NMPOTOKOJI U3 Mapbl MPOTOKOJIOB s U 1,
IIPOCTO COEUHSAA UX B YKa3aHHOM Nopsaake. Hanpumep,

<MOH, mo:c) A <MOH> = <MOH, WIOK, MOH> .
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CaMble BaXHBIE CBOWCTBA KOHKATEHAIUH - 3TO €€ aCCOIMATUBHOCTh U
TO, YTO ITYCTOM MPOTOKOJ ( > CITY)KHUT JJIS Hee eUHHUIICH:
s >= s
sh tAu)z(sAt)Au
Iycte f - GyHKIUMS, OTOOpaxarolas MPOTOKOJIBI B IPOTOKOJIBL. Bynem
TOBOPUTBH, UTO (QYHKIHS CMpo2das, €CIH OHA OTOOpaXkaeT MyCTON MPOTOKOI
B ITyCTON MPOTOKON: f (< >) = < > .
Bynem roBOpuTh, uTO GYHKIUS f  OJucmpubymuena, eCiIu
S(sh)=f() 1 (1)
Bce nuctpuOyTUBHBIE (DYHKITHU SBIISIOTCS CTPOTUMH.

Ecnu n - HaTypanbHOE 4HCio, TO " Oyner 0003HAYATh KOHKATEHALUIO
n Kommwii npotokona ¢ . OTciona cienyer:

n+l n,
=t /l\t ;
n+ n
(sAt) =sA(sAt) .
Cyscenue
Bripaxenue (t ) A) 0003HaYaeT MPOTOKON ¢, CY)KCHHBI HAa MHOXeE-
CTBO CHMBOJIOB A ; OH CTPOWTCS U3 [ OTOPAaCBIBAHMEM BCEX CHMBOJIOB, HE

npUHAIeKAINX A .
CyxeHre TUCTPUOYTHBHO U MOATOMY CTPOrO.

()Ta=();
(she)Ta=(sTa) (e 4).
Dddexr cyxenus Ha OHOIIEMEHTHBIX TIOCIIEJOBATEIBHOCTSIX OYEBHUICH:
Ot A4=(x , ECIN X € A;
NP A={(), ectuye A’
TIpUBECHHBIE HIDKE 3aKOHBI PACKPHIBAIOT B3aHMOCBS3b CYKCHHS | M
orrepanyii HaJi MHOYKECTBAMHU:
sTo=();
(sTA)TstT(AmB).
T'onosa u xeocm
Ecnn s - HemycTas mociienoBaTeNbHOCTh, 0003HAUUM €€ TEPBBIN dJe-
MEHT S, , a pe3yNbTaT, MOITy4eHHBII Mocie ero ynaneHus - s’ . Hanpuwep,
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(x, ¥, x>0 =x, <x, ¥, x> =y . O0e 3T omnepauuy He ONpeNeseHbl IS My-

CTOH TIOCJIeI0BATEILHOCTH.

((x As) =s;
s=(<s0>As'), ecnns¢< >

3aKOH PaBEHCTBA WM HEPABEHCTBA JIBYX ITPOTOKOJIOB:
s=t=(s=t=( )OR(s, =1, ANDs'=1)).
36é300uKa
MuoxkecTBO A° - 3T0 HAOGOP BCEX KOHEUHEIX MPOTOKONIOB (BKITIOYAS ( )
), COCTaBJIEHHBIX U3 3JieMeHTOB MHOKecTBa A . Ilocie cyxenus na A Ta-

KHEC TPOTOKOJIbI OCTAIOTCA HCU3MECHHBIMU, Orcrona CJICAYCT MPOCTOC OIIpe-
JACIICHUEC!

A :{s|(sTA)=s}.
CnencTBUsIMU 3TOTO ONPENIENICHUS SIBIISIOTCS 3aKOHBI:
> cd;
x> ed =xe4
s’t)ed =sed ANDred'.
OHM 00J7a7ar0T JTOCTATOYHOW MOIIHOCTBIO, YTOOBI ONpENeNuTh, MpH-

HAJUIEKUT JIM IPOTOKON MHOKECTBY A .
Hanpumep, ecnu xe A,a y ¢ A, 10

(ey)ed = () (3)) < 4
(x)e 4 )AND ((y)e 4)
=T ANDF =F.

Ilopaook
Ecnm s - Kommst HEKOTOPOTO HAYAIBHOTO OTpPE3Ka f, TO MOXHO HAaWTH

TaKoe MPOJIOJDKEHUE u TOCIEIOBATEIFHOCTH § , UTO s Nu =t . Onpeaennm
OTHOIIICHHUE TIOPSIIKA

sStz(EIu.sAu =t).
u OylIeM TOBOpWUTh, YTO s sBIseTCS npeguxcom t. Hampumep:
<x, y>£<x, y,z). OrtHomreHre < SBJISIETCS YaCTUYHBIM YIIOPSIOYCHHEM WU

HUMECT CBOMM HAMMCHBIINM 3JICMCHTOM < > . 006 >ToM TOBOPAT 3aKOHBIL
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< > <s HaMMeEHBIIHH JIeMEHT.

s<s pedaekcuBHOCTS.
s<tANDt<s=>t=s AHTHCUMMETPUYHOCTb.
s<tAND¢t<u=s<u TPaH3UTHBHOCTB.

Crenyromui 3aKOH MO3BOJISIET ONPEENNUTh, SIBJISETCS JIU CIIpaBesIu-
BBIM OTHOILIIEHUE § <[ :

((x)*s)<t=t#( )AND x=1, AND s <’

Bynem roBoputh, 4To GYHKIMS f W3 MHOKECTBA MIPOTOKOJIOB BO MHO-
JKECTBO MPOTOKOJIOB MOHOMOHHA, €CIIA OHA COXPAHSIET OTHOIICHUE MOPSIIKA
<,Te f(s)< f(¢) Bosxuii pas, xorna s<t.

/Jnuna

JmuHy npotokona ¢t OyneM obo3Havath #¢. Hampumep, #(x, y,z) =3.

Crenyrolne 3aKOHbI OMPEEISIFOT OMEPaIHio #:

#{ )=0;
#{(x)=1;
# sAl)z#s+#t.
Yuciao BXOXKACHHI CHMBONA Xx B MPOTOKON s OMNPENeNsieTcs Kak

s»l«x:#(sT{x}).
3.1.6 IIporoxoanl mpouecca

[Iporokoin 3T0 mocnexoBaTeNnbHas 3aNKCh TOBEACHHS MpoIecca BILIOTh
JI0 HEKOTOPOTr'0 MOMEHTa BpeMeHH. /1o Havyaa nporecca HEeM3BECTHO, KaKOH
MMEHHO U3 BO3MOXKHBIX MPOTOKOJIOB OyIeT pealn3oBaH: ero BHIOOp 3aBH-
CHT OT BHEUIHHX II0 OTHOUIEHHIO K mporieccy ¢akTopoB. OpHAKO MONHBINR
Ha0Op BCEX BO3MOXKHBIX MPOTOKOJIOB Tporecca P mooicem ObITH U3BECTEH
3apanee. BBenem QyHkuio I’lpOWlOKO./Zbl(P) Tt 0003HAYEHHST 3TOr0 MHO-
KECTBA.

Ipumep. EnunacTBEeHHBIM NpoTOKONOM npouecca CTOIl sBnsercs < > :
npomoxwzbz(CTOH) = {( >}
Tlpumep.

npomoxonvi(4ACBI ) = {( >,<muk>,<muk, muK),. ) } = {mux} .

3/1ech MHOXKECTBO TIPOTOKOJIOB OECKOHEYHO.
3akonut
3axon 1
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npomoxwzbz(CTOﬂ) = {t|t =< >} = {( >} .
IIpoTtokon mporecca (c—)P) MOXET OBITh IMYCTHIM, MOCKOJIBKY < >

SIBIIICTCS TIPOTOKOJIOM TIOBEICHUS JIFOOOTr0 MpoIecca O MOMEHTa HACTYII-
JICHHS €T0 IePBOTr0 COOBITHS.
3axon 2

npomOKOJlbz(c - P) = {l|l = < > OR (to =cAND/{ e npOMOKOJZbl(P))} .

OTU JBa 3aKOHA MOXXHO OOBCJWHUTH B OJIUH OOIIUI 3aKOH, KOTOPOMY
MTOJTYHMHSACTCS KOHCTPYKIUS BBIOOpa:
3axon 3

npOWlOKOJZbl(X :B— P(x)) = {t|l = < > OR (ZO €B AND{ € I’lpOMOKO/lbl(P(lO)))}

[IpoTOKONBI PEKYPCHBHO ONPEACICHHOTO TIPOIIECCAa OMUCHIBAIOTCS
3axonom 4.

npOMOKOﬂbZ(HX : A.F(X)) =U npomOKOﬂbz(F" (CTOHA ))

n=0
Tpumep.
npomoxonvi(TAIT ) = U{s| s < (mon, wox)n}
n=0

< > SABJIACTCA IMPOTOKOJIOM mo0boro mnmponecca 10 MOMCHTA HACTYIUICHUS

€ro nepBoro COOBITHS. KpOMe TOro, €Cin (S A l) — MPOTOKOJ mpouecca 10

HEKOTOPOTr0 MOMEHTA, TO § JOJKEH ObITh IPOTOKOJIIOM TOr'O e Ipolecca
JI0 HEKOTOporo Oolee paHHEro MOMeHTa BpeMeHU. Hakower, kaxoe mpo-
ucxojsiee coObITUE AODKHO cofepikaTtbca B andaBute mpouecca. Tpu
3TUX (paKTa HAXOIAT CBOE (hOpMabHOE BHIPAXKEHUE B CIEAYIOIIUX 3dKOHAX:

< > € I’lpOWlOKOJZbZ(P)
st e I’lpOWlOKOJle(P) =s5€ npomOKOJZbl(P)
I’lpOWlOKOJle(P) c {aP}*
Ilocne
Ecnu s € I’lpOWIOKOJZbZ(P) ,To P/s (P mocne s) — 3To mpolece, Bexynuii
ce0s Tak, Kak BeAeT cebs P ¢ MOMeHTa 3aBepIlIeHHs BCeX JICHCTBHM, 3aIu-
CaHHBIX B TIPOTOKOJE s . Bcnu s He sBausiercss nporokonom P, to P/s He
OIIpEe/IETICHO.
Tpumep.
(TAH/(MOH)) = (worc - TAH)
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3.1.7 Cnenupuxanun

Crerupukanys U3fenus — 3To OINHMCAHUE €ro MPeAIolaraéMoro moBe-
JeHusd. JTo ONUCcaHUe MpeJCcTaBisieT coOON MpenuKar, ColepKalluil CBO-
OoJHbIE IIepEeMEHHBbIE, KaxJas U3 KOTOPBIX COOTBETCTBYET HEKOTOPOMY
0003pUMOMY acHEKTy IOBEAECHUS U3/IeNusl.

Hanpumep, cnenudukanus 371eKTPOHHOTO YCHIUTENS C BXOIHBIM JHa-
[Ia30HOM B OJHH BOJBT U C YCUJICHUEM BXOAHOIO HANpPsDKEHUS MpUONIu3u-
TenbHO B 10 pa3 3amaercs npeankaToM

YCHI0=(0<u<1= |u'~10xu|<1).

B »s10it cneumdukanmu u 0003HayaeT BXOAHOE, @ u' - BBIXOJAHOE
HaIpsDKEHNSI.

B cnyuae nporecca B kauecTBe pe3y/bTaTa HaOIIOJEHHS 3a ero IOBeJie-
HHEM paccMaTpuUBaeTcs MPOTOKON COOBITHH, MPOM3OLIEAIINX BIUIOTH JO
JAHHOTO MOMEHTa BpeMeHHU. [l 0003HaueHUs NPOU3BOJIBHOIO IIPOTOKOIA
nporiecca OyJeM UCIOIb30BaTh CIENUAIBHYIO IEPEMEHHYIO Hp .

Ilpumep. Bnagenen ToproBoro aBToMaTa He JKEIaeT TePIETh YOBITKOB.
[TosTOMy OH OroBapHBaeT, YTO YHCJIO BBUIAHHBIX IIOKOJAJOK HE JOJKHO
MIPEBHIIIATH YUCIIA OMYIIIEHHBIX MOHET:

HEYEBIT = (#(np ) {WOK}) < #(np ) {MOH})) =np d wok < np 4 mon.

ITonb30BaTeIhr aBTOMATa X0UYET OBITH YBEPCHHBIM B TOM, YTO MalllMHA HC
6yz[eT NorjIomaTb MOHETHI, IMOKa HE BBIAACT YK OIJIAYCHHBIN IoKoJIaa:

YECTH = (np 4 mon < (np 3 wox +1)) .

H3sroroBurens TOProBOro aBToMaTa HOJDKCH YUYCCTb Tpe6OBaHI/IH, Kak
BJIage€yiblia, TaK U KIIMCHTA!

TAIIB3AMM = HEVEBIT AND YECTH = (0 < (np 4 mon—npd wox) < 1)

Ecmn P - oObekT, oTBevaromui crienupukanyy S , TO TOBOPAT, uyTo P
yoosnemeopsiem (P yaS ) .
OTo0 03Ha4yaeT, S HMCTHHHO BCSKHH pa3, KOrJa ero rnepeMeHHble IPUHU-
MAlOT 3HAUEHHS, TOJTYYEHHBIE B pe3yNIbTaTe HAOIr0IeHNs 32 00beKToM P :
Vnp.np € I’lpOanKOﬂbl(P) =S.

3axonbl, OMHUCHIBAIONINE HAaUOONIEee OOIIME CBOWCTBA OTHOIICHHUS )O00-
6/1emeopsiem, IPUBEJCHBI HIKE.

Creruduranmu ucmuna, He HAKIAJBIBAIOIICH HUKAKWX OTPAHUYCHHUI
HA TIOBEJICHUE, OYIYT YIOBJIETBOPATH BCE OOBEKTHL.
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PyaF.

Ecnu oObexT YAOBJICTBOPACT JABYM pPa3jIMYHbIM CHeHI/I(l)I/IKaHI/IHM, OH
YAOBJIETBOPACT TAKKC U UX KOHBIOHKI[UUA!

if (PynS)AND (PyaT)then Pyn(S ANDT).
IIycts S (n) - TIPEJMKAT, COePKANINil IepeMeHHy0 n U P He 3aBu-
CUT OT 7 .
if Vn.(PynS(n))then PynVn.S(n).

Ecny w3 cnenmdukanuy S JOrMYEcKH CeayeT Apyras crnenuprKamnus
T, 10 BCcakoe HAaOMIOIEHHE, OIUCLIBAEMOE S , OIMCHIBAETCS Tak:ke U 1 .
if (PynS)AND (S=T)then PynT
[Tpu npoexTrpoBaHUM M3/1eNUs Pa3pabOTIMK HECET OTBETCTBEHHOCTh 32
TO, 9YTOOBI OHO COOTBETCTBOBAJIO cBOeH crenudukaryy. Hivke npuBoautcs
Ha0Op 3aKOHOB, MMO3BOJISIOIIMX C TOMOIIBI0 MAaTEMATHIECKHX PACCYXICHUI
yOenuThCsl B TOM, UTO Mporiecc P COOTBETCTBYET CBOEH crienuduKaim S .

PesynpraTom Habmonenus 3a nporeccom CTOIT Bcerna Oyner mycToi
IPOTOKOJI:

CTOIl yn (np =< >)
IIporokon mporecca (c - P) BHauaje myct. Kaxnpiil mocnemayromuit
MIPOTOKOJI HAYMHAETCSI C ¢, @ €r0 XBOCT SIBJISIETCS] IPOTOKOIOM P .
if PynS(np)then(c— P)yn (np =( )OR (np0 =c AND S(np')))

Bce npuBeieHHBIE BBIIIE 3aKOHBI SBJISIOTCS YACTHBIMM CIyYassMHU 3aKO-
Ha Ji1s1 0000IIEHHOT0 OIlepaTopa BeIOOpa:

if Vx € B.(P(x) ya S(np,x)) then
(x :B— P(x)) v (np =( JOR (np0 € B AND S (np',np, )))

3aKOH, YCTaHABJIMBAIOUINA KOPPEKTHOCTh PEKYPCHUBHO OMPENEICHHOrO
nporecca.

[ycte  F (X ) - npenBapenHoe Boipaxkenue. CTOIlynS, a
(XynS)= (F(X) ya S) , TOr/1a
(uX.F(X)yns)

3.2 ITapajienbHbIe POLECCHI

Hpouecc OINpCACIACTCA MOJTHBIM ONHMCAHHUEM €TO MOTCHIMAJIBHOI'O I10-
BCACHUS. HpI/I 9TOM 4YacCcTO HMECCTCA BI>I60p MCKAY HECKOJbBKUMHU PaA3JIN4-
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HBIMH JIeHCTBUSIMU. B Ka)k7oM TakoM ciiydae BBIOOp TOTO, Kakoe U3 coObI-
TUI TIPOU30MIET B JEHCTBUTEIHHOCTH, MOXKET 3aBHCETh OT OKPY)KEHHs, B
KOTOpoM pabotaer nporecc. CaMo OKpyXEeHHE TPOLecca MOXKET OBbITh OMH-
CaHO KaK ITPOIIecC, OBEAEHHE KOTOPOro OMpenessieTcsi B BBEICHHBIX Tep-
MHUHaX. JTO ITO3BOJISIET MCCIIEJ0BATH MOBE/ICHHUE IENIOW CHCTEMBI, COCTOSI-
el U3 mpolecca U ero OKpyKEHHs, B3aMMOAEHCTBYIOMINX TI0 Mepe UX Ma-
paJUIENBHOrO MCHONHEHUs. Bclo cucreMy Takke ClieayeT paccMaTpuBaTh
KaK IpOoIecC, MOBEAECHHE KOTOPOro OINPEEIsIeTCs B TEPMUHAX ITOBEICHUS
COCTaBJISIFOIIIMX €TO MPOIIECCOB. DTa CHCTEMa B CBOIO OYepeb MOXKET OBITh
TIOMelleHa B elle 0oJee MUPOKOe OKPYKEHHUE, U T.JI.

3.2.1 B3aumoneiicTBHe IPoLeccoB

OO0BeauHss BA TpoOIlecca Il COBMECTHOTO MCITOIHEHUS, KaK MPaBHIIO,
XOTAT, 4TOOBI OHUM B3aMMOJICHCTBOBAIA JPYT C JAPYroM. DT B3aUMOJICH-
CTBUSI MOXHO PacCMaTPHUBATh, KaK COOBITHS, TPEOYIOIIHE OJJHOBPEMEHHOTO
yuacTusi 000HX IPOLIECCOB.

3aKonul

3aKOHEBI, YIPaBJSIONIME MOBEJICHHEM (P||Q), NapauieNnbHO Pa3BHBAIO-
mmxcs nporeccoB P u (0, TOCTATOYHO MPOCTHI. [1epsbili 3aKoH BHIPAKAET
JIOTHYECKYI0 CHMMETPHIO MEXTY TIPOLIECCOM U €r0 OKPYKEHUEM:
Plo=9|p.
3axon 2. Tlpu coBMecTHON paboTe TpeX MPOIECCOB HEBAXXKHO, B KAKOM
MOPSIIKE OHU OOBETUHEHBI OIEPATOPOM MaPaUICITBHOW KOMITO3UIIHH ||:

Pl(el&)=(rlo)]z.
3axon 3. Ilpouecc, HaxoaAUMicA B TYMUKOBOM CUTYyalluH, MPUBOIUT K
TYIUKY BCEH CHCTEMBI.

p|cromn,, =croil,, .

3axon 4. Tapa npoueccoB ¢ OANHAKOBBIMH ajihaBUTaMH JIMOO OIXHOBpeE-
MEHHO BBIITOJTHSIET OJHO U TO K€ JEHCTBHUE, JUOO IONajaeT B COCTOSHHE
TyIHKa, €CIIM HadaJbHbIe COOBITUS IIPOLIECCOB HE COBIAJAIOT:

(c=P)(c>0)=c—(P|0).
(¢ > P)|(d > @)=cror1.

3.2.2 Mapaienusm
Paccmorpum ciydaii, korja onepanasl P u O omepatopa || UMeEIOT He-
onuHakoBbie anasutel P #=aQ .
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Korza takue nporieccbl 00bSAUHSIFOTCS ISl COBMECTHOIO UCIIONHEHHS], CO-
ObITHSI, conmeprkaiiecs B 000oux aidaBurax, TpeOYIOT OJHOBPEMEHHOrO yda-
ctus P u Q. Cobbitus ke u3 andasura P, He comepalirecs B aiaBure
O, He UMEIOT HUKAKOro OTHOMIEHHSI K (J , KOTOphIN (DPU3UUECKH HECTIOCOOEH
HH KOHTPOJNMPOBATh, HU 3aMeyath Takue coObiTHs. Takue coObITHS mporecca
P wmoryr npoucxonuts HezaBucumo oT () . AnanormaHo ) MOXeET caMoCTo-

SITEJIHO YYaCTBOBATh B COOBITHSX, COMEPKAIIMXCSA B €ro ajidaBuTe, HO OTCYT-
crByronux B angasure P .Takum 00pa3oM, MHOXKECTBO BCEX COOBITHIA, JIOTH-
YeCKH BO3MOYKHBIX JUTS JIAHHOM CHUCTEMBI, €CTh MPOCTO 00beANHEH e anaBu-

TOB COCTaBJIAIOIINX €€ MPOLIECCOB (P" Q) =aPuaQ.

3aKonul

Mycte ae(aP-aQ),be(aQ-aP),{c,d}e(aPnaQ). Caenywo-
IIME 3aKOHbI TIOKA3BIBAIOT, KaKMM 00pa3oM Imporecc P oiuH ydacTBYeT B
coObITHH a, O OJMH y4acTBYeT B b ,a ¢ U d TpeOYIOT OJJHOBPEMEHHOrO

yuactus P u Q.
1. (e P)|(c—>0)=c—(P|Q).
2. (e¢—P)|(d—>Q)=CroIl
3. (a=>P)|(c>0)=a—(P|(c>0))-
4. (> P)|(b—>0)=b—((c > P)|Q)
5. (a= P)|(b—>0)=(a > (Pl(5 > 0))|p(a > P|0)).

DTU 3aKOHBI MOXKHO 0000IIUTH JUTsl 0OMIETOo CiTydast orepaTopa BeIOOpa:
[ycts P = (x:A - P(x)), 0= (y:B - Q(y)) . Torna
Plo=(z:c>(P|Q)),
rie C=(4nB)u(4-aQ)u(B-aP),
P’ :P(z) ecau z € A, unaue P'=P,
Q'= Q(z) ecn z € B, unaue Q'=0.
C MOMOIIbIO 3THX 3aKOHOB MOXXHO MEPEOIpe/IeNIUTh NPOIECC, YIATHB
W3 ero OMHCAHHs, MapaJUIeNbHbBIA OrepaTop, Kak 3T0 MOKa3aHO B CIEAYIO-

LIEM TIpUMEPE.
Tlpumep.
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Iycts aP={a,c},an{b,c},P=(a—>c—>P),Q=(c—>b—>Q).
Torna P||Q=(a—>c—>P)||(c—>b—>Q)=a—>c—>(P||(b—>Q)), a

(Ple—0))=a > ((e > P> 0|~ (Plo)

=a—>b— ((c - P)”Q)‘b - (P||Q)
=a—>b—>c—>(P||(b—>Q))‘b—>a—>c—>(P||(b—>Q))
=uX.(a—>b—>c—>X|b—>a—>c—>X).

Ortcrona cnenyet

P||Q=a—>c—>uX.(a—)b—)c—>X|b—>a—>c—>X).
IIpomokonsl napannenbuvix npoyeccos
IlycTh ¢ - MpPOTOKON (P||Q) Torna Bce COOBITHA U3 ¢, MPHHAIIEKA-

e andaBuTy o P , SBISUIHCH COOBITUSMH B JKU3HU P, a BCe COOBITHS U3
¢, He mpuHaIeKamue o P, npoucxoawin 6e3 ydactus P . Takum oOpa-

30M, (t ) aP) - 3TO MPOTOKOJT BCEX COOBITHIA, B KOTOPBIX Y4aCTBOBAJ IPO-
necc P, u m0o3TOMY OH siByIsieTcst mpoTokosioM P . ITo TeM ke coobpaske-
HUSIM (t ) aQ) sBisercs npotokonoM (). Boree Toro, kaxmoe coObITHE U3

¢t JOJDKHO COMepKaThes MO0 B P, m1bo B a( . DTH pacCyXJeHUs M03-
BOJISIOT C(OPMYITUPOBATH 3AKOH

I’lpOWIOKOJZbZ(P"Q) = {t|(t ) aP) € I’lpOWlOKOJZbZ(P) AND
(t ) aQ) € I’lpOWIOKOJZbZ(Q) AND ¢ e (aPan)*}

3.2.3 3apaua 00 odenarommx pustocopax

Paccmotpum TpakTOBKY 3amaun npemiokeHHoW [leiikcTpoii 00 obena-
fonmx ¢unocodax B TEPMUHAX MapaJUIENbHBIX TPOLIECCOB.

