3. AHanus
NOTOKa AaHHbIX



3.1 [JocmynHbie ebipa>keHUs

3.1.1 OnpeaeneHune
% BbipaxeHue € 0ocmynHo B Todke [, eCnv € BbIMUCIAETCS Ha NoGoM

nytv ot ENtry go p npnyem nepemeHHble, BXxogsiimne B coctas €
He nepeonpenensarTcs Mexay nocrnegHUM TakuM BblIYUCNIEHNEM U

TO4YKOM .

O Mpumep. MycTb Touka P — BxoA B 6nok Ba.
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3.1 [JocmynHbie ebipa>keHUs

3.1.1 OnpeaeneHune

¢ BbipaxeHue € 0ocmynHo B Todke [, eCnv € BbIMUCIAETCS Ha NoGoM

nytv ot ENtry go p npnyem nepemeHHble, BXxogsiimne B coctas €
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3.1 [JocmynHbie ebipa>keHUs
3.1.1 OnpeaeneHune

O

Ona kaxpgoro 6asosoro 6roka B onpegenum

¢

mHoxecTBo €_Killg Beipaxenuit, yousaemwix B 6noke B

(npumep — NnpuceanBaHne 1 <— +,1,7 B 6noke B,

youeaem BbipaxeHve * , 4 ,1)
MHOXeCTBO € (JENg BblpaxkeHui, nopodicoaemvix B 6rnoke B

(npumep — npuceaneaHne t1 <« *,4,1i B Groke B,
nopodicoaem BolpaxeHve * , 4, 1).



3.1 [JocmynHbie ebipa>keHUs

3.1.2 YpaBHeHMA NOTOKA AaHHbIX

¢ [Ons Toro, YTobbl HAWTM AOCTYMNHbIE BbIPAXXEHUS, MOXXHO NCMONb30BaTh
METO/, HAaNOMMHAKLLINMK METOo, BbIMUCNEHNSA OOCTUIaoWmMX onpeaeneHun.

¢ U - MHOXecTBO Bcex BblpaXkeHU Nporpammbi.

¢  In[B] - mHoxecTBO BbipaxeHui n3 U, goctynHeix Ha Bxoae B B,
®  [paHn4HOe ycnosue:

In[Entry] = O
®  Cuctema ypaBHEHUIA:
Out[B]=e_gen; u(In[B]—e _killy)
In[B]=()Out[P]

PePred(B)

In[B.]1= ()(e_gen, u(In[P]-e_Kkill,))

PePred (Bj)



3.1 locmynHbie ebipa)KeHuUst

3.1.3 UTepaTUBHbLIU anNropmTM BbIYUCIIEHUA OOCTYMNHbIX BblpaXXeHUn

® Bxoga: rpad noToka, B KOTOPOM Ans Kaxaoro 6noka B BblYMCTEHDI
mHoxecTBa €_geng n e_Killg
¢ BbixoAa;: MHOXECTBa BblpaXkeHuii, 4OCTynHbIX Ha Bxoge (IN[B])
Kakgoro 6asoBoro 6rnoka B rpada noToka. .
® MeToA;: BbIMOSTHUTb CreayoLLYyo nporpammy
In[Entry] = &;

for (kaxabin 6Gasosbii 6nok B, otnnuneiii ot ENtry) In[B] = U;
while (BHeceHbl nameHeHns B OUut)
for (kaxabin 6asoBbii 6rok B, otnnunbin ot ENtry) {

InN[B]= (\(e_gen, u(In[B]—e_Kkilly))

PePred(B)



3.1 locmynHbie ebipa)KeHuUst
3.1.3 UTepaTUBHbLIU anNropuTMm BbIYUCIIEHUA OOCTYMNHbIX BblpaXXeHUn

¢ MeToA: BbINONMHUTL CReayoLLyo nporpammy
In[Entry] = J;
WorkList = J;
for (xaxmsm 6a30BmM 610K B,oTnmuHsm oT Entry) {
nomMecTutTes B B WorkList;
In[B] = U;/* KaxgoMy In[B] npmMcBamMeBaeTcCst B3HaueHMHe
ero HyJIeBOM urepauum */
};

do { /* OCHOBHOM uMKJI*/
BribpaTe ns ouepemm WorkList ouepegmuom 6yiox B
BriumcanTe InNew[B], mMcnonbs3yss ypaBHEHUE

InNew{B]= ((e_gen; U (In[B]—e_Kkilly))
PePred(B)
if (InNew[B] # In[B]) {
In[B] = InNew[B];
IlomecTnTe In[B] B kOHel ouepemm WorkList
}
} while |WorkList|>0;



3.2 lNonypewemku
3.2.1 AHanu3 noTokKa AaHHbIX

O npl/l aHalrin3e NoToKa AaHHbIX paCCMaTpuBardTCA MHO>XECTBA
nepemMeHHbIX A1A ornnMcaHna COCToaAHNA U TakKne onepaunun Kak

obveduHnenue (\J) n nepeceuerue (M) MHOXECTB.



3.2 lNonypewemku
3.2.1 AHanu3 noTokKa AaHHbIX

O

npl/l dHalrin3e NoToKa AaHHbIX paCCMaTpmnBakOTCA MHO>XECTBA
nepemMeHHbIX AN1A ornmcaHna COCToaHNA U TakKne onepaunumn Kak

obveduHnenue (\J) n nepeceuerue (M) MHOXECTB.
CsowncTea onepauum U n M

AUA= A ANA= A (u0emnomerHmHoCcmo)
AUB = BUA AnB =BMA (KOMMYmMamueHoCmy)
AU(BUC) = (AuB)UC) | An (BNC) = (AnB) NC | (accoyuamusnocms)

Ecin AUB = A, To BcA | Eciu AnB = A, To BDA | OTHOLWEHNE YaCcTUYHOro
nopsigka, CBs3aHHOE C

onepauunen
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3.2 lNonypewemku
3.2.1 AHanu3 NoToKa AaHHbIX

O npl/l dHalrin3e NoToKa AaHHbIX paCCMaTpmnBakOTCA MHO>XECTBA
nepemMeHHbIX AN1A ornmcaHna COCToaHNA U TakKne onepaunumn Kak

obveduHnenue (\J) n nepeceuerue (M) MHOXECTB.
O CsowncTea onepauum U n M.

