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SQJIEMEHTAPHBIE OIIEPATOPBI IIOCTPOEHUM I
POJIEBOM IIOJIMTUKUN BE30OIIACHOCTHA

C. B. beaum, H. ®. boradenko

Crpoutcsi nHabop 3/IeMEHTAPHBIX OIEPATOPOB, IO3BOJILIONINI MOAUPUITIPO-
BaTb JIEPEBO POJIEil U OTCEKUBATH MEPEIAUY MPAB JOCTYIIA.

BBenenue

PositeBoe paszrpanmdenune gocTyna K HHGOPMAIUAK IIOJTYUAIO ITAPOKOE PACIPOCTPa-
HEHUe He TOJbKO B CUCTeMax yIIpaBJeHus Oa3aMu JaHHBIX, HO H B OIEPAIMOHHBIX CH-
cremax. OcHOBHOE OT/IMYUE POJIEBOI HOJUTUKHU OE30HACHOCTH OT MAHIATHOW U JIHUC-
KPELHUOHHOI COCTOUT B BO3MOXKHOCTH ylpaB/jeHus npupuaerusavu. [log npuBmiern-
eil monumaercda BO3MOKHOCTb OCYIIECTBJACHUA HEKOTOPBIX JICUCTBUN B CUCTEME B 11e-
JioM. BesycioBHO, JIIs TIOJTyYeHHsS IPUBUJIETHHA HEOOXOIMMO pa3pelleHre Ha, JIOCTYII
K HEKOTOPBIM CJIY2KeOHBIM 00beKTaM CUCTEMbI, KOTOPOE MOXKET PerjiaMeHTHPOBATHCS
JII000i1 motuTuKoit 6e3omacuoctu. OJHAKO PoJieBOe pa3rpaHHYeHHe JOCTYIIa M03BO-
Jisier HauboJiee eCTeCTBEHHO OPraHU30BaTh COIOCTAB/IEHUE PUBUJIETUNA OT/IE/IbHBIM
10JIb30BaTE/IsIM WK I'PYIIIAM I10JIb30BaTe e, a TaKyKe OCYIIECTBUTh HAC/IE/[0BAHUE
HPUBUIETAN MEZKTY POJISIMU.

PoneByio nmomutuky 6€30MacHOCTH MPUHATO AHAJIU3UPOBATDH UCXOJIS U3 UEPAPXUU
poJieit, Haubosiee yI0O0HBIM IIPeCTaBIeHuEM KOTOPOil SIBJIAIOTCS OPHEHTUPOBAHHDIE
rpadbl, Ha3bIBaeMble Jajiee PosieBbIME I'padaMi (€C/au UCXOist U3 KOHTEKCTa 10~
HSTHO, 4TO pedb uJjier 00 OpueHTUpOBaHHOM rpade, To oprpad OyieM Ha3bIBaTh
npocto rpadom). OIHAKO HA CerOHSIITHUIT IeHb OTCYTCTBYeT (hOPMATbHBII MOIXO/,
MO3BOJIAIONIUI Ha, OCHOBE HEKOTOPOI'o HADOpa (popMaJIbHBIX OIlepalldii OTCIe?KUBATH
JIT0OBIe IIpeoOpa3oBaHus poJieBoro rpada. Llenpo gaHHON cTaThbu SIBIASIETCS CO3J1a-
HUE MOJEJU POJIEBOrO Pas3rpaHUYEHHUsi JOCTYIA, UCXOJAs W3 HAbOPa HPUMHUTHBHBIX
oreparopos 1o anajgorun ¢ mojesasio HRU [4, c. 48|.