«B Hexoem nancuone HawIU npucmanuwe nsms Guiocogos. Y xaxicoo-
20 ¢unocogha bvira ceéost komnama. Bvina y nux u obwas cmonosas ¢ Kpye-
JILIM CIMOJIOM, 60KpY2 KOMOPO20 CMOAIU Nsmb cmyaves. B yenmpe cmona
cmosna 6OIbWAS MUCKA CRA2EMMU, COOEPICUMOe KOMOPOU NOCMOSIHHO
nononnanoce. Ha cmone makoice nescano namv 6uiok, no 0OHOU MedHcOy
COCeOHUMU nocadounvimu mecmamu. 3eanu gunocogpos DPUJI,PUIT,,

DU, , DUIL,,PHJI, u 36 cmorom OHU paACHONARANUCH 6 ITNOM dice NOPAO-

Ke, npomug yacosotl cmpeaxu. Iloyyecmeosae 20100, gunocogh wén é cmo-
JI08YI10, CAOUICsl Ha C8OUL CMYJ, Opai cHavana cieda om cebs GUIKY, 3amem
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cnpasa u npucmynai K eoe. 3akonyue mpanesy, OH Kdal Ha Mecmo obe G-
KU, BLIXOOUTI U3-3d CHIOJIA, U YXOOUTU PASMBIULTIATNDY).

Anghasumur

Teneps mocTpouM MaTeMaTHUYECKYI0 MOJENb 3TOW cucreMbl. CHavana
HaJ0 BBIOpaTh MHOXecTBA coObITHA. Jns @M/ ompenenuMm 3TO MHOXE-
CTBO KaK

a®UII, = {i.ca()umc;z, i.ecmaem,i.bepem 6uLl,
i.0epem 6qu.(1' +5 l), i.knadem euni,i.xnadem ewz.(i +; 1)} ,

rae +; - CJIOKEHUE 110 MOIYJTIO 5.

Hpyrue «aelcTByromue Juna» - 3T0 NATh BIIOK, KaKJgast U3 KOTOPBIX
HUMeEET TOT K€ HOMEp, YTO U (QHiI0cod, KOTOPOMY OHa NPUHAUICKUT. Brn
Oeper U KJIajeT Ha MECTO MU caM 3TOT (HI0co(d, WIH €ro COcell CleBa.
AndaBuT i-i BUIKM ONpeesiM Kak

o BUJIKA, = {i.6epem euﬂ.i,(i — 1).6epem SULL,
i.knadem GMJl.i,(i — l)wladem GLIJI.i}

rae — 00o3HauaeT BEIYMTAHHE 110 MOLYIIO 5.

Takum 00pazom, Kaxaoe coObITHE, KPOME cadumcst U gcmaem, TpedyeT
yUYacTUsl IBYX COCEIHUX JIEUCTBYIONIUX JIUII - PUIocoda U BUIIKH.

Ilogeoenue

XKusup kaxnoro punocoda npeacraiser cod0l MOBTOPEHUE IMKIIA U3
IIECTU COOBITUI:

QUII, = (i.ca()umwz — i.6epem suni —> i.oepem GMJZ.(i +5 l) -
i.knadem 6ua.i — i.xnadem GMJZ.(i +5 l) — i.ecmaem —> QU )

Bunky mukiandecku 6epér u KIagér Ha MeCTO KTO-HUOYIb M3 COCEMHHX
¢ Hell putocodos:

BUJIKA, = (i.6epem suni — i.xiadoem uni —> BHJ]KAI.|
(i - 1).6epem 68Ul —> (i - l)wlat)em euni — BUJIKA. )
HOBeI[eHI/Ie BCCro NMaHCMOHAa MOKHO ONUCATH KaK MNapaljICJIbHYHO KOM-
6I/IHaHI/IIO IIOBEACHUS KOMIIOHCHT:
DUTIOCODDI = (DU, | DHIT, | PHIL, | DHIT, | DHIL, )
BHUJIKH = ( BUJIKA, | BUJIKA, | BUJIKA, | BUJIKA|| BUJTKA, )
MTAHCHOH = (@HIOCODBI| BUJIKH ).
Tynux
HOC’I‘poeHHaH MareMaTudeckass MOACJIb CUCTEMbI ITIO3BOJISICT 06Hapy-

YUTh ONACHOCTb BOSHUKHOBEHUS TYNMUKOBOM CHUTYyalluW, KOT/la KaXAbli K3
¢uocodoB BO3BMET BUIIKY B JIEBYIO pyKy. OJJHUM W3 pelIeHui 3Toi mpo-
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0JeMbl SBUIIOCH BBeNleHHE B cucTeMy ciayrd. Ciyre naércsi ykasaHue cie-
JIUTh 33 TeM, 4TOOBI 32 CTOJIOM HHMKOT/a HE OKa3bIBaJOCh OOJIBIIE YEThIPEX
¢unocopoB oHOBpeMeHHO. AaBuT ero onpezaensercs kak C U B, re

C= {O.ca()umc;z,...,4.ca()umc;z} ,B= {0.6cmaem,...,4.6cmaem}.

IoBenenue ciryru mpolie BCEro OnucaTh ¢ MOMOIIBIO B3AaUMHON PEKyp-
cun. Ilycrs CJIVI'A; onpenenser MOBEACHHUE CIYTH, KOI/IA 3a CTOJIOM CH-

IaT j ¢umocodos:
CIIVIA, = (x: C — CIIVI4,),
CJIVIA; =(x:C — CJIVIA

j+1

CJIVIA, =(y: B — CIIVI4,)
HaHCI/IOH, CBO6OZ[HI>II>1 OT TylHuKa, OIpeACISICTCA KaK

HOBITAHCHOH = (ITAHCHOH |CJIVT4, ).

Beckoneunsiii nepexeam

[Momumo TymmKka obearomero Gprmiocoda MoacTeperaeT onacHoCTh Oec-
KOHEYHOTO MepexBaTa WHUIMATUBEL. [IpeAnonokKuM, 4To JieBasi pyKa y CH-
Jsiiero ¢unocoda oueHb MEIUTEbHA, B TO BPEeMs Kak €ro JIeBbIA coce
OYEHb MPOBOPEH.

Besikmii pa3, xornma ¢unocod mbITaeTcs JIOTSHYTHCS A0 CBOEH JIeBOH
BUIIKH, €r0 JIEBBII COCEJ] MTHOBEHHO MepexBaThiBaeT BUII. Takum obpasom,
MOYKET OKa3aThCs, YTO CHAALIMI (unocod HUKOra HE IPUCTYIHUT K efe.

Takum 00pa3oM, MU peanr3aliid CHCTEMbI HEOOXOAUMO JTOOUBATHCS,
4TOOBI F000E JKemaeMoe U BO3MOXKHOE COOBITHE 0053aTENbHO HACTYIHIIO B
npenesax pasyMHOr0 HHTEPBaJIa BPEMEHH.

)‘(y :B— CIIVI4, ), j{1,2,3},

3.2.4 Ilome4yeHHBIE TPOLECCHI

[Tomeuats mporecchl 0COOEHHO ITOJIE3HO NPU CO3J[aHUH TPYII CXOAHBIX
MIPOLIECCOB, KOTOPBIE B PEKUME MapaulenbHON paboThl IPEICTaBISIIOT He-
KOTOpBIE UICHTUYHBIE YCIIYTH UX OOIIEMY OKPYXEHHIO, HO HUKaK He B3au-
MOJICHCTBYIOT JIDYT C JPYroM. DTO O3HAYaeT, YTO BCE OHH JOJKHBI UMETh
B3aUMHO Hemnepecekaromuecs andaButel. UTOOBI 3TOrO JOCTHYB, CHAOIUM
KaXIpIii MpOLECC OTJENbHBIM HMMEHEM; KaXK/I0€ COOBITHE MOMEYEHHOTO
Tpoliecca IoMe4eHo TeM ke nmeHeM. [lomeuenHoe coObiTHE X |,

e x —ero uMms, a [ — MeTka.

IMpouecc P c merkoit [ obo3zHaugaroT /: P. OH ydacTByeT B COOBITHH
[.x , KOr/1a 1o ompejeNieHnto P y4acTByeT B x .

Tpumep. JIBa paboTaronux psjaoM TOPTOBBIX aBTOMAaTa

(JZ€6 : TAH)"(npae : TAH) .
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AndaBuTH 3THX MPOIIECCOB HE MPECEKAIOTCS, U KaXJ0e MPOUCXOIAIICE
COOBITHE TIOMEUEHO MUMEHEM TOTO YCTPOMCTBA, HA KOTOPOM OHO IPOUCXO-
nut. Ecnu nepen ux mapanienbHOH YCTaHOBKOW yCTPOMCTBA HE MONyYMIIH
HMEH, KaXJI0e coObITHe OyaeT TpeOoBaTh y4acTHs X 000UX, ¥ TOTJa mapa
MalivH OyJeT HEOTINYUMa OT OJHOM. DTO SBIAETCS CICACTBHEM TOTO, YTO

(TAMT|TAIT) = TAIT .

3.2.5 MHoO:KeCTBEHHAS TOMETKA

OnpeneneHrne NOMETKH MOXKHO PaCIIMPUTh, TTO3BOJIMB ITOMEYATh KaX-
Joe coObITHE 11000 MeTKO# [ M3 Hekotoporo MHoxectBa L. Ecmm P —

MIPOLIECC, ONPEETUM (L : P) KaK IIPOIIECC, BEAYIIUNA ce0sl B TOYHOCTH KaK

P ¢ Toti pa3HuIeit, 4To oH ydacTByeT B coObiTHU [.x (tne /e L, xealP),
€CITH 10 OTpeICICHUI0 P yJacTByeT B x .

Tlpumep. Jlaxkeit — 3T0 MIAAMIUN CITyra, KOTOPHI UMEET OAHOTO XO35U-
HAa, MPOBOXKAET €ro K CTONY U HM3-3a CTOJA U MPHUCTY)KUBAET €My, TIOKa TOT
ecT:

aJIAKEH = {ca()umc;z, ecmaem}
JIAKEH = (ca()umc;z — ¢cmaem — JIAKEH )

Jlakest oOcyxuBaroIIero BcexX MATEPhIX (GUIOCO(OB IO OYepen Ompe-
JCIIUM
L=1{0,1,2,3,4}
OBLIMH JIAKEH = (L : JIAKEH).

OOmiero y1akest MO)KHO HaHUMATb Ha TEPUO/] OTITYCKa CIYTH JIs TIpeo-
XpaHeHHs1 obexaromyx (GuiIocopoB OT TYNMHKOBOW curyanuu. KoHewHo, B
TEUEHHE ITOro BpeMeHH (puitocodamM npunercs norojoaars, 100 HaXoAUTh-
Cs1 32 CTOJIOM OHH CMOTYT TOJIBKO IO OYEPEIH.

3.3 BzanmoneiictBue — 00MeH COOOIIEHUSIMH

Beriie coObITHS paccMaTPUBAIKCH KaK JICHCTBHS, HE HMEIOIIETO MPOTS-
JKCHHOCTH BO BPEMEHH, HACTYIUICHHE KOTOPOrO MOXET TpeOOBaTh OHO-
BPEMCHHOT'O Y4acTHUs 00JIee YeM OJTHOrO HE3aBUCHMO OIMCAHHOTO IMPOIIEeC-
ca. BaxHBIM IS MPakTHYECKOTO TMPUMEHEHHsS SBISCTCSA CICIUATBHBIN
KJIACC COOBITHMH, HA3LIBAEMBIX 63auMmoolelicmeusmu. B3aumoaeicTBue co-
CTOUT B Iepeiavye COOOMICHUH U SBISIETCS COOBITHEM, OMUCHIBAEMBIM TTApOU
cv, TIe ¢ — UMsI KaHaJla [0 KOTOPOMY MPOUCXOIUT B3aUMOJICHCTBHE, a Vv
— 3HAYCHHE TIepPEIaBaeMOro COOOIICHUS.

Paznuuaror cremyroniue BUIbI KAHAIOB:
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—  Cunxponnvie. OTnpaBuB cooOIIEHHE, TIEPEAAIONINI TIPOIECcC 0XKHUIAET
OT TPUHUMAIOIIECTO MOJATBEPKICHHE O TMpPUEME COOOIICHUS MPEXE,
4YeM TOCIaTh clieytoliee COOOIeHue, T. €. IPUHUMAIONINI MTPoIecc He
BEITIOJTHSCTCS, TIOKA HE TOJYYHT JaHHBIC, a TIEPEIAIONINI - TIOKa HE MOo-
JIYYUT TIOJTBEPIKICHHUE O MIPUEME TAaHHBIX.

—  Acunxponno/cunxponnsie. Onepanys TNepedadyd COOOLICHUS aCHH-
XpOHHasI - OHa 3aBeplIaeTcs cpasy (CoollIeHne KOMUPYeTcsl B HEKOTO-
phiii Oydep, a 3arem nepecbuIaeTCsi OMHOBPEMEHHO ¢ paboToM mporec-
Ca-OTIPABUTENsI), HE OXHUAAsS TOTO, KOIJIa JAHHBIC OYAyT TONYYCHBI
npueMHEKOM. Orneparys mpruemMa COOOIIEHHS CHHXPOHHAs: OHa OJo-
KHPYET IPOLECC 10 MOMEHTA MOCTYIIEHHUS COOOIIEHMSI.

—  Acunxponnsie. Obe orepanysi aCHHXPOHHbIE, TO €CTh OHH 3aBEpIIAIOT-
cs cpazy. Onepanust epefadn cooOmeHns: paboTaer, Kak ¥ B NpPeJIbl-
nymeM ciydae. Onepanys npuemMa cooOIneHHs, 00bIYHO, BO3BpAIAeT
HEKOTOpbIe 3HAUCHHMs], YKA3bIBAIOUINE HA TO, KaK 3aBEpIIMIACh Olepa-
s - OBLIO WJIM HET, IPUHSITO COOOIICHHE. B HEKOTOPBIX peau3armsx
orepamnuyd 0OMeHa COOOMICHUSMH aKTHBHPYIOT COMPOIECCHI, KOTOPHIE
MIPUHUMAIOT/OTIIPABJISIIOT COOOIIEHUS, MCIOIB3ys BpeMeHHbIe Oydepa
Y COOTBETCTBYIOIIHME CHHXPOHHBIC OIepaluu. B 3ToM cityuae mMeercs
elle CHHXPOHU3UPYIOIIasi oNepaniy, KoTopasi OJIOKHPYET MpoIecc 10
TeX Top, IMOKa HE 3aBepIIaTCs BCE HHUIIMAPOBAHHEIE OTICpaIy KaHaa.

MHOXECTBO BCEX COOOIIEHHM, C TIOMOIIBI0 KOTOPHIX P MOXeT ocy-

LIECTBJISITH B3aUMOJICHCTBHE IO KaHAITY ¢, ONPEAENsIeTCs KaK

ac(P)= {v|c.v e aP}.
Kpome Toro, ompezaeneHsl (yHKIUM, BbIOHpArONHe HMS KaHaja
Kanan (c.v) = ¢ ¥ 3HaYEHHUE COOOIIECHUS co0Ouy (c.v) =v.
Kananel MCHONB3YIOTCS JUIsS Tiepeauyd COOOIIEHHN TONBKO B OJHOM
HAMpPaBJICHUH U TOJIBKO MEX]TY JABYMS IPOIIECCAMH.

3.3.1 Beoa u BEIBOJ

Ilycts v —3memMeHT ac(P) . IIpouiecc, kOoTOPBIN CHayasia BEIBOAUT V IO
KaHaJIy ¢, a 3aTeM BeJeT cel0s kak P, 0003HaunM
(c!v - P) = (c.v - P) .

EnuHcTBeHHOE COOBITHE, K KOTOPOMY 3TOT MPOIECC TOTOB B HAYaJIHHOM

COCTOSIHUY — 3TO B3aUMOJICHCTBHUE C.V .
Hpouecc, KOTOpBIfI CHayvajia TOTOB BBECTH JI000OE 3HAUYEHUE X , Opeaa-

BAacMOC€ 110 KaHaJly ¢, a 3aTEM BEACT ce0s Kak P(X) , 0003HAYNM
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(c‘?v - P(x)) = (y : {y|KaHaJl(y) = c} - P(coo6w(y))).
IMycte P, — nporecchl, ¢ — BHIXOAHON KaHan P u BxoaHou kanan O
. Ecnmu P, o0beuHeHbl B MApaUIEbHYI0 CUCTEMY (P"Q) , TO B3aWMO-

JIEHCTBHUE 110 KaHATy ¢ OyIeT MPOUCXOMUTH BCSIKUM pa3, Korja P BBIBOJAUT
coobmrenre, a () B TOT K€ CaMblii MOMEHT BBOJAUT €r0. BBIBOAIIMIA TPO-
IIECC OTHO3HAYHO OMpPEIeIIsIeT 3HAUCHUE TIePeIaBacMOro COOOIICHUS, TOrIa
KaK BBOJAINUI MPOIECC TOTOB MPHUHSATH JFO00C MOCTYMAOIee 3HAYCHHUE.
[TosTOMy B NEHCTBUTEIIEHOCTH MPOUCXOMSANIMM COOBITHEM OYIET B3amMO-
JIEUCTBUE c.v, TNIe v — 3HAYEHUE, OIPENEIEMOE BBIBOISIINM MIPOLIECCOM.
OTcro/ia BRITEKAET OYEBUIAHOE OTPaHUYCHHE, YTO ai(h)aBUTHl HA 000UX KOH-
11ax KaHaya JIOJKHBI COBMAaTh, T.€. ac(P) = ac(Q).
Ipumep. Tlporecc, KOMUPYIOIUN KaXkI0€ COOOIICHHE, MOCTYIAIOIICEe

cJeBa, BBIBOJSI €70 HAIPABO:

anes( KOITUP) = anpas ( KOITHP)

KOITHUP = uX.(zzee‘?x — npag!x - X).

Ipumep. Tlpouecc, noxoxuit Ha KOITHP , ¢ Toi pasHULEH, YTO KaXK10€
BBOJIMMOE YHCIIO NIEpeJl BBIBOJIOM Y/IBAaUBAETCS:
anes = anpas = Nat
VIIB = uX.(zzee‘?x - npae!(x+ x) - X).
Ipumep. Tporiecc, MPUHUMAIOIIHN COOOIIECHHUE TI0 OTHOMY U3 JIBYX Ka-
HaJIOB siegl W €62 M HEMEMJICHHO NepealoIIni ero Hapaso:

anesl = anee = anpas
CJINAHUE = (.71881 ?x — npas!x — C/IHAHUE | 21e62?x — npas\x — CJAUAHUE )

3.3.2 B3aumopaeiicTBus

Iycts P, — mpoliecchl, ¢ — BBIXOJAHOMN KaHal P u BXxoaHO# kaHan O .
Torma MHOXECTBO, COCTOSIIIIEE U3 COOBITHIA-B3aUMONECHCTBUIA .V, COMEp-
KHTCA B mepeceuennn andasuta P ¢ andasurom Q. Ecnu nponeccst 00b-

€/IMHEHBI B MapajuIelbHYI0 CUCTEMY (P"Q) , TO B3aUMOJIEHCTBUE c.v MO-

KET MPOHUCXOIUTH TOJIBKO KOTJa B 3TOM COOBITHHM OJHOBPEMEHHO y4acTBY-
10T 00a mporiecca, T. €. B TOT MOMEHT, Korja P BBIBOAWT 3HaY€HHE V 1O
KaHaly ¢, a 0 OMHOBPEMEHHO BBOJMT 3TO 3HaueHWe. BBoasumii mpomecc

TOTOB HPHUHATH JTI000€ BO3MOXHOE IOCTYIAIOIIEEe COOOLIEHUE, U O3TOMY
TO, KAKO€ IMEHHO 3HAYEHUE MIEPEIacTCs, ONpPEEseT BBIBOASIIMI IPOIIECC.
Takum 00pa3om, BBIBOJ, MO)KHO paccCMaTpHBaTh KaK CHENUabHbBIN CITy-
Yaii onepanuy npeuKcayy, a BBOJ — Kak CHelHaIbHbINA ciydail BEIOOpa.
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(c!v - P)"(c?x - Q(x)) =clv—> (P"Q(v))
3.3.3 llonunneHue

[ycts P,Q — nponecchl, Takue, uto P < aQ . B komOunanuu (P"Q)
Kaxoe JeifictBue P MOXeT MpOW30WTH, TOJMBKO €CITU 3TO mo3Boysiet O,
Torja, Kak () MOXKET HE3aBUCHUMO OCYIIECTBISITh JCHCTBUS U3 (aP—aQ)
0e3 paspenicHus mapTHepa P . Takum oOpa3oMm, P CIYXHT MO OTHOIICHUIO
K () MOAYMHEHHBIM MPOIECCOM, TOr/ia Kak () BBICTYMAeT Kak IJIaBHBIN MPo-
nece. D10 3amuckBaeTes Tak: P//Q . Orciona: o (P//Q) = (aP - aQ) .

OOBIYHO aBaTh MOAYMHEHHOMY MpOIECCY AaeTcs UMs (HampuMep m ),
KOTOPOE HUCIOJNIE3YETCS TIABHBIM TPOIIECCOM JUIS BCEX B3aWMOJICHCTBUI C
moquuHeHHBIM. Kaxioe B3auMOJCHCTBHE 1O KaHATy ¢ 00O3Hayaercs

TPONKOH m.c.v, TOe am.c(m : P) = ac(P), ave ac(P).
B koHcTpyKIIMU (m : P//Q) nporecc @ B3auMojelcTByer ¢ P 1o Ka-

HaJlaM C COCTaBHBIMHM MMEHAaMH BUja m.c, TOr/a Kak P Ui 9THX ke B3a-
MMOJIEUCTBUIN HCIIONB3YEeT COOTBETCTBYIOLIMN MPOCTOM KaHan c¢. Tak Kak
BCE STH B3aMMOJCHCTBUS CKPBITHI OT OOCTAHOBKH, UMS m HEIOCTYITHO
CHapYXH; CJI€0BATENbHO, OHO CIYXUT JIOKAJIbHBIM UMEHEM MOAYNHEHHOI O
mporiecca.

[MomunHeHe MOXKET OBITH BIOKCHHBIM, HANpUMED (n : (m : P//Q)//R).

Hpouecc R He uMMeer BO3MOXKHOCTH HH HEIMOCPECACTBECHHO B3aPIMOI[eI>i-
crBoBaTh ¢ P , HA 3HaTh O CyILIECTBOBAHUUN P ueroumenu m .

Ipumep. yoe :V/IB//Q.
IMogunHeHHSIH Mpoiiecc BeeT cebs Kak 0OBIKHOBEHHAs MOANpOrpamMma,
BbI3bIBaeMasi BHYTpHU TiaBHOro mponecca (). Buyrpu () 3HaueHue 2xe

MOXe€T OBbITh TOJYYEHO MOOYEPEIHBIM BBHIBOJAOM apryMEeHTa e IO JIEBOMY
KaHaIly poIecca Y08 1 BBOIOM PE3yJIbTaTa IO IIPAaBOMY KaHAJY:
yog.negle — (y()e.npae 7x—>.. )

Ipumep. cm: CTEK//Q.
Buytpu riaBHoro npoiecca Q.cm.ieg!v MCIonb3yeTcs JUis [POTAIKHU-
BaHMS B BEPXYIIKY CTeKa, a CM.Pas?Xx BBITAIKUBACT BepXHEE 3HAUCHHE.

Hcnons3oBanue KOHCTPYKIIUH BBI60pa MO3BOJIACT pacCMAaTpuBaThL CUTYya-
1110, KOrja CTCK ITYCT:
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(cm.npae‘?x — 0l (x)| cm.nycm —> Q2) .

Ecnm crex He mycT, To BEIOMpaeTcst epBBIi MyTh; €CIU MYCT, TO BEIOOP
BTOPOOTO ITyTH ITO3BOJISIET N30€XKAaTh TYITHKA.

Oneparop NOAYMHEHHST MOXKET HCIOJNB30BATHCS ISl PEKYPCHBHOTO
orpeziesienust moxnporpamm. Kaxaslii ypoBeHb pekypcuu (KpoMme Mocies-
HEro) 3aJlaeT HOBYIO JIOKAIBHYIO ITOJIpPOrpamMMy, paboTalomiylo ¢ peKyp-
CHBHBIM BBI30BOM.

Tlpumep.
DPAKT = uX.nee?n — (if n =0 then (npae! - X))
else (f : X//(f.fzee(n—l) — f.pas?y —> npae!(nxy) - X))
Iporpamma PAKT wucnionb3yeT KaHaNbl e W npag s oOMeHa pe-
3yJbTaTAMH M MapaMeTpaMH C BBI3BIBAIOIIUM €€ MPOLECCOM, a KaHabl
f.1e6 U f.npaé — AJs B3AUMOJCHCTBHS CO CBOMM MOJYHHEHHBIM MPOIIEC-
com f.