AUA= A ANA= A (u0emnomerHmHoCcmo)
AUB = BUA AnB =BMA (KOMMYmMamueHoCmy)
AU(BUC) = (AuB)UC) | An (BNC) = (AnB) NC | (accoyuamusnocms)

Ecrimn AuUB = A, ToBcA | Ecnn AnB = A, To BDA | OTHOLLEHME YaCTUYHOTO
nopsAanka, cBA3aHHOE C

onepauunen

¢  Ecnu MHoxecTBo U copepxuT Bce anemeHTsl, To noboe mHoxectso A < U
nAuvU=UUA=U
¢ [Ona nepeceyenuns (M) porb U urpaet J: nio6oe mHoxectso A D D u

AN =0O0nNA=9

11



3.2 lNonypewemku
3.2.2 OnpepeneHne nonypeLlueTkn

¢ TNonypelweTka — 9T0 abcTpakTHasa anredbpanyeckast CTPyKTypa, Hag

arleMeHTaMn KOTOpoWn onpeaeneHa abctpakTHas onepaumsa A (Mbl
bygem HasbiBaTb €e «cbop»), obnagatowlasl cCBoOMCTBaMu onepauunm

U Nnn.

&  Onpepenenue. [lonypewemxa npegctaesnseT coboit MHoxecTso L,
Ha KOTOPOM onpenaeneHa GMHapHas onepaumst «coop» /A, Takas, YTo
ansscex X, ynZ € L:

XA X=X (uoemnomenmmuocmn)
XAY =) AX (kommymamusrnocmo)
XANYAD)=(XAY)AZ (accoyuamuernocmn)

MonypelueTka umeeT sepxuutl snemenm (Wi eepx) T € L takon, uto

anga scex X € L soinonHsgetca T A X = X
12



3.2 lNonypewemku

3.2.3 NonypeleTo4yHOE OTHOLUEHUE YAaCTUYHOro nopsgka <

O Ons Bcex nap X, v € L onpegenum otHoweHne <:
X < y TOrga v TOrnbKo Torga, korga X A y = X
O OTHoleHne < BNSETCS OTHOLLEeHNEeM YacTUYHOro nopsiaka.

(1) Peghnexcusrnocmo < cnegyet U3 UAEMMNOTEHTHOCTU A!
XSX & XAX=X

(2) Aumucummempuunocms < crnegyeT U3 KOMMYTaTUBHOCTU A:

NYCTb XS YyNy S X;toraaX =XAY=VAX=Y

(3) 1panszumusrnocms < cnegyeTt U3 acCoOLMATUBHOCTU A:
nyctb X < y uy < Z; TOrga no onpegeneHuto <
XAY=XUYAL=Y,
XAZ)=((XAY)AZ)= (XA ALZ)=(XAY) =X
(XAZ)=X & X< L

13



3.2 lNMonypewemku
3.2.4 HanbonbLwaa HNXKHAA rpaHvua

O Onpeaenenue. MNyctb (L, <) — yacTnyHo ynopsgoveHHoe
MHOXECTBO (B 4YaCTHOCTHU, NosiypeLleTka).
Haubonvwen nuoxcrneti epanuyeti Inf (x, y) anementoBXny e L
Ha3biBaeTcst anemeHT ( € L, Takon, yto g < x; g <y,
mecrmz € L, Takon,ytoZz<Xuz<y 10z<g.

O YTtBepxaeHue. Ecnuxuny € L, rge (L, A) — nonypewieTka, TO
Inf (x, y) =X A y.
Hokazamenbcmeo. [lyctb § = X A ). Toraa
gAX=((XAY)AX)=(XA(YAX)=(XAKXAY)) =
=((XAX)AY)=(XAY) =0, otkyaa crneayeT g < Xx.
To4HO Takum xe obpasom gokasbiBaeTcs, 4To J <.
MNyctbZ € L, Z< X KNz < y. Ookaxem, yto Z < . Umeem:
ZAQ=CZAXAY))=(ZAX)AY),Z<X=(2ZAX)=1
= (ZAQ)=(zZAy)=2.=2(ZzAQ)=2=>11Z Q. 14



3.2 lNonypewemku
3.2.5. lnarpammbl nonypeLeTok

O Juacpamma nonypewemku {L, A ) npeacraenset coboi rpad,
y3rnamu KOTOpOoro SABNSTCA anemeHThl L, a pebpa HanpasneHbl
OTXKYy,ecnmy < X.

¢ Mpumep. Ha pucyHke — anarpamma nonypewetku (U, L), [U| = s:
anemeHT MHoxecTBa U npepacrasnsaeTtcs GUTOBbIM 3-BEKTOPOM.

(000) (T)

I

(001) (010) (100)

| > >

(011) (101) (110)

o~

(111) (L)

15



3.2 lNonypewemku
3.2.5. lnarpammbl nonypeLeTok

O Juacpamma nonypewemku {L, A ) npeacraenset coboi rpad,
y3rnamu KOTOpOoro SABNSTCA anemeHThl L, a pebpa HanpasneHbl
OTXKYy,ecnmy < X.