1. DBbe3somnacHocTh cUCTEeMBI

Byaem cuurarh, 4T0 B cHCTEME CYyHIECTBYET HEKOTOPOEe MHOXKECTBO poJieil R, naje-
JIEBHHBIX [IOJIHOMOYMAMU U3 MHOKecTBa P. [lajiee Bciogy Oy/ieM cuuTarh, 4TO MHOYKE-
crBa R u P konednsl. MexKy po/isMu 3ajjaHa HepapXusd, OolpejiensdeMas OpUeHTH-
poBaHHBIM rpadoMm G. Bepmmubl 1agHOro rpada cOOTBETCTBYIOT POJISM, a JIYTH —
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HacaenoBanugaM. 1o ecTb, eciu B rpade IpUCYTCTBYeT Ayra OT BEPIIUHBI I' K Bep-
mmHe 1/, 3HAYAT, poJb T aBTOPU30BaHa Ha poJb r’. ABropmsanus OJHONE PO Ha
JIPYTYIO HOJpa3yMeBaeT IOJHOe HacaegoBanne eé npupuieruii. O4eBUIHO, YTO POJIb
7 MOZKET YHACJeJ0BATh TOJIbKO NPUBMJIEIMH POJIeil, CBA3AHHBLIX C Hell OpUeHTUPO-
BaHHBIME IIyTMU. Bojiee crporo, ecjim CynecrByer OpUeHTUPOBAHHBIN 11y Th p(T, 1)
B rpade G 0T poIu-BEePIIUHLL ' 0 POJIH-BEPLUIMHLL 1, TO POJIb 7 HACAEIYeT HPHBILIC-
run . Bynem o6o3nadars HaOOp NpUBUICrHil posn r uepes r.p. Torma mpeasiaymee
YTBEP2KJICHAE MOKET OBITh 3alMCAHO CJIeLyIONIM 00Pa30M:

if Ap(r,r’) = rp 27’ p.

Beeném o603HaueHMe JIJI MHOXKECTBA POJIeil, 10 KOTOPBIX CYIIECTBYET IIyTh OT Bep-
IUHbL 7 B pojieBoM rpade G:

PR(r) = {r'

Ip(r, r’)}.

Kax j1erko moHsTh, 3T0 MHOZKECTBO T€X POJieil, OT KOTOPBIX IIPUBHUICTHH IT€PETAIOTCS
poJiu 1.

[Tepeiiyiém rerepb K BonpocaM 0€301IaCHOCTU CUCTEMbI C POJIEBbIM pa3IPaHUue-
HUeM JOCTylIa.

Onpepnesienue 1. Byjiem cunrarh, 4T0 HPOUCXOJUT YIMEUKA NPUBUAE2UU P, €CIIH
POJIb T HOJIy4aeT €€ HeCAHKIIMOHUPOBAHHO.

Omnpenenenne 2. Cucrema ¢ poJieBbIM Pa3IPaHUYEHUEM JIOCTY1IA O€e30nacHa, ecjin
B Hell He LPOUCXOAUT yTeUYKa LPUBUJICIUI.

Cite/lyer OTMETHTD, 9TO JIAHHOE BBIIIE OLpe/Ie/IeHre De30IMaCHOCTH SIBJISIETCS AJI-
ropurmuydeckuM. [lo cyru, cucrema Oyer O6e301aCHOM, ec/ii BO3MOXKHA PeaJIn3alliust
AJITOPUTMA, CJIEJIAIIEr0 3 mepejaadeil npupuiernit B cucreme. 3ajada mpoBepku oe-
30MACHOCTH CHUCTEMBI CBOJUTCS K HCCJIETOBAHHIO BO3MOXKHOCTH IME€peIadn IpUBUIIE-
ruit mo ayram rpada. Kax ObL10 cKa3aHO BbIIIe, IPUBUJIETHH POJIA I MOTYT Iepe/ia-
BaTbCs TOJILKO OT poJieil u3 muoxecrsa PR(r). To ectb posin u3 muoxecrsa PR(r)
BJIUSIFOT Ha, 7.

Onpenenenne 3. Byjem ropopurb, u4ro pojb 1’ He 8ausem ua poub r (0603Ha-
genue 1’ @ |r), ecan jobasiienne 000N IPUBUJIEIHU P B MHOKECTBO IPpUBHUIIErHii 1/.p
HE NPUBOAUT K M3MEHEHUIO MHOXKECTBA IIPUBUJICTHH 7.].

Jlerko nounsirs, uro (R\PR(r)) : |r.

Teopema 1. Ecau 6 cucmeme poaesoe 0epeso HEUSMEHHO, MO CUCMEMA ACAALTCA
besonacrod.