3.4 Pa3nesisieMble pecypcehbl

O0o3HaueHne (m://S) HCIOJIB30BAJIOCH JUII MMEHOBAHHOI'O ITOHYU-

HEHHOT'O Ipolecca (m :R) , GIMHCTBCHHON 0053aHHOCTBHIO KOTOPOTO SIBJIS-
eTCs YIOBJICTBOPEHHE MOTpeOHOCTEH TiaBHOro mporecca S . IIpemmono-
MM TeIepb, 4YTO S COCTOWT U3 JBYX MapauIeNIbHBIX MPOLECCOB (P"Q) u
OHH 002 HY)XJAIOTCS B YCIYTrax OJHOTO M TOTO K€ MOJAYMHEHHOr 0 Ipoliecca
(m :R) . P u Q He MOryT B3aUMOJICHCTBOBATL C R 10 OJHUM U TEM XK€

KaHaJIaM, IIOTOMY 4YTO TOrJia 5TU KaHaJbl JOJIKHBI COACPIKATHLCA B aﬂ(baBI/I-
Tax 000oMX nmpoueccoB, M, 3HAYUT, COTJIACHO OIPCACIICHUIO OrepaTopa ||,

B3aUMOJIEHCTBUS C (m :R) MOT'YT MPOUCXOAUTH, TONBKO Korma P u Q
OJIHOBPEMEHHO IIOCBUIAIOT OAHO M TO e coobuienue. Ecmu xe tpedyercs
YyepeZoBaHUEe B3auMOEHCTBUI Mexay P u (m :R) C B3aUMOJICUCTBUSIMU

Mexay QO u (m :R) , TO B 3TOM CIy4ae (m :R) CIIY’KUT KaK pecypce, pas-
nensieMbiii P u Q. Kakaplii U3 HUX UCIOJB3YET €0 HE3aBUCUMO, U UX

B3aUMOJICHCTBHS C HUM YEPETyIOTC.
Korza Bce mporiecchl-1oip30BaTeNny U3BECTHBI 3apaHee, MOKHO OpraHH-
30BaTh PabOTy TakK, YTOOBI KaXKIbI IPOIECC-TIOIB30BATEIh UMEN CBOU
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HabOp KaHAJIOB JUIs B3aUMOJICHCTBUI C COBMECTHO HCIONB3YEMbIM pecyp-
coM. DTa TEeXHWKa NPUMEHsIAch B 3amade o0 oOemaronmx Quuocodax:
KaXK/lash BUJIKA COBMECTHO HCIIONIb30Bajach BCeMH MmaThio. OOMmmii MeTon
paszeneHus PeCypCcoB JaeT MHOXECTBEHHAsl [MOMETKA, KOTOpas SBIACTCS
3¢ (PEKTUBHBIM CPEJICTBOM CO3JaHMs JOCTATOYHOIO UYHCIIa KAHAJIOB JUIs
HE3aBUCUMOTO B3aUMOJICHCTBHS C KaXIBIM IPOLECCOM-TONB30BATEIEM.
OtienbHbIE B3aUMOJICHCTBHS 110 3TUM KaHajJaM MPOU3BOJILHO YE€PEIYIOTCS.
OnHaKo MPU TAaKOM METOJe HEOOXOMUMO 3HATh 3apaHee MMEHa BCEeX IMPo-
[IECCOB-TIONIL30BATENIEH, U TOITOMY OH HE TMOAXOAUT JUIs TTOJMYUHEHHOTO
npoliecca, MpeIHa3HAuYeHHOro Ui 00CTYKUBAaHHS TNIABHOIO Mpolecca, Ko-
TOPBIA pa30UBaeTCsl HA MPOU3BOJIBHOE YHCIO MAPAIUICNBHBIX MOANPOIEC-
COB.

3.4.1 [loouepeaHoe UCMOJIbL30BAHUE

[Ipo6iemMy, BEI3BAHHYIO HCIOIb30BAHUEM KOMOHHHUPYIOLIETO OlepaTopa
|, MOXKHO u30€XKaTh, WCIONB3Ys MApaIeTUu3M B (OpME uepeTOBaHUsI
(P|||Q). 3mece P u (0 UMEIOT OJMHAKOBBIE an(aBUTHI, a UX B3AUMO/IEH-
CTBHSI C COBMECTHO HCITOJIb3yEMBIMH BHEITHUMHU TPOIECCAMU POU3BOJIHLHO
YepeayoTcs.

Ipumep. CoBMECTHO HCIIONB3yeMast moanporpamMma; yoe : Y/[B// (P|||Q) .

3nece 1 P u Q Moryr copeparthb BBI30B [TOAYHHEHHOTO MpoIiecca
(yt)e.ﬂee!v — yog.npas?x —> HPOHVCK) ,

rne I[IPOITYCK - mporecc, KOTOPBIH HUYEro He AeacT, HO 0JIarononyd-
HO 3aBepIIaeTcs.

Ilpumep. CoBMECTHO HcHoONb3yeMoe aja(aBUTHO-IM(POBOE IeyaTaro-
1Iee YCTPOHCTBO:

ALY = 3anuam — ,uX.(Jlee?s - hls > X|ceo60()eH - AHHY) .
3mece h — kanan, coemumstomuii ALY ¢ anmapatHOl YacThiO
ycrpoiictea. Ilocne HactymieHust coobrtus 3ausm ALY xonupyet B an-

napaTHyrO 4YacCcTb MOCJIACAOBATCIIBHO IIOCTYyHArOMMUE TI10 JICBOMY KaHally
CTpPOKH, IMOKa CUTHAJ c60000en He MPpUBCACT €T0 B UCXOAHOC COCTOSAHUEC, B
KOTOPOM OH AOCTYHNECH I HUCIOJB30BaHUA APYTrUMU IIpOLECCaMU. TOT
MpoIEeCC UCTIOJIB3YCTCA KaK pa3I[eJ'IHeMBII>i pecypc:

ayny : ALITY /] .. (P|||Q)...
Buyrtpu P wnu (Q BBIBOI MOCIIEAOBATEILHOCTH CTPOK, 00pa3yromiei
(aii, 3aKITI0YEH MEKLY COOBITUAMHU ayny.3amusam U ayny.c60000eH :

ayny.zauam —> ...ayny.neg\” Baca” — ...ayny.nee!cieocmp — ...ayny.c60600en
yny yny y p y
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3.4.2 O0mas naMATL

[ToBenenne crcreM nmapauIeNnbHBIX MPOLECCOB PEaIU3yeTcsl Ha OOBIKHO-
BeHHOU OBM ¢ xpaHuMOl nporpaMMoii ¢ IOMOIIBIO peXuMa pa3JeeHus
BPEMEHH, IIPU KOTOPOM €UHCTBEHHBIH MPOLECCOp MOOYEPETHO BHITIONHIET
KaXKIBII U3 MPOLECCOB, IPUYEM CMEHA BBIIOIHAEMOr0 MpoIecca MpoUcxo-
JIUT 110 MIPEPBIBAHUIO, UCXOAIIEMY OT HEKOTOPOr0 BHEUIHETO WU CHHXPO-
HU3UpYOILEro ycrpoicTtaa. Ilpu Takol peann3anuy JEerko MO3BOJIUTH Ma-
paJUIENBHBIM TIPOIIECCaM COBMECTHO HCIIOJIB30BaTh OOLIYIO IaMsTh, BBI-
OopKa M 3arpy3ka KOTOPOH OCYIIECTBIISETCS KaXKABIM MPOLIECCOM.

Sdetika oOIIEeH MaMSATH — 3TO pa3jenseMas IIepeMeHHasT:

(cqem : HEPEM//(cqem.Jzee!O - (P|||Q))) .

BMecte ¢ TeM, MpOM3BOIBHOE YepeNOBaHHWE MPUCBAUBAHUNA B SUYCHKY
o0mIeld maMsTH Pa3IMYHBIMU TPOIECCAMU SIBIICTCS CIICJACTBUEM MHOIO-
YUCJIEHHBIX OMACHOCTEMH.

Tlpumep. BszaumHoe Bnusinue.

Paznensemas mepeMeHHast cuem UCTIONB3YETCS JUIS TOACYESTA YUCIIA HC-
MTOJTHCHUH HEKOTOPOTO BAXKHOTO COOBITHSL. [Ipy KaXKJI0M HACTYIUICHHH 3TO-
ro COOBITHS COOTBETCTBYIOIIMIA Tporece P unu () MBITAETCS M3MEHWUTh

3HAUYEHHUE CUETUHKA Mapoi B3auMoIeHCTBUI
cuem.npag ? x;- - - cuem.nes !(x + l)

DOTH 7Ba B3aUMOJIEHCTBUSI MOTYT IEPEMEXKATHCS aHAJIOTMYHOW Mapoit
B3aUMOJIEHICTBUI OT JPYyroro mnpoiiecca, B pe3yjabTaTe Yero Mbl MOJYy4YUM
MOCIIEIOBATEILHOCTD

cuem.npas ?x — cuem.npas? y — cuem.ieg!(y +1) — cuem.aes!(x+1) — ...
Ip D Yy Yy

B urtore 3HaueHHe cueTYMKa yBEJUUUTCS JMIIL HA €IUHUILY, a HE Ha
nBa. Takoro poja omMOKM U3BECTHBI KaK 63auUMHOE 6NUAHUE U 9acTO JI0-
MIyCKAIOTCS MPU NMPOEKTUPOBAHUU TPOLIECCOB, COBMECTHO HCIONB3YIOMINX
o6uryto mamste. KpoMe Toro, nposiBjieHue Takod OMIMOKH HEAETEPMHHHPO-
BAHO; €€ BOCIPOU3BOANMOCTb OYEHb HEHAJeKHA, U MIOATOMY €€ MpaKTude-
CKH{ HEBO3MOYKHO TUarHOCTUPOBATH OOBIYHBIMH METO/IAMH TECTHPOBAHMS.

Bo3MOXXHBIM pelieHreM 3TOH MpOoOJIeMBI MOXKET OBITh KOHTPOJIb HaJ
TeM, 4TOOBI CMEHa Ipoliecca He MPOUCXOAUIA IPU COBEPIICHUU IOCIE0-
BATEJILHOCTHU ACHCTBUMH, HYXAAIOLIUXCS B 3alllUTe OT yepefoBaHus. Takas
MOCJIEI0BATENILHOCTD HA3BIBACTCS Kpumuueckum yyacmxom. Ilpn peannsa-
IIUU C OAHHUM IIPOLIECCOPOM TPeOyeMOe MCKIIIOUEHUE OOBIYHO JOCTUraeTcs
3amnpeleHneM BceX MPEphIBaHUNA Ha MPOTSKEHUH KPUTHUECKOro yJdacTKa.
HexenarenbHbIM 3(h(EKTOM TaKoro peuieHus sIBISIETCS 3aJiep)KKa OTBeTa
Ha IpepbIBaHUE.
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Kputnueckume yyactkm npoueccos Py, P»
Puc. 3.1 Kpuruueckre yuyacTku
A,B,C —paznenseMslil pecypc, Pl, P2 — MpOLECCHI.
st permmiennst 3Toit mpodiieMsr D. JIeWKCTPO# MPUHAUIOKUIT HICHO UC-
MOJIb30BaHUS TBOMYHBIX ceMadopoB. Cemadop MOXKHO OIMUCATH KaK IPO-
IIecc, MOOUEPETHO BBITOTHSFONIU IeHCTBUSA ¢ uMeHamu P u V.

CEM =(P—V —CEM).

OH OMUCHIBAETCS KaK COBMECTHO UCIIOJIB3YEMBI pecypc
(63aucm : CEM//...) .

[Ipu ycnoBum, 4TO BCE NPOLECCHl MOAUYUHSIOTCS 3TOM AWCHWILTHHE,
KaX/blii M3 JABYX IPOLECCOB HE CMOXET BIIMSATH HAa M3MEHEHHE CUETYH-
Ka - IPOU3BECTH AeHcTBUE ¢3aucka.V . TakuMm o0pa3oM, KpUTHUECKUN yda-
CTOK, Ha KOTOPOM MPOUCXOJIUT YBEJIMUEHHUE CUETUNKA, TOJDKEH UMETh BUJT

ezauckn. P — cuem.npas? x —>cttem./ze6!(x + l) — g3aucknV — ...

Eciu Bce mporecchl MOAYMHSIFOTCS 3TOM TUCHMILIMHE, KOKABIA U3 JABYX
MPOIIECCOB HE CMOYKET BIIUATh HA M3MEHEHHE CUCTUMKA CBOMM MAPTHEPOM.
Ho ecnu xakoii-HHOYIb mpoliece MPOMYCTUT P WK V WK BBINOJIHUT UX B
00paTHOM MOpsIIKE, pe3ynbTaT OyJeT HeNpeacKa3yeMbIM U MOXKET IpHBe-
CTH K KaTacTpopryecKoi (HeyI0BUMOIA) OmnOKe.

N30exars B3aMMHOTO BIMSHHUS Topas3fo Oojiee HaJEXHBIM CIIOCOOOM
MOJKHO, BCTPOHMB HEOOXOMMMYIO 3aIllUTy B caMy KOHCTPYKIIUIO OOIIeH ma-
MSITH, BOCIIOJIb30BABIIMCh 3HAHMEM O IPEAIojlaraeMoM crocobe ee Hc-
nonb3oBanus. Eciy, Hampumep, nepeMeHHast OyJIeT MUCIIONb30BaThCS TOJNb-
KO KaK CYETYHK, TO €€ yBEIWYEHHE MOXKHO 33/1aTh OIHOW DJIEeMEHTapHON
orepanyeii cuem.e6epx, a COOTBETCTBYIOIIMIA pa3JesieMblil pecypc orpe-

nenuts kak CT,:
cuem : CY;)//(...P|||Q...) .

B ofmem ciydae HEOXOAUMO, YTOOBI KaXKIbIii COBMECTHO HCIIONB3Ye-
MBI pecypc 3apaHee HPOEKTUPOBAJICS I CBOMX Lieleil u, 4ToObI B paspa-
OOTKe CHCTEMbI C 3JIEMEHTaMH Mapaulelii3Ma YHUBEpCalbHas MaMsATh HE
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HCIIOJIb30BAIaCh COBMECTHO. DTOT METOJ] HE TOJIBKO MPEAYNPEkKIAET Cepb-
€3HYI0 OMACHOCTh CIyYaiHOTO B3aMMHOTO BIIUSHUS, HO U IMO3BOJISET MOTY-
4aTh KOHCTPYKIWH, HOmaronmecs 3(QQeKTHBHON pealn3alii Ha CEeTIX
pacrpeielIeHHBIX TPOIECCOPHBIX AJIEMEHTOB, a TAKXKE Ha OJHO- U MHOTO-
nporeccopHbIx DBM ¢ dusndecku 001l maMsaThio.

3.4.3 KpaTtHble pecypcsl

Bblllle aHATU3HUPOBAINCH MapajiejbHbIe MPOIECCHI, KOTOPBIE Pa3iIHy-
HBIM 00pa30M MOTYT COBMECTHO HCIIOJIb30BaTh OIWH MOJYUHEHHBIH Mpo-
niecc. Kaskaplii iporiecc-mosip30BaTeNnb COOMI0IAeT AUCIUIUIUHY YepeIoBa-
HUS BBOJIA U BBIBOJA WJIM YEPCIOBAHUS CUTHAJIOB 3aHANM/C60000€H C TEM,
4TO0BI B KaX/BIi MOMEHT BPEMEHH Pa3eiIIEMbIM PECYPCOM TOJIL30BAJICS
He Oosiee yeM oauH mpoiece. Takue pecypchl Ha3bIBAIOT 110C1€008AMENbHO
nepeucnonvzyemvimuy. Ha TpakTHKe TPUMEHSIOTCS MAaCCHBBI TPOIECCOB,
MPEICTABIISIONINE KPATHBIE PECYPCHI C OIMHAKOBBIM MMOBeieHHEM. VHIEKChI
B MaCCHBE O3HAYAIOT TOT (PAKT, YTO KAXK/bIA JIEMEHT JOCTOBEPHO B3aHMO-
JIEUCTBYET TOJIBKO C MCIOJIB3YIONIUM €r0 MPOIECCOM.

ByneM MCMoNb30BaTh MHAEKCH M OMEPATOPhI ¢ UHIEKCAMHU, CMBICT KO-
TOpbIX oueBuaeH. Hampumep:

W2 =(RIE IR,
I (> R)=(/O©-R| /> P|..)

B MOCJICAHEM TTPpUMEPEC f SABJIACTCA B3aUMHO OI[HO3Ha‘IHOI>i JJIs1 TOTrO,

4YTOOBI BHIOOP MEXKy aJIbTEPHATHBAMH OCYIIECTBIISUICS OOCTaHOBKOIA.

Ipumep. [ToBTOpHO BXOAMMAs MOANIPOrpaMma

[TocnenoBarensHO Tepeucnonb3yemMast o0masi MOATPOrpaMMa MOXKET
00CITy’)KMBaTh BBI3BIBAIOIIME €€ MPOIECCHl TOJIBKO MO oxHOMY. Eciu BEI-
TIOJTHEHNE TOJNPOrpaMMbl TPeOYeT 3HAUNUTEIBHBIX BBIYHUCIEHHH, COOTBET-
CTBYIOIIME 33JIEP’KKU MOTYT BO3HHKHYTH M B BBI3BIBaIOlIEM Ipouecce. Eciu
e ISl BBIYMCIICHUH JOCTYIHBI HECKOJIBKO MPOILECCOPOB, HAM HHUYTO HE
MEIIaeT MO3BOJINTh HECKOJIBKUM 3K3EMIUISIPaM IMOIIPOrpaMMBbI apajliesib-
HO MCHOJIHATBCS Ha Pa3NIMuHBIX Iporeccopax. [loqnporpamma, umeromas
HECKOJIBKO MapauleNbHO paboTaronX SK3EMIUISIPOB, HA3BIBACTCS 7106MOp-
HO 6X00UMOUL 1 OTIPENEISIETCSl KaK MacCUB NMapalyIeTIbHBIX ITPOLIECCOB

yd@:( Il (i YﬂB))//...
i<27
THUNUYHBIM BBI30BOM 3TOH ITOAIPOTPaMMBI OyeT
(106.3.7€6!30 — yos.3.npas? y — IIPOITVCK ) .

IIpucyrcTBue nHAEKca 3 rapaHTUPYET, YTO PE3yNbTaT BBI30BA MOMyUYEH
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OT TOTO K€ CAMOr0 3K3eMIUISIPa Y08 , KOTOPOMY ObLIN TTOCIIaHBI aPI'YMEHTHI,

JlaXke HECMOTPSI Ha TO, YTO B 3TO JK€ BPEMsi HEKOTOPBIE PYTUe Mapajlieib-
HbIE TIPOLIECCHI MOTYT BI3bIBATH JIPYTHE 3JIEMEHTH MACCHBA, YTO IPUBOUT
K YepeIOBaHHIO COOBIICHUH THITA

08.3.1e86.30,...y08.2.1€8.20, ... y08.3.npag.60, ... y0s.2.npas.40,...

Korza mpomecc BhI3BIBa€T NOBTOPHO BXOJMMYIO TOANPOrpaMMy, Ha ca-
MOM JIeJIle He UMEEeT 3HA4YeHHs], KaKoi M3 3JIEMEHTOB MacCHBa OTBETHT Ha
STOT BBI3OB; TOMUTCS JIFOOOH B TaHHBIN MOMEHT CBOOOMHEIN mporiecc. [1o-
3TOMY BMECTO TOT'0, YTOOBI YKa3bIBaTh KOHKPETHBIN MHIEKC 2 WIN 3, BBI3BI-
BaIOMINH ITPOLIECC JOIDKEH JIeNaTh ITPOU3BOJIBHBIN BEIOOpP, UCIIONB3Ysl KOH-
CTPYKIIHIO

I ( yoe.i.neg!30 — yoe.inpas?y — IIPOIIYCK )

i20

[Ipu 3TOM TO-TIpEXHEMY CYIIECTBEHHO TpeOOBaHHWE, YTOOBI JIS Tepe-
Jlauu apryMeHTOB U (cpa3y MOCIe 3TOr0) IMOyYeHHUs pe3ybTaTa UCIIOIb30-
BAJICSI O/IUH M TOT )K€ UHJICKC.

Paznuyaror 1oxanbHble BBI30BBI MTPOLIEAYPHI, TOCKOIBKY ITpEIoiaraer-
Csl, YTO BBITIOJIHEHUE MPOIICTYPHI TIPOUCXOIHUT HA TOM K€ MPOIECcCcope, YTo
1 BBHIIOJIHEHUE BBI3BIBAIOIIETO MpOIECcca, U OUCTNAHYUOHHbIEe BBI3OBBI 00-
el MpoIeAyphl, KOrJa IMpeanojaracT WCIOMHCHHE Ha OTACITBHOM, BO3-
MOXHO, yJaJleHHOM Tmporeccope. Tak kak 3¢ ¢eKT AUCTaHIMOHHOTO U JIO-
KaJIbHOTO BBI30BA JIOJDKEH OBITH OJMHAKOBBIM, MPUYHMHBI JUISI UCIIOIH30Ba-
HUS UMEHHO JIUCTAHIIMOHHOT'O BBI30BA MOTYT OBITh TOJNEKO OpTraHH3aIMOH-
HBIMH WJIH 3KOHOMHYEeCKMMHU. Harpumep, Ut XpaHEHUs KOJ1a TPOIIeTyPHI B
CEKpeTe WM JIJISl UCTIONHEHUSI €ro Ha MaIlliHE, UMCIOIIEH KaKue-TO CIelu-
aJIbHBIC CPENICTBA, CIUIIKOM JIOPOTHE JUIsl YCTAHOBKU MX HA TOW MAIIHHE,
Ha KOTOPOH MCHONHSIOTCS MPOLECCHI-TTOIb30BATEIH.

TUNUYHBIM TPUMEPOM TAKHX JOPOTOCTOSIIUX YCTPOWCTB MOTYT CITy-
JKUTh BHEIIHWE 3aIlIOMHHAIONIME YCTPOWCTBA OOJNBIION EMKOCTH - TaKHeE,
KaK JTUCKOBAs WU JIOMEHHAsSI TaMSTh.

Tpumep. OO01ast BHEITHSIS TAMSTh.

3anoMuHaromas cpena pa3oura Ha B CEKTOpPOB, 3aITUCh U YTEHHE C KO-
TOPBIX MOTYT MPOU3BOIUTHCS HE3aBUCUMO. B KaI0M CEeKTOpe MOXKET Xpa-
HUTBCS OFMH OJIOK WH(pOpPMAIMU, KOTOpask MOCTYIAET CJIEBa U BBIBOJUTCS
HanpaBo. 3aroMHUHAIONIAsl Cpela Peain30BaHa 110 TEXHOJIOTHH pa3pyliaio-
IIETO0 CYUTHIBAHMSA, TaK YTO Ka) bl OJOK MOXET OBITh CYUTAH TOJIEKO
onuH pa3. JlomomHUTEIbHAS TaMITh B IIEJIOM MPEACTaBIsIeT COOOH MacCUB
TaKUX CEKTOPOB C MHJICKCAMH, HE MTPEBOCXOIAIUMU B :

JOMIAM = || i: KOIIUP .
i<B
[Ipenmonaraercs, 4T0 3Ta MAMATh HUCIONB3YETCS KaK TMOJYMHCHHBIHN

100



nporiecc
(0on: JOMIIAM /...

BHyTpH OCHOBHOIrO MpoIlecca AOCTYM K TOH MaMSATH OCYIICCTBIISETCS
B3aUMOJIECTBUSIMU
ooni.neg\onoxk — ..0oninpag?y —,...

Z[OHOJ'IHI/ITGJ'H)HaH naMATb MOXKET TaKXKE€ COBMECTHO HCIIOJIb30BaThHCA I1a-
paJlNICJIbHBIMU TIPOLIECCAMU. B atom cj1y4dae JIeicTBUE

| (()on.i.ﬂee!6fl01< —))

i<B
OJTHOBPEMEHHO 3aiiMeT POU3BOJIBHBIA CBOOOIHBIH CEKTOP C HOMEPOM i U
3alMIIeT B HEro 3HAYeHWe 6ok . AHanormuno, oon.l.mpag?x 3a omno

JefiCTBUE CUUTAET COAEPKUMOE CEKTOpa i B X U OCBOOOIUT 3TOT CEKTOp
JUISl TanbHEHNIIEro UCIOIb30BaHUs, BIIOJTHE BEPOATHO, YK€ APYTUM MpolLec-
coM. MIMeHHO 3T0 yIpoIIeHUe U MOCTYKUI0 UCTUHHON MPUYUHOMN UCIONb-
3oBanusd KOII/P 1ist MOAECIUPOBAHUS KaKI0I0 CEKTOpa.

