9. AHanNu3 NoTokKa AaHHbIX
Ha OCHOBe obnacrtem



CpoKkn BeCeHHeWu ceccuum:
Mazucmpamypa 2 Kypc, bakanaspbl 4 Kypc:

- 3a4eTHagA/aK3aMeHaUMoHHada ceccus 20 anpena — 10 mas

- Npea3alwmTa BblNyCKkHbIX paboT Ha kadeape 23 anpensa — 04 mas

- coadva TekctoB BKP B anekTpoHHbIN apxuB 14 — 18 mas
(TouyHas nata OyaeT B pacnopsXXeHnn B anpene)

- TOC3K3aMeH 14 — 20 mas

- 3alUMTa BbIMYCKHbIX KBANMdMKaunoHHbIX padoT 24 mas — 02 noH4d

Mazucmpamypa 1 Kypc, bakanaspbl 1,2,3 Kypchl:

- 3a4eTHasa ceccud 21-31 maq

- CPOKM NpOBEAEHUA KOMUCCUIN MO 3a4eTam 28-31 maq

- 9K3aMeHaUuMoHHas ceccud 1-22 nioHA
[TocnegHAasa nekumna no kypcy KK 9 anpens

OK3aMeH anpens



9.1 Obrnniacmu e2pagha nomoka yrnpaesieHust
9.1.1. OnpepneneHne obnactu
O  Onpepenenue. Qoacmburo rpada NOToKka Ha3biBaeTcs ero nogrpad

R = (Ng, ER) Takon, 4yto

1. cywecrtsyer y3en h € N, somuHupytowwii Hag Bcemu yanamm B R;

9TOT y3en Ha3blBaeTcs 3a20108kom obnacmu R;

2. ecnun u3 HekoToporo yana I, rpadga NoToka ynpasneHns MOXHO

noctuyb yana ry; € R, MuHys 3aronosok h, Tour, € R;

3. MHoxecTBO £ BkntoyaeT Bce pebpa rpada noToka ynpasneHus
Mexay nobbiMu yanamu Iy, I, € R, 3a ncknoyeHMeM HEKOTOPbIX

pebep, BxoasaLwmx B 3aronosok N;

4. eAUHCTBEHHbIM BXOAOM B 00nacTb ABNAETCH ee 3arornoBOK.



9.1 Obrnniacmu e2pagha nomoka yrnpaesieHust

9.1.1. OnpepeneHne obnactu
¢ Mpumep 1.




9.1 Obrnniacmu e2pagha nomoka yrnpaesieHust

9.1.1. OnpepeneHne obnactu
¢ Mpumepsi.

o 7. PaccmoTpum rpac Ha pucyHke crnipasa

1) y3nel By n B, BmecTe ¢ pebpom B, — B,
! obpasytoT obnacTtb ¢ 3aronoskom B

2) yanbl By, B, n By v pebpa By = B,,
B, —> B3, By > B,
obpa3sytoT obnacTb ¢ 3aronoBkoM B




9.1 Obrnniacmu e2pagha nomoka yrnpaesieHust

9.1.1. OnpepneneHne obnactu
¢ Mpumepsi.
1. PaccmoTpum rpad Ha BEpXHEM PUCYHKE
3) noarpad R = ({B,, B3}, {B, = B3}) obnactb He
obpa3yeT, TaKk KaK ynpaBneHne MOXeT nonacTb
B Hero u vepes B,, n yepes By:
B, He aBnseTtcsa gommHaTtopom By,

B4 He aBnsetca gomuHaTtopom B,
N, cnepgosarternbHo, ycnosue 1 onpegeneHus 9.1.1

(cywecTtByeT y3ern h € N, JOMUHUPYOLW NI
Hapg BcemMu y3namu B R;)

He BbINOMHAETCA (HUKHUN PUCYHOK)




9.1 Obrnniacmu e2pagha nomoka yrnpaesieHust

9.1.1. OnpepeneHne obnactu
¢ Mpumep 2.

Cynepbnok (paccmarpuBarcs, Korga nsydancs Metog rrnobasribHou
HymMepauun 3HadeHnn) — npumep obnactun. B 4yacTtHocTu rpad Ha
pUCyHke — 06nacTb C 3arofiloBKOM B

Y3en Bl AOMUHNPYET Ha OCTalJibHbIMW Y3J1aMU




9.1 Obrnniacmu e2pagha nomoka yrnpaesieHust

9.1.1. OnpepeneHne obnactu
¢ Mpumep 3.

Pad Ha pucyHke — 06nacTb C 3aronoBKkoM B

(ecmecmeeHHbLU YUKIL).




9.1 CmpykmypHbIU aHasnu3 2pagha Nomoka ynpaesieHusi

9.1.2. Knaccudmkaumsa oonacreun

¢ OnpeneneHus:

(1)

(2)

(3)

Kaxabih 6a3oBbIt 6ok B moxeT paccmaTpuBaTtbea kak obnacTb

R = {{B}, &). Takas obnacTb HasbiBaeTca 00J1ACHb-/IUCHI.

MycTb L — cambiii BHYTpeHHWIA LMK rHe3aa LMKIOoB.

Teno uukna L (Bce y3nbl u pebpa, 3a ncknodeHmem obpaTtHbIxX pebep
K 3arofioBKy LIMKNa) MOXHO 3aMEHUTb Y3MnoM, NpeacTaBnsoLwmm

obnactb R. Takasa obnacTtb Ha3biBaeTCH Oﬁﬂacmb'meﬂO.

Ecnu k obnactu-teny R, cootBeTtcTBytoLWwen Teny uukna L

npucoeguHNTL obpaTHoe pebpo K 3aronosky Lukna L, nonyyntcs

Hosas obnactk Q. Takas obnacTb HasbiBaeTcs 00J1ACHb-UUKIL.



9.1 CmpykmypHbIU aHasnu3 2pagha Nomoka ynpaesieHusi
9.1.2. Buabl obnacteu. lNpumep

| 1 !
B, Ry
T R
B, R;
] |
B, Rs
34 BS R4 I:25
\/ i
B, 6,
1
R,
B? |

¥

10
dparMmeHT npoueayps.l ba3oBble ONoOKK — 06racTU-NUCTLSA



9.1 CmpykmypHbIU aHasnu3 2pagha Nomoka ynpaesieHusi
9.1.2. Buabl obnacteu. lNpumep

Teno BHyTpeHHero umkna
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9.1 CmpykmypHbIU aHasnu3 2pagha Nomoka ynpaesieHusi
9.1.2. Buabl obnacteu. lNpumep

R2 R8
' 1
R
X MOXXHO 3aMEHUTb Ha
obnactb-Teno Rg
R, R,
R6

Teno BHyTpeHHero umkna
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9.1 CmpykmypHbIU aHasnu3 2pagha Nomoka ynpaesieHusi
9.1.2. Buabl obnacteu. lNpumep

Teno BHyTpeHHero umkna

!

Re
!