Jlokasamenvcmso. [Ing n0Ka3aTeabCTBa JAHHON TEOPEMbI JOCTATOYHO MOKA3aTh,
q9r0 it JI0OON PoJiM T AJrOpUTM IOMCKa MHOXKecrBa PR(r) Oyaer KOHeYHbIM,
a TakxKe OyJer KoHedHbiM caMo MHOKecTBO PR(r). Koneunocrs muoxecrsa PR(r)
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BeITeKaeT u3 toro, ¥ro PR(r) C R, a muoxecrBo R xomeuno. [lonck ke mMHOXKe-
crBa PR(r) MOXKeT ObITh OCYIIECTBIEH C HOMOIIBIO MOCTPOCHHSI MATPHIIHI TOCTH-
xkumocru |6, ¢.176] ayst opuentupoBannoro rpada G u uMeeT MOJTHHOMHAILHYTO
caoxkHocTb |5, c.48]. Takum obpazom crpourcest MmuoKecTBO PR(r), KOTOpPOE SIBJISI-
€TCd KOHEYHbIM W HEU3MEHHbIM, a 3aTeM OCYIIECTBJIACTCA KOHTPOJIb 3a TEM, LITO6IDI
HEJIETUTUMHAs IPUBUJIETUs He Oblla BHECEHA B CIIUCOK IPUBUJIEIHIl KaK caMOil poJin
r, TaK ¥ BCeX poJeil u3 MuoxecTBa PR(r), 9T0 MOKET ObITh OCYIIECTBIEHO MPSIMbIM
mepebopPoOM 3a KOHEYHOEe UHCJIO IIAIroB. [ |

Ounpepnenenune 4. Iloarpad GR(r) poaesoro rpada G, BepummHaMu KOTOPOTO siB-
agercs MHOKecTBO PR(T), a JyraMu — COOTBETCTBYIOIHE IyIH MEXK/LYy STHMU Bep-
mmHaMu u3 rpada G, Oyjaem Ha3bBATh 2pagom SAUAHUSA HA POJIb T.

IIpengioxkenue 1. Ecau poaesoti epap G asasemes depesom, epad eausnus GR(r)
Ha NPOU3BOALHYIO POAL T OYydem makatce depesom.

Jloxasamenvcmeso. Tlo cBoiicTBaM opueHTHPOBAHHOIO JepeBa |5, ¢. 239 moarpad,
OHpe,ZLeJIHeMbeI MHO2KECTBOM Y3JI0B, JOCTUZKUMbIX U3 BEPUIUHDbL 7", ABJIdETCA OpAepe-
BOM C KODHEM 7. |

ITpennoxkenne 2. FEcau poaesoti epad G asasemesa peusémounvim, 2pad SAUAHUSA.
GR(r) na npouzsosvhyto poav T 6ydem marstce peuémouHvim.

Jlokasamenvcmso. Cormacuo 3|, pemérodnsiii rpad — 5T0 OpHEHTHPOBAHHBIN
rpad>, BEPIIMHBI KOTOPOIO 00PA3yIOT PEIIETKY, IPU STOM OTHOIIEHUE MOPSIKA OIIPe-
JIeJIIeTCA OPMEeHTHPOBAHHBIMU Iy TsMH Tpada.

B rpade ausaust G R(r) ajist 110600 BEPIIKHBI 7; CYIIECTBYET OPHEHTHPOBAHHBIN
nyThb p(r,r;) no onpenenennto. Craenosareasuo, sup{r,r;} = r, inf{r,r;} = r;.

Ilycrs Temepnb r; u r; — ABe pa3nudHble BepmiuHbl rpada sausaus GR(r), or-
qaugnele ot 1. OueBuano, uro inf{r;,r;} € GR(r), rak kak B 3T0M rpadpe cogeprkar-
Cs1 BCE BEPLIMHBI, JOCTUXKUMBIE U3 T, & 3HAUUT, U JOCTUKUMBIE U3 1; U T;. Ilycrs
sup{r;,r;} = rs. dokaxewm, aro ry € GR(r). Jomycrum 310 He Tak. Ilo onpeneennto
rpada BINSHUS: T > T; U T 2> T'j, CI€JOBATEIBHO, T SBJIAETCS BEPXHEH IPAHBIO ITHX
BepinH. Tak Kak 7, — HaMMeHbIIAas U3 BCEX BEPXHUX IpaHeil, TO T > Ty, CJejoBa-
TEJILHO, CyIECTBYET OPUEHTHPOBAHHBIH 11yTh P(T,75) — IPOTHUBOPEYUE ¢ TEM, UTO
rs & GR(r).