¢ Mpumep. Ha pucyHke — anarpamma nonypetwetku (U, L), [U| = s:

anemeHT mHoxectBa U npeancTaBJiAE€TCA GuTOBbLIM 3-BeKTOpOM.

(000) (T) ¢  3ameuaHue. OnpeneneHne anemMeHTa
/l\ | BHM3Y guarpammbl: ons nobdoro
(001) (010) (100) X € L J_ AX = J_
l>< >< l OTOT 3aNeMeHT Ha3bIBaeTCS «HU30MY,
(011) (101) (110) TaK KaK Nno onpeaeneHnto OTHOLLIEHUS

\1/ < gnsnGoroX € L 1 <X.

(111) L) MNonypelueTka ¢ onepaumein A MoxeT

 He coaepxaTb . 16



3.2 lNMonypewemku

3.2.6 HaumeHblana BepxHAA rpaHuua

O

B yacTu4Ho ynopsaaodeHHom mHoxecTse (L, <) moxHo no

aHanorum ¢ INf (x, y) onpeaennTs HaMMeHbLLIYIO BEPXHIO rpaHuLLy

sup (X, y) kaktakon b € L,utox <Db, y <b, necnun ans

ZelLx<zuy<z,tob<z

¢ B nonypewwetke (L, A) Inf (x, y) cywectsyer ana nio6on
napbl anemeHtoB X ny € L, a sup (X, y) moxet He GbiTb.

& B yacTtnyHo ynopsagodeHHom mHoxecTtse (L, <), B koTopom
ana nobbix X ny € L cywectayet sup (X, Y), MoxHo
onpenennTb OUHapHy onepaunto VvV (0bbeanHeHme)

XV y=sup (xY).

% MHOXXeCTBO, B KOTOPOM onpeaerneHbl obe onepaunm —

A (cbop) n Vv (06beguHeHNe), — HasbIBAETCH peuLemKou.

17



3.3 Cmpykmypa nomoka OaHHbIX
3.3.1 OnpeneneHune

¢ Onpegenenune. Cmpykmypou nOmMoKa OAHHbIX Ha3blBaeTCsl YETBEPKA
(D, F, L, A),
roe
® D — nanpasnenue ananusa (Forward unu Backward),
® F — cemelicTBO NnepenaToyHbIX YHKLNNA,
® L — notok gaHHbIX (MHOXECTBO 3rIeMEHTOB MONypeLleTKN),
® A - peanusauyus onepauumn cbopa.

¢ Mpumepsil.
1  CTpyKTypa NOTOKa AaHHbIX AN aHanv3a AOCTUraroLmx

onpeaenenun: (Forward, GK, Def, U),
rie GK —cemeicTBo nepeaatouHbix dyHkumin Buga gen-Kill,

Def — MHoxecTBO onpeneneHnin nepemMeHHbIX.

18



3.3 Cmpykmypa nomoka OaHHbIX

3.3.1 OnpeneneHune

¢ Mpumepsl.

2

CprKTypa NOTOKa AaHHbIX ANA aHalrin3da XuBbIX NepemMeHHbLIX.

(Backward, £¥, Var, L),

roe L9 — cemencTBO NepeaaTtovHbIX YHKLMA BUAa,
f (x)=useu (x—def)
Def — mHoXecTBO onpeneneHnii nepemMeHHbIXx.

CprKTypa MNOTOKAa AaHHbIX AJ14 aHalln3a AOCTYNHbIX Bblpa)KeHMﬁi
(Forward, AE, Expr, N),

roe AF — ceMencTBO NepeaaTtodHbiX oyHKUMW Buaa
f(x)=e_genu(x—e_kill),

EXpI’ — MHOXECTBO BblpaXXeHMWN nNporpamMmmel.

19



3.3 Cmpykmypa nomoka OaHHbIX

3.3.2 3aMKHYTOCTb

{0 OnpeaeneHue. CeMelicTBO NepeaaToyHblxX dpyHKUMn F HasbiBaeTcs

3AMKHYMbIM, €CIN:
¢  F copgepxuT ToxagecteeHHyto dyHkumio |1 Vxe L 1(x) = x.

® F 3adMKHYTO OTHOCUTEITbHO KOMMNMO3ULNN.

v f geF = h(x)=g(f(x))e F.

¢ YTBepxaeHue 1. CemencTtBo nepenatoUHbix dyHKkUmii F, ncnonbsyemoe
Npu aHanuse QOCTUralLmnx onpeaerneHnn (nepegatodHble PyHKUMM Bnaa

gen-kill), asnsertca samkHyTbIM.

20



3.3 Cmpykmypa nomoka OaHHbIX

3.3.2 3aMKHYTOCTb

O YTBepxaeHue 1. CemelicTBO nepenatoUHbIx dpyHKumnin F, ncnonssyemoe
Npu aHanunae gocTurarowmx onpeaeneHumn (nepegatodHble yHKUUN BUOA
gen-kill), asnaetca samkHyTbIM.

1) 3aMKHYTOCTb OTHOCUTENBHO KOMMO3NLUK Y>KEe YCTaHOBMEHa.
2) ToxxaecteeHHas dyHkuma 1(x) = x asnaetca dyHkumein suaa gen-Kill

cgen =kill = &.

21



3.3 Cmpykmypa nomoka OaHHbIX
3.3.2 3aMKHYTOCTb
O YTBepxaeHue 1. CemelicTBO nepenatoUHbIx dpyHKumnin F, ncnonssyemoe

npv aHanuse JoCTUralLwux onpeaeneHnn (nepenaTtoyHble MyHKUUM Buaa
gen-kill), asnaetca samkHyTbIM.

