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V3nam p n q Tpebyetca nepeaaTb APYr APYry MOTOKM [AHHbIX INp, iNg,
3anucas VX B MacCuBbl outy U out, COOTBETCTBEHHO

Kak nokasaTb, 4TO paCI'Ipe,ELe)'IéHHbIM MPOTOKOJT Pa34BNXXHOIO OKHa
NpPaBWJIbHO pewaeT NOCTaBJIEHHYHO 3a)1at4y?
MoyxHO mocTaBUTb BOMPOC Wnpe:

A Kak B LIeJIOM MOXHO [10Ka3blBaTb KOPPEKTHOCTb pacnpenenéHHbIX
anropuTmMoB?
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CsowcTBa 6e30MacHOCT N XXNBOCTU

MNoBeneHne pacnpenenéqHoro anroputma (8 Tom yucae BSWP) 3apaétcs
CUCTEMOI NEPEXO0B, N ANt 0OOCHOBAHWS CBOWCTB NPaBUIbHOCTY
noBefeHNst aaropnuTMa JOCTaTOYHO

» cchopmynnpoBaTh 3TU CBOWCTBA OTHOCUTENBHO COOTBETCTBYHOLLEN
CUCTEMbI NMEPEXOOB 1

» 0Ka3aTb, YTO 3Ta CUCTEMA NMEPEXOIOB YAOBNETBOPSIET
chopmMyNnMpoBaHHOMY TaK CBOWCTBY

CBONCTBOM TEX MWW NHbIX 0OBEKTOB (HanpuMmep, KOHMUrypauuii nan CUCTem
nepexofoB) BynemM Ha3biBaTb NPOMN3BOJILHOE MHOXECTBO P TaKux 06BHEKTOB:
00beKkT x obnajaeT ceolictBom P, ecam x € P

CooTHolleHue x € P ana ceolicTBa P byaem Takke 3anucbiBaTh B Buae P(x)

CgolicTBa 06beKTOB OyaemM eCcTecTBEHHbIM 0Opa3oM NpefCcTaBAsTb B BUAE
yTBepXAeHWlA, pa3buBatolnx obbeKkTbl Ha obnagatoLine 3TUM CBOCTBOM
(Te, N5 KOTOPLIX YTBEPXKAEHNE BEPHO), 1 He obnagatoiive (Ans KOTOPbIX
yTBEpXKAeHe HEBEPHO)
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CsowcTBa 6e30MacHOCT N XXNBOCTU

Jns NakoHWYHOW 3anucu yTRepXKAEHWA nHoraa byaemM Mcnofb3oBaTh
3/1EMEHTbI A3blKa JIOMMKN NPEANKATOB:

» (P1 & P>): BepHbl 06a yTBepKAeHns P n P

(P1 VvV P>): BepHO x0TA Obl OAHO M3 yTBEPXAEHUA P1, Po

(—P): yTBepxaeHne P HeBepHO

(P1=P>): ecnn BepHO yTBepXKAeHNEe P1, To 0053aTeNbHO BEPHO U P
(

Vx € X : P): pnsa noboro anemeHTa X MHoxxecTBa X BEPHO
yTBep>XaeHne P

» (dx € X : P): cyllecTByeT aneMeHT X MHoxecTBa X, AN KOTOPOro
BEPHO yTBepKaeHune P

..... Qn:P)=(WxeX:(Q1&...&Q,=P))
..... Qn:P)=(WxeX:(Q1&...&RQ0n&P))

lMpuoputeTbl onepauunii no ybbiBaHuto: —; &; V; =; V n 3
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CsowcTBa 6e30MacHOCT N XXNBOCTU

NA(S) — Tak byaem 0603Ha4YaTb MHOMECTBO BCEX AOCTVXUMbIX
KoHdburypauuia c.n. S

M(S) — Tak byaem 0603Ha4aTb MHOXECTBO BCEX BbIYMUCIEHWA C.M. S

CgolicTBO cucTem nepexoanos Sn COOTBETCTBYHOLL WX pacnpeaenéHHblx
aAJITOPUTMOB HA3bIBA€TCA

» CBOWCTBOM 6€30MacHOCTM, eCi OHO NMPeACTaBAEHO B BUe
YTBEPXKIEHNA O TOM, YTO BCE JOCTVXUMblE KOHDUTypaLumn c.m.
obnafaroT 3a4aHHbIM CBOWCTBOM P:

R(S)C P

» CBOWCTBOM »XMBOCTW, €CAN OHO NPEefCTaBAEHO B BUAE YTBEPXKIAEHUS O
TOM, YTO B KaXXJOM BbIYNCAEHUN C.M. XOTs1 Obl 0fHa KOHUrypaLus
obnagaeT 3aflaHHbIM CBOCTBOM P:

Vr e N(S): Iyem: P(y)

O603Ha4YeHHOe Bbllle MHOXECTBO KOHMUrypauuii P 6yaem Ha3biBaTb
LieleBbIM MHO)XECTBOM CBOWMCTBA
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CsolicTBa 6€30NaCHOCTN N XXUBOCTHN

CBOMCTBa NnpaBUAbHOCTU pacnpeu,enéHHblx AJIFTOPUTMOB Ha MpakKTnKe
HETPYAHO pa36|/|Ba+0Tc;| Ha CUCTEMbl CBOWCTB 6€30MacHOCTU U XXUBOCTU
Mpumep

A[B[CIO[.[.I¥[Z[ T T “* e a6l .Julal [ 1]

[TITTTTTITT outy TTTTTTTT11]

MpaBunbHocTs BSWP MOXXHO BbIpasuTb CneaytolnmMm CBORCTBaMM
BezsonacHocte BSWP: B Kaxkaol JOCTUXUMO KOHDUTrypaLun ANst KaXKaoro
HoMmepa I BepHO outy[i] € {ing[/], L} v 3HaveHune outy[i] € {inp[i], L}

Vx € R(S) : Vi € Nq : outp[i] € {ing[i], L} & outy[i] € {inp[i], L}
Mueocte BSWP ans Homepa k, k € INg:
B IHOOOM BbIYNCAEHUN COAEPKUTCS KOHPUTIypaLms, B KOTOPOIi
BCe 3HayeHus outp[0], .. ., outp[k], out4[0], . . ., outg[k] oTnuyHbl OoT L
Vrel(S):VkeNg:Joenm:Vie{0,1,..., k}:outy|i] # L&outy # L
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O6ocHoBaHMe CBOMCTB Oe30nacHoOCTN

[ns MHoXecTB koHburypauuii P u Q c.n. S = (C,Z, —) 3anucsto P — Q
0003Ha4YMM TOT hakT, 4TO Ntoboi Nepexon, NCXoasALWNi N3 KoHbUrypauun,
obnapatolein ceolictBoM P, 0bsi13aTeNbHO BEAET B KOHMUTYpaLnto,
obnajatolLyro CBOMCTBOM Q:

V(7.0) €= P(v) = Q(9)

MHoxecTBO KoHUrypauuii P c.n. S byaem HasblBaTb UHBapuaHTom c.n. S,
€C/IN BEPHO CliefytoLLee:

1. TCP
» Bce HavyanbHble KoHpUrypauum obnagatot ceolictsom P
2. P=P

» [lepexon n3 koHdburypauum, obnagarolleli ceoiicteom P,
obs3aTenbHO BeAET B KOHUIypauuto, Takxe obnagatollyto ceolicteom P

OcHoBHble cnocobbl 060CHOBaHUSA TOro, YTO C.M. 0bnafgaeT CBONCTBOM
6e30MacHOCTU, OCHOBaHbI HAa TOM, YTOObLI NpeAnoXunTs (C 0bocHOBaHKEM)
NOAXOASALNA NHBAPUAHT
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O6ocHoBaHMe CBOMCTB Oe30nacHoOCTN

Teopema (o 6e30MacHOCTM MHBAPMAHTA)
Ecnn P — whBapmanT c.n. S, 10 R(S) C P

JlokazaTenbCcTBo
[peanonoxum oT npoTuBHOro, 4To P — uHBapuaHT, Ho R(S) Z P
Torpga 3y € R(S) : =P(y)

Tak Kak v € R(S), To CyLLecTBYeT BblYMCAEHNE Y3 — -+ — 7Yy C.N. S,
Takoe 4To Y, =7y

Mo onpenenennio nusaprayTa, ana scex i, 1 < i < n, sepHo P(7;)
3Ha4uT, B 4acTHOCTW, BepHO P(7Y,)