MOXXHO 3aMEHUTb Ha
obnactb-Teno Rg

nobasmB 0OpaTHYto
ayry,

| g
R8

| —

nosiy4ymm obnacTtb-
umkn R
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9.1 CmpykmypHbIU aHasnu3 2pagha Nomoka ynpaesieHusi
9.1.2. Buabl obnacteu. lNpumep

[pad noToka
yrnpaBsneHuns npMmeT Bug

1 Teno BHellHero umkna 1 [ —
RlO
Ry ! [
| R,
R 1 [obasnB obpaTtHyto
ayry, nony4nm
} R, .
R, obnacTb-LUunKn Ry
| R, l
l Rll

!

Py,

10 3ameHseTca
] obnactbto-Tenom Ry, 14



9.1 CmpykmypHbIU aHasnu3 2pagha Nomoka ynpaesieHusi
9.1.2. Buabl obnacteu. lNpumep

[epeBo ynpasneHus

Rll
|
RlO
N
R, R, R
8

Rs 4 Rs  Rg

S
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9.1 CmpyKkmypHbIU aHanu3 2pagha nomoka yrpaesieHuUsi

9.1.3. BbiaeneHue obnacren

¢ Paccmotpum 1Y, nokasaHHbIN Ha PUCYHKE. Entry
J < n d, b
a < ul d, l#
B, ie«+1i, 1 d, B,
B3 a « u2 d5 /
B, j « u3 d, bs
B
5 B,
Bs

Exit




9.1 CmpyKkmypHbIU aHanu3 2pagha nomoka yrpaesieHuUsi

9.1.3. BbiaeneHue obnacren
Entry 1) 3ameHuB 6a3oBble GOk @
' Entry, By, ..., Bg, Exit
7 obNacTAMU-NIUCTbAMMU G
1
Ren, Rl, ens R5, Rex,

l K nony4ymm rpad

Exit




9.1 CmpykmypHbIU aHasnu3 2pagha Nomoka ynpaesieHusi
9.1.3. BbigeneHue obnacreu
2) O6nactu-nuctest R,, Ry n R, n pebpa R;—R,, R,—R;,
R,—>R,;, R;—R,, Ry =R, R, —R:
cocTaBnsioT obnacTtb-Teno R .
Re = ({R,, Ry, Ry} {R;—R,, R,—R3, Ro—>R,, Ry—R,,
R;—Re, R,—R:})

5 <>




9.1 CmpykmypHbIU aHasnu3 2pagha Nomoka ynpaesieHusi

9.1.3. BbiaeneHue obnacreun

3) O6nactb-Teno Rg, n obpatHoe pebpo R, — R,

coctaensitoT o6nacte-uukn R, = ({Rg} {R, >R, }).

19



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi

9.1.4. AnropnT™Mm NOCTPOEHUA nepapxmm obnacreun
¢ Anroputm.

9.
2.

HanTn Bce ecTeCTBEHHbIE LIUKIIbI.

HangeHHble eCTeCTBEHHbIE LUKITbI ynopAaao4nTb N3HYTPU
rHe3a Hapyxy, 1T.€e. HaA4nNHadA C Hanbonee BHYTPEHHUNX LUNKITOB.

BbibpaTb o4epeHON eCTeCTBEHHbIN LMK (CHayana — camblit
nepBbIv, MOTOM — Crie4yroLWmii Mo NOPSALKY).

Ecnu umuknoB 6onblle HET, anropuTM 3aKkaH4YNBaeTCA.

Teno BbIbpaHHoro uukna L (Bce y3nbl n pebpa, 3a ucknoveHmem
obpaTHbIX pebep K 3aronoBKy) 3amecTuTb yanom R,
npeacraensaowmm obnactb-Teno.

Mocne 3amelLleHna obpatHoe pebpo B 3aronoBok L ctaHoBuTcS

neTnen.
[MocTponTb 06MacTb-LUKIT Q, NpeacTaBnArLLYHO LUK L

(B otnnumne ot obnactn R obnacts Q He cogepxuT netnu).
[lepenTu K wary 3.



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi
9.1.5. NMNocTpoeHune nepapxmm oodnacreu

¢ Mpumep. NpumeHnm anropuTtm K cnegyowemy MY

Entry

B,

NexoaHnbin ITTY
21



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi
9.1.5. NMNocTpoeHune nepapxmm oodnacreu

¢ Mpumep. NpumeHnm anropuTtm K cnegyowemy MY

Entry

B;
= \

=
s

-
T

Nexognbin TTTY BasoBble 6noku
3aMeHeHbl obnacTamu-
NMUNCTbAMU

22



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi
9.1.5. NMNocTpoeHune nepapxmm oodnacreu

¢ Mpumep. NpumeHnm anropuTtm K cnegyowemy MY

Entry

T &>
>

xL B (&
J (&
>

Nexognbin TTTY BasoBble 6noku [Nocne wara 2
3amMmeHeHbl obnacTamu- 23
NMUNCTbAMU

CRGACENCICRC



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi
9.1.5. NMNocTpoeHune nepapxmm oodnacreu

¢ Mpumep.

O
(-
e

Mocne wara 4 Nocne wara 5 O6nacTb R8 —Becb [TTY
24



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi
9.1.5. NMNocTpoeHune nepapxmm oodnacreu

¢ Mpumep.
Entry
B, (& (&) (&)
B (&) (&) (&)
. B
— (& (&) &)
B,
,, @
@
} (&
Exit

NcxoaHbin [TTY [MocnepoBaTenbHOCTL NpeobpasoBaHMn

25



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi
9.1.5. NMNocTpoeHune nepapxmm oodnacreu

¢ Mpumep.

Bcsa nepapxums [lepeBo ynpasneHud

26



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi
9.1.5. NMNocTpoeHune nepapxmm oodnacreu

¢ Mpumep.
T /Rg\\
B, Ry R, R; Rs R,
5, | | ‘
2 Entry Bl BS Exit
R

L N

NcxoaHbin [TTY [lepeBo ynpasneHud



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi
9.1.6. AnropuT™Mm NOCTPOEHNA BocxoasALlero nopsaaka oonacreu

O Bxopa: npusogumbin MY G.

{0 BbIxoa: cnvcok obnactei rpada G, KoTopbIi MOXKET UCMNOMNb30BaTLCSH B
3ajjavyax aHanu3a NoToKOB AAaHHbIX HA OCHOBE obnacTten.

¢ MeToA: BbINOMNHAEM crneaywlime JenCcTBUS.
1) CocTtaBnsiem crnmcok obrnacTen-rnMcTbeB, COCTOALLNX U3 OTAENbHbIX

6r10KOB B MPOU3BOSIbHOM MOPSIAKE.

2) Bblbupaem odepenHon ectecTBeHHbIN LMK L, Takon, 4To Bce
obnacTu, COOTBETCTBYHOLME €CTECTBEHHLIM LMKITaM, CoaepXXaLlMMCs

B L, y>xe BHeceHbI B cnucok. CHavyana gobasnsem B CMCOK 0bracThb-
Teno anga L, a 3atem — obnacte-umkn L.