1) 3aMKHYTOCTb OTHOCUTENBHO KOMMO3ULNK Y)KE YCTaHOBIEHa.
2) ToxxaecteeHHas dyHkuma 1(x) = x asnaetca dyHkumein suaa gen-Kill

cgen =kill = &.

¢ YTBepxaeHue 2. CemencTBo nepeaaTodHbix YHKLWIA, NCMONb3yeMoe
Npu aHanunse XuBbIX NepeMeHHbIX ABNAETCA 3aMKHYTbIM.

¢ YtBepxaeHue 3. CeMencTBo nepeaaTodHbiX yHKLWIA, NCNOMb3yeMoe
Npu aHannae AOCTYMNHbIX BbIPaXXeHUN ABMAETCA 3aMKHYTbIM.

22



3.3 Cmpykmypa nomoka OaHHbIX
3.3.3 MOHOTOHHbLIE CTPYKTYpPbI

$ OnpepeneHue 1. CTpyktypa notoka aaHHbIx (D, F, L, A) Ha3biBaeTcH
monomonnot, ecrmVx,y € L, Vi e F (x <y) = f(X) < f(y).

$ OnpepeneHue 2. CTpykTypa notoka aaHHbIx (D, F, L, A) Ha3biBaeTcH
monomonnot, ecrmVx,y € L, Vf e F f(x A y) <1(X) A f(p).

23



3.3 Cmpykmypa nomoka OaHHbIX
3.3.3 MOHOTOHHbLIE CTPYKTYpPbI

$ OnpepeneHue 1. CTpyktypa notoka aaHHbIx (D, F, L, A) Ha3biBaeTcH
monomonnou, ecrmVx,y € L, Vi e F (x <y) = f(X) < f(y).

$ OnpepeneHue 2. CTpykTypa notoka aaHHbIx (D, F, L, A) Ha3biBaeTcH
monomonnot, ecrmVx,y € L, Vf e F f(x A y) <T(X) A T(p).

¢ YTtBepxpaeHue. Onpegenenmna 3.3.3.1 n 3.3.3.2 sKBUBaANEHTHbI.

24



3.3 Cmpykmypa nomoka OaHHbIX
3.3.3 MOHOTOHHbLIE CTPYKTYpPbI

$ OnpepeneHue 1. CTpyktypa notoka aaHHbIx (D, F, L, A) Ha3biBaeTcH
monomonnoi, ecrmVx,y € L, Vi e F (x <y) = f(x) < f(y).

$ OnpepeneHue 2. CTpykTypa notoka aaHHbIx (D, F, L, A) Ha3biBaeTcH
monomonnoti, ecrmVx,y € L, Vi e F f(x A y) <1(X) A T(p).

¢ YTtBepxaeHue. Onpegenenna 3.2.3.1 n 3.2.3.2 sKBUBaANEHTHbI.

® W3 onpegenenus 1 cnegyet onpegenexHune 2:
xAY=INfX,y) = xAy<xnxay<y=1)=
foxny) <tfx)ufxAny) <Ii(y) =
fx A y) = Ini(f(x),1(y)) = 1(x) AT(y)

® W3 onpeneneHuns 2 cneayet onpeaenexne 1:
XSYDXAY =X Donpp [(X) ST(X) A1),

f(x) A 1(y) = Inf(f(x), 1(y)) < 1(y); = 1(X) <1(y)

25



3.3 Cmpykmypa nomoka OaHHbIX
3.3.4 AncTpnbyTUBHbIE CTPYKTYPbI

O OnpeaeneHue. CTpykTypa notoka AaHHbix (D, F L, A)

Ha3bIBaeTCs OUCMPUOYMUBHOU, ECIN

Vx,yel, VieF: fxay)=f(x)Afo).

26



3.3 Cmpykmypa nomoka OaHHbIX

3.3.4 AncTpnbyTUBHbIE CTPYKTYPbI

O

OnpeaeneHue. CTpykTypa notoka AaHHbix (D, F L, A)

Ha3bIBaeTCs OUCMPUOYMUBHOU, ECIN

Vx,yel, Vie F: f(xAy)=1Xx)Af(y).

YTBepxaeHue. Ecnu cTpyktypa notoka aaHHbix (D, F, L, A)
ONCTPUBYTMBHA, TO OHA MOHOTOHHA.

a - b :>Ll()e,lfll’l0]’7’1€HI7'1HOCI'71b an b — a :> a S b
f(x AY) = f(X) A T(G) = F(X AY) <F(X) A ()
ObpaTHoe yTBEPXOEHME HEBEPHO.

B kayecTBe JoKa3aTenbCcTBa MOXHO NMPUBECTU NPUMEP MOHOTOHHOWM
CTPYKTYpPbl NOTOKA AaHHbIX, KOTOpasi He ANCTPUBYTMBHA.
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3.3 Cmpykmypa nomoka OaHHbIX

3.3.5. AncTpubyTUBHOCTb CTPYKTYPbI A4OCTUraOLWMX OonpeaeneHnn

O

YTtBepxaeHue. CTpyKTypa OocTuratowmx onpegeneHum
RD = (Forward, Gen-kill, &, U) auctpnbyTtnsHa

2 € RD, f(x) = G U (x - K) e Gen-kill.

[lokaxkem, 4To
Gu(yvz)-K)=(Gu(y-K))u(Gu(z-K))
(1) y, Z € G: paBeHcTBO BbINnonHsieTcs, Tak kak G BxoauT

N B NEBYHO, N B NpPaByro €ro 4actu.