VYcnenHoe coBMECTHOE HCTIONB30BaHUE ATOM JOMOIHUTENBHOM MaMsATH
TpeOyeT OT MPOLECcCOB-NOIb30BaTeNel CTPOXKAUIIEro cOOMIOASHUS JUCLIU-
rumHEL. [Iporiecc MOXKeT COBEpIIMTD BBOJ HH(POPMAIMK C HEKOTOPOTO CEK-
TOpa, TOJBKO €CIM MMEHHO 3TOT IPOLECC MOCIEAHUM BBIBOAUI TYAA UH-
(dopMaruio, Mpu4eM 3a Ka)<IbIM BBIBOJOM PaHO WJIM IMO3JHO JOJDKEH MOo-
cieioBaTh Takol BBOJ. HecoOironeHne 3TOro mopsijika NpUBOAMT K TYIIH-
KOBOW CUTYyallUu WJIH K €lle XYM IOCIEICTBUIM.

3.4.4 Il.1anupoBaHHe pecypcoB

Korjma orpaHudeHHOE YHCIO PECYpCOB Pa3NEICHO MEXIy OONBIINM
YHCIIOM MOTCHIMANTBHBIX TOJIE30BATEICH, BCEria CYIIECTBYET BO3SMOKHOCTh
TOT0, YTO HEKOTOPHIM ITOJH30BATENSIM, CTPEMSIIIIUMCS 3aHATh Pecypc, MpH-
XOIUTCS JKAaTh, TIOKa €ro ocBobomuT npyrod mporecc. Ecnu k MoMmeHTY
O0CBOOOXKIICHHS pecypca ero XOTAT 3aHATh JBa WU Ooiee mporecca, BEIOop
TOr0, KOTOPBIA U3 OXKHUJIAIONIUX MPOIECCOB MOIYYUT PECYPC, BO BCEX IPH-
BOJIMBIIMXCS MPUMEpax ObUT HENCTCPMUHHPOBAHHBIM. [IpEAImonokKumM, 94To
K TOMY MOMEHTY, KOTJ[a PeCypc CHOBa OCBOOOIUTCS, K MHOXKECTBY OXKHJIa-
FOIIUX TPUCOCAUHUTCS €lle OAuH mporiecc. [IOCKOIbKY BBIOOP MEXITY OXKH-
JAIONIMMHU TPOIECCAMU TMO-TIPSKHEMY HEICTCPMUHUPOBAH, MOXET CITy-
YHUTHCS, YTO MOBE3ET MIMEHHO BHOBB NMPUCOEAUHUBIIEMYCs Tporieccy. Ecnu
pEeCypC CHIIBHO 3arpyXeH, TaK MOXKET CIIYYUThCS CHOBA U CHOBA. B pe3yib-
TaTe MOXKET OKa3aThCs, YTO HEKOTOPHIE MPOIECCH OYIyT OTKIIAJBIBATHCS
OECKOHEYHO WJIH, TI0 KpaiHeH Mepe, B TEUCHUE TMOJHOCTBIO HEOIpPEIeIICH-
HOT'0 BPEMECHHU.

OnHUM U3 pelIeHUi TPOOIEMBI SIBIISETCS 00eCIIeUeHUE TOT0, YTOOBI BCE
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pecypchl ObUIH HECHIIBHO 3arpy)KeHbl. DTOTO MOXKHO JIOCTUTHYTH JINOO BBeE-
JIEHUEM JIOTIOTHUTENBHBIX PECYPCOB, JTMOO YCTAHOBJICHUEM BBICOKOM IIIAThI
3a TpenocTaBisieMble yeayru. QakTH4ecKy 3TO eAMHCTBEHHO IpHEMIIEMbIe
pelleHus B cIydae IOCTOSHHO 3arpyxeHHoOro pecypca. K coxanenuto, na-
XK€ B CPEAHEM HECHJIBHO 3arPyXeHHBIN pecypc JOCTaTOYHO YacTO OKa3bIBa-
eTCs CHJIBHO 3arpy)KCHHbIM B TCUCHHE JUTMTENbHBIX MEPHOAOB (B Yachl
mik). MHorma mpoGiieMy ynmaercst criaiuth BBeAeHHEM AngQepeHIpo-
BaHHOTrO Tapuda B MOMBITKE PETYINPOBAHUS CIIpoca, HO 3TO He BCerja mo-
MOTaeT ¥ Jake He BCerja yaaercsa. B TeuyeHne Takux MUKOB 3aJIep>KKU Ipo-
1iecca-10Ib30BaTeNId B CpeAHEM Hen30exKHbl. BaxxHO JIUIIb ClequTh 3a Co-
00pa3HOCTHIO U IPEJCKa3yeMOCTbIO TAKUX 3a/IEPIKEK.

3ajada pacnpeneneHus pecypca MexXAY 0XKUAAIONMMY 0JIb30BaTENIMU
U3BECTHA KaK nianuposanue pecypcos. Jls yCHEeNHOro ILIaHUPOBAHHSA
HEoOX0MMO 3HaTh, KaKHe IPOLECCH B TEKYIMH MOMEHT OXHIAIOT ITIOJY-
4yeHus pecypca. 1o 3Toif mpuuKHe ModyueHue pecypca Helb3sl paccMaTpu-
BaTh KaK OJIHO dJIEMEHTapHOe coObITHe. Ero HeoOXxomuMo pa30ouTh Ha 1Ba
coObITHS:

nosscanyiicma, OCyLeCTBIIAIONIEe 3aIIpoc pecypcea,

cnacubo, COpOBOXKIAOIIEEe pealbHOE IIOy4eHUe pecypea.

Iepuon Mexny, nodcaryiicma 1 cnacu6o, U KaxJ0ro npouecca sBis-
eTcsl BpeMEHEM, B TE€UEHHE KOTOPOro OH XkJeT pecypc. UToOwl pa3nuyath
OXUJAAIOIIHE IPOLECCHI, KaX0e BXOXKAECHUE COOBITUS nodcanylicma, cna-
cub60 M c600600eH TIOMEUEHO OTIMYHBIM OT JAPYTUX HATYpPaJIbHBIM WHIEKCOM.
IMpu xaxaoM 3ampoce pecypca MpoLEece IMOIydaeT HOMEP C IIOMOIbIO KOH-

CTPYKIIHH:
| ( pec.i. noxcanyicma; peci.cnacu6o,...; peciceoboden — IIPOITYCK )

i20

[IpocThiM U 3P HEKTHBHBIM CIIOCOOOM IITAHUPOBAHHS PECYPCa SBIISCTCS
Ha3HaYeHUE ero NpOLEecCy, OXHIABIIEMY OJbIIE BceX. Takas MOIUTHKA
HA3BIBACTCS «nepsvim npuiel - nepsvim, oocaysceny (FCFS) wmu «nepsviv
npuwen - nepsvim ywen» (FIFO) u npencTaBiiseT coO0i MPUHIUT OYSPEIH,
co0JTI0/1aeMBIiA, K IPUMEpY, ITacCaXMpPaMu Ha aBTOOYCHOW OCTaHOBKE.

B 3aBenenun xe THMa MONHUKIUHUKY, TAE IMOCETUTENN HE MOo2ym, WIA HE
XOTAT BBICTPAUBATHCS B OYEPEb, I JIOCTIKCHHS TOTO XKe Pe3yibTaTta Jck-
CTBYET Jpyroi MexaHusM. Perucrparypa BblIaeT TaJOHBI CO CTPOrO BO3pacra-
FOIIMMH TIOCIIETOBATEIBHEIMU HOMepaMH. [Ipy BXOJe B MONMHMKIMHUKY ITOCETH-
Tesb Oeper TasoH. Kornma Bpay ocBOOOMIIICS, OH BBIBIBAET MOCETUTENSI, HMeE-
OIIIEr0 TAJIOH ¢ HAUMEHBIIIMM HOMEPOM, HO eIlle He MPUHATOr0. ITOT airo-
pHUTM, Ha3bIBAEMBINA aJrOPUTMOM MONUKIMHUKK. Byaem mnpesmonarath, 4to
OJTHOBPEMEHHO MOTYT OOCITY>KHBAThCS 10 R TOceTHuTeNei,

Tlpumep. AJTOpUTM MOJNUKITUHUKH.
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BBe)leM TpU CUCTUHKA:
P - IOCCTUTEIIN, CKa3aBIIINEC noofcaﬂyllcma,

! - TIOCETUTENH, CKa3aBIUe cnacubo,
7' - TIOCETUTEIH, OCBOOOAMBIIINE CBOU PECYPCHI.
O4eBHIHO, YTO B OO0 MoMeHT Bpemenu 7 <?< p . Kpome Toro, p

Bceryia OyzleT HoMepOM, KOTOpBIM MoJydaeT O4epeqHOH MTOCETUTENb, MpH-
XOMSIIMI B MOJMUKIUHUKY, & { - HOMEPOM OYEPEIHOro 00CIY’KHBAEMOI0
TIOCETUTENS; Janee, p—t OyNeT 4YNCIOM OKUJIAIOIINX IOCETHTENeH, a

R+r—t - ynucnoM oxujarolux Bpadyeil. BHayane 3HaueHUs! BceX CUETUYU-
KOB PaBHBI HYJIIO X MOT'YT OBITh BHOBB IIOJIOKCHBI PAaBHBIMHU HYJTIO B JIFOOOU
MOMEHT, KOTJla X 3HAUEHUS] COBMA/AIOT - HAIPUMED, BEYEPOM, IMOCTE YXO-
JIa TIOCJIETHET O MTOCETUTES.

OpHO#M W3 OCHOBHBIX 3aJlay QJTOPUTMAa SBISETCS OOECIEYEHHE TOrO,
YTOOB!I HUKOT/Ia HE OBUIO OJJHOBPEMEHHO CBOOOJHOTO pecypca U >KAYIIEro
MTOCETUTEIIS, KaK TOJNIbKO BO3HUKACT TaKasl CUTYaIUs, CICIYIONIM COOBITH-
€M JIOJDKHO CTaTh cnacubo TMOCETUTENS, TIOJTy4Yarollero pecype.

TIOJIUKIIMHUKA = B, ,
B,,, =if 0<r=t= p then [IOJINKIINHUKA
elseif R+r—t>0AND p—-¢>0
then t.cnacubo - B

pit+lr

p+Lt,r

else ( p-noxcanyticma —> B (i.ceoﬁo()eH =B, .. )J
t

i<
3.5 IIporpaMMupoBaHHe NApa/JIeJbHBIX BEIYHCICHUH

3.5.1 OcHOBHBIE TOHATHS

HcnonHeHue MpoIeccoB MapauIeIbHOM TPOrpaMMBbl TPEPHIBACTCS 3HA-
YUTEIBHO Yallle, YeM MPOIECCOB, pabOTAIOIIUX B MOCIEI0BATEIBHOM Cpejie,
TaK Kak MPOIECCHl MapasliebHOW MPOrpaMMbl BBIMOIHSIOT €Ile JeHCTBHS,
CBsI3aHHBIE ¢ OOMEHOM JaHHBIMH MEXIy MpOoIeccopaMu. MaHUITYTUpOBa-
HHUE TOJHOBECHBIMHU MPOIECCAMH B MYJIBTUIPOIPAMMHON Cpefie SIBISETCS
JIOPOTOCTOSIIUM JIEHCTBHEM, TIOCKOJIBKY 3TO TECHO CBSI3aHHO C YITPaBJIEHH-
€M U 3aIIUTON mamsTd. BereacTBue 3TOro GONBHIMHCTBO MapajlieIbHBIX
KOMITBIOTEPOB HCIIOJIB3YET JIETKOBECHBIE MPOIECCHI, HA3BIBAEMBIE HUMSMU
WIH NOMOKAMU YIIPABJIEHHs, a HE MOJHOBECHBIE MPOIECChl. JIErkoBeCHbIE
MPOIIECCHI HE UMEIOT COOCTBEHHBIX 3AIIUINEHHBIX O0IacTell maMsaTH (XOTs
MOryT 00J1alaTh COOCTBEHHBIMH JIOKAJILHBIMH JIAHHBIMHU), & B PE3YJIbTATE
OYEeHb CHJIBHO YIPOIIACTCS MAHUIYJIHpOBaHHE MMHU. Boree Toro, ux wuc-
MoJIL30BaHKe OoJiee 0€30MacHo.

B COOTBETCTBUH C BO3MOXHOCTSIMH MApajUIEIbHOTO KOMITbIOTEpPA MpO-
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[IECCHl B3aMMOJCHCTBYIOT MEXKIY CO0OH OOBIYHO OJHUM U3 CIEAYIONIHX
CI10c000B:

Obmen coobuenusamu. Tlocpinaromuii mporecc GOpMHUPYET COOOIIEHUE
C 3arojIOBKOM, B KOTOPOM YKa3bIBaeT, KaKoi MpOLECCOp JODKEH MpH-
HSTh COOOLICHHE, U MEepPeIaeT COOOIICHNUE B CETh, COSMMHSIONIYIO TPO-
reccopsl. Ecii, Kak TOmbKo coollieHne ObUTo MepelaHo B CETh, MOCHI-
JAIOUIMH TpoLece MPooIKaeT paboTy, TO TaAKOW BU OTIIPABKH COO0-
LICHUSI, Ha3bIBaeTCs HeOMoKupyrommM. Ecimu ke mochutaroiui mpo-
[ECC JKJIeT, MOKAa MPUHUMAIONIHMI MPOIeCC He MPUMET COOOIIEeHHE, TO
TaKoOi BHUJ OTIPABKH COOOLICHHs, Ha3bplBaeTcs Onokupyromum. [lpu-
HUMAIOIIHI TPOIECC JOKEH 3HATh, YTO €My HEOOXOAUMBI JaHHbIC, U
JIOJDKEH yKa3aTh, YTO TOTOB MOJYYUTh COOOIICHHE, BBIMOJHHUB COOT-
BETCTBYIONIYIO KOMaHJy npuema coobienns. Ecin oxunmaemoe coob-
HICHHE elle He MOCTYIMIO, TO MPUHUMAKOLIMI Mpolecc MpUOCTaHaB-
JIMBAETCS JI0 TeX TOp, MOKa COOOLICHHE HE MOCTYITHT.

Obmen uepes obwyro namsme. B apXuTekTypax ¢ OOIIETOCTYITHOU
MAMSATHIO TPOIECCHI CBS3BIBAIOTCS MEXIY co0Oi depe3 OOIIyr ma-
MSITh - MOCBUIAFOLIN# MPOLIECC MOMEIIAET JAHHbBIC B U3BECTHBIC STYCHKH
MaMsATH, U3 KOTOPBIX MPUHUMAIOUINHA MPOLECC MOXKET CYMTHIBATH UX.
ITpu TakoM OOMEHE CIOXKHOCTH MPEACTABIAET MPOLECC OOHAPYKECHHUSI
TOro, Korja 6e30MmacHo MOMEIIATh JaHHbIe, a KOraa yaausaTs ux. Yamie
BCEro JUIsl 3TOTO UCIONB3YIOTCS CTAHAAPTHBIC METOMBI OMEPAMOHHOM
CHCTEMBI, TaKHe KaK cemaghopvl Wnu O10Kupogku nporecco. OmHako
9TO IOPOTO U CHIIBHO YCIIOXKHSAET MporpaMMupoBanue. Hekoropsie ap-
XUTEKTYpBl MPEAOCTABISIOT OUTHI «3aHAMO/c80000HO», CBS3aHHBIE C
Ka)X/IbIM CJIOBOM OOIIEH MaMsITH, YTO 00CCTICUUBACT JIETKUM H BBICOKO-
3¢ deKTUBHBIN cOCOO CHHXPOHU3AIMHI OTIPABUTENCH U MPUEMHUKOB.
Ipsimotl docmyn Kk yoarenHou namamu. B TIepBBIX apXHTEKTypax ¢
pacrpe/ielieHHON MaMsThio paboTa MPOIECCOPOB MPEPHIBANACH KaXKIbIil
pas, Korga MmocTymal Kakoi-HHOy[Ob 3ampoc OT CETH, COCTUHSIONICH
nporeccopsl. B pe3ynbrare nporeccop mioxo HCHoib30Bacs. 3aTeM B
TaKUX apXUTEKTypax B KaXJOM TMPOIIECCOPHOM D3JIEMEHT CTalld HC-
MOJTB30BATh MAPhI MPOLIECCOPOB - OJIMH MPOLECCOpP (BHIUUCTHUTENBHBIH),
UCTIOJNHSET MPOrpamMmy, a Ipyroi (mporeccop o0padboTKu COOOIICHUI )
00CITy)KHBaeT COOOLICHHsI, TOCTYIAOIINE U3 CeTH WIH B ceTh. Takas
opraHuzanus oOMeHa COOOIECHUSIMU O3BOJISIET pacCMaTPUBaTh OOMEH
COOOLICHUAMH KaK MPSMOH JOCTYN K yJAaJCHHOW MaMSITH, K MaMsTH
JPYTUX TIPOIECCOPOB. DTa THOpUAHAS (opMa CBS3H, MPUMEHSIETCS B
APXUTEKTYpax ¢ PACIpPEACICHHON MaMAThI0, 00J1alaeT MHOTHMH CBOM-
CTBaMH apXUTEKTypax ¢ 00LICH MaMsThIO.

PaccMoTpeHHBbIC MEXaHU3MBI CBS3M HEOOSA3aTENBHO HCTONB3YIOTCS TOJb-
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KO HEMOCPEACTBEHHO Ha COOTBETCTBYIOLIMX apXHTeKTypax. Tak jerko mpo-
MOJIETIMPOBaTh OOMEH COOOIICHUSIMH, UCIIONB3Ysl OOLIYIO MaMsTh, C JPYron
CTOPOHBI MO)XHO CMOJENUPOBAaTh OOIIYI0 MaMsiTh, UCIIONB3Ys 0OMEH c000-
meHussMHy. [locretHui MoaX o1 M3BECTEH KaK GUpMyaibHas 00Was namsame.

O0s13aTeNbHBIMY TIPU3HAKaMH TTapaJUIEIbHBIX AITOPUTMOB U IIPOTrPaMM
SIBIISTFOTCSI:

— TapaenusM,
— MamTabupyemMocTh,
— JIOKaJIbHOCTB,
— MOJYJIBHOCTb.

Iapannenusm yka3bpIBaeT Ha CIIOCOOHOCTh BBINIOJHEHHST MHOXKECTBA
JIEWCTBUH OHOBPEMEHHO, YTO CYIIECTBEHHO JUISl TPOrPaMM, BBITIONHSIO-
IIMXCSl HA HECKOJIBKHX MPOIIeccopax.

Mawmabupyemocms - Ipyrodl BaXHEHUIIMH TPU3HAK MapasuICIEHON
MIPOrpaMMBl, KOTOpPBIA TpeOyeT TMOKOCTH MPOrpaMMBbl MO OTHOUIEHHIO K
W3MEHEHHIO YHCJa TPOIECCOPOB, MOCKOIBKY Hauboiee BEPOSTHO, YTO MX
yucio OyJoeT NMOCTOSHHO YBEIMYHMBATHCS B OOJBIIMHCTBE MapauleNIbHBIX
Cpen ¥ CHCTEM.

Jlokanvhocms XapakTepu3yeT HEeOOXOAMMOCTh TOTO, YTOOBI JOCTYI K
JIOKAJIGHBIM JIaHHBIM OBUT OOJiee 4acThIM, YeM JOCTYII K YJaJeHHBIM JIaH-
HBIM. Ba)kHOCTB 3TOr0 CBOMCTBa OIpeAeNnsercs OTHOLIEHHEM CTOMMOCTEH
YIIQJIEHHOT'O M JIOKaJILHOTO oOpanieHuii K mamsitu. OHO SIBIISETCSl KITFOUOM K
TIOBBIIEHHIO 3()(h)EKTUBHOCTH NPOrpaMM Ha apXUTEKTYpax C pacrpeaeseH-
HOM MaMsTbIO.

Mooyabrocms OTpaXkaeT CTEleHb Pa3JIoKEHHs CIOXHBIX OOBEKTOB Ha
Ooryiee MpoOCThIE KOMITIOHEHTHL. B mapasuieNbHBIX BBIUYUCIEHUSIX 3TO TaKOH
K€ BaXKHBIM acleKT pa3pabOTKH MporpaMM, Kak M B IOCIIEI0BATEIHHBIX
BBIYHCIICHUSX.

Kon, ncrionHstomuiicst B 0OAMHOYHOM IIPOLIECCOPE MapajuIeIbHOTO KOM-
MIBIOTEPA, HAXOAWTCS B HEKOTOPOM NMpOrpaMMHOM Cpele Takod XKe, 4To U
cpeza OIHOIIPOIIECCOPHOIO KOMITBIOTEPA C MYJIBTHUIIPOrPAMMHOM Orepariy-
OHHOM CHCTEMOM, TIO3TOMY U B KOHTEKCTE MapajuIeIbHOrO KOMITBIOTEPa TaK
e TOBOPAT O npoyeccax, CChUIAsiCh Ha KOJI, BBITTOJIHSIOIIMICS BHYTPH 3a-
IIMIIEHHOTO0 PErHOHAa IaMSTH ONEpaIMOHHON CHUCTeMBbl. MHOrue W3 Jei-
CTBHMH IapajjieIbHOW NMPOrpaMMbl BKJIIOUAOT OOpamieHHus K y/IaJeHHBIM
mporieccopaM Wi sueiikaM oOrmiell maMsTH. BhImomHeHue 3TUX JeiCcTBHI
MOXET MoTpeboBaTh BpeMsl, CYLIECTBEHHOE, OCOOEHHO, 110 OTHOIIECHHIO K
BpPEMEHH MCIOIHEHHSI OOBIYHBIX KOMaH] rporueccopa. [TosTomy OonbimH-
CTBO ITIPOIIECCOPOB UCIIONHSET OOJiee OIHOTO Ipolecca OAHOBPEMEHHO, H,
CJIe/IoBaTeNIbHO, B MPOrPaMMHON Cpejie OTAENBHO B3STOrO Ipoleccopa Ia-
paAJUIENBHOTO KOMITBIOTEPa NPUMEHHUMBI OOBIYHBIE METOJBl MYJIBTHIPO-
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IrpaMMHUPOBAHUSL.
3.5.2 MHoronoro4Hasi o0padoTka

Ecnn L - MeTka HEKOTOPOro MecTa B MporpaMMe, TO KOMaH/a
fork L

riepesaeT yrnpaBlieHHe Ha METKY L, a Takke M Ha CIIeIYIOIIyI0 KOMaH1y B
TEKCTe IporpaMMel. B pesyibrare cozgaercs agdekT, 4To ¢ 3Toro MoMeHTa
JIBa Tpoleccopa OAHOBPEMEHHO HCIOJHSIOT OJHY M Ty XK€ IpOorpaMmmy;
KaXIpli M3 HUX HE3aBHCHMO 00pabaThIBAET CBOIO IIOCIIENOBATEIBHOCTH
koMan/1. [TockonbKy Kakaast Takast OCJIeI0BaTEIbHOCT 00pa0OTKN MOXKET
CHOBa pa3BETBUTHCS, dTa TEXHWKA MONy4YHIa Ha3BaHHE MHO2ONOMOYHOU
obpabomku.

BBenst crioco0 pa3dueHnst 0JHOTo mporiecca Ha JjBa, Mbl HyX/IaeMCsl 1 B
croco0e CIMsSHUS JBYX TPOIECCOB B OMH. [Ipole Bcero BBECTH KOMaHIY
join, KOTOpas MOXXET BBHITOIHHUTHLCS TOJIBKO MPU OJHOBPEMEHHOM HCIIOIN-
HEHUH ee 0gyms nporieccami. [1epBblil TocTUTrIMi 3TOM KOMaH/BI IpoOIece
JIOJDKEH JKAaTh, KOrJga ee JOoCTUrHeT npyroi. Ilocime 3Toro yxe TOJBKO
OJIH TIPOIIECC MPOAOIDKAET UCTIOTHEHUE MOCIIETYIONINX KOMaH/I.

Pa3HOBMIHOCTE KOMaH/IbI BETBIICHUS JO CHX IIOp HCIOJIB3YETCs B OIle-
pamuonHoil cucreMe UNIX™. Ilpu 3ToM BeTBIIEHHE HE MOApPa3yMeEBaeT
niepexo] o MeTke. Ero addexr 3axmouaercss BO B3SITHH COBEPILEHHO HO-
BOM KOIHH BCEH MaMATH MPOrpaMMBI U TIepelauyl 3TOW KOMMU HOBOMY ITPO-
neccy. Kak ncxomHblil, Tak 1 HOBBII MPOIECCH IPOJODKAIOT UCTIOJTHEHHE C
KOMaH/IbI, CIIEIyIOLIel 32 KOMaHI01 BETBIIEHUS. Y Ka)XI0ro Ipolecca ecTh
CPEICTBO OMPEJCIHTh, SBISCTCA JIW OH nopodcoarowum (OTE) WIH no-
podcoaemvim (CbH). Beinenenue nporeccaM HeNepeceKaromuXcsi y9acTKOB
MaMsITH CHUMAeT OCHOBHBIE TPYIHOCTH U OMACHOCTH MHOT'OMOTOYHOW 00-
paboTKH, HO MOXKeT ObITh HEI(h(EKTHUBHBIM Kak 10 BPEMEHH, TaK H 10 00b-
€My HaMsATH. DTO 03HAYaeT, YTO MapaljIeIn3M JOIMYCTUM TOJIBKO HA CaMOM
BHEITHEM (CaMOM TJI00albHOM) ypOBHE 3a/IaHMsl, @ HCIOJIb30BaHUE €r0 B
MEJIKOM MacIitade 3aTpyIHUTENBHO.