3) Ecnu secb rpad G aBnsetcs ecTeCTBEHHbIM LMKITOM, Jo6aBnsem B
KOHeLl, cnmcka obnacTb, COCTOSILLYIO U3 BCEro rpada noToka LEerimKkoMm.

28



9.1 CmpykmypHbIU aHasu3 2pagha Nomoka ynpaesieHusi
9.1.7. CKOpoCTb CXOAUMOCTU UTEPaLMOHHbIX arirOPUTMOB

O

[MocTpoeHne obnacTten n gepesa ynpaBneHusi NO3BOSSIET YCKOPUTb
obxop rpadpa noTtoka ynpasreHusi BO BPeMS BbIMNOMHEHUSA pas3fnNYHbIX
anropMTMOB aHanunasa rnoToka AaHHbIX.

B anropntmax aHanusa notoka AgaHHbIX, B KOTOPbIX B KayecTBe cbopa
Ncnonb3yeTcs 00beanHEHNE, yOaeTCs, 3aMeHUB KaXabIN LMK Y3NOM
TMnNa obnacTb-UNKN, OCTaBUTb TOSTIbKO auUKIIM4YecKue nyTn ans
pacrnpocTpaHeHnsa aTpmnbyTos.

OTO No3BonseT COKpaTuUTb BpeMA BbINOJIHEHUA COOTBETCTBYHOLLETO
dHalJin3a NnoTokKa AaHHbIX.

29



0.2. AHasnlu3 nomoka O0aHHbIX Ha OCHoge obsracmeu
9.2.1. Cxema aHanun3a NnoToka AaHHbIX HA OCHOBEe obracTeun

O

Ha kaxxgom ypoBHe nepapxum obnacren:
® HOna kaxgon obnactn R n ana kaxagon nogodnactn R' € R Bblumensg-

eTcsa nepegatodHas yHKUMS fR In[R'] » CYMMMPYtOLLas BANSHKE

BCeX BO3MOXHbIX nyTei B R, Beaywmx ot Bxoga B R ko Bxogy B R'.

Mbl paccmaTpuBaem aHanu3 B NPSIMOM HanpasneHun (CBEpPXY BHU3).
AHann3 B obpaTHOM HanpaBneHnn paccMaTpMBaEeTCHA aHaNOM4Ho C
O4YE€BUAHBIMU NU3MEHEHUNAMM.

30



0.2. AHasnlu3 nomoka O0aHHbIX Ha OCHoge obsracmeu
9.2.1. Cxema aHanun3a NnoToka AaHHbIX HA OCHOBEe obracTeun

¢  Ha kaxnom ypoBHe nepapxmm obnacTtei:
® Ona kaxgon obnactu R n ona kaxaoon nogodnactn R' € R Bblumcnsg-
eTca nepegaTtovHasa PyHKLUS fR In[R'] » CYMMUpyOLLas BInAHMe

BCeX BO3MOXHbIX nyTen B R, Beaywmx ot Bxoga B R ko Bxogy B R .

¢ Hanpumep, ans obnactu R

n eé nopobnacten R,, R; u R,
OyayT BblYMCNEHBI NEpeaaToy-

Hble PYyHKLNK @
fRﬁ’ln:Rz: m
fReiln:Rs:
fR6,In[R4]

31



0.2. AHasnlu3 nomoka O0aHHbIX Ha OCHoge obsracmeu
9.2.1. Cxema aHanun3a NnoToka AaHHbIX HA OCHOBEe obracTeun

¢  Ha kaxaom ypoBHe nepapxum obnacren:
® O6nactb R’ e R HasbiBaeTca gbixoonou nogobnacTtbio obnactm R,
ecnun y R’ ecTb BbiIxogHoe pebpo kK HekoTopoi obnacTu,
He npuHaanexatuen obnactu R.
® [na kaxgon BbixogHow obnactn R’ € R BblumMcnaeTca nepegaToyHas
PyHKLUS fR,Out[R’]’ CYMMMPYIOLLIASA BIINSAHME BCEX BO3MOXHbIX

nytei B R, Beaywmx ot Bbixoga u3 R "k Bbixogy u3 R.
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0.2. AHasnlu3 nomoka O0aHHbIX Ha OCHoge obsracmeu
9.2.1. Cxema aHanun3a NnoToka AaHHbIX HA OCHOBEe obracTeun

¢  Ha kaxaom ypoBHe nepapxum obnacren:
® O6nactb R’ e R HasbiBaeTca gbixoonou nogobnacTtbio obnactm R,
ecnun y R’ ecTb BbiIxogHoe pebpo kK HekoTopoi obnacTu,
He npuHaanexatuen obnactu R.
® [na kaxgon BbixogHow obnactn R’ € R BblumMcnaeTca nepegaToyHas
PyHKLUS fR,Out[R’]’ CYMMMPYIOLLIASA BIINSAHME BCEX BO3MOXHbIX

nytei B R, Beaywmx ot Bbixoga u3 R "k Bbixogy u3 R.

¢ Hanpumep, ans obnactu R
N e€ BbIXOOHbIX Nogobnacren @

R; 1 R, 6yayT BbluMCnEHbI
nepenaToyHble PyHKUMN e

fR6,OUt[R3] fRa,OUt[Rd (8,)
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0.2. AHanu3 nomoka 0aHHbIX Ha ocHoge obsrlacmel

9.2.1. Cxema aHanun3a noToka AaHHbIX HA OCHOBEe obracTeun

¢ MNepBbin 3Tan. NocTpoeHne nepeaaToUHbIX (PyHKLUN BCeX
obnacteun (OT NUCTbLEB K KOPHIO AepeBa ynpaBneHus).

® CHauyana obpabaTtbiBatoTcsa 0bnacTu-nncTbs (oTAenbHbIE BOKN):
ansa kaxgow obnactu-nucta R, cocroswen ns 6noka B,
fR In[B] — I (ToxXgecTtBeHHast PyHKUMA)

R,0ut[B] — 1:B (nepenatodHas doyHKums Groka B).

34



0.2. AHanu3 nomoka 0aHHbIX Ha ocHoge obsrlacmel

9.2.1. Cxema aHanun3a noToka AaHHbIX HA OCHOBEe obracTeun

¢ MNepBbin 3Tan. NocTpoeHne nepeaaToUHbIX (PyHKLUN BCeX
obnacteun (OT NUCTbLEB K KOPHIO AepeBa ynpaBneHus).