Takum 06paszom, jiyist JH00bIX JBYX Bepiuut rpada siusaus GR(r) Haubosibiiast
HIZKHSASI U HAUMEHbIIasd BepXHdAs [PAHU TaKzKe MPHHAJIeKAT ToMy rpady, cJiejo-
BaTeabuo GR(r), — peméToqnbii. |

Jl1g anamm3a myTeil mepegadu IPUBHUIETH MeZK Iy pOJISMHU He 00g3aTeTbHO pac-
CMATPHUBATDH rpad BIUIHUS IIOJTHOCTHIO, MOXKHO YIAIUTh HEKOTOPBIE AYTH, LyOIupy-
IolKe Jpyr Jpyra upu mepejade npuBuieruit posu r. [Ipu takom npeodbpaszoBanuu
MOI'YT «IOTEPSIThCsl» HEKOTOPbIE IPUBUJIEruU poJieii u3 muoxkecrsa PR(r), ojgHako
mepe; HaMU CTOUT 33Jia9a obecledeHns 0e30IacHOCTH POJIH 7. TaKyi IpOIeaypy
npeobpa3oBanus Oy/eM Ha3bIBATh onmumudayuets 2paga sauarus. OIeBUIHO,
YTO B pe3y/bTraTe ONTUMH3AINUU MOYKHO IMOJYYUTH pasHbie I'padbl. OUTHUMH3UPO-
BaHHbIN I'pad BJIMAHUS ¢ MUHUMAJIbHBIM KOJIMYECTBOM JIyT' Oy/IleM Ha3bIBATh MUHU-
MAADHBLM.
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Teopema 2. MunumarvoHoll 2pad SAUAHUA ABAACTCA 0EPEGOM.

Jlokasamenvcmso. Tlo onpezenenuto, mobas Bepummba 1’ rpada Bausuus GR(r)
JOCTUKHAMA U3 BEPIIUHBL 7 (CYIIECTBYeT OPUEHTHPOBAHHBIH 1IyTh p(r,1”7)).

Kaxk 6b110 mokazaso B pabore 2], B poseBom rpade G OTCYTCTBYIOT OPHEHTHPO-
BaHHblE UKJIbL. OTCIONA CJIe/IyeT, 4TO HOJIyCTeleHb 3aX0/a (UUC/I0 BXOJMIMX JIyT)
Bepuiuabl 7 B rpade Bimsnus GR(r) pasua nymo (dF(r) = 0), tak kak unade
B ucxoHOM rpade G cyniecrBoBaji Obl opueHTHpOBaHHbIH nuki (17, 7) U p(r, ') s
HEKOTOPOi BepIIUHLL 7.

O4eBraHO, YTO HOMYCTENEHb 3aX0Ja BCEX OCTANLHBIX BepIIMH rpada BIUSHUS
GR(r) 6oabme unn pasua eaunune: Vr' € GR(r) : (r' # r) = (dT(r') > 1). Toka-
XKeM, 4T0 B MuHuMasbHoM rpade Bausuug Vr' € GR(r) : (' £ r) = (dT(r') = 1).
[Tycrs 310 me Tak, torga 31" € GR(r) : (r" # r) A (dT(r") > 1). Cnenosa-
TesibHO, B rpade GR(r) cymecTByer KaKk MUHHMYM JiBe pa3iudnbie jayru (ri,r”)
u (ro,7"). A tmak kak B rpade GR(r) mobasg BepiiuHa JOCTH:KHMA W3 BEpIIH-
Hbl 7', TO B 9TOM rpade CymecrBylorT opueHTupoBaHHble 1wyt p(r,ri) u p(r,rs),
OTJIMYHbIE APyl OT JApyra 1O KpaifHeil Mepe KOHeYHBbIMU BepIIMHaMu. B coorser-
CIBUU C HPUHIUIIOM HacjejoBanus upusujieruit: PR(r") C PR(ry) € PR(r)
u PR(r") C PR(ry) C PR(r). Ho rorma k rpady GR(r) MOXKHO MPUMEHATH IIPOIIE-
Jypy onrTuMu3anuu rpada BIUAHU, yAaIuB oaHy u3 ayr (rq,7”) wia (rq,r”), ato
IPOTUBOPEYUT C €r0 MUHHMAJILHOCTDIO.