Ho v, = 7y, a 3HauuT, BepHo —P(y,) (npoTusopeyune) ¥

Takum obpa3om, ecnun ueneBoe MHOXECTBO CBOWCTBA H6e3onacHoOCTH
OKa3a/10Cb UHBAPWAHTOM C.M., TO C.N. 0653aTeNbHO 061a4aeT 3TUM

CBOICTBOM
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O6ocHoBaHMe CBOMCTB Oe30nacHoOCTN

Teopema (o npoBepke 6e3onacHOCTM C..)
Ecnn P — nHBapuaHT c.n. S nu Q — cBoWicTBO KOHdurypauuii S, Takoe
yto P C Q, 10 BepHo Pi(S) C Q

JlokazaTenbcTBo
CornacHo besonacHocTy nHsapuanTa, sepHo R(S) C P

3HauuT, ecim P C Q, T0 BepHo R(S) C P C Q v, cnefoBaTenbHo,
RS)CQYV

Takum obpasom, 4Tobbl 06ocHOBaTh, YTO c.n. S = (C,Z, —) obnagaet
CBOWCTBOM 6€30MacHOCTN C LENEBLIM MHOXECTBOM Q, AOCTATOYHO HAWTY
nHBapuaHT P, Takoih 4to P C Q

B TepMmuHonorun, npumensitolelica K yreepkaeHnsamM, P C @ o3HavaeT, 4To
13 yTBEPXKAEHUS P, chOPMYANPOBAHHONO OTHOCUTENBHO 3aaHHON
KOHUrypauum -y, cielyeT yTeepxaeHne Q ans Toli xe 7y:

VyelC: P=Q
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O6ocHoBaHMe CBOMCTB Oe30nacHoOCTN

3apaua 1. BepHo nu, 4To noboe CBONCTBO, KOTOPbLIM 0bNafatoT BCe
JNOCTUXKIMblE KOHMDUIypaLuumn c.n., sieasietTcst uisapvantom? (OTBeT
0boCcHOBaTb.)

3apaua 2. [Jokakute, 4To Anst NMtobbix MHBapuaHToB Pq, P> cBOWCTBa
KoHbUrypaunii, npeacTasnstowmecs yreepxaenuamn (P1V Pa) u (P1 & P2),
TaKXe ABASIOTCA WHBapUaHTamm
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O6ocHOBaHME CBOWCTB >XXWUBOCTW
(Vmen(S):Iyem:P(y))

T(S) — Tak bygem 0603HaYaTb MHOXKECTBO BCEX TYMUKOBbIX KOHDUIYpaLuii
cn. S

Bygem rogopuTh, 4To C.N. S NpaBuabLHO 3aBEpLUAET BblYNCIEHNSA
OTHOCUTENbHO CBOWCTBa KoHdurypauuii P, ecan (S) C P

ﬂ'ﬂﬂ 0D6OCHOBAHUSA XKNBOCTU KOHEYHbIX BbIYUCAEHWIA T C.N. 5 AOCTATOYHO
y6e,ELI/ITbC$I, 4TO S NpPaBUAbHO 3aBepPLLUAET BbIHYNCIAEHNA OTHOCUTENBHO
LLeneBoro MHoxectsa P

EC}'II/I, KpOMe TOoro, uenesoe MHOXeCTBO P MOHOTOHHO OTHOCUTENBHO
nepexofoB — c.n. (T.e. BepHO P — P), To 3TO 4OCTaTO4HOE YCNOBE
OKa3bIBa€TCA U HeO6XO,D,VIMbIM ONA KOHEYHbIX BblYuCAeHNN