3.5.3 YciaoBHbIEe KPpUTHYECKHE YIACTKH

[pearnoaoKuM, HampuMep, YTO OJUH MPOIECC M3MEHSET HEKOTOPYIO
MEPEMEHHYIO C IENbI0, YTOOBI IPYroi MPOIecC CYUTHIBAT e HOBOE 3Haue-
Hue. BTopoii npoliece He JOIKEH CYUTHIBATH 3HAYCHUSI IEPEMEHHON 10 TEX
Top, TOKa OHO He OyIeT W3MEHEHO. AHAJIOTUYHO, MEPBbIHA MPOLECC HE T0T-
JKEH M3MEHSTh 3HAUYeHHE TEPEMEHHOU 10 TeX IOp, MOKa BCE OCTaJbHBIE
MPOIIECCHI HE CUUTAIOT €€ MPEIBIAYIIUE 3HAUCHHS.

Jns penieHust 3Toil mpoGiieMbl MPEUIOKEHO YA00HOE CPECTBO, HA3bI-
BaeMOE YCI06HbIM Kpumuyeckum yuacmkom. OH UIMEeT BUJI
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with obwnepem when ycrosue do kpumuueckuil yuacmok

[Ipu BXOme B KPUTUYECKUH y4YACTOK MPOBEPSIETCS 3HAUYECHUE YCIOBUSL.
Eciu 0HO MCTHHHO, KPUTUYECKUH YYACTOK HCIIONHSACTCS KaK OOBIYHO, HO
€CJIM YCIIOBUE JIOKHO, TAHHBIA BXOJl B KPUTHUECKUN Y4aCTOK 3aJePKUBAET-
cs, 9TOOBI TIO3BOJIUTH JPYTHUM MPOIECCaM BOUTH B CBOM KPHUTUYCCKUC
YYaCTKH ¥ U3MEHUTH OOIyI0 MepeMeHHYT0. [10 3aBepIeHnH KaxI0ro Tako-
ro U3MEHEHUs MPOUCXOAUT INepenpoBepka ycnoBua. Ecnu oHO crano uc-
THUHHBIM, OTJIOKEHHOMY IMPOIECCY MO3BOJISAIOT MPOAOJIKATHh HUCIOJHEHHE
CBOEr0 KPUTHUYECKOIO y4acTKa; B NPOTUBHOM CJydae IMPOLECC BHOBb OT-
KJaapiBaercs. Eciim MOXKHO 3amycTUTh OoJiee yeM OJIMH U3 NPUOCTAHOBJICH-
HBIX TIPOIECCOB, BBIOOP MEXKTy HUMU TPOU3BOJIBHEIMN.

3.5.4. MonuTOpbBI

CBOUM BO3HHKHOBEHHEM W Pa3BUTHEM MOHHTOPHI OOS3aHBI TTOHSTHIO
knacca. OCHOBHOM ujeeil SBJISETCS TO, YTO BCE OCMBICICHHBIE OINEpAIUU
HaJl TAaHHBIMH (BKJTFOYAS X WHUIMATH3AIIHIO) JTOJKHBI OBITh COOpPaHBI BME-
CTE C ONHCAaHWEM CTPYKTYPHI M THNA CaMUX JAHHBIX; aKTUBU3AIHS JTHX
orepanuil JTOIKHA MPOUCXOIUTH TPH BBI30BE MPOICAYPHI BCIKUH pas3, KO-
IJla 3TOro TPeOYIOT MPOIECCH, COBMECTHO HCIIONB3YIONIHE JaHHbIE. Bax-
HOW XapaKTEPUCTHKONH MOHHUTOpPA SIBJIACTCS TO, YTO OTHOBPEMEHHO MOXKET
OBITh aKTHBHBIM TOJIKO OJTHO W3 €r0 MPOIEAYPHBIX TEN; Ja)xe Korjaa IBa
TpoIiecca OHOBPEMEHHO JICTA0OT BHI30B MPOIEAYPHI (OTHOM U TOM ke WIn
JIBYX Pa3JIUYHBIX), OJMH W3 BBI30BOB («XKIET») OTKIAJIBIBACTCS JIO 3aBEp-
mieHus Japyroro. Takum o0pa3om, Teaa IpoIeayp BeAyT ceOs Kak KpUTHYEC-
CKHE yYaCTKH, 3aIIUIICHHBIC OJTHUM U TEM K¢ ceMadopoM.

[IpuBeneM mpuMep OYEHL MPOCTOrO MOHUTOpPA, BEAYIIEro ce0s Kak
CYETYHKOBAs TIEPEMEHHAs.

1 monitor cuem;

2varn: integer

3 procedure* gsepx; beginn :=n+1end;

4 procedure* gnu3 when>(0do beginn:=n-1 end,

5 function* npusemn. Boolean;, begin npuszemn := (n =0) end;

6 beginn =0,

7T

8 if n #1 then print(n)
9 end

Crpoka | onucsIBaeT MOHUTOP C UMEHEM cuern.
2 ONHCBHIBAET JIOKAJBHYIO JUII MOHUTOpa o0yt mepeMenHyto n. OHa
JIOCTYTIHA TOJIBKO BHYTPU CaMOr'0 MOHUTOpA.
3 - 5 OIUCHIBAIOT TP MPOIETYPHI U UX Tea. 3BE3I0YKH 00CCIICUHBAIOT
BBI30B 3TUX NPOLEAYP U3 IPOrPaMMBbI, UCTIOIb3YIOIENH MOHUTOP.
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6 31ech HAUMHAETCS UCTIOTHEHUE MOHUTOPA.

7 Tpu >XKUpHBIC TOYKH O003HAYAIOT GHYmMpeHHee TPEIIOKEHHUE, COOT-
BETCTBYIOINIEE OJIOKY, KOTOPBIH OyIEeT NCIOIh30BATH MOHUTOP.

8 TIpu BBIXOJIe U3 HCIIOJIB3YIONIETO OJIOKA MeYaTacTcss KOHEYHOE 3HaYe-
HUE 7 (€CIIK OHO HEHYJIEBOE).

HoBbIi1 SK3eMITISIp 3TOr0 MOHHTOpPA MOXKET OBITh OIUCAH JIOKATHHBIM
Juist 610Ka P :

instance pakema. cuem; P

BHyTpu 610ka P MOXHO BBI3BIBATH IOMEUCHHBIC 3BE3/I0YKAMHU TIPOIIE-
JIypBbl, UCTIOJIb3Ysl KOMaHIbI

pakema.eeepx, ... pakema.exnus,. ..;, i1 £ pakema.npuzemn then. . .

HemomeuenHnas sxe mpolefypa Wi Takas NepeMeHHasi, Kak 7, HeJo-
cTikuMbl 3 P . CBOWCTBEHHOEC MOHHMTOpPAM B3aMMHOE HCKITIOUYCHHE I03-
BOJISICT BBI3BIBATH MPOICAYPY MOHUTOPA JTFOOOMY YHCITY TPOIECCOB BHYTPU
P 0e3 B3auMHOTO BIMSHUS NMPH M3MCHEHHH 7. 3aMETHM, YTO ITOIMBITKA
BBI3BaTh paxkema.ehus NpH n =0 OyAeT OTJIOXKEHa JI0 TeX I10p, ITIOKa HEKO-

TOPBIH APYToil poriecc BHYTPU P He BBI3OBET pakema.sgepx. ITO rapaHTh-
pYeT, UTO 3HAYeHHUE 71 HUKOIJIA HE CTAHET OTPHUIATEIbHBIM.

HesddekTHBHOCTH TTOBTOPSIOMIEHCS MPOBEPKU BXOIHBIX YCJIOBHIA TPU-
BeJa K IOSIBJICHHIO MOHUTOPOB C Ooee CII0XKHOH CXeMOH SIBHOTO OXKHjIa-
HUS ¥ SIBHOM IMOJlaueil CUrHajza 0 BO30OHOBJIEHHH OKHAAIONIETo IMpolecca.
DTH CXEeMBI JJaKe TIO3BOJISIOT MPUOCTAHABIIMBATHCS NPOIETYPHOMY BBI3OBY
B MpOILIECCE €r0 HCIONHEHUS MO/ BO3JIEUCTBUEM aBTOMATHUUECKH BO3HUKA-
IOIEr0 MCKJIIOYEHHUS 10 TOTO MOMEHTA, KOrJla HEKOTOPBIA MOCIENYIOLIUiA
BBI30B TPOIEIYPHI JPYTUM TPOIECCOM TOAACT CHTHAJ O BO30OHOBIICHHUU
MIPUOCTAHOBJICHHOT'O Mpoliecca. TakuM MyTeM MOKHO 3((EKTUBHO peau-
30BaTh MHO)KECTBO OPUTHHAIBHBIX CIIOCOOOB TUIAHUPOBAHUS, KOTOPHIC pea-
JIM3YIOTCS IPOrPaMMOUN-IIIIaHUPOBIIUKOM.

Tak xak B MOHHTOpE OKHIAFOIIUX MPOIIECCOB MOXKET OBITH HECKOJIBKO,
MIPOCTOI TOPSIOK OOCTYKMBAaHUS OYEPEIU, COCTOSAIIMNA B TOM, YTO OCBO-
OoXXIaeTcs MPOIEeCcC, OXUMAMONIIUKA JONBIIC BCEX, TapaHTUPYET, YTO HU
OIMH W3 O0paTHBIIMXCS MPOIECCOB He OyAeT 3a7ep)kaH Ha HeOoIpe/eseH-
HOE BpeMs.

3.6 Moaenu napanjiejibHbIX BHIYUCIEHU

[MapamnensHoe mPOrpaMMHPOBAHME NPEICTABISIET JOMOJIHUTENbHBIE
WCTOYHHMKU CIIOKHOCTH - HEOOXOIMMO SIBHO YIIPABISATH pabOTOW THICSY
MIPOLIECCOPOB, KOOPJIMHHUPOBATh MHJUTHOHBI MEXIPOIECCOPHBIX B3aHMMO-
nericTBri. J[71s TOro penmTh 3a1aqy Ha MapauieIbHOM KOMITBIOTEpE, Heo0-
XO/IMMO PacHpeAeNnTh BBIYUCICHUS MEXAY MPOIECCOpaMH CHCTEMBI, TaK
YTOOBI KaXK[IbI mporieccop ObLT 3aHAT pelIeHHeM 4YacTu 3ajadn. Kpome
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TOTO, YKENaTeJIbHO, YTOObl KaK MOKHO MEHbIIMH 00BbEeM NaHHBIX IMepechl-
JIaNcsl MEXIY IPOIeCCOpaMH, MOCKONBbKY KOMMYHUKAIlMM 3HAYNUTEIHHO
Oorbllle Me/JIEHHBIE OIepaliy, YeM BBIYMCIEeHUs. YacTo, BOSHUKAIOT KOH-
(IIMKTBI MEXy CTEIEHbI0 pacliapauleIMBaHusl U 00bEeMOM KOMMYHHKa-
LU, TO €CTb YeM MEXIy OOJBIIMM YHCIOM IPOIECCOPOB pacrpeseeHa
3a1ada, TeM OonbHmMii 00bEeM NaHHBIX HEOOXOAMMO IEPEChUIATh MEXIY
nuMu. Cpesa mapajuiesbHOTO MPOrpaMMHUPOBAHUS TOJDKHA 00€CHeYrBaTh
aJIeKBaTHOE yIpaBJIEHHE paclpeieJIeHHeM U KOMMYHUKAIUSIMU JTaHHBIX.

W3-3a cIOXKHOCTH MapajuieNIbHBIX KOMITBIOTEPOB U MX CYIIECTBEHHOTO
OTIMYUSL OT TPAJAWIMOHHBIX OJHOIIPOIECCOPHBIX KOMITBIOTEPOB HEIb3s
MPOCTO BOCIIONB30BATHCS TPAUIMOHHBIMU SI3bIKAMHU TIPOTPAMMUPOBAHUS H
OXHMJATh MOJYYSHUS! XOpOLIeH MPOU3BOJUTENLHOCTH. PaccMoTpiM OCHOB-
HBIE MOJIEJIN TapauIeIbHOTO MPOrPaMMHUPOBAHUS, X a0CTPaKIMK aJ1eKBaT-
HBIE U TIOJIE3HBIE B MApaJUIEIEHOM IIPOrPaMMHUPOBAHNY:

3.6.1 IIpouecc/kanan

B 3T0i1 MOmenu mporpaMMBI COCTOSIT M3 OJHOTO WK OOoJiee MPOIECCOB,
pacmpenelieHHbpIX o TporieccopaM. IIporeccsl BBIMOTHIIOTCS OJHOBPE-
MEHHO, UX YHCJIO MOXXET M3MCHUTHCS B TECUCHHUC BPEMCHH BBIMOJTHCHUS
nporpammsbl. [Iporiecchl 0OMEHUBAIOTCS JAHHBIMU Yepe3 KaHaJbl, KOTOPBIC
MPEJCTABISAIOT COOON ONHOHATPABIICHHBIC KOMMYHHKAIIMOHHBIC JIHHHU,
COCJIMHSIONINE TOJNILKO JBa Tpolecca. KaHamsl MOXXHO cO3/1aBaTh U yia-
J1Th. MOJIETTh XapaKTePU3yeTCsl CIICAYIONIMMU CBOHCTBAMU:

1) TlapamnensHOE BBIYUCICHHE COCTOUT U3 OJHOTO MU 0OJee OTHOBpE-
MEHHO HCIIOJHSIONIUXCS MPOIECCOB, YUCIIO KOTOPHIX MOXKET H3Me-
HATHCS B TEUCHUE BPEMECHU BBIMTOJTHCHUS POTPaMMEL

2) TIlpormecc - 3TO MOCIEIOBATENBHAS MPOrPaMMa C JIOKAIBHBIMU JaHHBI-
mu. [Iporiecc uMeeT BXOJHBIC U BBIXOIHBIC MOPTHI, KOTOPHIC CIYKUT
uHTepdeiicoM K cperie mporecca.

3) B nmomnonHeHWe K OOBIYHBIM OIEPAIMAM IPOIECC MOXKET BEHITONHATH
CIIEIYIONNE JEHUCTBUS: MOCIAaTh COOOIICHUE Yepe3 BBIXOJHOW TOPT,
MOJTYYUTh COOOIICHNE U3 BXOJHOTO MOPTA, CO3/IaTh HOBBINA MPOIIECC U
3aBEPIIUTH MPOIIECC.

4) Tlocputaromasicst omepanysi aCHHXPOHHAsI - OHA 3aBepIIacTCs cpaszy, He
OXKUJIast TOTO, KOTJIa JJaHHbIe OyayT monmyueHsl. [lomydatomnasics onepa-
U CHHXPOHHAS: OHa OJIOKHUPYET MPOIECC IO MOMEHTA MOCTYILICHUS
COOOTICHUS.

5) TIlapsl W3 BXOAHOTO W BBIXOMHOT'O IOPTOB COCIHHSIOTCS OYEPEIIMU
cooOIIeHNH, Ha3bIBACMBIMH KaHajdaMu. KaHaibl MOXHO CO3JIaBaTh U
ynansatb. CChUTKY HA KaHATKI (TIOPTHI) MOKHO BKJTFOUATh B COOOIICHUS,
TaK 4TO CBSI3HOCTh MOXET U3MEHHUTHCS JUHAMHUYUCCKU.
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6) TlIpomeccsl MOXHO PACHPECNIATh MO (U3HUECKUM TPOIIeccopaM Ipo-
W3BOJNBHBIM CMOCOOAMHM, MPUYEM HCHONIb3yeMoe OToOpakeHue (pac-
npenesieHre) He BO3JCHCTBYET Ha CEMAaHTHKY MpOrpaMMbl. B dacTHO-
CTH, MHOYKECTBO MPOLIECCOB MOYKHO OTOOpa3HTh Ha OMMHOYHBIA MPO-
eccop.

IMonsATHE TpoIIECcCa MO3BOSIET TOBOPUTH O MECTOIONIOKEHHH JAHHBIX:
JIAHHBIC, COACPKALINXCS B JIOKAJIHHON MAMSATH MPOILEcca - PAaCHOI0KEHBI
«Onmu3KO», Opyrue JaHHble «ynajeHbl». [loHATHe KaHama obecrieynBacT
MEXaHMU3M JJIsl YKa3aHWUs TOTO, YTO YIS TOrO, YTOOBI MPOMOIKUTH BHIUHC-
JICHWE OJHOMY IIpoliecCy TpeOYIOTCs JaHHBIE APYroro mporecca (3aBHCH-
MOCTb IO JAHHBIM).

3.6.2 O0MeH cOO0IIEHUSAMH

B 3TO#t Momenu mporpaMMbl, BO3MOKHO pPa3HYHbIe, HANHUCAHHBIE Ha
TPaJUIMOHHOM MOCIIEOBATEIBHOM SI3bIKE HCIONHSIOTCSA TMPOLECCOPAMH
KoMITbioTepa. Kakmas mporpaMma UMEIOT JAOCTYI K MaMsITH HUCIIOIHSIOIIe-
ro ee mporeccopa. [IporpaMmbl OOMEHHBAIOTCS MEXIy cO0O# AaHHBIMHU,
HCIIOJIB3Ys MONPOrPaMMbl MPHUEMa/TiepeIaud TaHHBIX HEKOTOPOH KOMMY-
HUKAIUOHHON CUCTEMBI.

Ha ceroausuinuii g1eHb Moeab 0OMEH COOOIIEHUSIMU SIBIISIETCST HAMOO-
Jiee IUPOKO UCTIOIB3YEMOI MOJIENbIO MapaIEIBHOIO MPOrPAMMHPOBAHHSI.
[IporpaMmbl 3TOH MoOZENH, TOAOOHO MPOrpaMMaM MOJEIH MPOLECC/KaHaI,
CO3/IaI0T MHOYKECTBO IMPOLIECCOB, C KAXKIBIM U3 KOTOPBIX aCCOIUUPOBAHBI
JIOKaJbHBIE JaHHble. Kaxapii mporecc UaeHTUGHIUPYETCS YHUKATbHBIM
umeHeM. [Ipoliecchl B3aMMOICHCTBYIOT, MOCHUIAst U MOydasi coobieHus. B
9TOM OTHOIIEHHE MOJENh OOMEH COOOIIEHUSIMU SBIISETCS PA3HOBHUIHOCTHIO
MOJICITH MPOLECC/KAHAT U OTIIMYAETCS TONBKO MEXaHH3MOM, UCIIONIb3yeMbIM
[IPY TIepeiave JaHHbIX.

Mojienb He HaKJIaJbIBacT OrPaHWYCHHII HM HA JMHAMHYECKOE CO3aHHE
MPOLIECCOB, HM HA BBHIMOJHEHHE HECKOIBKUX TMPOLIECCOB OHHUM MPOLIECCOPOM,
HM Ha WCIOJb30BAHHE PA3HBIX MPOrpaMM Ul PasHBIX MPoreccoB. IIpocto,
(bopMasbHbIe OMUCAHHS CHCTEM OOMEHAa COOOIICHHSMH HE PacCMaTpPUBAIOT
BOIPOCHI, CBSI3aHHBIE C MAHHUITYJIUPOBaHKUEM Tpotieccamu, OIHAKO, PH Peau-
3aI[UM TaKMX CHUCTEM MPUXOAUTCS MPUHUMATh KaKOE-THOO pEIIeHHE B STOM
oTHOIIeHHH. Ha mpakTHke CIIOXIIOCh TAK, YTO OONBIIMHCTBO CHCTEM OOMeHa
COOOIICHUSIMH TIPH 3aITyCKe MapaJuIebHON MPOrpaMMbl co3aeT (PMKCHPOBaH-
HOE YKCIIO MACHTUYHBIX MPOLECCOB U HE MO3BOJSET CO3/1aBaTh U pa3pyllaTh
MPOIIECCHI B TeUeHHE PAbOTHI POrPaMMBbI.

B Takux cucTeMax KaXIblii ITPOIECC BBIMOJHIET OMHY M Ty K€ ITPO-
rpamMMy (TTapaMeTpU30BAaHHYIO OTHOCHTENBLHO HIECHTHU(HUKATOPA JUOO Mpo-
1ecca, 00 MpoIeccopa), Ho paboTaeT ¢ pa3HBIMU JTAHHBIMH.
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3.6.3 Ilapayte1u3M JaHHBIX

B »TOl1 MOontenu eAMHCTBEHHAs MporpaMMa 3aaeT paclpeeeHue AaH-
HBIX MEX]Jy BCEMH IMPOLIECCOpAaMU KOMIIBIOTEpA U OMEpal Haja HUMHU.
PacnipenensieMbIMU TaHHBIMH OOBIYHO SIBIISTEOTCSI MacCHBBL. Kak mpaBumiio,
SI3BIKK MIPOrPaMMUPOBAHUS, TIOJJIEPKUBAIOLIUE JAHHYIO MOJIEINb, JOIMYyCKa-
IOT OMepallvy HaJ MacCHBaMU, MO3BOJISIIOT MCIONb30BaTh B BBIPAKEHUSIX
LieJIble MAacCHBBI, BBIPE3KM W3 MaccHBOB. PacmapasuienuBaHue onepaunuii
HaJ MAaCCHBaMH, ITUKJIOB 00PaOOTKUA MAaCCHBOB ITO3BOJISICT YBEIAYHUTE IPO-
HU3BOJIUTENLHOCTh NIporpaMMbl. KOMIUIISITOp OTBEYAET 3a TeHepaluio Koja,
OCYILECTBIISIIOIIETO PACHpEAETICHUE JIEMEHTOB MAaCCHUBOB M BBIYMCICHUN
Mex 1y npoueccopaMu. Kaxplid mporeccop oTBe4aeT 3a TO MOJMHOXKECTBO
JJIEMEHTOB MAacCHBa, KOTOPOE PACHOJIOXKEHO B €ro JIOKAJbHOM IaMsTH.
[IporpamMmbl ¢ mapayuIeIu3MOM JAHHBIX MOTYT OBITh OTTPAHCIUPOBAHBI U
rcnonHeHbl kak Ha MIMD, Tak u nHa SIMD kommbloTepax.

Mogens Taxke SIBISETCA 4acTO MCIOIb3YeMOM MOJIENBIO MapaiebHO-
ro mnporpammupoBaHusi. Hazpanue Mopmenu MPOUCXOIUT OTTOrO, YTO OHA
AKCIUTyaTUPYET MapajuleIu3M, KOTOPBIN 3aKJII0UaeTcsl B IPUMEHEHUU OJTHOM
U TOH e omnepaluyd K MHOXKECTBY 3JIEMEHTOB CTPYKTYp JAaHHbIX. Hampu-
Mep, «YMHOXXUTH BCE 3JIEMEHTHI MaccuBa M Ha 3HAYCHHE X », WIH «CHU-
3WUTh LIEHy aBTOMOOWIJIEH CO CPOKOM dKCILTyaranuu Oomnee 5-tu ner». Ilpo-
rpaMma ¢ Hapajjaeau3MoOM JaHHBIX COCTOUT U3 IMOCIEN0BATEIbHOCTEN MO-
JIOOHBIX oreparuii. [IOCKOIBKY Omeparyy HaJl KaXKIbIM SJIEMEHTOM JTaHHBIX
MOXXHO paccMaTpuBaTh KaK HE3aBUCHMBbIE MIPOIECCHI, TO CTENEHb JIeTann3a-
UM TaKUX BBIYHMCICHUN OYCHBL BEJIMKA, a TOHATHE <JIOKAJIBLHOCTH» (pac-
TIpe/IeNIeHHsI 10 MpoIleccaM) JaHHBIX OTcyTcTBYeT. CieoBaTelbHO, KOMITH-
JIATOPHI SI3BIKOB C MAapajuICIM3MOM JIaHHBIX YacTO TPEOYIOT, YTOOBI TPO-
TPaMMUCT TPEIOCTaBHI HH(GOPMAIIMIO OTHOCUTEIHLHO TOTO, KaK JaHHBIC
JIOJDKHBI OBITh pachpeelIeHBl MEXAY MPOIIECCOPaMHU, NPYTHMH CIOBaMH,
KaK Mporpamma JIOJDKHBI OBITH pa30uTa Ha MPOIECCHI.

3.6.4 O0meii mamMaTH

B 3T0il MoJEeNuU Bee MpoLecchl COBMECTHO UCIIONB3YIOT 00l11ee aApecHoe
npocTpaHcTBo. IIporecchl acCHHXPOHHO 00palarTcs K o0LIel maMaTH Kak
C 3alpocaMy Ha YTEHUE, TaK U C 3allpOCaMU Ha 3aIluch, YTO CO3JAET IPO-
OJIeMBI TIpH BHIOOpE MOMEHTa, KOTJa MOXKHO OyJIeT ITOMECTUTH JaHHBIEC B
MamsITh, KOrJa MOXKHO OyneT ynanuth ux. J[ns ynpaBieHHs AOCTYIIOM K
o0IIell TMaMsATH HCIONB3YIOTCS CTaHAApTHBIE MEXaHWU3MBl CHHXPOHM3a-
UK - ceMadopbl ¥ OJIOKUPOBKH TIPOLIECCOB.