B wurore, onupasich Ha OnpejesieHne OPUEHTHPOBAHHOIO JepeBa |5, ¢. 238|, reo-
peMa JoKa3aHa. |

3ameuanune 1. Ecjiu posieBoit rpad — jiepeBo, TO Ha OCHOBAHUU IIpe/JIOKeHus 1
M TEOPeMbI 2 Jiisl TPOU3BOJIBHON poJn 1 rpad> BIMIHUS €JUHCTBeHeH (TaK KaK OH
SIBJISIETCSI JIEPEBOM U He MO/IJIEKUT ONTHMU3AIIHT ).

Teopema 3. Tpydoémrocms noucka 2pada SAUAMUA HA TMPOU3EOALHYIO GEPULUH]Y
posesozo depesa ne npesocrodum O(n?).

Aoxasamensvemso. Ilycrs poseBoit rpad G Ha n BepuInHAX 3a/1aH CIUCKAMHI CMEK-
wocru L[5, ¢.202]. Bocuosib3yemest aaropurMoM MOUCKa B IMUPUHY (B 1TUIyOuHY),
IPeJICTABJIEHHBIM, Hanpumep, B pabore |5, ¢.203|. st mocrpoenust MHOKeCTBA
PR(r;) pocTato4Ho B 9TOM ajIlOpUTME Hadarh 00X0j ¢ BepuiuHbl 7. OueBu/HO,
pe3yIbTaTOM pPabOTHl AJTOPHUTMA HAa OPHEHTHPOBAHHOM rpade OyJeT MHOYKEeCTBO
BEDIIUH, JOCTUKUMBIX U3 HAYAJIBHOIl, T.e. MHO)KecTBO PR(1;). TpymoémMrocTs mo-
noGuoro anropur™a pasaa O(n?) [1].

Huist 3ayanus rpada siausaus GR(r;) 10CTaT0uHO U3 MCXOAHBIX CIIUCKOB CMEXK-
Hoctu L BoIOpaTh T€, KOTOPbIE COOTBETCTBYIOT Bepiinnam muoxkecrsa PR(r;). Tpy-
JIOEMKOCTb 3TOTO IMara 3aBUCUT OT PeaJU3allid CIUCKOB, HO B JIIOOOM CIydae He
npesbimraer O(n?). |

Bamedganne 2. Boobie roBops, TpyA0EMKOCTh aJITOPUTMA IIOUCKA B IMHPUHY PABHA
O(m), rae m — auciio ayr rpada. lag qocTaTouno «IoTHbX» rpados m = O(n?).
Ecin ke rpad, B Koropom BeJércsi OUCK, ABJIAETCs JiepeBoM, To m = n— 1. Takum
obpasoMm, ecjin poJieBoii rpad — JiepeBo, TO TPYA0EMKOCTDH HOuCKa rpada BansHUS
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Ha MPOU3BOJIBHYIO BEPIIHHY MOXKeT ObITh moHuzKena 10 O(n) Ipu cOOTBETCTBYOIIEl
peaan3aliy CIUCKOB CMEeKHOCTH.

3ameuanue 3. [lycrs Teneps posiesoii rpad G 3agan marpureit cmexkunoctu M pas-
MepHocTH 1 X 1. O4YeBHIHO, IEPEX0/I OT TAKOIO IPEJICTAB/ICHUs K CIUCKAM CMEXKHO-
cru Tpebyer ne Gosee O(n?) onepaluii, 4To OCTABIACT CIPABELIMBBIM YTBEPK ICHIE
TEOpeMBI 3.