® CHauyana obpabaTtbiBatoTcsa 0bnacTu-nncTbs (oTAenbHbIE BOKN):

ansa kaxgow obnactu-nucta R, cocroswen ns 6noka B,
fR In[B] — I (ToxXgecTtBeHHast PyHKUMA)

R,0ut[B] — 1:B (nepenatodHas doyHKums Groka B).
¢ TMepemelleHne BBEPX MO MepapXum:

¢ R - o6nacTtb-Teno: pebpa, npuHaanexawue R, o6pasytort
aumknuyeckuii rpad Ha nogobnactax R, yto nossonsaer
Npu BblMUCIIEHNN NepeaaToYHbIX OYHKLUNM UCMOSb30BaTb
TOMnonorn4yeckun nopsaaok obnacren.

¢ R — o6nacTb-LUMKR: y4NTbIBAETCA TONBKO BNUAHNE

obpaTHbIX pebep, BeayLmx K 3aronosky R. s



0.2. AHasnu3 nomoka OaHHbIX Ha OCHoge obsracmelu
9.2.1. Cxema aHanun3a noToka AaHHbIX HA OCHOBEe obracTeun

O

[MepBbin 3Tan. NMocTtpoeHne nepeaaTovYHbIX PYHKLUU BCeX

obnacteun (OT NUCTbLEB K KOPHIO AepeBa ynpaBneHus).
® CHavana obpabaTbiBatoTcst 06NnacTu-NUCTbA (OTAENbHbIE BrOKN).

® [lepemelleHne BBEPX NO MEPaAPXNN:

¢ R - o6nacTtb-Teno: pebpa, npuHagnexawue R, o6pasytor

auuKnudeckuii rpad Ha nogobnactax R, yto nossonsaet

Npun BblYUCIIEHNN NepeaaToYHbIX OYHKLUNK UCMOSb30BaTh
TOMNONI0rnM4ecKkun Nopaaok obnacren.

¢ R — o6nacTb-LUMKN: y4NTbIBAETCA TONBKO BNUAHNE
obpaTHbIX pebep, BeayLmx K 3aronosky R.
® B koHue 0bpaboTkn AoCTUraeTcsa BepLUMHA NEPaPXUN U

BbIUMUCISIOTCS NepeaaToyHble dyHKumMKn obnactm R,

npeacrasnsaloLwen cobon Becb rpad noToka.
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0.2. AHasnu3 nomoka OaHHbIX Ha OCHoge obsracmelu
9.2.1. Cxema aHanun3a noToka AaHHbIX HA OCHOBEe obracTeun

¢ Bropou atan. AHanu3 nepapxmm obnacremn (OT KOPHA K NMUCTbAM

AepesBa ynpaBrieHuUs).
® Ob6nacTtu npocmaTpmBaloTca B 0OpaTHOM nopsake, Ha4nHasa ¢

obnactu R, v nanee, onyckasicb BH13 no nepapxuu. [ns kaxago

obracTu BbIYMCIIAIOTCS 3HAYEHMS MOTOKA JAHHbIX HA BXOAe.

¢ YT0ObI NONYYMTb 3HAYEHMS MOTOKA AaHHbIX Ha Bxoae R € R,

Mcnonb3yeTcsa nepeagaTtoydHas PyHKUUs fRn,In[R]
® BbluncneHns NnOBTOPSOTCS, 40 TEX NOpP, NoKa He ByayT AOCTUTHYTHI
obnacTtu-nnucTbs (basoBble 6NOKN).
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9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obsiacmeu
9.2.2. BbluncneHue nepeaaToyHbIX (pyHKLUN

¢ [Onsa aHanusa noToka AaHHbIX C UCMONb30BaHMEM UTEPATUBHOIO
anroputma B 6a30BbIx 6nokax notpedoBanack 3aMKHYTOCTb CTPYKTYPb

NOTOKa JaHHbIX OTHOCUTENBHO onepauun KOMno3uyuu PYHKUNA.
¢ [ns aHanu3a noTtoka AaHHbIX Ha OCHOBE obnacTen Kk nepeaaToYyHbIM
dYHKUMSAM NPUMEHSAETCH YXKe He TONbKO ornepauynsa KOMno3mumn, HO eLle

OBe orepaumun, No3BoMAKLMeE BblYUCNATL NepeaaTodHbie yHKUNK O
obnacTten no nepegaTtoyHbIM PYHKUMAM ONs X nogobdnacren:

¢ onepaunsa coopa (ons BXOOOB B KOMMOHEHTbI nogobnactei) u

® onepauus 3amblKaHUus (ONS LUKIOB).

¢ [ns npMMEeHMMOCTU YKasaHHbIX onepauuin Tpebyetca, YTobbl CTPYKTYpa
NOTOKa fJaHHbIX (MHOXEeCTBO rnepeaaToyHbiX OYHKLKUI) Oblia 3aMKHyTa
OTHOCUTESIBHO TPEeX onepaumin: KoMnosuuum, coopa 1 3aMbiKaHUS.
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9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obsiacmeu
9.2.2. BbluncneHue nepeaaToyHbIX (pyHKLUN

¢ 1. 3aMKHYTOCTb OTHOCUTENIbHO KOMMNO3ULIMK

@ BLZMKH)/I’}QOCWZZ) MHOXecTBa ‘T omHuocumenvHo Komnosuyuu

O3Ha4aeT, YTO KOMNOo3ULMSA ABYX NepenaTtodHbiX OYHKLUUN,
npuHagnexawmx MHoxectBy F, aBnsetcsa nepeaatovHon dyHKLUMeNn,

npuHaanexatien mHoxecTtsy F.

¢  YtBepxpeHue. MHoxecTBO G'K, nepenaTtoyHbix hyHKUWIA BUAA
gen-kill, samkHyTO OTHOCUTENBHO KOMMNO3ULIMKA:

ecrm e GK f,eGK ,af=1, °f,,ton f e GK

[HokasaTenbCcTBO.

(f, ° 1) (%) = gen, U ((gen; w (x —killy)) —kill,) =
= gen, U (gen, — kill,)) U (x — (kill, U kill,)) =
=gen v (x—kill),

gen = gen, U (gen, —kill,)  kill = kill; v kill,,. 39



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obsiacmeu
9.2.2. BbluncneHue nepeaaToyHbIX (pyHKLUN

¢ 2. Onepauus cb6opa

o

Onepaumsi cOopa A, Ha MHOXECTBE NepeaaToyuHbIX (yHKLNIA F

onpeaensieTcs ¢ NOMoLLbIo onepaummn A cbopa 3Ha4yeHur noToka
OaHHbIX criegyrowmm obpasom:

(f1 A T2) (X) = 11(X) A T(),
MHOXecTBO nepeaaTouHblx dyHkumin F 3AMKHYNMO OMHOCUMENbHO

onepayuu coopa Az €CIU ONA NodbiX ABYX NepeaaTto4HbIX
pyHkumii f e Fn f,e F uxcbopf=fiaf,e F.
3ameyvyaHue. MHOXecCTBO nepeaaToyHbIX OYHKLNN T, 3aMKHYyTOE

OTHOCUTESLHO onepauunn cbopa A, ABMNAETCA NONypeLLIETKON C

onepaunen coopa A . 40



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obsiacmeu
9.2.2. BbluncneHue nepeaaToyHbIX (pyHKLUN

¢ 3.3aMKHYTOCTb OTHOCUTEsNIbHO onepauun cbopa

®  YTBepxaeHune. MHOXeCTBO gKnepe,anqublx doyHKUMW BUaa

gen-kill, samkHyTo oTHOCMTENBHO ONEpaLmn cbopa A

[loka3aTenbCTBO:

(f; Agx T)(X) = T1(X) ATy(X) =
= gen, U (x —kill,) U gen, U (x — kill,) =
= (gen, U gen,) U (x — (kill, ~ kill,)) =
=gen v (x —kill),

gen = gen, U gen,, kill = kill, m kill,.
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9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obsiacmeu
9.2.2. BbluncneHue nepeaaToyHbIX (pyHKLUN

¢ 4. Onepaums 3aMbIKaHnA

® Myctb f— nepenatouHas yHKUMS Tena umkna.