(2)y, Z € G: G MOXHO UCKNIOYNTL U3 PaBEHCTBA:
(Yuz)-K=(y-K)) v (@z-K)

OTO paBeHCTBO NPOBEpPSETCH NPY NOMOLLM amMarpaMmm BeHHa.

28



3.3 Cmpykmypa nomoka OaHHbIX

3.3.5. AMCTpUOYTUBHOCTb CTPYKTYpPbI A4OCTUraloWMX onpeaeneHun
O YTtBepxaeHue. CTpyKTypa OocTuratowmx onpegeneHum
RD = (Forward, Gen-kill, &, U) auctpnbyTtnsHa

O v, Z € RD, f(x) = Gu (x— K) € Gen-kill.

[lokaxkem, 4To
Gu((yvz)-K)=(Gu(y-K))u(Gu (z-K))

(2)y, Z € G: G MOXHO UCKNIOUYNTL U3 PaBEHCTBA:
(Yuz)-K=(y-K)) v (z-K)

OTO paBeHCTBO NPOBEPSETCH NPY NOMOLLM amMarpaMmm BeHHa.

Cz = r—(

-B)UGE-K)
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3.3 Cmpykmypa nomoka OaHHbIX

3.3.6. AMCTPpUOYTUBHOCTb CTPYKTYP XUBbIX MNEePEMEHHbIX U AOCTYMHbIX
BbIpa)XXeHUm

O CnepctBue 1. CTpyKkTypa XKMBbIX NEPEMEHHbIX

LV = (Backward, Def-use, &, L)

ONCTpUOYyTUBHA

O f(x) € Def-use anre6paunuecku nogo6Ha cyHkumm knacca Gen-Kill.

O CnepgctBue 2. CTpyKTypa OOCTYMHbLIX BblpaXeHUn
AE = (Forward, Gen-kill, U, n)

ONCTPUBYTUBHA
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3.4 0606wWeHHbLIU umepamueHbIU afl2copumm

3.4.1 OnucaHue anropntmMma
¢ AnroputMm. WTepaTmBHOE pelleHne 3agaydm aHanmn3a noToka AaHHbIX

® Bxoa: rpad notoka ynpasneHus,
cTpykTypa notoka aaHHbIx (D, F, L, A),

nepepatouHas dpyHkuus f, € F
koHctaHTta n3 | € L ansa rpasnudoro ycnosus

¢  Bbixoa: 3HadeHusa us L ana IN[B] v Out[B] ans kaxnoro 6noka B
B rpadpe noTtoka.

® Meton: ecnim D = Forward BbinonHuts nporpammy (3.4.2);
ecrnim D = Backward sbinonuuts nporpammy (3.4.3).
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3.4 0606w eHHbIU umepamueHbIU afl2copumm

3.4.2 PeweHue 3aaaumn notoka aaHHbix (D = Forward)
Out[Entry] = I,
for (each B # Entry) Out[B] = T;
while (BHeceHbl nameHeHnas IN[B])

for (each B = Entry) {

In[B] = /\PePred(B) fr (In[P])
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3.4 0606wWeHHbLIU umepamueHbIU afl2copumm

3.4.3 PeweHue 3apaum notoka gaHHbix (D = Backward)
Out[Exit] = I;
for (each B =Exit) Out[B] =T,
while (BHeceHbl usmerexuns s Out[B])
for (each B =Exit) {
Out[B]= N guuuis) fs (OUt[S))
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3.5 Ceoucmea umepamueHO20 asizopumma

3.5.1 CxoANMMOCTb K peLueHU o

O YTtBepxaeHue. Ecnn 0606LLEHHBIV NTEPATUBHLIN anropuTm
CXOAOUTCS, TO NOSTYYEHHbIN Pe3ynbTaT ABMAETCA PELUEHNEM CUCTEMBI
ypaBHEHUN NOTOKA AaHHbIX.

& D = Forward:

Ecnu nocne ovepenHon ntepauun unkna while
xoTs1 6bl ANs ogHoro 6rnoka B ypaBHEHUSA

In[B] = /\PePred(B) fr (In[P])

HE YOOBJIETBOPAETCA, TO ANA 3TOIO B
InNew|[B] # In[B].
CnepoBartenbHo, B MHOXECTBO In[B] Oynet BHeceHo

N3MeHeHune, 6rnok B cHoBa OyaeT BKIHOYEH B WorkList

N nTepaumm 6yayT NpoaoIHKEHbI. o



3.5 Ceoucmea umepamueHo20 aszopumma
3.5.1 CxoanMoCTb K peLueHUro

O YTBepxaeHue. Ecnn 0606LLEHHBIM NTEPATUBHLIN anropuTm

CXOOUTCS, TO NMONy4YarLLIMNCA pe3ynbTaT SBMSETCA pelleHNneM
YpaBHEHUI MOTOKOB AaHHbIX.

& D = Backward:

AHanorMyHbIe Paccy>aeHusi, TONbKO BMECTO MHOXECTB
In[B] paccmarpusatotcs mHoxecTea OUt[B].

O [danbHenwune paccMoTpeHns dyayT TONbLKO Ans criyyas
D = Forward
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3.5 Ceoucmea umepamueHO20 asizopumma
3.5.2 MakcumanbHasa ouKcupoBaHHaA ToYka

O Onpepenenue. MakcumanvHas QuUKCUpOBAHHASL MOYUKA

CUCTEMbI ypaBHEHUN
In[B] = /\PePred(B) 1:P (In[P])

npencTaensiet cobon pewenue {IN[B;]M&} ston cuctemsl,
obnapgatoLliee TeM CBOMCTBOM, YTO ANs Noboro Apyroro peLleHuns

{In[B;]} BbinonHstoTCA yenosus

In [B;] < In[B;]ma
rae < - nonypewetTo4yHoe oTHoWweHne YaCTn4HOro nop4gka.
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3.5 Ceoucmea umepamueHoO20 asi2copumma

3.5.3 MOHOTOHHOCTb UTepauumn

O Yreepxaenue 1. MNycts IN[B.] sHauenus In[B;] nocne j-oi
uTepauuu.