Ecin ke B HameM pacnopsizKeHUN UMEeTCs MaTpHIla, JocTuzkuMmoctu M™* ucxos-
HOT'O OPUEHTHUPOBAHHOIO rpada, TO BHOBb TPYJ0EMKOCTb MOUCKA Tpada BausHUS
octaérca O(n?). JleficTBATE/ILHO, HAIIOMHHEM, YTO 3JIeMEHT M;; MATPUIBL JTOCTHZAH-
MOCTH paBeH 1, ecyii B oprpade CyImecTByeT OPHeHTHPOBAHHBI{ Iy Th W3 BEPIIUHBI 7;
B BepIIHHY 7, 1 ) — B IPOTHBHOM ciydae. Torma BepIuHbl, IpuHaaIesKame rpady
pausnusa GR(r;), — 3T0 Te BePUIMHBL T, JIJId KOTOPBIX sjiemMentT my; = 1, a Taxke
cama BepiuiuHa ;. TakuM 00pa3oM TpyJ0EMKOCTb 1oMCKa MHOKecTBa, PR(r;) paBHa
O(n). Ocranoch nocrpouth Marpuily cMexknocru M R(r;) rpada ausiaus GR(r;).
s 3TOrO MOCTATOYHO BBIOpATh M3 MaTpuilbkl cmexkHoctu M poseBoro rpada G
CTPOKH M CTOJIOIbI, COOTBeTCTBYOIHe MHOKeCTBY PR(r;). TpymoéMKocTh 3TOro
mara pasna O(n?). Ho 31ech ¢TOUT 3aMeTHTh, 4TO caMa HPOLELypa IOCTPOSHUs
MaTpPUIbL JOCTUKUMOCTH uMeer Tpyaoémkocts O(n?) |5, c. 48].

2. DJeMeHTapHBIE OIEPATOPHI

g anaim3a npeodbpa3oBaHuil BBEIEM HAOOP daeMEHTaPHBIX OIIepaToOpOB, Ipeobpa-
syromux rpad G.

1. Auth(ry,ry) — aBropu3sals pPoJU | HA POJIb Ty, J0DABJILET JYIY OT T'| K To.
JlanHast ouepaiysi UPUBOJUT K TOMY, YTO MHOXKECTBO HPUBUJIEIUI POJIA T1.p U3-
MEHSIeTCA U CTAHOBHUTCS PaBHBIM 71.p U 79.p. [lpuBmiernn ke posm ry OCTAIOTCA
HEHM3MEeHHBIMH.

2. DeleteA(ry,T9) — OTMEHsieT aBTOPU3ALUIO POJIM T'1 HA POJib To, YAAJIET JyIy
oT 11 K 3. HoBOe MHOXKECTBO MpHUBUIEIHWil POJIH 7'y UMEeT BH]

(ry.p\ m2.p) U U r'.p

r'e(PR(r1)\r2)

[IpocTasi pasHOCTH MHOYKECTB IPUBHJIEIHA 71.p \ T9.p MOMXKET MPHUBOJIUTH K HEBEp-
HOMY Pe3yJibTaTy, TaK KaK BO3MOKHA CHTYalldsd, KOI/Ia OJHA U Ta Ke IIPUBUIEIHS
HaCJIeyercd OT HEeCKOJIbKUX POJIeil.

3. CreateR(r) — co3maér posb r, nobasisger B rpad BepHIMHY, He CBI3aHHYIO
¢ apyrumu BepuimHamu. /laHHBIH omepaTop cam mo cebe HUKAK He BJIHSET Ha pac-
1pezaeJ/ienue HOJIHOMOYUI U He MOXKeT IIPpUBOAUTDL K HaPYyHICHUIO 6630HaCHOCTI/I.