Toroa ABymM ntepaumam uukna byoet cooTBeTcTBOBaTb MYHKLMS

F2(x) = f AL,
a N ntepauusam yukna — PyHKUMS
fr=fnin, f

Ecnu konnyecTBo ntepaumun Lukna Hem3BecTHO, ero nepegaroyHas

PYyHKUMS nNpeacTasnsaercs kak samvikanue f.
MycTb | — ToxpectBenHas dyHkums. Torga fO=1,fl1=f
3amvikanuem nepenatodHon dyHkumm f € F' HasbiBaeTcs

cdyHkuma f*, onpenensemas dpopmynon

¥ 1A Ao 2

F >0



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obsiacmeu
9.2.2. BbluncneHue nepeaaToyHbIX (pyHKLUN

¢ 5. 3aMKHYTOCTb OTHOCUTESNIbHO OnepaLnu 3aMblKaHUSA

®  MHoxecTBO NepefaToyvHbIX YHKUNA ‘F 3aMKHYMO OMHOCUMENTbHO

onepayuu 3aMblKAHUAL.

¢  YtBepxpeHue. MHoxecTBO GK, nepenaTtoyHbIx chyHKUWIA BUAA
gen-kill samkHyTO oTHOCKTENLHO ONEpaLWK 3aMbIkaHKS:

ecrmVfe GK ton e GK .
[loka3aTenbCcTBO:
f2(x) =f(f(x)) = gen u (gen U (x — kill) —kill) =
= (gen w gen) U (x — (kill U kill)) = gen w (x — kill).
f(x) = gen U (x — Kill) (no nnaykumm)
fx(x) = 1AFIX)AT2X) A ... =x U (gen U (x —Kill)) =
=genu (x U (x—kill)) = gen U x
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O.2. AHanu3 nomoka 0aHHbIX Ha OcHoege obslacmeu
9.2.2. BbluncneHue nepeaatoyHbiX (hyHKLNN

¢ 5. 3aMKHYTOCTb OTHOCUTENILHO onepaLumn 3aMbiKaHUS
¢  Wrak, ecrn f(X) = (gen v (x —kill)) , Tof *(x) = gen U X

CnepoBatenbHo, ans V f € GK
gen. - = gen;
kill, - =

Takmum obpasom, LMKkl HE BNUAKOT HA aHanu3 JOCTUratomx
onpeaeneHnm

44



0.2. AHanu3 nomoka 0aHHbIX Ha ocHoge obslacmel
9.2.3. AnropuTmM aHanu3a Ha OCHOBe obracTteu

¢ Bxoa: CTPYKTYypa NOoTOKa AaHHbIX, 3aMKHYyTas OTHOCUTENLHO
onepauum Komnosnumnm, cbopa v 3amMblKaHnS,

npuBoAUMbIN rpad notoka ynpasneHus G.

O Bbixoa; 3HaueHus notoka aaHHbix IN[B] ans kaxgoro 6noka B € G.
¢ MeTon: BbINOMHUTL CrneayoLlne AencTBUS:
1) C nomoubto anroputma 9.1.3 onpegenntb obnactu
N UX TOMOSTIOrMYECKUiN NOPSAO0K (CHN3Y-BBEPX)
2) Bocxoosawuu npocmomp pnsi BbIYUCNEHNS
nepegaTouHbIx yHkumin obnactert Ry, Ry, ..., R;:

(R, — obnacTb camoro BEpXHEro ypoBHsl).

2a) R — obnactb-nncT, cooTBeTcTBYOLLLAA GNoKy B:

fR,In[B] =1, fR,Out[B] = fp.
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0.2. AHanu3 nomoka 0aHHbIX Ha ocHoge obslacmel
9.2.3. AnropuTmM aHanu3a Ha OCHOBe obracTteu

O MeTona; BbIMOSTHUTbL CriegyloLine AeicTBUS:
2) Bocxoosawun npocmomp ans BblYMCneHUs
nepenatoyHbix yHkumin obnactenn Ry, R,, ..., R.:

2b) R — obnacTtb-Teno:

for each S € R (B Tononornueckom nopsagxe) {

fR,In [s] = A )fR,Out [B]

BePred (S
/* Ecnn S — 3aronosok o6nactu R, To Ty In[S] — | %/

for each (BleO,D,HOl?l 6rnok B S) fR,OUt[B] = fS,OUt[B] ° fR’m[S];
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0.2. AHanu3 nomoka 0aHHbIX Ha ocHoge obslacmel
9.2.3. AnropuTmM aHanu3a Ha OCHOBe obracTteu

O MeTona; BbIMOSTHUTbL CriegyloLine AeicTBUS:
2) Bocxoosawun npocmomp ans BblYMCneHUs
nepenatoyHbix yHkumin obnactenn Ry, R,, ..., R.:

2c) R - o6nacTtb-uukn:

*

fR,In [S] :(Bep{e\d (s) fR,Out [B]j

[* Ecnm S — saronosok obnactu R, 1o fg iy = 1 */

for each (swixogHoii 6nok B € S) g oue; = fs.ouey * Tringsy

a7



0.2. AHanu3 nomoka 0aHHbIX Ha ocHoge obsrlacmel
9.2.3. AnropuT™M aHanu3a Ha OCHOBe obrnacTteu

¢ MeToa: BbIMOMHUTL Crieaylolime AeNcTBUS:
3) Hucxooswuii npocmomp ans BblMUCHEHMS

sHaveHuii IN[R] B Hauane kaxaooin obnacTu:

In[R,,] = Out[Entry];
for each S € R (B HuCcxoasaLwem nopsaake)
IN[R] = fr nry (IN[RD),

/* R' — oBnacTb, HenocpeacTBEHHO

oxBaTblBatowas obnactb R */
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9.2. AHanu3 nomoka 0aHHbIX Ha OcHoege obsracmel
9.2.4. Npumep: npumeHeHue anroputma 9.2.3

¢ MpumeHum anroputm 9.2.3 Ans noucka AoOCTUratoLLnX onpeaeneHnn ¢
NOMOLLbIO aHanmM3a Ha OCHOBE obnacten B paccMaTpuBaemMon nporpamMme.