B Moznenu Bce mpolecchl COBMECTHO UCIHONB3YIOT 00IIee aipecHoe Ipo-
CTPAaHCTBO, K KOTOPOMY OHH aCHHXPOHHO OOpallaloTcs C 3alpocaMy Ha
YTEHHE W 3alKCh. B TaKMX MOAENSIX /ISl YIPaBIICHUS JOCTYNOM K OOIIei
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MaMSATH HCMOJB3YIOTCS BCEBO3MOXKHBIC MEXaHM3Mbl CHHXPOHH3AIMH THIIA
ceMaopoB 1 OJIOKMPOBOK IporieccoB. [IpenmMyniecTBo 3Tol MoJenHt ¢ Tou-
K{ 3pEeHUs MPOrPaMMHUPOBAHUS COCTOMT B TOM, YTO MOHSATHE COOCTBEHHO-
CTH JIaHHBIX (MOHOIOJIBHOTO BJAJICHHS JAHHBIMH) OTCYTCTBYET, CIIeIOBA-
TENbHO, HE HY)KHO SIBHO 3a/1aBaTh OOMEH TaHHBIMH MEXIy MPOU3BOJIUTE-
JISIMM | TIOTPEOUTENSIMHA. DTa MOZEINb, C OJHOI CTOPOHBI, YIIPOLIAeT paspa-
OOTKy MpOrpaMMBbl, HO, C JPYroil CTOPOHbI, 3aTpy/JHSAET MOHUMAaHUE H
YIpaBJICHHE JIOKAJTbHOCTBIO JaHHBIX, HAIMCAHUE JETEPMHHHPOBAHHBIX
nporpamMM. B OCHOBHOM 3Ta MOJENb MCIIONB3YETCS NMPH HMPOrpaMMHpPOBa-
HUH TSl ApXUTEKTYP C OOLIEAOCTYITHON MaMSIThIO.

KonTponbsnbie Bonpocsl

1) [aiite orpezaeneHre NOHITHS B3aUMOEHCTBYIOIIHNX MTOCIIEA0BATENb-
HBIX MPOLIECCOB.

2) Cdopmymupyiite ocHoBHBIE onpenenenust BIIIT (mpeduxcel, pekypeus,
BEIOOD).

3) Uro Takoe B3auMHas peKypcus’?

4) CdopmynupyiiTte MOHATHE «IPOTOKOJIBI MPOIECCa» U YKAXKUTE OCHOB-
HBIE ONEepalK HaJ| TPOTOKOIAMH.

5) 3amaua 00 obemaromux drocodax.

6) CohopmynupyiTe MOHATHE CIICITU(PHUKAIINN 33791 B3aUMOICHCTBUS

TIPOLIECCOB.

7) Tlapamnensnsie mporecchl. CHopMyTHpyHTe OCHOBHBIC OMPEICIICHUS U
3aKOHBI.

8) OcobeHHOCTH KJacca COOBITUI TPU B3aUMOACHCTBHH — OOMEHE C000-
HIEHUSMHU.

9) Yo Takoe pazensieMble pecypchl?

10) IIporpammupoBaHHe MapaieabHbIX MponeccoB. OCHOBHBIEC TOHSTHSL.
11) Monenu mapauIeNnbHBIX TpoleccoB. OCHOBHBIC TTOHATHS.

12) Mopuenb «rpomnecc/KaHam).

13) CymrHOCTh TEXHOJOTHH «OOMEH COOOIICHHUSIMID).

14) Yro Takoe mapajuienusM JaHHBIX?

15) CymrHocTh MOMeNH O0IIEeH maMsTH.
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4 MopesmpoBanue B3anmoaeiicTust npoueccos. Ceru Iletpn
4.1 Beenenue B cetn Ilerpu

Cemu Ilempu 5T0 UHCTPYMEHT JIJIsl MATEMATUYECKOTO MOJIETUPOBAHUS U
HCCIIEIOBAHUSl CIOXKHBIX cucteM. Llenb mpencTaBieHUss CUCTEMBI B BUJE
cetu IleTpu M mocienyromero aHajanu3a TONH CETH COCTOUT B MOJTYYEHUH
BaXHOU MH(OPMAIUH O CTPYKTYpE U JMHAMUYECCKOM IMOBEJICHUH MOJICIH-
pyeMoii cucTeMbl. DTa WH(POPMAIUSI MOXKET HCIOIB30BATHCSA JUISI OIICHKU
MOJICIIUPYEMOH CHCTEMBI M BBIPAOOTKHU TMPEIIOKCHUN 10 €€ yCOBEpIICH-
ctBoBanuo. BriepBrie cetu IleTpu npeanoxun Hemenkuid matemaTuk Kapia
Anawm Ilerpu.

Ceru Ilerpu npeaHazHayeHbl JUIsi MOJEIIMPOBAHUS CUCTEM, KOTOPBIE CO-
CTOSIT U3 MHOXKECTBA B3aMMOJECUCTBYIOIIUX JPYr C APYTOM KOMHOHEHM.
[Ipu 3TOM KOMIOHEHTa caMa MOXET ObITh cucTeMoi. JlelicTBuAM pa3imy-
HBIX KOMIIOHEHT CHUCTEMBI MPUCYII MapaienusM. [IpuMepamMu Takux cH-
CTEM MOTYT CIY)KUTh BBIYUCIUTENIbHBIE CUCTEMBI, B TOM YHWCJIE€ W Mapal-
JINTbHBIC, KOMITBIOTEPHBIC CETH, IIPOrPAMMHBIEC CHCTEMBI, 00CCTICUNBAIOIINE
uX (YHKIMOHHPOBAHUE, a TaKKe HSKOHOMHUYCCKUEC CHUCTEMBI, CHCTEMBI
YIPaBJIEHUS JOPOKHBIM JIBUKEHUEM, XUMUUECKUE CUCTEMBI, U T. 1.

B onHOM M3 MOAX0AOB K NPOEKTUPOBAHUIO U aHAIU3Y CUCTEM CETH
ITerpu ucnonb3yroTcs, KaKk BCIIOMOTaTeNbHBIM HHCTPYMEHT aHaIu3a. 37ech
JUTSL TIOCTPOCHUSI CUCTEMBI HCITONB3YIOTCS OONICHPUHSITHIC METOIBI MPOCK-
TUPOBaHMA. 3aTeM MOCTPOEHHAs CUCTeMa MoJelIupyercst ceTvio Iletpu, u
MOJIeNb aHaIu3upyetcsa. Eciau B xonie aHanu3a B MPOEKTe HAWEHbBI U3bSHBI,
TO C LENBI0 MX YCTPAHEHHUs MPOEKT Moauduimpyercs. MoauduiupoBaH-
HBIM POEKT 3aTe€M CHOBA MOJICIUPYETCSA U aHATU3UPYETCs. DTOT LMKII TMO-
BTOpSIETCS JI0 T€X MOp, NMOKA MPOBOJUMBIN aHAJIN3 HE MPUBEAET K YCIIEXY.

Jpyro#t nojaxosa npeanoiiaraet NOCTPOSHUE MPOEKTa Cpa3y B BUIE CETH
ITerpu. MeTtoapl aHanmu3a NPUMEHSIOTCS TOIBKO ISl CO3J[aHMsI IPOEKTa, He
coJiepxariero omuoOok. 3areM ceth [leTpu mpeoOpa3yercs B pealbHYIO pa-
00uyI0 cCHCTEMY.

B nepsom cmydyae HeoOXoamma pa3pabOTKa METOIOB MOJICIUPOBAHHUS
cucreM cersimu [letpu, a BO émopom ciiydae NODKHBI OBITH pa3paOOTaHBI
METOJIbl peanuzanuu cereit [lerpu cucremamu.

4.2 OcHOBHBIE ONpeaeIeHUs!
4.2.1 TeopeTnko-MHOKeCTBeHHOE onpeeieHne cereil Ilerpu

HYCTB MYTbMUMHOIMCEC B0 3TO MHOXKECTBO, NOIMYCKAIONIEE BXOXKICHNUEC
HCECKOJIBKUX S5K3EMIUTAPOB OAHOT'O U TOI'O K€ 3JIEMECHTA.

Cemy I[lempu N siBnsieTcst ueTBepkod N = (P, T, I,O) s
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rae P = { DisDyseees pn} - KOHEYHOE MHOXKECTBO nosuyuti, n>0;
T= {ll yyens tm} - KOHEYHOE MHOXKECTBO nepexodos, m =0 ;

I:T — P - BxonHas QYHKIUS, COMOCTABIIAIONIAS EPEXOLY MY/IbTHM-
HOKECTBO €TI0 BXOJHBIX ITO3ULIUH;

O:T — P" - BbiXonHas (YHKIMS, COMOCTABISIONMAS TIEPEXOLY MYylh-
TUMHOECTBO €T'0 BBIXOIHBIX MO3UIHH.

IMosunuss p € P HasbiBaeTcs 6xodom s mepexona teT, eciu

pel (t) . Hosnumus p € P HazbIBaeTcs sbixodom Juis iepexona ¢ € T, eciu

pE O(I) . Cmpyxkmypa cetu Iletpu ompenensercs ee NO3ULUAMH, EPEXo-

JIAMH, BXOJTHON ¥ BBIXOJHO#M (DYHKIIHSMU.
Ipumep. Certp Iletpn N =(P,T,1,0),

P:{plapzﬂPS}’
T={t,1,},
I(tl)={pl,pl,p2},0(ll):{l73}v

1(t,)={p, P, 2}, O(t,) ={ 5 }-

Hcnons3oBanue MYJIBTUMHOXCECTB BXO/HBIX W BBIXOJIHBIX MO3ULIMK TIe-
pexoaa, a HEC MHOKECTB, IMO3BOJIACT IMO3UIIUU OBITH Kpammnuvim 6X000M W
Kpammnvim 8bIX000M nepexoaa COOTBETCTBCHHO. HpI/I OTOM KpamHoCcmbsv
OIMPCALIACTCA YMCIIOM 3K3CMIUIAPOB MO3UIHNU B COOTBCTCTBYIOUICM MYJIb-
TUMHO>XKCCTBC.

4.2.2 I'padsl cereii IleTpn

HarnsnaeiM mpencraBienueM cetu [letpu siBisieTcs e€ rpadudeckoe
TIPE/ICTaBJIEHNE, KOTOPOE MPENCTABISET COOOH JBYIONBHBIN, OpPUEHTHPO-
BaHHBIA MYJIBETUTPA].

I'pagh cern Ilerpu obOnamaer qByMs TUIIAMH Y3JIOB: KPYJCOK L , TIPEI-

CTaBILIOIIMI MO3UIMIO ceTH IleTpu; U mianka, NPECTABISIONAs TIEPEX0]]
ceru Ilerpu. OpueHTHpOBaHHBIE OyTU 3TOro rpada (CTPelKH) COeTUHSIOT
MEepeXo/l ¢ €ro BXOMHBIMH W BBIXOAHBIMH MO3MIMAMH. [Ipu 3TOM nyru
HAIMpPABJICHBI OT BXOTHBIX MO3UIIUI K IEPEXO/Y U OT Mepexojia K BHIXOIAHBIM
no3unusiM. KpaTHbIM BXOTHBIM U BBIXOJHBIM MO3HIHSAM IIEPEX0/ia COOTBET-
CTBYIOT KpaTHbIC BXOIHbIC U BbIxoaHbIe nyru. I'pad ceru Iletpu paccmor-
PEHHOTO IPUMEPANPUBEICH Ha pUCYHKe 4. 1.
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Puc. 4.1. I'pad ceru Ilerpu.
B rpade ceru Tletpu He BO3MOXKHBI JYTH MEXIY ABYMsI MO3HIUSIMU U
MEXIY IBYMSI IEPEXOJAMHU.

4.2.3 Mapkuposka cereii Ilerpu

Mapkuposka - 3TO pasMellleHHE 1O TO3UIMsIM ceTu lletpu ghuuex,
n3o0paxkaemMbix Ha rpade ceru Ilerpu Toukamu. DUIIKH HUCHONB3YIOTCS
JUTSL oTIpeieNicHus BeimoiHeHus cetu [letpu. KomwdaectBo ¢uimek B mo3u-
UM TIPY BBITOJTHEHUU ceTu [letpu MoxeT u3MeHAThes oT 0 10 OeckoHed-
HOCTH.

Mapruposka u ceru Iletpu N =(P,T 1 ,0) ecTb QyHKIOUs, 0TOOpa-

JKarouass MHOXKECTBO HO3I/IHI/Iﬁ P B0 MHOXecTBO Nat HCOTPULATCIIbHBIX
LOEJIBIX YUCCIL. MapKI/IpOBKa H , MOXKET OBITH TaKKe OIpeaCiiCHa KaK n —

BEKTOp it =<,U(P1)»ﬂ(Pz)»---»ﬂ(Pn )>, TJle n — YMCIO TO3HIMHA B CETH
Iletpu u st kaxporo 1<i<n u ( )2 ) € Nat — KOIM4ecTBO (HIIEK B I0-
3ULUH P, .

Mapxuposannas cets Iletpu N = (P, T,1,0, u) OMpeJIeNsieTcs: COBO-
KYITHOCTBIO CTpYKTYyphI cetu [letpu N = (P, T,1 ,0) 1 MapkupoBku u . Ha
pucyHke 4.2 npezcTaBieHa MapKupoBaHHas ceTb [letpu u = <1,01> .

Y, N
y Lt

Opz @p3
Puc. 4.2. MapxupoanHas cets [letpu.
MHoecTBO Bcex MapkupoBok cetu Ilerpu GeckoHeuno. Ecim durexk,

noMemacMbIX B ITO3UIMIKO CIIMIIKOM MHOI'O, TO yz[06Hee HE pPUCOBATH
(1)I/IIJ_IKI/I B KPYXKKC 9TOM o3y, a yKa3bIBaTb UX KOJIMYECTBO.
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4.2.4 Ilpasnna Beinosnenns cereii [lerpn

Cersb Iletpu guinonnsemcss MOCPENCTBOM 3anycKo8 MEPEXONIOB. 3anyck
Tepexoia yrnpaBiseTcss GUINKAMH B €r0 BXOMHBIX IMO3UIUSIX M COMPOBOXK-
JaeTcsl ynajieHueM (UINEK W3 3THUX TO3WIUA U J00aBJICHHEM HOBBIX (H-
IIEK B €70 BBIXOHBIC MO3UIIUU.

[epexon MOXeT 3amycKaThCs TOJBKO B TOM CiIydae, KOrJa OH paspe-
meH. [lepexos Ha3pIBaeTCs paspeuieHHbIM, €CIIH KaxIasi U3 €ro BXOJHBIX
MTO3UIIUHN COJIEPKUT YUCITIO (PUIIEK, HE MEHBIIEE, YEM YUCIIO JYT, BEIYIIHX
U3 ATOH MO3UIMH B TIEpeX 0l (MIH KPATHOCTH BXOIHOU AYTH).

MMycts pyHkIMA N #: PxT — Nat i IPOU3BOIbHBIX TO3UIUH p € P

U 1epexona ¢ € T 3amaer 3HauyeHUE /\#(p,l) , KOTOpOC COBIAAACT C KpaT-
HOCTBIO OYI'U, Be/:[ymeﬁ U3 p B t, €CIIM TaKas Ayra CymieCTBYET, U C HYy-

JIeM, B IIPOTUBHOM CIIy4ae.
IIycts ¢yskiua #2:7x P — Nat U NPOU3BOIBHBIX U II€pexoia

teT nosuumu p € P3anaer 3Hauenue #" (t, p), KOTOpPOE COBIMAJAET C
KpaTHOCTBIO JIyTH, Bedylied u3 ¢ B p, €CIM Takas Jyra CyIecTBYET, U C
HYJIEM, B IIPOTUBHOM CITy4ae.

Ilepexon ¢t € T B mapkupoBaHHo# cetu [letpu N = (P, T,1, O,,u) pasz-
pEelIeH, ecliu Ui BceX p € I(t) CIIPABEJIUBO L (p) >N #(p,t) .

3anyck pa3pemi€HHOro mnepexoia t €7 W3 CBOEH BXOTHOW MO3UIMHU
pel (t) yaajsier A#( p,t) ¢ulIek, a B CBOI BBIXOAHYIO MO3HIIUIO
p' €O0(t) nobasmsier #*(1,p') dumex.

Certs Ilerpu no 3amycka nepexona ¢, (puc. 4.3, a). Cers Ilerpu nociue

3amycka nepexoga ¢, (puc. 4.3, 6).
P1 P

Puc. 4.3.3amyck cetu Iletpu
[epexon ¢ B MapkupoBaHHOH cetu IleTpu ¢ MapKUpOBKOH fi MOXET

OBITh 3amyIeH BCSKHI pa3, KOr/ia OH pa3pelieH U B pe3yabTaTe 3TOro 3a-
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mycka o0pa3yeTcst HoBasi MApKUPOBKa (' , onpejaessiemast 1jst Bcex p € P
CJICAYIOIINM COOTHOUICHUCM
1 (p)=u(p)-"#(p.t)+#(t,p).
3aHchI/I MOFyT OcyﬂleCTBHHTBCH 0 TEX HOp, ITOKa CyHleCTByeT XO0TA
OBl OJIMH pa3pelieHHbIil mepexon. Korma He ocTaHeTcs HU OJHOTO paspe-
IMEHHOI'O Hepexo;[a, BBIIIOJITHCHUC nperamaemC}l.
Eciu 3amyck nMpoM3BONBHOIO Mepexoia ¢ mpeobdpa3yeT MapKUPOBKY L

ceru IleTpu B HOBYIO MapKHUpOBKY 4', TO OyJeM TOBOPHUTH, 4TO L' JIO-
CTIKUMA U3 4 MOCPEICTBOM 3allycKa Iepexoja ¢ U 0003HayaTh 3TOT

bakr, kak g —' p'. DTO MOHATHE OYEBUIHBIM 00pa3oM 0GoOIIaeTCs st
cllydasi MOCIeIOBATEIbHOCTH 3aIlyCKOB Pa3pelIéHHbIX MepexonoB. Yepes
R(N ,u) 0003HAYMM MHOKECTBO BCEX JOCTIXKHMbBIX MAapKHPOBOK H3
HavyaabHON MapKUpoOBKH 4 B ceTu [letpu N .

Ipeobpa3oBanue MapKUpPOBKH ceTd [leTpu HM300pa’keHO Ha PHCYHKE
4.3. Ilepexon ¢, mpeoOpa3zyeT MapKUPOBKYL] y=<5,1>B MapKHUPOBKY

u'= <2, 3> .
4.3 MopaenupoBaHnue cucteM Ha ocHoBe cereil IleTpn

4.3.1 Co0ObITHS H YCJIOBUS

[Npencrapnenue cuCTeMbI ceThio [leTpu OCHOBAHO HA JABYX OCHOBOIIOJA-
TAIOIIUX TOHITHSIX: COObIMUSX W ycaogusx. BO3SHUKHOBEHHEM COOBITHIA
VIPaBISET COCTOSHHE CHCTEMBI, KOTOPOE MOXKET OBITh OMHUCAHO MHOXe-
CTBOM YCIIOBUHA. YCIOBHE MOXET NPUHUMATh JIHOO 3HAUCHHUE «HCTHHAY,
00 3HAUCHUE JIOXKDBY.

BO3HHKHOBEHHE COOBITHS B CHUCTEME BO3MOXKHO, €CIU BBITONHSIIOTCS
onpeienéHHbIe YCIOBUS — npedyciogus cOObITUs. BO3HHKHOBEHHE COOBITHS
MOXKET MPUBECTH K BBIMOJIHEHUIO JPYTHX YCIOBUH — nocmycnoguii coObl-
Tus. B xauecTBe mpuMepa pacCMOTPUM CIEAYIOIIYIO HIDKE 3a]a4y MOJICIH-
pOBaHWUSL.

Ipumep. MopenupoBaHue MOCIENOBATEIBHON 00pabOTKH 3ampocoB
cepBepoM 06a3bl AaHHBIX. CepBep HAXOJUTCS B COCTOSIHUM OXHAAHHS JI0 TE€X
Mop, MOKa OT IOJIb30BATENsl HE MOCTYMUT 3alpoC KIHMEHTa, KOTOPBI OH
00pabaThIBacT U OTIPABIISAET PE3YJIBTAT TAKOH 0OpAOOTKH MOJIB30BATEINIO.

VY CIOBUSAMH JUTSL pACCMATPUBAEMON CUCTEMBI SIBIISIOTCS:

a) cepBep KIET;

0) 3ampoc MOCTYIU U KJIET;

B) cepBep 00pabaThIBaeT 3ampoc;
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T) 3arpoc 00paboTaH.

CoOBITUSMHU JIJIsl TON CHCTEMBI SBIISOTCS:

1) 3amnpoc mocTymnui.

2) Cepsep HaunHaAeT 00pabOTKyY 3ampoca.

3) Cepsep 3axkaHunBacT 00pabOTKY 3armpoca.

4) Pesynbrar 00pabOTKH OTIPABISETCS KIUEHTY.

JI1s IepeyrcIIeHHbIX COOBITHI MOYKHO COCTABUTh CIEIYIONIYIO TaOIUILy
UX MPEJi- U MOCTYCIOBUIt

Tabnuna 4.1. YcnoBus ¥ cOOBITHS CHCTEMBI

CoOrITHE [IpenycnoBus IToctycnoBus
1 HET 0
2 a, 0 B
3 B T,a
4 r HET

Takoe mpezacTaBlieHHE CUCTEMBI JIETKO MOJIENpoBaTh cetbio Ilerpu. B
ceru [leTpu ycioBUst MOJEIMPYIOTCS TO3UIMSAMHE, COOBITHS - MEPEXOJaMH.
[Tpu >TOM BXOBI NEpexoAa SIBISIOTCS NPEAYCIOBUSIMUA COOTBETCTBYIOIIET O
COOBITHS; BBIXOJBI — IOCTYCJIOBUSIMH. BO3HUKHOBEHNE COOBITHS MOJEIH-
pyeTcsi 3alycKOM COOTBETCTBYIOIETO Nepexosa. BeimomHeHne ycioBus
TIPE/ICTaBIsIeTCsl (PUIIKON B TIO3UIMH, COOTBETCTBYIOLIEH 3TOMY YCIIOBHIO.
3amyck nepexona yaauseT (UIIKH, NPEICTABISIONINE BHITOIHEHUE Mpe-
YCIIOBUI M 00pa3yeT HOBBIE (DPUILIKH, KOTOPBIE MTPECTABISAIOT BHINOTHEHHE

MOCTYCIOBUI.
a
‘ 6 | B ‘ r
1 2 3 4

Puc. 4.4. Cers Iletpu cepBepa 0a3bl JaHHBIX
Ha pucynke 4.4. npeaycioBHe BBITOTHICTCS I COOBITHS 2.

4.3.2 OnHOBPEMEHHOCTh U KOH(JINKT

Ocobennocts cereii [letpu - ux acunxponnas npupoxna. B cersax Ilerpu
OTCYTCTBYET U3MEpPEHHE BPeMEHH. B HHUX yUHMTHIBAETCS JIMIIb BaXKHEHIee
CBOMCTBO BPEMEHU — YaCTUYHOE YNOPSJOUE€HHE COOBITHI.

Bemonnenne cern Ilerpu (wim moBeleHHE MOJETUPYEMOH CHCTEMBI)
paccMaTpHUBaeTCs 3/eCh KaK 10C1e008ameNbHOCHb TUCKPETHBIX COOBITHI,
KOTOpast SIBJISIETCSl OHOM M3 BO3MOXHBIX. ECITM B Kakol-TO MOMEHT BpeMe-
HH pa3pelleHo Oosee OJHOrO Mepexofa, TO JI000H U3 HUX MOXET CTaTb
«cIenyomuM» 3armyckaeMbIM. [lepexonst B cetu [lerpu, mMonenupyromieit
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HEKOTOPYIO CUCTEMY, NIPEACTABIIAIOT €€ NpUMUmusHsle COOBITUS (JUIUTEIb-
HOCTH KOTOpBIX cuuTtaercsi paBHoW (), M1 B OAWH MOMEHT BPEMEHH MOXET
OBITh 3aIYILIECH TOJBKO OJMH Pa3pELIEHHBIA ePEXOI.

MonenupoBaHue OJHOBPEMEHHOro (MapajjienbHOr0) BO3HUKHOBEHUS
HE3aBHCUMBIX COOBITHI cucTeMbl B ceTH Ilerpu nemMoHcTpupyercs Ha pu-
cyHke 4.5 a.

0o ® @ee
58 60

Puc. 4.5. Ceru [letpu 1ist MogenupoBaHus apajijiebHBIX MPOIECCOB

B at0ii cutyarnmu 1Ba nepexona SIBISIOTCS pa3pelIeHHBIMU U HE BIIHSIOT
JIPYT Ha JIpyra B TOM CMBICIIE, YTO MOT'YT OBITh 3aITyllleHbl OJUH BCIIEH 32
JIPYTHM B JIIOOOM ITOpPSIIKE.