4. Delete R(r) — ynansier posb r, yaasisger B rpade BepuImHy. YCJIOBAEM BbIMOJI-
HEHHSI OIIepaTOpa SIBJIAETCS M30JUPOBAHHOCTD BEPIIUHBI. /1 y1aeHus BepIImHbI
CO CBSI3AME HEOOXOIMMO IpeIBAPUTETHLHO YIAJTUTH BCE YT € MOMOIIBIO OEpaTOpa
Delete A(). Kak Jierko noHsITh, JAHHBIH OLEPATOP CaM 110 cehe TaKKe HE HPUBOIUT
K lepepacupeneeHuio MOJITHOMOYUA.
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5. Enter P(p,r) — nobaB/isger OpUBIIETHIO P B MHOXKECTBO MPUBUJIETUIT POJIH .
CoOTBEeTCTBEHHO JTaHHAs IPUBHUJIEIHS TaKzKe J100aB/ISIeTCA BCEM POJIAM, JTOMUHUDPY-
IOIAM HaJ[ TAaHHOU POJILIO.

6. DeleteP(p,r) — ynajsger NpUBUJIETUIO P U3 MHOYKECTBA HPUBUJIETHI POJIA 7.
[locnie sToro npuBmaerus p yaajasercd TakzKe U Y poJeil, JOMUHUPYIOMHUX HaJ 7,
€CJIM OHM HEe HACJIEAYIOT 9Ty HPUBUIEIHIO OT APYIHX POJIEi.

JIisi BBIIOJTHEHUS CJIOXKHBIX IMpeobpa30BaHUil CHCTEMbI U3 ONEpaTOPOB MOIYT
OBITH COCTABJIEHBI KOMAaH/IbI:

Command C{
Qp, G, ...y Opj

31ech aq, Qa, ..., Q — dJIEMEHTaAPHBIE OHEePATOPHI.

Teopema 4. /las aobox dsyx poaeswx 2papos G u G' cywecmeyem womanda C,
npeobpasyrowas G 6 G'.

Joxazamesvemeso. s poKa3aTebcTBa TEOPEMbI MOCTPOUM OJIHY M3 BO3MOZKHBIX
KOMaH/I[ Ipeobpa3oanus poseporo rpada G B G'. IlpuMmenuM i KaxKioil u3 ayr
rpada G komammy DeleteA(), B pe3yabTare 4ero MOJIYYdM MHOYKECTBO H30JTHPO-
BaHHbIX BepuiuH. [IpumMensisi Hy:kHOe KoJjmuecTBo pa3 oneparop CreateR() wiu
DeleteR(), 106bémcst TOro, 4T00bl KOJIMIECTBO BEPUIMH CTAJI0 PABHBIM KOJIMYECTBY
sepiuH B rpade G'. anee ¢ momornpio omeparopa Auth() co3mamum jgyru, coor-
BeTcTBYyIONKe jayram rpada G'. Pacuopenenus mMOTHOMOYHS € IOMOIIBIO OIIEPATOPA
Enter P(), nonyanm rpad, nzomopdusiii G'. |

Takum 06pa3oM, OMUCAHHBIN BbIIe HAOOP S7eMEHTAPHBIX OIMEPATOPOB SBJISIETCH
IIOJIHBIM ¥ Ha €0 OCHOBE MOXKHO IIOCTPOUTH JIF0OO0# poJieBoil rpad.

3. Kiaccel 0e30macHbIX CUCTEM

Crenyer OTMETHTDH, YTO KOMAH/IBI B CHCTEME BBLIIOJHAIOTCSI ATOMAPHO, T.€. IO-
cucreMa 0e30MaCHOCTH MOXKET HPOU3BOJAUTH MPOBEPKY TOJBKO IMOC/IE 3aBEPIICHUS
KOMaH/Ibl. BBISIBUM HECKOJIBKO KJIACCOB 0e30mmacHbIX cucrem. st 9Toro paccMor-
PUM OI'PaHHUYCHUA, KOTOPbIC 1IDU HaKJ/IaJAbIBAaHUHW Ha CUCTEMY MOI'YT I'apaHTUPOBATbL
6e301aCHOCTD.