Bl 1 <« - m, 1 dl En'l_:,ry
j < n d, |
a < ul d3 B,
B, i« +1i, 1 d, L,
B, a ¢« u2 d. B,
B, J < u3 d,
B
BS
By
B

Exit 49




0.2. AHanu3 nomoka 0aHHbIX Ha ocHoge obsrlacmel

9.2.4. Npumep: npumeHeHue anroputma 9.2.3

® 3ameuvaHume: NOUCK JOCTUralLLIMX onpeaeneHnn
0ObIYHbIM CNOCOBOM (C MOMOLLbIO UTEPALIMOHHOIO
anropnTma, KOTopbI n3y4vancst B NpoLusiom
cCeMecTpe) AaeT crneayowme pesyrnsrartbl

In[B,] =9

In[B,] = C1’(32’(39,104105’de}
In[B,]=1d,,d;,d,,ds,d
In[B,]=1d,,d;,d,,d5,d;
In[B;]=1d,,d;,d,,ds,dg

Entry

50



0.2. AHanu3 nomoka 0aHHbIX Ha ocHoge obsrlacmel

9.2.4. Npumep: npumeHeHue anroputma 9.2.3

¢ MpumeHnm anropmntm 9.2.3 Anga novcka AoCTUratoLuXx
onpegeneHuin c NOMOLLbIO aHann3a Ha OCHoBe
obnacTten B paccMmaTpnBaemMou nporpamMmme.

¢ LWWar 1: ¢ nomouwbto anropmtma 9.1.3 onpeaenum
obnacTtn u NPoOHyMeEPYEM UX B BOCXOASILLIEM
Tonosiornyeckom nopsiake (cnanabl 20 — 27):

nonyyum obnactn Ry, R,, Rs, Ry, Re, Rg, R, Rg

Entry

Exit
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0.2. AHanu3 nomoka 0aHHbIX Ha ocHoge obsrlacmel

9.2.4. Npumep: npumeHeHue anroputma 9.2.3

¢ MpumeHnm anropmntm 9.2.3 Anga novcka AoCTUratoLuXx
onpegeneHuin c NOMOLLbIO aHann3a Ha OCHoBe
obnacTten B paccMmaTpnBaemMou nporpamMmme.

¢ LWWar 1: ¢ nomouwbto anroputma 9.1.3 onpeaenum
obnacTtn u NPoOHyMeEPYEM UX B BOCXOASILLIEM
Tonosiornyeckom nopsiake (cnanabl 20 — 27):

nonyyum obnactn Ry, R,, Rs, Ry, Re, Rg, R, Rg

Entry

Obnactu

Ry, Ry, Rs, Ry, Re
ABNAOTCA
obnacTtamu-
NNCTbAMU N
COOTBETCTBYIOT
©a3oBbIM Br10KaM

B,, B,, By, By, B:

Exit
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9.2. AHanu3 nomoka 0aHHbIX Ha OcHoege obsracmel
9.2.4. Npumep: npumeHeHue anroputma 9.2.3

¢ War 2: Bocxooawuti npocmomp Ons BbIMUCNEHWS NepeaaToyHbIX
dyHkumin obnacten Ry, Ry, Ry, Ry, R, Rg, R4, Rg
LLlar 2a): BbluMcneHne nepeaaTtodHbiX PyHKUMN 0bnacTen-rnmcToLeB

Ry, Ry, Rs, Ry, Re

frng(X) =1,
fr. outre1(X) = Tg, (X) = geng W (x—Kkillg )
B B, B, B, B, B

geng | {d;,d,,ds}  {d,} {ds} {dg} %
kill | {dsds,dg} {d;} {d3} {d,} &




9.2. AHanu3 nomoka 0aHHbIX Ha OcHoege obsracmel
9.2.4. Npumep: npumeHeHue anroputma 9.2.3

¢ LWar 2b): BbluncrneHne nepegaro4Hon yHKLMN

obnactu-tena R
O6nactb R coctout 3 nogobnacten R,, R; n

R,. O™ nopobnactn obpabatbiBatoTcs B
TOMONOrM4YeCcKoM rnopsaake, NOCTPOEHHOM Ha

ware 1: R,, R, R,.
Mopo6nactb R, Y R, HeT npegwecTBeHHMKkoB

B npeaenax Rg, Tak kak o6paTtHoe pebpo R, —

R, He npuHapnexuT Ry CnepnosatensHo

fR6,In[R2] = fRZ,In[BZ] =1,
— O - o] _—
fR6,Out[BZ] = fRz,Out[Bz] fRG,In[RZ] = f82 | = fBZ
98N, inr,1 = D Killg, ngr,) =<
9€Ng; outrr,] = 9€Ms, ={d,}, ki”RG,Out[Rz] = ki"52 ={d,} o4



9.2. AHanu3 nomoka 0aHHbIX Ha OcHoege obsracmel
9.2.4. Npumep: npumeHeHue anroputma 9.2.3

¢ LWar 2b): BbluMCNEHNE NepeaaToyHown
dyHKUMM obnacTtu-tena R

Mopo6nactb R;: Y R, B npepgenax Ry ogunn

npeplwecteeHHUK R,. CnegoBaTtensHo

fRB,In[R3] — fR6,Out[BZ] — f52

fRG,Out[Bg] — fR3,Out[B3]O fRG,In[R3] — fB?,O f52
fr nprg (¥) = T ous,1 () = g (X) = (x=Kkilly ) U geng
T oue,1(X) = Tr, ouge,” Tryinr,y (X) = (Tg,° T, )(X) =
(geng, w(geng —kill ))w (x—(killy wKkillg ))

geng s, = 9€N;, :{d4},kiIIR6,,n[B3] = kiIIBZ ={d,;}
geng ougs,; = 9eng U (gen, —kill; ) ={d;}v ({d,}—{d,})={d,,ds}
Killy ougs,q = Kill, Ukilly ={d;}u{d,}={d,,d;} >



9.2. AHanu3 nomoka 0aHHbIX Ha OcHoege obsracmel
9.2.4. Npumep: npumeHeHue anroputma 9.2.3

¢ LWar 2b): BbluMCNEHNE NepeaaToyHown
dyHKUMM obnacTtu-tena R
NMopo6nactb R, Y R, B npegenax R; aBa

npeawecTBeHHrka R, n R;. CneposatenbHo

fRG,In[R4] = fRG,Out[BZ] N\ fR6,Out[B3]

= f52 N\ fRG,Out[Bg]

—_ O
fRG,Out[B4] — fR4,Out[B4] fRB,In[R4]

- fB4 ’ fRe,ln[R4]