A INs NpOBEPKUN »XUBOCTU OECKOHEYHbIX BbIYUCAEHWUA C.M. NPUAETCS
BOCMO/Ib30BaTbCA APYrMM NPUEMOM
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O6ocHoBaHMe CBOWCTB XMBOCTN
YacTuuHo ynopsinodeHHoe mHoxectso (HYM) (W, <) Ha3biBaeTcs
hyHAMpOBaHHbIM (MaK, no-ApyroMy, obnafatoLLM CBOMCTBOM 0bOpbIBa
yObIBatOLLMX LIEMNelt), eCnn He CylecTByeT 6eCKOHeYHO
nocnefoBaTeNbHOCTY, yobiBatoLieli OTHOCUTENBHO < (W1 > Wa > wa > ...
a>b & b< a)
Mpumepbl HyHANPOBAHHBLIX MHOXECTB:
» (INg, <) C ecTeCcTBEHHbIM OTHOLLEHNEM < CPABHEHUS HKCeN
> (2%, C), rae X — KoHeYHOe MHOXECTBO U 2% — MHOXEeCTBO BCex
nogMmHoxecTts X
» (N7, <), rae n € IN n < — (nmHeliHoe) oTHOLLEHMe
NeKCMKorpauyeckoro nopsiika unn (HennHeinHoe) oTHOLLEHe
NOKOMMOHEHTHOro CpaBHeHUs Habopos
Mpumepbl HepyHANPOBAHHBIX MHOXECTB:
> (INo, >)
> MHOXeCTBO BCex Lienbix Yucen (Z) C eCTeCTBeHHbIM OTHOLEeHNeM <
CpaBHeHUs Yucen
> (2No )
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O60CcHOBaHNE CBOMNCTB XXNBOCTHN

MycTb 3aganbl c.n. S = (C,Z, —), uenesoe MHOXeCTBO P 1 yHAMpoBaHHOe
HYYM (W, <)

Torpa otobpaxerue f : C — W HasbiBaeTca hyHKLVER HOPMUPOBKM
(otHocuTenbHo S, P u (W, <)), ecnn ana Ka>kaoro nepexoga ¥y — d BEPHO
XOTS Obl OAHO W3 ABYX:

> f(v)> ()

> P(5)

VIHbIMK cnoBaMiu, pyHKLIMS HOPMUPOBKW COMOCTaBASIET KOHMUTYypaLnsam
xapakTepucTtuky n3 W, ctporo yobiBatoLLytO B BbIHNCIEHUSIX CUCTEMbI 10
Tex nop, Nnoka He CTaHeT BepHo P
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O60CcHOBaHNE CBOMNCTB XXNBOCTHN

Teopema (o npoBepke xuBoctu c.n.). Onsa noboi c.n. S n nwoboro
LLeJIEBOro MHOXXECTBA KOHdurypauuii P BepHo cneayioulee: ecnm S
NpaBWJbHO 3aBepPLUAET BbIYUCIEHNSI U ANst S CyLLecTBYIOT
cyHgmposaHHoe HYM n chbyHKLMS HOPMUPOBKUN, TO BEPHO
yTBepxaeHue V7 € [1(S) : Iy € m: P(y)

JlokazaTenbCcTBO.

[pegnonoxum oT MPOTUBHOMO, YTO S NMPaBUIbHO 3aBEPLIAET BblYNCIEHNS 1
cyulecTBytoT yHanposaHHoe YYM (W, <) u dyHkumns Hopmnposkm f, HO
npu 3Tom HeepHo V7 € M(S) : Iy € 7 : P(7)

Torza cyuecTByeT Bbluncnenne ™= (y1 — 7y, — ...) c.n. S, Bce
KOHUrypauum 7y; koToporo He obnagatoTt ceolicteom P

Tak kak S NpaBWIbHO 3aBEPLUAET BbIYUCIEHUS, TO NOCAEL0BATENLHOCTb T
obs3aHa ObITb BeckoHeuvHo

Torga (f(71), f(772),...) — beckoHeyHas ybbiBatoLlasi NOCNE[OBATENLHOCTb
dyHanposarHoro YYM (W, <), qero BbiTb He MOXET MO ONpeAeneHunto
byHauposarHocTu (npotusopeyne) ¥
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O60CcHOBaHNE CBOMNCTB XXNBOCTHN

[MocneaHeli TeopeMoii 3afaéTca nonynsipHbili cnocob 0OOCHOBAHNS KUBOCTY
pacnpenenénHbIX aJlfOPUTMOB U COOTBETCTBYIOLLNX CUCTEM MEPEXOAOB

[ns 060CHOBaHNS XXNBOCTW JOCTAaTOYHO CeNaTb ClefytoLlee:
1. V6eauTbcst (060CHOBAHHO), YTO BCE TYMMKOBbIE KOHDUIYpaLuy
obn1aaatoT LeneBbiM CBONCTBOM
2. MpeanoxunTb (C 0boCHOBaHNEM) KaKyto-N1nb0 DyHKLMIO HOPMUPOBKM
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