Ecnu cTpyKkTypa noToka AaHHbIX MOHOTOHHA, TO A5s BCex |
In[BJ* < In[B;]
& MHaykumsa no J.
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3.5 Ceoucmea umepamueHoO20 asi2copumma

3.5.3 MOHOTOHHOCTb UTepauumn

O Yreepxaenume 1. Mycts IN[B]! - 3Hauenms In[B] nocne j-oii
nTepaumn. Ecnm cTpykTypa noTtoka AaHHbIX MOHOTOHHA, TO

In[BP*1< In[B}
¢ WMhaykumsa no J.
& OcHoeaHue:
In[B]* < In[B]°
tak kak gna VB = Entry: In[B]°=T
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3.5 Ceoucmea umepamueHoO20 asi2copumma

3.5.3 MOHOTOHHOCTbL UTepauumn

O Yreepxaenue 1. Mycts IN[B]! — snauenus In[B] nocne j-oin
ntepauumn. Ecnm cTpykTypa notoka AaHHbIX MOHOTOHHA, TO

In[BP*1< In[B}
& MHaykumsa no J.

¢ LLlaz: NycTb ansa Hekotoporo K IN[B]¥< In[B]*!. Torna
In[B]¥*1 =< In[B]¥, Tak kak

In :B]k+1 = /\PePred(B) fP (m[p:k )S
< /\PePred(B) fP (In[P]k_l): In :B]k

(nepepatovHas pyHKUUS N onepaunsi COop MOHOTOHHBI).
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3.5 Ceoucmea umepamueHoO20 asi2copumma
3.5.3 MOHOTOHHOCTbL UTepauumn

O yreepxaenue 1. Myctb IN[B] - sHauenne In[B] nocre j-oit nrepaumm.

Ecniu cTpyKTypa noToka AaHHbIx MoHoTorHa, To IN[B]*1 < In[B]

¢ Whaykums no J.

¢ Waez: NMycts IN[B]¥< IN[B]*!n Out[B]* < Out[B]**!
IN[B]** = /\y preae OUL[P T < /\; preae OUt[P] ™ = IN[BT

TaK Kak onepauymsa coopa MOHOTOHHa.
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3.5 Ceoucmea umepamueHoO20 asi2copumma
3.5.3 MOHOTOHHOCTbL UTepauumn

O yreepxaenue 1. Myctb IN[B]- snauenmne IN[B] nocne j-oit utepauym.

Ecnv cTpyKTypa noToka gaHHbix MoHotoHHa, To IN[BP*1 < In[B]

O Cneactaue. [1ns no6oro |

In[B] < In[B]!
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3.5 Ceoucmea umepamueHoO20 asi2copumma
3.5.3 MOHOTOHHOCTb UTEepaLumn

O

YTBepxaeHue 2. Ecnu cTpyKTypa NoToKa AaHHbIX MOHOTOHHA, TO
peLlueHne cuctembl ypasHeHuu (1), HangeHHoe C NOMOLLbIO
NTepaTUBHOIO anropuTtma, SBnaeTcsa MakCumarnbHOU PUKCUPOBAHHON
TOYKOWN 3TOU CUCTEMBI.

TpebyeTcs AokasaTh, YTO A5 BCEX |
In[B;] < In[B;]",
rae {IN[B;]'"*} - pewwenne cuctemsl (1), HailAeHHOE C NOMOLLbHO

utepatusHoro anroputma, {In[B;]} — nioboe apyroe peweHue aToii
CUCTEMBI.
AHamNorM4Ho AOKa3aTenbLCTBY NpeablayLero yTBepKaeHus.
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3.5 Ceoucmea umepamueHO20 asizopumma
3.5.4. CxoANMOCTb NTepaTUBHOIO anropnTtma

O

OnpeaeneHue 1. Bocxoodsueti yenoukou B YaCTUYHO

yrnopsigodeHHom MHoxecTBe (L, <) HasbiBaeTcs
rnocrnenoBaTernbHOCTb ero 3MeMeHTOB, B KOTOPOIA

X1 <Xy < .. <X,

OnpepeneHnune 2. Bvicomou nonypeLleTkn HasblBaeTcs HanborbLluee
KONIMYECTBO OTHOLWEHUN < B BOCXOAALLMX LienoYvKax.

YTBepxaeHue. Ecnn nonypelueTtka CTPYKTYpbl MOHOTOHHA U UMeeT
KOHEYHYIO BbICOTY, TO UTEPATUBHbLIN anropmuTM rapaHTUPOBAHHO
CXOAUTCS NOCIe KonmyecTBa ntepauunin, He NPeBbILLAOLLIEro
NPon3BeaEHNS BbICOTbI MONYPELLETKN Ha KONMYeCcTBO Ba30BbIX
ONoKOB.
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3.5 Ceoucmea umepamueHO20 asizopumma

3.5.5 PelweHue, nonyyaemoe ntepatuBHbIM arirOpuTMOM
(MakcumanbHasa ouKCMpoBaHHaA TOYKA)

O NTepaTuBHbIN anroputm

(1) nocewiaet 6a3oBble 6510KM HE B NOPSAKE UX BbINOMHEHUS,
a B nopsake obxoga MY (Ha kaxaou ntepaumnm Kaxabin
y3ern NoceLlaeTcs ToNbKoO OAMH pas)