56



9.2. AHanu3 nomoka 0aHHbIX Ha OcHoege obsracmel
9.2.4. Npumep: npumeHeHue anroputma 9.2.3

¢ LWar 2b): BbluMCNEHNE NepeaaToyHown
dyHKUMM obnacTtu-tena R
Mopo6nactb R,

fRG,In[R4](X) = ( fR6,Out[Bz] A fR6,Out[B3])(X) =
=(fg, A fRG,Out[B3])(X)

fRa,Out[B4](X) = ( fR4,Out[B4]O fR6,In[R4])(X) =
=(Tg,° Try 1nr,1)(X)

geng, in(r,] = 9€Ne, Y 9€Ng_ ouie,] =104} {d,, ds}={d,,ds}
Killg, infr,1 = Killg, NKillg, oyqs,; =1dikM{d;, d3}={d}

0€Ng, outiR,] = 9€NR,,infr, 1~ (9€Ng, —Killg, 1nir,1) =

={d,,ds} v ({ds}—{d;})={d,,ds,ds}

Kill, outr,1 = Killg, Wkillg, nr,; ={dz}{d; }={d,,d,} >




9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3

¢ Lar 2c): BbluncneHne nepegartoyHon pyHKUMN
obnactu-umkna Ry
ObnacTtb R7 COOEPXKUT TONbKO 0gHY nogobnacTb
R (Teno uukna). O6patHomy pebpy B, — B, «
3aronoBky R cootBeTcTBYET NepenaToyHas
doyHKUMA

fR7,In[R6] — fR6,Out[B4]

13 obnactn R, nmeetcs aBa Bbixoga — 6a3oBble 6noku B; 1 B,.

MosTomy Ansi Nony4YeHUsi COOTBETCTBYHOLLMX NepeaaToyHbIX (pyHKumn R-
HY>KHO BblUUCNIUTB koMno3numMn  Ir in[R,] € 'R;,0ut[B;] “C 'R, 0ut[B,]

1:R7,Out[B4] o fR6,Out[B4]O 1:R7,In[R6]

fR7,Out[B3] — fR6,Out[B3]O fR7,In[R6] £g



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3

® Lar 2c): BbluncneHne nepegartodHon yHKLNK
obnactu-umkna Ry

(a) Ha Bxoge
[lepenatovHas pyHKUNS:

fR%'”[Ra](X) - fRG,OUt[B4](X)

MuoxecTsa gen u Kill
O€NR. iIn[rs1 = YENR out[B,] ={d,,ds,dg}

kl ”R7,In[R6] — @
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9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3

¢ Lar 2c): BbluncneHne nepenaToyHom
dyHKUMKM obnacTtu-umnkna R,

(b) Ha BbIxogax
[lepenatoyHbie PyHKLNK:

fR7,Out[B4](X) = ( fRG,Out[B4]O fR7,In[R6])(X)

fR?’OUt[BB] (X) = ( fRG,OUt[BB]O fR7,|n[R6])(X)

Muoxectea gen v Kill
geng. outre,] = 9€NR, inrs] Y (9€NR, outs,] — KilIR, in[r)) =

={d,4,d5,dg} ({d,,ds,dg}— ) ={d,,ds,de}

Killg, outs,] = Killg, 1nfrg1 Y Killg, outge,; = W1d;, do} ={d;,d,}
9€Ng, out(e,] = 9€NR, in[rRs] (genRG,Out[Bg,] —ki ”R7,In[R6]) =
={d,,ds,dg} ({d,,d5}— ) ={d,,ds,dg}

Killg, outsy1 = Killg, infrgy Y Killg, oue, =< W {dy, d3} ={d;, ds} »



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3

¢ LWar 2d): BbluMcneHne nepegaTtodHon dyHKLUNN
obnactu-tena Ry

Monobnactsimu obnactu R (Becbk rpad notoka)
ABNSATCA (B TOMNOMIONMYECKOM MopsiaKe)

Ry, R, n R:.
[lepepatoyHble YyHKUNN:
1) ana R:

fr, g (X) = 1(X) = X

fRS,Out[Bl] (X) — fsl (X) @

9€Ng, nfr] = kI"R8,|n[R1] =0
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9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3

¢ LWar 2d): BbluMcneHne nepegaTtodHon dyHKLUNN
obnacTu-umkna Rg

2) ana R:

3aronosok R, (6nok B,) nmeeT eAMHCTBEHHOIO

npegLecTBeHHrKa, B;.
Y R, aBa BbIxogHbIx pebpa (B 6rnokax By un B,).
[lepenatoyHble QYHKUNN:

TRe.In[R;1 = Tro,0utey] = TR ourey = Tay
ng,Out[B3] = fR7,0ut[|33]o fR8,|n[R7] = fR7,Out[Bg]o fsl @

ng,Out[B4] = R7,Out[B4]o ng,In[Ry] - R7,Out[B4]O fBl

0L



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3

¢ LWar 2d): BbluMcneHne nepegaTtodHon dyHKLUNN
obnacTu-umkna Rg

2) ana R:

MuoxecTsa gen u Kill
9€Ng inr,] = 9€Ng, :{dvdz’ds}
killg, e 7 = Killy, ={d,, ds,dg}

08N, oue,1 = 98Nk, ouge,) (98N, —Killg ouye1) = (&
:{d4’d5’dG}U({d1’d21d3}_{d1’d3}) :{dZ’d4’d5’d6}
Killy, ours.1 = Killg ouge.s UKilly = . &

={d,,d;}u{d,,d;,ds}={d,,d,,d,,d;,d:}

0S5



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3

¢ LWar 2d): BbluMcneHne nepegaTtodHon dyHKLUNN
obnacTu-umkna Rg

3) ana Rc:

Y 3aronoska R (6bnok Bc) ABa npealiecTBEHHMKa
(B3wn B,), npynyem f|35 = |

TRe.n[R;1 = TRy outrey] = Tryourey) = oy

ng,Out[B3] = fR7,Out[B3]O ng,In[R7] = @
- fR7,Out[B3]O fsl A
fR8’OUt[B4] — fR7,OUt[B4]O fR8,|n[R7] — RS

= fR7,OUt[B4]O fBl



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npuMmeHeHne anroputma 9.2.3

¢ Llar 2d): BbluMCnEeHVEe NnepefaTodHon dyHKuMK obnactu-umkna Rg
3) ana Rc:
nepefaTtoydHblie PYyHKUUK

fRs,ln[le(X) - (ng,OUt[Bg,] N\ fR8,0ut[B4])(X)
ng,Out[B5](X) = ng,ln[BS](X)
Muoxectsa gen v Kill (cm 9.2.2.3)

9€NR; in(Bs] = 9€NR; out[B,1 Y 9ENR, 0ut[B,] =
={d,,d,,ds,ds}{d;,d,,ds,dg}=4d;,d;,d,,d5,dg} @
Killg, 1npee1 = Killg, outgsy) M KR, ous,] =
:{d1’d3id4’d5’d6}m{d1’d2’d4’d5’d6}:{d11d4’d5’d6} Ry 9
9€NR, outrBs] = 9€NR,, infas] =102, 03,04, 05, dg}

ki”R8,Out[B5] - ki”R8,|n[E35] =1d;,d,,d5,dg} e



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. NMNpumep: npuMmeHeHue anropmutma 9.2.3