1. Cmamuveckut poresoti epag. K 3T70My KaacCcy OTHOCSITCS CHCTEMBI, Y KOTOPbIX
poJieBoil rpad ocTaércst HEM3MEHHBIM, T. €. OTCYTCTBYET a/IMUHUCTPUPOBAHUE CUCTE-
MBI B Iporecce eé ¢GpyHKInoHHpoBaHus. Kak ObLIO MOKa3aHO B Teopeme 1, Takme
CHCTeMBI SBJIAOTCA Oe30macHbIMA. /s mpoBepKn 6€30IaCHOCTH CHCTEMBI CO CTATH-
YEeCKHUM POJIEBbIM JI€PpEBOM MOI'YT IIPUMEHATbHCA TeOPEMbI IIOUCKa OPUEHTUPOBAHHbIX
nyreil u3 reopun rpados.

2. Qurcuposanmnoe Koauwecmso aoMuHucmpamueror poset. HoBble poan mo-
JKeT COo3/aBaTh KOHEYHOe (DUKCHPOBAHHOE MHOZXKECTBO poJieil (aJMUHUCTPATOPOB).
Pacimpenue npejpiynero Kiacca.
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3. Monoonepayuonnvie cucmemor. Kazxkmass KOMaHIa COAEPKUAT TOJIHKO OJIUH dJIe-
MEHTapHBII ommepaTop. MozkeM moc/ie KazK10i KOMaH/bl IIPOBOJIUTD IPOBEPKY CHUCTE-
MBI, IIPHIEM BBIIOJTHIETCA OHA 33 KOHETHOE JHCJIO IIAr0B.

4. Cucmemnl ¢ 6bl0eAEHHBLM ONEPAMOPOM CO30GHUS AOMUHUCTIPAMUCHLEL PONET.
Eciin koMana BK/IOYaeT CO3JaHue aMUHUCTPATUBHON POJIM, TO HE BKJIIOYAET JPY-
r'uX poJIeH.

SaKJ/Ir0oueHue

Takum obpaszom, Jijis POJIEBOI HOJUTUKU O€3011aCHOCTH UMeeTCs BO3MOXKHOCTH (hOp-
MaJIM3AIUHU [1yTEM OIIPE/Ie/IeHUs] JJIEMEHTAPHBIX OIIePATOPOB Peobpa30BaHus PoJie-
Boro rpada. VX ucnosb30Banme, B CBOIO 0Y€pe/Ib, IIO3BOJIUT HOJIyIaTh O0JIee CTporue
JTIOKA3aTe/IbCTBa OE30IMACHOCTH CHCTEM C POJIEBBIM pa3rpaHUYeHUEM JOCTyIa K HH-
dopMaluu B COOTBETCTBUH C OLPEJIEJIEHHBIMU (DOPMAJIM30BAHHBIMU KPUTEPUSIMU.

JINTEPATYPA

1. Anekcees B. E., Tamanos B. A. I'padsr u amropurmer. URL: http://www.intuit.ru/
department /algorithms/gaa/4/ (nara obpamenus: 16.10.2010).

2. bemum C. B., Beqaum C. FO., Borauenko H. ®. Teoperuko-rpadoBblit anan3 poJieBoii
nosimruky Oesonacuocrn // Maremarndeckue crpykrypbl U Mogesuposanue. OMCK:
Yuullak. 2009. Be. 19. C. 85-96.

3. Besum C. B., Borauenko H. @., Pakunkwuit FO. C. CoBmecTHasi peajmsaryst MaHaT-
HOTO U POJIEBOIO PA3rPAHUYEHUs JIOCTYIHa K MHMOPMAIUU B KOMIBIOTEPHBIX CHCTE-
max // Maremarundeckue cTpyKTypsl u Mogeauposanue. Omck: Yuullak. 2009. Boim. 20.
C. 141-152.

4. Taitmamakua H. A. Pasrpanndenne gocryna K MHGOPMAIUA B KOMIBIOTEPHBIX CHCTE-
max. Exarepunbypr: Uza-Bo Ypas. yu-ra, 2003. 328 c.

5. HoBukop @. A. JluckperHast MareMaruka JJisi IPOrPAMMUCTOB: YUE€OHUK JIjis BY30B.
ClI6.: ITurep, 2001. 304 c.

6. Xarrapru P. /luckperHass mMaremMaTnka st TPOrpaMMuCcTOB: mep. ¢ anria. M.: Texwo-

cepa, 2005. 400 c.