(2) B KaXXOOW To4ke cbopa npuMeHseT onepauunto cbopa
K 3Ha4eHUSAM NOTOKAa AaHHbIX, NOSTy4YeHHbLIM K 3TOMY MOMEHTY

(3) vHoraa B npeaenax utepauumn 6asosbii 6riok B nocewaetcs
00 NoceLleHns ero npealecTBeHHMKOB (npamMmoun obxon)
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3.5 Ceoucmea umepamueHO20 asizopumma

3.5.5 PelweHue, nonyyaemoe ntepatuBHbIM arirOpuTMOM
(MakcumanbHasa ouKCMpoBaHHaA TOYKA)

O (4) O npoLecca utepaumm Heooxo0uMo epanuyHoe )Ciosue,
TaK Kak K Br1oky Entry nepenartoyHas yHKUMA
HenpuMmeHnma.
(5) B KayecTBe «Hynesow utepaummn» sce Out[B]

VHULMANU3NpyoTcsa 3HavyeHnem [, kotopoe, Mo
onpeaeneHunto, «KHe MeHbLUe» BCex 3Ha4YeHU NoToKa, U,
crnefoBaTernbHO, TOr0 3Ha4YeHUs, KOTOPOE OHO 3aMEHSIET;
NPy 3TOM MOHOTOHHOCTb NepeaaToYHbIX YHKLINNA
obecne4ymBaeT nony4vyeHne pesynbsraTta, «He MeHbLLEroy,
4YeM MCKOMOE peLLeHUE:
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3.5 CMbIcn1 peweHUs1 ypasgHeHUU NomokKa OaHHbIX

bes notepn obLWHOCTM Byaem cumTaTb, YTO paccMaTpmBaeTcs npsamMas
3agava (obxop rpadpa notoka ot Entry K Exit).

Ob6paTtHas 3agadva (obxopn rpada notoka ot Exit K Entry)
paccmaTpuBaeTcsl aHanorm4yHo.

3.5.1 UpeanbHoe pelueHune

O [lycTb ka — nepepaTtoyvHas dyHkuums 6noka B, B rpade notoka.
Paccmorpum nyte P = Entry - B; - B, —» ... > B, > B,

(MyTb P MOXeT coaepkaTb LMKNbI: 6a3oBble OroKM MOryT
BCTPEYaTbCSA B HEM MO HECKOMbKY pas).

Mo onpenenexunio nepedamoynas hyuxyus nymu P:
fP - fBl ° fBz e ® ka—l
( ka He BXOAWUT B KOMMO3MUMIO, TaK Kak NyTb AOCTUraeT Hadana 6rioka
Bk, HO He ero KoHua). 3Ha4yeHme rnoToka AaHHbIX, Co34aBaeMoe 3TUM

nytem, npeactaensietr cooom fo(lgy), rae lgnyy - "PaHMYHOE
yCrioBue.



3.5 CMbIcn1 peweHUs1 ypasgHeHUU NomokKa OaHHbIX

3.5.1 UpeanbHoe peLueHUue

O

Nycte P = {P,, P,, ...} — MHOXecTBO 6cex binonHuUMbBLX NyTei OT
Entry no B,

MNyTtb P aBnaetca gvinosinumsbim TonbKO TOrAa, Korga M3BeCTHO

BbINONTHEHME NPOrpaMmbl (Ha4anbHble AaHHbIE), KOTOPOE CneayeT B
TOYHOCTW MO 3TOMY MyTW.

MoearnbHbIM pelleHneM CUCTEMbI YpaBHEHWI NOTOKA AaHHbIX 471
In[B,] 6yger:

Ideal[B,] = Apcp folleny).

Pewenve ldeal[B,] HasBaHo ngeansHbIM, Tak kak
(1) oHO Hanboree TO4YHOE U
(2) BbIMUCIINTB €ro NoYTN HUKOrga He yaaeTcs, Tak Kak NoOUCK
BCEX BO3MOXHbIX NYyTEW BbINONMHEHNSA — 3aa4va HepaspeLummas.
CnepgoBaTtenbHo, TpebyeTcss NONCK NpMbAnMXeHHOro peLueHlxls:f.17



3.5 CMbIcn1 peweHUs1 ypasgHeHUU NomokKa OaHHbIX

3.5.2 CBoncTBa pelweHU ypaBHEHMM NOTOKA AaHHbIX
AN MOHOTOHHbIX U AUCTPUOYTUBHbLIX CTPYKTYP

¢ [HobaeneHue ewle ogHoro Nyt B c6op /\p_p Aenaet pelueHune
«MEHbLLE» B CMbICIE YaCTUYHOrO NOPSAKa NOMypeLIeTkn <
¢ Ecnu NnpocMOTpeHbI BCE BLIMOMHAMBIE MYTH U HW OAHOTO NINLLIHETO,

nonyyaertcsa ngeansHoe peluerve ldeal.

0 Pewenue Sol;: Ideal < Sol,, nonyuaetcs, korna npocmompernst ne ece

gbInONHUMbLE nymu. Vicnonb3oBath pelieHne SOl onacHo, Tak kak ans

HENMPOCMOTPEHHLIX NyTEN Npeobpa3oBaHmsa NporpaMmmMbl MOTYyT OKa3aTbCsl
HEBEPHbLIMU (HapyLLaeTCca KOHCEPBATUBHOCTD).
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3.5 CMbIcn1 peweHUs1 ypasgHeHUU NomokKa OaHHbIX

3.5.2 CBoucTtBa pelueHU ypaBHEHUN NOTOKA AAHHbIX
AN MOHOTOHHbIX U AUCTPUOYTUBHBLIX CTPYKTYP

O Pewenue Sol,: Sol, < ldeal obnagaet cnegytowmmm ceoitcTeamu:
(1) Sol, koHcepBaTMBHO: OHO COAEPXKUT BCE BbIMOMHUMbIE NYTK

(2) Sol, HeTouHO: B HEM He OTCestHbI «ITULLIHMEY MYTU, T.e. NU6O

He CcyLlecTBYyoLLMe B rpade notoka, nnbo cyllecTByoLLME,
HO Takue, No KOTOPbIM NpOorpamMmMa HMKorga He npocneanyert.