® PesynbraThbl wWara 2

ITEPEJIATOUHAS ®YHKLMSA gen kill
Re | fremirs) =1 %] o
b Rg,0UT[B2] = f R2,0UT[Bg] © i Rg,IN[R2] {d4} {di}
fRe,N[Rs] = JRes,0uT|B2) {ds} {di}
fr,outBs] = FRs,0urBs) © FRe,N(Rs] | 1d4,d5} {d1,ds}
JRe,™(Ra] = JRe,0ut[Ba] N J Re,0ut(Bs] {d4,ds} {d1}
fR6 ,OUT[B4] — fR4,0UT[B4} O fR7,1N[R6] {d47 ds, dﬁ} {dlv d2}
Rr | fRrwRe) = fEe,OUT[Bz;] {ds, d5,ds } ©
frr.0ut(Bs] = fRe,0ut(Bs] © fRrmv{Rs] | 19455, d6} {d1,ds}
f R7,0UT[By] — f Rg,0UT[By4] © f R7,IN[Rg] {d47 ds, d6} {dl, d2}
Rg | fremiry =1 % %
fRe,0ut[B1] = JRy,0UT[B1] {d1,da,d3} {d4,ds,dg}
fRe,™(R7] = fRs,0uB1] {d1,d2,ds} {d4,ds,ds}

f Rg,0UT[B3] = f R7,0UT[B3] © f Rg,IN[R7]

I Rg,0UT[B4] = ¥ R7,0UT[By] © f Rg,IN[R7]
fRe,N[Rs] = JRs,out(Bs] \ S Rs,0UT[B4]

/ Rs,0UT[Bs] = f Rs,0UT[Bs] © f Rg,IN[R5]

{dz,d4,ds,ds }
{ds,dy,ds, ds}
{da,d3, ds, ds, ds}
{da,ds3,ds,ds,ds }

{d1,ds,dy,ds,dg}
{d1,dy,ds,ds,ds}
{d1,d4,ds,ds}
{d1,d4,ds,ds}




9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3

¢ War 3: Hucxooswuti npocmomp Ans sblumcnenus sHadenuni IN[R] s

Hayvare Kaxgomn obnacru: R;

1) Anst o6nactu Ry / \
In[Rg] = O, (rpaHuyHoe ycnosue). R, R, R.

2) Ons nogo6nacten obnactu Ry : | |
2.1) obnactb R, B, R Bs

INR] = fo gy (MR = 1(IN[R,]) = In[R,] = &

2.2) obnactb R,

IN[R; 1= 15 1r 1 (IN[Rs]) = T (IN[Rg]) = geng W (In[R;]—kKilly ) =
— (@ {d, d,.d,}) Ufd, d,.d;}={d, d,.d)

2.3) obnactb Rc

IN[R;] = fR8,|n[R5](|n[R8]) = 0N n[r.] U (In[Rg] - ki”R8,In[R5])
={d,,d,,d,,d;,d.} (I —{d,})={d,,d;,d,,ds,dg} o



9.2. AHanu3 nomoka 0aHHbIX Ha OCHoge obriacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3

¢ War 3: Hucxooswuti npocmomp Ans sblumcnenus sHadenuni IN[R] s
Havyane Kaxgoun obnacTu:

3) Onsa nopobnactn R, o6nactn R, : / \
IN[Ry1= fr e g (IN[R,]) =

= geNg ry Y (IN[R T=Kill, . p) = | |
~{d,.d.,d.yu({d,,d,,d.}-2) = Boon B

:{d11d2’d31d4’d51d6} / \
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0.2. AHaslu3 nomoka OaHHbIX Ha OCHOoge 06nacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3 R

¢ War 3: Hucxooswui npocmomp Ans BblMUCHEHMS / \
sHaveHuii IN[R] B Hauane kaxaoon obnacTu:

4) Onst nogo6nacter obnactu Rg: ‘ ‘
B; B By
4.1) obnactb R,

In[R,] = fRﬁ,,n[R4](In[R6]) = 0€Ng. in[r, ] U (IN[Rs] - ki”R6,In[R4])

={d,,d;}v({d,,d,,d;,d,,d;,ds}—{d,})={d,,d;,d,,d5,d¢}
4.2) obnactb Ry

In[R;] = fRG,In[RS](In[R6]) = 9€Ng. inr, Y (IN[Rs] - kiIIRﬁ,In[R3])

=1d,,d;} v ({d;,d,,d;,d,, ds, dg }—1d,}) =1d,,d;, d,, d5, dg }
4.3) obnactb R,

In[Rz] = 1:RG,In[RZ](In[RG]) — genRe,In[Rz] U(In[RG]_ kiIIRe,ln[Rz])
=u{d,,d,,d,d,,d;,d;}-)=4{d,,d,,d;,d,,dg,d} 6°



0.2. AHanu3 nomoka 0aHHbIX Ha OcHoege obslacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3
® PesynbraTthbl Wara 3

3Ha4yeHns NoToKa AaHHbIX AN JOCTUraloLWmMxX onpeaeneHui:

In[R,]=2 |
In[R,]= 1;R . ]((In[R8]])) e I
In37:— Rg.In[R7] In R8 =101,0,,0; N
In:?S:: ng,In:R5](|n Rs]):{d2103’d4’d5’d6} RZ/Rz\m
|n:R6:: fR7,In:R6](In R ):{d1102’03’d4’d5’d6} B, B i
In:R4__: fR6,In:R4](In_.?6 ):{dz’cs’CmOS’CG}

IN[R, |= fR6’,n:R3](|n__qe )=1d,,d;,d,,ds,dg

INR, [= fRG,lanz](InR(s )=1d,.d,,d;,d,,ds,d}
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0.2. AHanu3 nomoka 0aHHbIX Ha OcHoege obslacmeu
9.2.4. MNpumep: npumeHeHune anroputma 9.2.3
® CpaBHeHue pe3ynbLTaToB

MHoXecTBa onpefeneHuin, focTuratowmx Bxodos B 6noku B4, B,, B;, By, Bs,
BblYMCIIEHHbIE C NOMOLLIO anropmtma 9.2.3:

In[B,]=In[R,]=T
In[B,]=In|R, |=1{d,,
In[B,]= In[R,|={d,,
In[B,]=In|R, |= {dz’ 65
In[B.]=In|R.|={d,,d,,d,,d.,d,

MHoxecTBa onpeaeneHun, JocTuratolwmx Bxogos B 6noku By, B,, B, B, B,
Bbl4MCIeHHbIE O0e3 BblaeneHusa obnacren (crnang 49):

In[B,]=<

In[B,]=1d,,d,,d;,d,,ds,d}

In[B;]=1d,,d;,d,,ds,d;

In[B,]=1d,,d;,d,,ds,dq

In[B.]=1d,,d,,d,,d;,d 71