[Jpyras curyauust B ipuBeAeHHON Ha pucyHke 4.5 6 cetu [lerpu. Otr
JIBa pa3peni€HHbIe TIepexoa HaXOIiATCsl B KOHpuKme, T. €. 3aIlyCK OIHOTO
W3 HUX yaanseT GUIIKYy U3 0oOIIei BXOIHOM MO3UIMU U TEM CaMbIM 3ampe-
maeT 3amyck Jpyroro. Takum o0pa3oM, MOJEIHPYIOTCS B3aMMOHWCKITIOYA-
IOIINE COOBITHSI CHCTEMBI.

4.4 MoneaupoBaHie NAapajieJbHbIX CHCTEM B3aUMOJEHCTBYIOIIMX
NPOLECCOB

4.4.1. MoneanpoBaHue MOCJIe10BATEIBHBIX MPOLECCOB

BBIpOXXJIeHHBIM ClydaeM IMapajieIbHOH CHCTEMBI MPOLECCOB SIBIISIETCS
cucreMa ¢ ogHMM mpoueccoM. CHaudana paccMOTpuM, Kak ceTbio [letpm
MOXET OBITH IIPEJCTaBIEH OTAENbHBIN npouecc. OTaeNbHBIN IpoLece OmnHu-
CBIBAETCS MPOrpaMMOi Ha OJHOM M3 CYLIECTBYIOIIMX SI3BIKOB ITPOTPaMMHU-
pOBaHMSI.

Ilpumep. TlocnenoBarenbHast mporpaMma Ha aOCTPAKTHOM SI3BIKE IIPO-
IpaMMHUPOBaHUsI, BBIUUCIIONAs Y! W NMpou3BeleHNe BCEX YETHBIX YHCEN

u3 orpeska [1,Y] ans Y e Nat .
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begin

read(Y) ;
X1:=1;
X2:=1;

while Y>0 do false
begin true
if mod(Y,2)=0
then begin 0 rue
X1:=X1*Y; false _
end;
X2 :=X2*Y;
end;
write (X1);
write (X2);
end
a 9]

Puc. 4.6. Ilporpamma u 0110k cxema

[Iporpamma mpezcTaBisieT 1Ba pa3iUYHBIX acHeKTa Ipolecca: BbIYHC-
nenue u ynpasineHue. Cern Ilerpu yaayHo TIpeNCTaBISIIOT CTPYKTYpY H
yrpasienue nporpamMM. OHH NpefHa3HAYeHB! ISl MOJCIUPOBAHMS YIIOPS-
JIOYEHHS JISHCTBUI U TIOTOKa MH(GOpPMAaLUH, a He ISl AEHCTBUTEIBHOTO BhI-
YHCIIEHHs] CAMUX 3HAYCHUH.

CraHnapTHBIN cr1oco0 MpeacTaBIeH:us CTPYKTYPBI TPOrpaMMBbl M OTOKa
yIIpaBJIeHUs B Hell - 3TO 6.10K-cxeMbl, KOTOPBIE B CBOIO 04epelb MOT'YT OBITh
nipezcTaBieHsl cetsiMu [letpu. Biok-cxema mporpaMMBbl COCTOHT M3 Y3JI0B
JIBYX THITOB (IPUHATHSI pelieHus], 0003HaYaeMbIX pOMOaMH, ¥ BBIYHUCIICHHS,
0003HaYaeMbIX MMPSIMOYrOJILHUKaMH1) M JIyT MeXy HUMH. biok-cxema mpo-
rpamMMBbI n300pakeHa Ha pucyske 4.6 a, rie Oioku:
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b.true

a 6
Puc. 4.7. Cets Ilerpu nporpammsl
B ceru Ilerpu (pucynok 4.7 6), MOIACTUPYIONIEH OJOK-CXEMY, Y3JIBI
OJIOK-CXeMBbI MpPEACTABIAIOTC TepexofamMu cetu Iletpu, a ayru GIoK-

CXCMBI - IO3UIUAMU CCTHU HETpI/I. dumka B cetn HeTpI/I NpeaACTaBIIACT
CUCTUYUK KOMaH][| OJIOK-CXEMEL.

read(Y);X1l:=1; X2:=1;
Y>0

mod (Y, 2)=0

X1:=X1*Y;

X2 :=X2*Y; Y:=Y-1;
write (X1),; write(X2);

Hh® Q. Q O o

4.4.2 MoaenupoBaHue B3aUMO/ICIICTBHS NPOLECCOB

[MapamnenbHast cucTeMa MOXKET CTPOMTHCS HECKOJIBKHMHU CIIOCOOaMH.
OpuH U3 crioco0OB COCTOUT B MPOCTOM OOBEIMHEHHH ITIPOIECcCOB, Oe3 B3a-
MMOJIEUCTBUS BO BpeMs UX OJIHOBPEMEHHOI'O BBITIOJIHEHUS. Tak, Hanmpumep,
€CJIM CHCTE€Ma CTPOHMTCS ATHM CHOCOOOM M3 JABYX IPOLECCOB, KaXKIBIA W3
KOTOPBIX MOXKET OBITh MpeJCcTaBlieH ceThio [letpu, To cets [letpu, Moxenu-
pyiolasi OJJHOBPEMEHHOE BBINOJIHEHUE JBYX IPOILIECCOB, SBISAETCS MPO-
CThIM OOBenuHeHHEeM cereil [leTpu IS KakIoro W3 JBYX IPOIECCOB.
HavanpHast MmapkupoBka coctaBHOM cet [leTpu umeer nBe (QUIIKH, O O-
HOW B K&XKJOW CETH, MPEACTABIISAS MEPBOHAYAIBHBIN CYETUMK KOMaH/ Mpo-
necca.

Taxoii crioco0 BBeJeHHUS MapajuieNu3Ma UMEET HHU3KOE MPaKTUYECKOoe
3HaveHue. Jlanee OyneMm paccmarpuBaTh MapajielbHbIE CHCTEMBI Ipoliec-
COB, JIONYCKAIOIIUE B3aUMOJECHCTBUE MPOLIECCOB BO BPEMs UX Mapalieib-
HOT'O BBITIOJIHEHUS.

CyIIecTBYIOT pa3jfyHble BUABI B3aUMOJCHCTBUSA (CHHXPOHH3AIIHNN)
TIPOLIECCOB, B TOM 4YHMCJIE: B3aUMOJIEHCTBHE ITOCPEICTBOM OOIIEH MmamsTy; -
MTOCPEICTBOM TIEpEIauy COOOIICHUS Pa3IMIHBIX BUJIOB.
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Takum oOpazom, aiast MozenupoBaHusi ceTssMu Ilerpu mapasuienbHBIX
CHCTEM IIPOIECCOB, IOMUMO IOCIIEIOBATENBHBIX MPOIECCOB, HEOOXOIUMO
YMETbh MOJEITMPOBAThH Pa3INYHbIE MEXaHM3MBI B3aUMOAEHCTBUS (CHHXPOHH-
3aIl1M) TIPOIIECCOB.

4.4.3 3amaya o0 B3aNMHOM MCKJIHYEHUH

ITycTh HECKONBKO MPOLECCOB PA3JEIAIOT OO0 IEPEMEHHYIO, 3allUCh,
(aiin winm apyroi 3JeMeHT AaHHBIX. J{s1 OOHOBIIEHHS pa3/eNsieMoro ie-
MEHTa JaHHBIX ITPOIIECC JOJDKEH CHavyalla CYMTaTh CTapoe 3HAYEHHUE, 3aTeM
BBIYMCIINTh HOBOE M, HAaKOHEI, 3aIlicaTh €ro Ha TO ke Mecto. Ecim nBa
nporecca B, u P, B OJHO U TO € BPeMsl MbITAIOTCA BBIIOIHUTH TaKYIO
TIOCJIE/IOBATENILHOCTh AEHCTBUH, TO MOT'YT BO3HUKHYTh HCKa)XEHHE JaHHBIX.
Hanpumep, BO3MOXKHa CIeAYyIOIIas I0CIeJ0BATeIbHOCTD!

1) Ilpouecc P, cuuThIBaeT 3HAYEHHE X M3 Pa3AENsieMOro 0ObeKTa;

2) Ilpouecc P, cuuThIBaeT 3HAUEHUE X U3 PA3JENAEMOro 00beKTa;

3) Tlpouecc P, BbIUHCISAET HOBOE 3HaueHHe x' = f (x);

4) Tlpouecc P, BbIUHCISET HOBOE 3HAaUeHHE X' = g(x);

5) IlIpouecc P, 3anuceiBaeT x' B pa3fensieMblil 00BEKT;

6) Ilpouecc P, 3anmchiBaeT x” B pa3fieiseMblid 0ObEKT, YHHUTOXKAas

3HA4YEHHE X .

Pe3ynbTaT BRIYMCIEHHS IIpoLiecca P, MOTepsH.

Jl1s McKITtoYeHust ITOT00HBIX MPOOJIEM HCIIONB3YETCsl METOJ] B3aUMHOTO
WCKITIOYEHHsI, OCHOBAaHHBIH HAa IOHATHU Kpumuyeckas cekyus. Kpurude-
CKas CEKIIMS — 3TO Y4acTOK KOJa Hpoliecca, Ha KOTOPOM OH OCYIIECTBIISET
JIOCTYT K pa3zensieMoMy 0O0beKTy AaHHbIX. [Ipex/e, 4eM BBINOIHHUTE CBOIO
KPUTHUYECKYIO CEKIIHIO, TIPOLecC KAET, TIOKa APYroi Mpolecc He 3aKOHYUT
BBINOJHEHHE COOCTBEHHOM KPUTHUECKOM CEKIMH (€CITM TaKoe BBIIIOIHEHHE
HUMEET MECTO). 3aTeM OH BXOJUT B KPUTHUYECKYIO CEKIIMIO U OJIOKUPYET J0-
CTYIl [ JI0O0ro ApYroro mpoliecca K cBoeil kpurudeckoit cexuuu. ITocie
BBINOJHEHHS MTPOIIECCOM KPUTHUECKOH CEKLIUH J1e0I0OKUPYETCs TOCTYI ISt
JIPYTHX MPOIECCOB K pa3/esieMoMy OOBEKTY JaHHBIX.

Cerp [lerpu (pucyHok 4.8) MozmenupyeT MeXaHH3M B3aHMMHOI'O HCKIIIO-
4yeHus JUIi ABYX mpoueccoB, P, u P . OHa nerko o6oOmaercs Ha Ipous-
BOJIBHOE YHCIIO IIPOLIECCOB.
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Py P>

Puc. 4.8. MexaHn3M B3aUMHOI0 HUCKJIFOUEHHS [UIA JBYX MPOLIECCOB
[o3uimst m TpencraBiseT yCIOBHE «KPUTHYECKasi CEKLUsI CBOOOIHAY,

paspelaromee BXoJ B KPUTHIECKYIO cekiuto. [lombiTka nmporecca P (Pz)

BOWTH B KPUTUYCCKYIO CCKIIUIO OCYHIECTBJIACTCA MOCJIC IMOMCIICHU (l)I/IHIKI/I
B Cro NO3ULUIO S, (Sz) . Takas TOnbpITKa MOXET YBCHYATHCA YCIIEXOM, €CIIN

B MO3MIMU m coaepkurcs ¢pumka. Eciu 0ba nmporecca NbITaloTCsS BOWTH B
KPUTHUYECKYIO CEKIIMI0 OJHOBPEMEHHO, TO IIEPEXOABl # W f, BCTYIAT B

KOH(JIMKT, U TONBKO OAUH U3 HUX CMOXET 3allyCTUTHCS. 3allycK f# 3alpe-

TUT 3aIlycK Mepexosa f, , BRIHY)KJas npouecc P, aaTh, Moka npouecc B

BBIMJIET W3 CBOCH KPUTHYECKON CEKIMH, U BO3BPATUT (PUIIKY 0OpaTHO B
MO3ULIUIO M .

4.4.4 3anaua o npousBoauUTeIe/MIOTPEOUTENE

B 3amaue o npousBoauTesne/moTpeduTeNne TakKe NPUCYTCTBYET pas/ersie-
MBI 00BEKT — Oy(ep, ToCpPeaCTBOM KOTOPOTO pealiu3yeTcsi B3aUMOICHCTBIE
4epe3 aCHHXPOHHYIO mepe/ady cooduieHuit. [Iporecc-mponu3BoanTeNs co3/a-
€T cooOIeHus, KOTophle noMeratorcsi B Oydep. [lorpedurens kaer, moka
coo0IIeHre He OyaeT moMenieHo B Oydep, M3BICKAeT €ro OTTy/Aa U HCIOIb-
3yer. Takoe B3aUMOICHCTBHE MOXKET OBITh MPOMOJICTUPOBAHO CeThI0 IleTpy,
n300paXeHHOM Ha pUcyHKe 4.9.

Mozummss B mpencrasnser Oydep, kaxaas Quiika coOTBETCTBYET CO-
OOIIEHHIO, KOTOPOE MPOU3BE/ICHO, HO €Ille He UCTIONB30BaHO.
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NpOU3BOAUTENb noTpebutens

nsBneyb

npon3BecTu B T 43 Bydepa

nocnaTb

MCnonb30BaTh
B 6ydep

Puc. 4.9. Cers Iletpu 1151 3a1a4u «IPOU3BOANUTEIH/TIOTPEOUTEIT
4.4.5 3anaua 00 odenaronmx pustocopax

B 3agaye 06 obenarommx ¢uocodax BO3MOKHA CHUTYyalusl, B KOTOPOH
Kaxaplid ritocod BO3BMET BWIIKY CiieBa, a 3aTeM OyAeT >KJaTh, Korja
0CBOOOIUTCS BHJIKA C TMPAaBOW CTOPOHBI. Tak OHU OYAyT KAaTh, MOKA HE
YMpPYT OT rosiona. TeM caMbIM, 3TO COCTOSIHHUE CHCTEMBI «oOenaromnue Qpu-
T0CO(BDY SBIACTCS MYNUKOGLIM.

[TpoGrema Tynuka B 3TOH CHCTEME MOXKET OBITH pelleHa MyTeM CIery-
Iolel MoauGUKAIMK ee MpaBua noBeeHus. [lycts Gunocod mpu nepexo-
JIe U3 COCTOSIHHS PA3MBIIUICHHUS B COCTOSHHE MPHEMAa MUIIH OepeT OfHO-
BpeMEHHO 00¢ BWJIKHU (CJIeBa U cripaBa), eciii oHu cBoOomHbL. Ceth [letpu
(pucynok 4.10) Mozenupyer Takylo MOAMGHINPOBAHHYIO cHCTeMY obena-
tormx (uocooB, CBOOOTIHYIO OT TYIHKOB.

B sroii cetn Iletpu mosumud 1, i€ {1, 2,3,4,5}, MIPEJICTaBIsIeT YCII0-
BHE « i — Tas BWIKa CBOOOIHa». B HauanbHOI MapKUpOBKe Ka)/ast U3 3THX
nozuimii umeer umky. Kaxmnomy ¢punocody i € {1, 2,3,4,5} COOTBETCTBY-
€T JIB€ MO3ULUM: NO3UIMA A, — IIPEICTaBIAIONIas YCIOBUE « i -ThIi (uio-
co yMaeT»; U MO3ULUsl €, — IPECTaBIIAIONIAs YCIOBUE « i ~ThIH (umocod
ecT». B HauanbHON MapKUPOBKE BCE IO3MUILMU JI, COAEPXKAT (PUILKY, a BCE
HO3ULUH €, IYCTHL.

Kaxnomy ¢unocody i € {1, 2,3, 4,5} TaK)Xe€ COOTBETCTBYET JIBa MEPEXO-
Jia: Iepexo]] Hay, — IpeJCTaBIIIOMUI cOObITHE «HAYAJIO IPHeMa MUY | -
ThIM (pustocoom»; U mepexon 3aB, — MPEICTaBIAIONIMN COObITUE «3aBEp-
IICHUE TIPUEMa MTUIIH { -ThIM (Qrmocodom.

124



/

Puc. 4.10. 3amaua 06 obemaronux unocodax

4.5 Ananms cereii Iletpn

MonenupoBanue cucreM cerssmu Ilerpu, nmpexae Bcero, 00yclIoBICHO
HEOOXOMMOCTBIO0 TIPOBEACHUS IIyOOKOr0 MCCIEIOBaHMSI UX IOBEICHHUSI.
Jlns mpoBesieHHsT TaKOro HCCIIEIOBaHUS HEOOXOAMMBI METOIbl aHaIHu3a
cBOMcTB camux cerelt Iletpu. DTOT moaxon mpeanongaraeT CBEAECHUs HC-
CIEJIOBaHUSl CBOMCTB peaJbHOM CHCTEMBl K aHAJIH3y ONpPEAETIEeHHBIX
CBOWCTB Mojenupyromei cetu Ilerpu.

4.5.1 CeoiicTBa cereii Iletpn
Mosunuss p € P ceru Iletpu N = (P, T,1 ,0) C Ha4aJIbHON MapKHUpOB-
KO 4 sBISeTcs k -OrpaHUYEHHOH, eCIH u'( p) <k nms moboit noctu-

KUMON MapKUPOBKH fi' € R(N , y). ITo3unus Ha3bpIBaeTCsl OrpaHUYEHHOM,

€CJIM OHa SIBJISIETCSI k -OTpaHWYEHHOM Il HEKOTOPOT'O IIEJIOr0 3HAYEeHHs k
. Cers Iletpu orpannyeHHa, eclid Bce €€ MO3UIUU OTPaHUYEHHBI.

Mosunuss p € P ceru Iletpu N = (P, T,1 ,0) C Ha4aJIbHON MapKUpOB-
KOW L sIBIsIETCSl GezonacHoll, eciiv OHa siBisiercst 1-orpannyenHol. CeThb
[etpu 6e3zonacua, ecau Ge30NMACHBI BCE TIO3UITUU CETH.
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Certs Iletpu N = (P, T,1 ,0) C HayaJIbHOM MAapKUPOBKOM 4 sBISETCA

coxpansiiowjetl, eCiti Ui TF000N JOCTIKUMON MapKUPOBKH L' € R(N , y)

CHpaBeZ[J'H/IBO cnez[ylomee paBeHCTBO.
2#’(P) = Z}I}ﬂ(ﬁ)ﬂ'(ﬁ)'
PE PE

Tynux B cetn Ilerpn — oAMH MM MHOXKECTBO TEPEXOIOB, KOTOPHIE HE
Moryr ObITh 3amymieHsl. Onpexenum mis cetu [letpu N ¢ HavyambHOU
MapKUPOBKOH 4 CHEAYIOIIUE YPOsHU AKTUBHOCTH IIEPEXOJIO0B!

Ypoeens 0. Tlepexon t obmanmaer axkmusrHocmoio yposHs 0 v Ha3bIBaCT-
Cs1 MEPMBbIM, €CITH OH HUKOT/Ia HE MOXKET OBITH 3aITyIIEeH.
Ypoeensv 1. Tlepexon t obmamaetr akmusHocmvio yposHs | v Ha3bIBaET-

CSL NOMEHYUANLHO JICUBLLM, €CTH CylecTBYeT Takas u' € R(N, p), uto ¢
paspemi€éa B u' .

Vposensv 2: Tlepexon t, obnamaer axmusHocmuvlo ypoeHs 2 W Ha3bIBa-
eTCsl JIcuBbIM, €CIIH JUIS BCIKON 1’ € R (N , u) nepexon ¢ SIBIsIeTCs MOTEH-
[IUATILHO UBBIM 11151 ceT [leTpu N ¢ HayaibHOM MapKUPOBKOU 4 .

Certs Iletpu Ha3bIBaeTCs J#CUB01, ECTIH BCE €€ MEPEXOABI SBISIFOTCS KHU-
BBIMH.

3aoaua oocmusicumocmu: [l nanHoii cern [letpu ¢ MapKUpOBKOH L
Y MapKUpPOBKH 4’ omlpenenuth: u' € R (N, u) ?

3aoaua noxpwisaemocmu: J{ns nannoi cern Iletpy N ¢ HavambHOU
MapKUPOBKOH 4 W MApKUPOBKH L' OINpENENHTh, CYIIECTBYET JH TaKas
JOCTIKUMAst MAPKUPOBKaA Li” € R(N , y) ,uro "> u' .

(OtHowrenne 4" >y’ WCTHHHO, €CIHM KAXABIA 3JEMEHT MapKHPOBKH
4" He MEHbIIIEe COOTBETCTBYIOIIETO 3JIEMEHTa MAPKUPOBKHU L' .)

Cetn Herpn MPUCYILIE HECKOTOPOEC MOBEACHUE, KOTOPOC OMPEACIISACTCIA
MHOXKECTBOM €€ BO3MOXKHBIX IOCJIEIOBATEIHHOCTEH 3aITyCKOB IIEPEXO/10B
WK €€ MHOXCCTBOM JOCTHKHUMbIX MAaPKUPOBOK. IlonsiTre PKBHUBaAJIEHTHO-
CTU ceTei HeTpI/I OMpPEACLIACTCA YCPE3 PABCHCTBO MHOXKCCTB JOCTUKUMBIX
MapKHUpOBOK.

Cers Iletpu N :(P,T 1 ,0) C HayvaJbHOM MapKUPOBKOM 4 U CeTh
IMerpu N' = (P',T NI, O') C HaYaJIbHON MapKUPOBKOW 1 IKBHBAJICHTHBI,

€CIIU CTIPaBEIIUBO R(N,u) = R(N',u') .
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[MoHsATHE 3KBUBAJIEHTHOCTU ceTeil [leTpu MOKeT OBITH OMPENEICHO
TaKKe 4epe3 paBEHCTBO MHOXECTB BO3MOXKHBIX MOCIEN0BATENBHOCTEN 3a-
IYCKOB TIEPEX0JI0B.

Bonee cmabbiM, IO CPaBHCHUIO C SKBHUBAJCHTHOCTHIO, SIBIISCTCS CBOM-
CTBO BKIIOYEHUs, ONPEEIIEHUE KOTOPOr0 COBIMAJIAET C ONMPEEIEHUEM K-
BUBAJICHTHOCTH, C TOYHOCTBIO JIO 3aMEHBI = Ha C.

4.5.2 MeToanl aHAIN3A.

OcoOpIii UHTEpEC BBHI3BIBAIOT METOJIBI aHAJHM3a CBOWCTB ceteit [lerpw,
KOTOpBIE 00eCIeYrBalOT aBTOMATHIECKUI aHAIU3 MOACIUPYEMBIX CHCTEM.
CHauana paccMOTpUM MeToA aHanu3a cereil IleTpu, KOTOpsIii OCHOBaH Ha
HCTIONB30BAHUY 0epesa 00CMUNICUMOCITIU.

Hepeeo oocmusrcumocmu

JlepeBo JOCTHXKMMOCTH TPENCTABISIET BCE JTOCTHXKMMbIE MapKHUpPOBKH
ceru Ilerpu, a TakKe — BCe BO3MOKHBIE MOCIIEIOBATELHOCTH 3aITyCKOB €€
TIepex 0/I0B.

Ipumep. YactuyHoe NEepeBO JOCTHKUMOCTH MapKHPOBAaHHOHW CeTH
[Metpu nzo0paxkeHo Ha pucyHke 4.11, a, a YaCTUYHOE IEPEBO JOCTIKUMO-
CTH 7151 TPEX IIAroB IOCTPOEHMS MMeeT BUJ (pucyHok 4.11, 0).

. (1,1)
A
] X (2,0) (0,2)
4 X
(1,1) (1,1)

D Y

Pe (2,0) (0,2) (2,0) (6,2)
a 0
Puc. 4.11. YacTHoe AepeBO AOCTHAKUMOCTH 11 MapPKUPOBAHHOM
ceru Iletpu

Z[J'IH CEeTU HeTpI/I C 6eCKOHe‘IHI>IM MHOKECTBOM JOCTUIKUMBIX MAapKHUPO-
BOK ICPEBO JOCTHKHUMOCTHU ABJISACTCA 6€CKOHe‘IHI>IM. Cetb HeTpI/I C KOHECY-
HbBIM MHOXCCTBOM INOCTHKHUMBIX MAPKHUPOBOK TAKIKE MOXKET UMETh 6ec1<0-
HEYHOE JICPEBO JOCTMKUMOCTH. [ IpeBpalieHuss OECKOHEYHOTo JiepeBa
B MOJIE3HBIA HHCTPYMEHT aHAJIN3a CTPOUTCS €r0 KOHEUHOE MPEICTaBICHHE.
HpI/I MOCTPOCHHUU KOHCYHOI'0 AC€peBa AJOCTHIKUMOCTU [Jid 0603Ha‘IeHI/IH
6eCKOHe‘IHOFO MHOYKECTBA 3HAYECHUN MAapKHUpPOBKHU MO3UIINKU HCTIOJIB3YCTCSA
CUMBON @ . Takke UCMOJB3YIOTCS CIEAYIOIIUE HIDKE Ofepalvyu Haa o ,
ofpeeNsIeMbIe JIs JTFOOOr0 OCTOSHHOTO ¢ .

o-a=w, 0+ta=w, a<w, OlO.
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Aneopumm_nocmpoenus xoneunozo _depesa_oocmudicumocmu. Kaxnas
BEpIINHA JIepeBa TOCTHXKUMOCTH KIIaCCU(PUIIMPYETCs alNrOpUTMOM M Kak
2panuyHas BEPILIVHA, MepMUHAIbHAS BEPIIMHA, JyOaupylowjdasi BepIIHa,
WIN KaK 6HympeHHss BeplINHA. AJTOPUTM HauMHAET paboTy c ompexaerne-
HUSl HAa4aJIbHOM MAapKUPOBKM KOPHEM JAEpeBa, U 2pPaHuy¥HOU BEPUIMHOM.
OpyH HIar aropuTMa COCcTOMT B 00pabOTKe rpaHNYHON BepIUUHEL [lycTh
X TpaHWYHas BEpIIMHA, TOraa e€ 00paboTKa 3aKIII0YaeTCsl B CIEAYIOMEM:
1) Ecnu B nepeBe umeercst Ipyrast BEpIIMHA ) , HE SBIISIOMANCS TPaHUY-

HOU, U ¢ Hell CBsI3aHa Ta K€ MapKUPOBKa, u[x] = u[ y] , TO BEpIIHHA
X CTaHOBUTCS 0yOupyrouetl.
2) Ecnu s MapKUPOBKH u[x] HH OJTUH U3 MEPEXOJI0B HE paspellieH, TO

X CTAaHOBUTCS MEPMUHATLHOU.
3) B mportuBHOM citydae, Ui BCIKOro mepexoja ¢ € I, pa3penieHHoro B

u[x], co3maérest HOBasl BepIIMHA Z JiepeBa JOCTHXHMOCTH. Mapku-
poBKa L [z] , CBSI3aHHAS C ATOW BEPIIMHOMN, OMPEASSECTCS Al KaXI0i
nosuimu p € P cneayroum obpa3om:
3.1) Ecim u[x](p) =wm,TO u[z](p) =o.
3.2) Ecnu Ha yTH OT KOPHEBOW BEPIIMHBI K X CYIIECTBYET BEpPIIMHA ) C

U [ y] < ' (tme p' — MapKUpOBKa, HETIOCPEACTBEHHO JIOCTIKUMAs U3

p[x] mocpencrom samycka nepexoma t) u u[y|(p)<p'(p), 10
1[z](p)= . (B s1om ciyuae nocien0BaTEIEHOCTS 3AITyCKOB Tiepe-

XOJIOB, BEyIlasi U3 MapKUPOBKU L [ y] B MapKHUPOBKY L', MOXET He-
OIPAaHMYEHHO IMOBTOPATHECSI ¥ HEOTPAHUUEHHO YBEIUUYMBATH 3HAUCHHE
MAapKUPOBKH B TIO3UIIMK p .) B npoTuBHOM ciiydae [z] ( p) =u ( p) .

4) Crpourcs Iyra ¢ MOMETKOW ¢, HATPaBJICHHAS OT BEPIIMHBI x K Bep-
mvHe Z . BeplnHa x CTaHOBUTCS HympeHHel, a BEpPIIUHA Z — 2pa-
HUYHOI.

Takast 00paboTKa aJrTOPUTMOM TPAaHHYHBIX BEPIIUH MPOIOIIKACTCS IO
TEX IOp, TOKa BCE BEPIIUHEI IEpEeBa HE CTAHYT TEPMHUHAIBHBIMHU, JTyOIH-
PYIOIIMMHU WM BHYTPEHHUMU. 3aT€M aJrOPUTM OCTAHABIUBAETCS.

BaxxnelmuM CBOWCTBOM ajropuTMa IOCTPOEHUS KOHEUYHOI'o JepeBa
JIOCTHXKUMOCTHU SIBJISIETCS TO, YTO OH 32 KOHEYHOE YMCIIO IIaroB 3aKaH4U-
BaeT padoTy.
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Tlpumep. Koneunoe nepeBo goctuxumoctu cetu [lerpu.

Cetb HeTpI/I Koneunoe ACPEBO JOCTUIKUMOCTH

(1,0,1,0)
{°

P2
ot o e
t.
P1 h Pa *2
‘ o (1,0,1,0)
FER

P3 ts
(1,0,0,0) (1,w,0,1)
t
(1,w,1,0)
Puc. 4.12. KoneuHoe nepeBo JOCTHKUMOCTH

BaxxnelmuM CBOWCTBOM ajropuTMa IMOCTPOEHHUS KOHEUHOI'o JepeBa
JIOCTHKUMOCTH SIBJISIETCS TO, YTO OH 32 KOHEYHOE YHCIIO IIAaroB 3aKaH4H-
BaeT paboty. Jloka3aTenbsCTBO OCHOBAHO Ha TPEX JIeMMax.

Jlewma 1. B moboM OecKOHEYHOM HaNpaBlICHHOM JAEPEBE, B KOTOPOM
KaXkaas BEpIIMHA MMEET TOJIbKO KOHEYHOE YHCIO HEMOCPEACTBEHHO IO-
CIIEIYIONIMX BEPIIUH, CYIIECTBYET OCCKOHEYHBIH IyTh, MCXOMSIIMA 13
KOpHSL.

Hoxazamenvcmeo. Ilycts x, KOpHeBas BepIinHa. IIocKOIbKY UMeeTCs

TOJIBKO KOHEYHOE YHCIIO HEIOCPEICTBEHHO CIEAYIONINX 33 X, BEPIIUH, HO
ofliee YUCIO BEPUIMH B JiepeBe OECKOHEUYHO, MO KpaiHeld Mepe, ofHA W3
HEIOCPE/ICTBEHHO CIEAYIONINX 32 X, BEPIIMH JOJDKHA OBITH KOpHEM Oec-
KOHEYHOro TojyiepeBa. BribepeM BepIInHY X, , HEMOCPEACTBEHHO CIEMY-
IOIIYIO 33 X, , U SBILIOIIYIOCS KOPHEM OECKOHEYHOro mojnepena. Tenepb
OJIHA M3 HEMOCPEICTBEHHO CIIEAYIONMX 332 Hel BEPIIMH TAKXKE SBJISIETCS
KOpHEM OECKOHEYHOrO TOAJIEpPEeBa, BEIOEPEM B KaueCTBE TAKOW BEPIIUHBI
x, . Ecnm mponomkath 3TOT mpormece G6eCKOHEYHO, TO MOTYYHM OecKoHed-

HBII ITYTh B JIEPEBE — X, X, Xy5eues X, onee

n
Jlemma 2. Bcesikas OecKOHEUYHAs IOCIEAOBATEIBHOCTh HEOTPHUIIATEIb-
HBIX TENBIX COJEPKHUT OECKOHCUHYIO HEYOBIBAIOIIYIO MOCIIEIOBATENb-
HOCTb.
Hoxazamenvcmso. BOo3MOXXHBI 1Ba cIydas:
1) Ecnu xakoi-mu00 3JIEMEHT IMOCIEI0BATSIFHOCTH BCTpeUaeTcss OecKo-

HEYHO 4aCTO, TO IIYCTb X, SBJISICTCS TAKUM 3JIEMCHTOM. Torna Oecko-
HEYHasA NMOoANOCICAOBATCIbHOCTD X, Xy,...,X;... SBJISACTCA OecKoHeY-

HOH HeyOBIBaroIel OAIOCIIE0BATEILHOCTEIO.
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2) Ecnm HUKako# SNeMEHT He BCTpedaeTcss OECKOHEYHO YacTo, TOr/ia Kax-
JIBII 2JIEMEHT BCTPEYaeTCst TOIBKO KOHEUHOe uncio pas. [lycrs x, - mpo-
M3BOJIBHBIN DJIEMEHT MOCIeNoBaTeNbHOCTH. CyIIECTBYET caMoe Oorbiiiee
X, LJBIX, HEOTPULATEIEHBIX U MEHBIINX, YEM X, (O,...x0 —1) , IPAYEM
Ka)K/IbII M3 HUX TIPUCYTCTBYET B MOCJIEA0BATEIBHOCTH TOJMBKO KOHEUHOE
yuciio pa3. CreoBaTelibHO, MPOIBUTASICh TOCTATOYHO JIOJTO MO MOCIe-
JIOBATEIIEHOCTH, MBI JIOJDKHBI BCTPETUTH MIEMEHT X, X, 2 X,,. AHAJIOIMY-
HO JIOJDKEH CYII[ECTBOBATh B MOCIEAOBATEIEHOCTH X,,X, = X, , H T. 1. OTO
ompesiensieT  OSCKOHEUHYIO  HEYOBIBAIONIYIO  IOCIIEI0BATELHOCT
XooX s Xyseues X, yene.

Takum 00pa3zom, B 000UX CcITydasix OECKOHEUHAasI HeyOBIBAOIIAs TTOIITO-
CJIEI0BATENILHOCTD CYIIECTBYET.

Jlemma 3. Besikast GeckoHeuHast TOCIEI0BATEIBHOCTL 71 ~-BEKTOPOB HaJl
pacCUIMPEHHBIMA CHUMBOJIOM (0 HEOTPUIATENbHBIMH IEIBIMUA COAEPIKUT
OeCKOHEUHYIO HEYOBIBAIOIYIO TOMOCIIEA0BATELHOCTb.

Hoxazamenvcmso. JlokaspiBaeM WUHIAYKIMEH MO 71, TAE n - pa3Mmep-
HOCTh BEKTOPHOI'O MIPOCTPAHCTBA.

1. bazoswiii ciyuai (n = 1) . Eciin B mocnenoBarensHOCTH nMeeTcs Oec-

KOHCYHOC YHMCJIO BEKTOPOB BUad <CO> , TO OHU o6pa3y10T 6ec1<0HeqHy10 HEC-

yOBIBAIOIIYIO MMOCIIE0BATENLHOCTH (TaK KaK CIpaBeyiuBo @ < @ ). B mpo-
THUBHOM ciTyyae OECKOHEUHas MOCJIeI0BaTeIbHOCTh, 0Opa30BaHHAS yaaje-

HHUEM KOHCYHOI'O 4YHCJia 3K3CMILIAPOB <CO>, HUMECT 63CKOH€‘IHyIO HGY6H-

BAIOIIYIO IOANOCIEIOBATEIBHOCTb.

2. Unoyxmuenoe npeononosicenue. (Jomyctum, 4ro meMma BepHa JUIs
n JOKaxeM e€ cIpaBeIMBOCTb s 7+ 1.) PaccMoTpuM nepByro koopau-
Haty. Ecnu cymiecTByeT 6€CKOHEYHO MHOI'O BEKTOPOB, HMEIOLINX B Kaye-
CTBE TICPBOW KOOPJIMHATHI () , TOTJAa BhIOEpEM 3Ty OCCKOHEYHYIO IMOJIIO-
CIIeIOBATENILHOCTD, KOTOpasi He yObIBaeT (MMOCTOSIHHA) MO MEPBOM KOOPIH-
Hate. Ecny TONBKO KOHEYHOE YHCIO BEKTOPOB UMEIOT @ B Ka4yecTBE Mep-
BOW KOOPIUHATHI, TO PACCMOTPUM OECKOHEUHYIO MOCIIEA0BATEIBHOCTD Iie-
TIBIX, SBJSIOIIMXCS 3HAYCHUSIMU MEepBbIX KoopauHat. [To memme 2 3ta mo-
CIIeIOBATEILHOCTh MUMEET OCCKOHEUHYIO HEYOBIBAIOIIYIO MOAMOCIE0BA-
TenbHOCTh. OHa ompexenser OeckoHeuHyro [lociemoBaTeNnbHOCTh BEKTO-
POB, KOTOpBIE HEe YOBIBAIOT MO CBOCH MEPBOM KOOPIUHATE.

B mr000M ciydae Mbl HIMEEM MOCIE0BATEIBHOCTh BEKTOPOB, HEYObI-
BaIOIMX MO MEpBOi KoopuHaTe. [I[pUMEHUM WHAYKTHBHOE HPE/MOI0Ke-
HHE K TOCJTEI0BATEIBHOCTH # -BEKTOPOB, KOTOPAs MONy4aeTcsi B Pe3ylib-
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TaTe OTOpachIBaHUS TEPBOM KOMIIOHEHTHI n+ 1-BekTopoB. IlomydeHHas
TakuM 00pa3oM OeCKOHEYHas MOJIIOCIEIOBATEIILHOCTD SIBJISICTCS HEYOBI-
BArONIEH MO K10 KOOpJUHATE.

TeopeMa . [lepeBo noctmxumocty cetu [leTpu koHeuHo.

[oxazamenvcmeo. JlokaxkeM METOIOM OT MPOTUBHOTO. JomycTrm, 4To Jie-
PEBO TOCTIKMMOCTH OeckoHeuHo. Torma mo ieMme 1 (M Tak Kak Yuciio BEPIIYH,
CIIEITYFOIIMX 32 KAXKJIOW BEPIIMHOW B JICPEBE, OTPAHNYCHO YKCIIOM IEPEXO0II0B
m ) B HEM UMeeTcsl OECKOHEUHBIH MyTh X, , X, , X, ,. .. , ICXOIAIMHA U3 KOPHA X, .

Torma u,[xo], u[xl], y[xz],... ,... - OECKOHeuHas IIOCJIeOBATENbHOCT 71 -
BEKTOpOB. HaJ Nat U {w} , @ 110 JIeMMe 3 OHa UMeeT OECKOHEUHYIO HeyObIBato-
IIYI0 IOMNOCIIEA0BATEIEHOCTD u,[xko]ﬁu[xkl]ﬁu[x“]ﬁ.... Ho mno mo-
CTPOGHHIO JIepeBa IOCTHIKUMOCTH 1 [x, | # pt [x j] (s i # J ), MOCKONBKY TO-

TJIa OJIHA V3 BEPIIMH ObUIa ObI TyOIUPYOIICH U HE MIMeNTa CIICTYFOIIHX 3a COO0M
BepumH. CrieioBaTelbHO, 9T0 OECKOHEYHasl CTPOro BO3pACTAIOIIask MOCIeI0Ba-

TelbHOCTh 1, [ X, | < pt[x,,] < p[x,,]<.... Ho no moctpoemmo, Tax xax
MEARY? [x j] HAM CIIeJIOBATIO Ol 3aMEHHTH TI0 KpaiiHeil Mepe OlHy KOMIIO-
HEHTY ﬂ[xj] , He SIBJISIIONIYIOCS (0 , HA (0 B ﬂ[xj] . Taxum oGpasom, 1[x,, |
HMEeT 110 KpaiiHell Mepe OJIHy KOMIIOHEHTY, SBISIOmytocs @ , [ x,, | umeer
10 KpaiiHel Mepe JIB€ @ -KOMIIOHEHTHI, a L [x,m] HUMeeT TI0 KpaliHel Mepe 7
@ -KOMIIOHEHT. TT0CKONBKY MapKHpOBKM 1 -MepHble, fi[x,, | uMeer Bo Beex

KxommonenTax @ . Ho torna y u|x,,,, | e moxer 6brrs Gombine 4[x,, | . Hpu-

IIUIY K IPOTHBOPEUHIO, YTO JIOKA3bIBAET TEOPEMY.
4.5.3 Anasmms cBoiicTs ceteii IleTpu Ha ocHOBe epeBa JOCTHKHUMOCTH

Amnanus 6ezonacnocmu u ocpanuyennocmu. Cets Iletpu orpaHnueH-
Ha TOTZla U TOJIBKO TOrJa, KOTa CUMBOI @ OTCYTICIBYET B €€ JIEpPEBE J0-
CTHKHMOCTH.

[TpucyrcTBre cMMBONIa @ B JepeBE AOCTHXKUMOCTH ( 1 [x]( p) =0 14
HEKOTOPOH BEpIIMHBI X M MO3HIMK p ) O3HAYAET, YTO IS IPOM3BOIBHOTO

MOJIOKUTENBHOTO TIENOT0 Kk CYHIECTBYCT OOCTHXKHMMAs MAapKUpPOBKa CO
3Ha4YCHUCM B MNO3uUu p, 6OJ'H>H_II/IM, uyeM k (a TaKke OECKOHEYHOCTh

MHOXECTBa JOCTHXKHUMBIX MapKI/IpOBOK). 9TO, B CBOIO O4Y€p€Ab, O3HAYACT
HCOIrpaHUYCHHOCTb MO3UIUN p , @ CJICAOBATCIIBHO, U caMou ceTu HeTpI/I.
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OTcyTCTBHE CUMBOJIA @ B JIEpEBE JOCTIKUMOCTH O3HAUYAET, UTO MHO-
KECTBO JIOCTIDKMMBIX MapKHpPOBOK KOHeuHO. CIemoBaTeNbHO, MPOCTHIM
nepebopoM MOXKHO HAMTH BEPXHIOIO T'PAHUILY, KaK IS KaKIOHW IMO3HUILUH B
OTZAEJIBHOCTH, TaK W OOIIYI0 BEPXHIOI T'paHMIly Uil BceX nosuumid. Ilo-
ciieiHee O3HavyaeT orpaHuueHHocTh cet [lerpu. Ecim rpanmma mis Bcex
no3uimii paBHa 1, To cetb Ilerpu Ge3omacHa.

Ananuz coxpanenusa. Tak Kak JepeBO JOCTUKUMOCTH KOHEUHO, JJISt
Ka)X/I0OW MapKHPOBKH MOXKHO BBIYHCIIUTH CYMMY Ha4ajbHOW MapKHUpPOBKH.
Ecnmn 5Ta cymMmma onuHaKoBa AUl KaXKIOW JOCTHXKUMOW MapKHPOBKH, TO
cets [leTpu siBisieTcst coxpaustronieid. Ecimu cymMMBbl He paBHBI, CETh HE SB-
nsieTcst coxpanstonield. Ecim MapkupoBka HEKOTOPOH MO3MIMK COBITA/IACT
C @ , TO 3Ta MMO3UIMS JOJDKHA OBUT MCKITIOUEHA U3 PACCMOTPEHUSI.

Ananuz nokpwieaemocmu. 3anada NOKPHIBAEMOCTH TpedyeTcs Juis 3a-
JMAHHOW MAapKUpPOBKH (' ONpPEJENUTh, TOCTHXKHUMA JIH MapKHUPOBKA

u"> p' . Takas 3amavya pemiaercs myTéM MPOCTOro mepedopa BepIIUH Jie-
peBa nocTkUMOCTH. [Ipu 3TOM ulleTcst Takas BepUIMHA X , UTO U [x] >u'
. Ecniu Takoii BepIIUHBI HE CYIIECTBYET, TO MAPKUPOBKA 1 HE SIBIACTCS
nokpeiBaeMoil. Ecnu oHa HaiineHa, To u[x] ONpPEAEIAET MOKPBIBAIOIILYIO

MAapKHupOBKY U1 y' . Ecim xommonenTa MapKHUpOBKHU y[x], COOTBCT-
CTBYIomias HeKOTOpOﬁ nmo3uguu  p CoBHaAa€T ¢ @ , TO KOHKPETHOC eé

3HAUYEHHE MOKET OBITh BEIUUCIEHO. B 3TOM CJ1ydyac Ha IyTU OT HavaJibHON
MAapKHUpOBKH K HOKpBIBaIOHIefI MapKHUpPOBKE UMECTCA IMOBTOPSAIOMIAACA I10-
CJICAOBATCIBHOCTL TIEPEXOA0B, 3aIlyCK KOTOpOfI YBCIIMYUBACT 3HAYCHUC
MAapKupOBKHU B MO3UIIUU p . Yucno Takux HOBTOpeHI/Iﬁ JOJIDKHO OBITH Ta-

KUM, 9TOOBI 3HAYEHHE MAPKUPOBKU B MO3MIMH p NPEB3OILIO WIM CPABHS-
JIOCh C u'( p) .

Ananusz sncueocmu. Ilepexon t ceru Ilerpu sBIseTCSs NMOTEHUUAIBHO
YKHMBBIM, TOTJIa U TOJILKO TOT/IA, KOTJIa OH METHT HEKOTOPYIO YTy B JIepeBe
JIOCTHKUMOCTH 3TOW CETH.

JlokazaTeabCcTBO OUYEBUITHO.

Ozpanuuennocmp memooa oepesa oocmuyicumocmu. Kax BunHo u3
TIPE/BIAYIIEr0, EPEBO JOCTHKUMOCTH MOKHO HCIIONIb30BATh JUIS PEIICHUS
3a1a4 0€30MacHOCTH, OTPaHUYEHHOCTH, COXPAaHEHHs W MOKphIBaeMocTH. K
COXKaJICHHIO, B OOIIEM CiTydae ero HeNb3s MCIONb30BaTh JUIS PEIIeHUs 3a-
Jlad TOCTM>KUMOCTH M aKTUBHOCTH, SKBHBAJIEHTHOCTH. PemieHune sTHx 3a-
Jlad OrpaHUYEHO CYIECTBOBaHHEM cUMBOJIA @ . CHMBOJI @ O3HA4Yaer I10-
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TEPIO I/IH(l)OpMaHI/II/IZ KOHKPETHBIC KOJINYCCTBA (l)I/IHIeK OT6paCI>IBaIOTC$I,
YUYHUTBIBACTCA TOJIBKO CYHICCTBOBAHUEC UX OOJBIIIOro YKca.

4.5.3 MaTpu4Hble ypaBHeHHSs

Jpyro# nonxon k aHanuzy ceteil [lerpu ocHOBaH Ha MaTpUYHOM TPE-
cTaByieHnH cerell IleTpu M pemeHUM MaTpUYHBIX ypaBHEHHH. AJbTepHa-
TUBHBIM 110 OTHOIIEHUIO K onpeaeneHuro cetu lIletpy N B BuIe

(P,T,1,0) sBnsiercst onpesienelne cetn N B BHAE ABYX Marpuil D~ u
D", npecTaBISIOMUX BXOAHYIO W BeIXOAHYIO (yHKimu I u O . Ilyctsb
KaJas u3 Matpunl D~ u D umeer m = |T | CTPOK (I10 OJJHOI Ha Tepexon)
un= |P| | cron6uos (110 OTHOMY Ha TIO3HITUIO).

Martpuunbiii  Bua cetu lletpy N = (P, T,1 ,0) 3amaércs  mapoi
(D',D+), rae

D_[k,i] = A#(pl.,t,{) — KpPaTHOCTb AYTH, BeAyLIEH U3 MO3ULIUH p, B
nepexon ¢, ;

D+[k,z'] =#A( pl.,tk) — KpaTHOCTb IYTH, BEIyIIEH W3 mepexoga f, B
HO3ULUIO P, ,

JUTSE IPOM3BONBHBIX 1<k <m, 1<i<n.

ITycts e[k] - m-BEKTOp, k -ThIi 3JIEMEHT KOTOpOro paBeH 1, a
octanbHble paBHbl 0. [lepexon ¢,,1<k <m, B MapKUpOBKE f pa3pelleH,
eciam U Ze[k]D‘. Pe3ynpraToM 3alycka pa3pelI€HHOrO Ilepexoja f, B
MapKUPOBKE (4 SBJISCTCS CIeAyIoNIas HIKE MapKUPOBKa 4 :

p'=p—e[k]|D +e[k]|D" = u+e[k]|D,

rne D= (D+ —D') - COCMABHASL MAMPUYA USMEHEHUI.

KonTponbsnbie Bonpocsl

1) Cdopmymupyiite onpenencHue cetu [lerpu.

2) JlaiiTe TeOpETUKO-MHOXKECTBEHHOE OIpesienieHue cetel [letpu.
3) Uro takoe rpads cereti [lerpu?

4) TIIpaBuna Mapkuposku Cereii [TeTpu.

5) TIlpasuna BeimonHeHus cereit [lerpu.

6) TexHonTHsA MOJEITUPOBAHUE CHCTEM Ha OCHOBE cereid [lerpu.
7) CoObiThst 1 ycioBus B cersix [lerpu.
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8)
9)

10)
11)
12)
13)
14)
15)
16)
17)
18)

Mopenb 0JHOBPEMEHHOCTH M KOH(UINKTA B ceTsix [lerpu.
MopenvpoBaHue MapaieabHbIX CHCTEM B3aUMOJIEHCTBYIOMINX MIPO-
1eccoB ocHoBe cetelt Ilerpu.

MonenupoBaHue I0CIe10BaTENbHbIX IIPOLECCOB OCHOBE cereil IleTpu.
MopenrpoBaHue B3auMOAEHCTBUS ITpo1ieccoB ocHOBe cereil [lerpu.
3amaua 0 B3aMMHOM HCKJIIOUSHUH.

3ajada o mpousBoAuUTENe/moTpedurene.

3amaua 00 obenaromux ¢uaocodax.

3anauu aHanu3a cereii [letpu

Mertonsl ananu3za ceteit [lerpu.

Ananu3 cBoiicTB cerell [leTpu Ha ocCHOBE nepeBa JOCTHXKMUMOCTH.
Matpuunsle ypaBHeHus cetu [letpu.
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12.

13.
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