B pesynerare:
(1) Sol, moxert 3anpelyatb HekoTOpble U3 NpeobpasoBaHui,
paspelueHHbIX pelieHnem ldeal.

(2) BCe npeobpasoBaHust, koTopble paspetuaet SOI,, koppekTHbI

¢ B abcTpakuum notoka gaHHbIX NpeanonaraeTcs, YTo KaXXabin NyTh B
rpadpe notoka MoXeT 6bITb MPONIEH.
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3.5 CMbiIcn1 peweHUs1 ypasHeHUU nomoka OaHHbIX

3.5.3 PewweHue c6opom no BCcemM NyTaAMm

O

Pewenue coopom no ecem nymsam (MOP-pewenue)

ot ENntry no Bxona B B, onpegensiercsa cootHowweHnem:

MOP[B,] =\ <0 TelEntry):

rne Q = {P,, P,, ...} — mHoxecTBO 6cex nyTei ot Entry no Bxona
B 6nok B,

MyTtn, paccmatpmsaemble B MOP-peliexun, — ato HagMHoXecTBO

scex BbinonHumbix nyten: MOP-pelwenne cobupaet sHaueHus

MOTOKOB JaHHbIX KaK AJ1si BCEX BbIMOMHUMbIX NMYTEN, TaK U OIS
NyTewn, KOTOpble He MOTYyT ObITb BbINONMHEHbI. CrniegoBaTensHO, ANs

BCEX Bk BbIMOJIHAETCA COOTHOLUEHUE

MOP[B,] < Ideal[B,].
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3.5 CMbiIcn1 peweHUs1 ypasHeHUU nomoka OaHHbIX

3.5.3 PewweHne cbopom no BCcemM NyTaAMm

O 3ameuanue. insa npamoin 3agaun MOP[B, | naet sHaueHus ans

In[B, ]. Ons o6patHoi 3apaun MOP[B, ] naet 3Hauenus ans Out[B,].
Ecnn paccmatpuBaetcst obpatHada 3agada, MOP-pelieHmne
onpenendercs COOTHOLLUEHNEM

MOP[B,] =\ 0 Tpllexiv),

rne Q = {P, P,, ...} — MHOXecTBO 6cex nyTeii oT Bbixoaa u3 By
no Exit.

O Ecnn B aHanusnpyemon nporpamme ectb LMKIbl, KOSIMYECTBO BCEX
nyTen, paccmaTtpusaemblx npu noctpoeHmnmn MOP-peLueHuns,
cTaHoBUTCS BeckoHeYHbIM. [1oaTomMy nocTtpouTs MOP-pelleHune, Kak
NpaBuIio, He yaaeTcd (HEBO3MOXHO y4eCTb BeCKOHEeYHOEe MHOXECTBO
nyTen).
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3.5 CMbiIcn1 peweHUs1 ypasHeHUU nomoka OaHHbIX

3.5.4 PeweHune, nony4yaemoe ntepaTuBHbLIM ariroOpuTMOM
(MakcumanbHasa oukcMpoBaHHaA TOYKA)

O NTepaTuBHbIN anroputm

(1) nocewaet 6a3oBble H6510KM HE B NOPSAAKE UX BbINONHEHUS
(kak npu BbldncrneHnn MOP-peweHus), a B nopsigke obxoaa
rpadpa noToka (Ha KaXkgon utepaummn Kaxabln y3ern
noceLlaeTcs TOSIbKO OAVH pa3s)

(2) B K&XXOOW TOYKE CNUAHUS anropuTM NpUMEHSAET onepaumio
cbopa K 3Ha4YEHMAM NOTOKa AaHHbIX, NOMYyYEHHbIM K 3TOMY
MOMEHTY

(3) nHorga B npegenax ntepauymmn 6a3oBbin 6ok B nocewlaetcs

00 NoceLleHns ero npealecTBeHHMKOB (nMpamMmon obxon)
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3.5 CMbiIcn1 peweHUs1 ypasHeHUU nomoka OaHHbIX

3.5.4 PeweHune, nony4yaemoe ntepaTuBHbLIM ariroOpuTMOM
(MakcumanbHasa oukcMpoBaHHaA TOYKA)

O CnepoBaTternbHO:

¢ HeoOX00UMO epaHuuHoe ycaosue, Tak kak k 6rnoky Entry
nepenatoyHas pyHKUMS HEe MPUMEHSIETCS.

¢ Heobxoay¥Ma UHULManU3aUms NnoToka AaHHbIX AN BbIXOAO0B
n3 6a3oBbix 6nokos: Out[B] uinumanusnpyetca sHaueHnem

T, KoTopoe, Kak U3BECTHO, «He MeHbLLUEe» BCeX 3Ha4YeHWU

NoTOKa, W, criefoBaTerbHO, TOr0 3HaYeHUs, KOTOPOE OHO
3aMeHseT.

& Npu ncnonb3oBanun | B Ka4ecTBe BXOAHbIX JaHHbIX
MOHOTOHHOCTb NepeaaToYHbIX PyHKUNKM obecnednBaeT
nosfiy4yeHne pesynerata, «He MeHbLUEro», YeM UCKOMOE
peLlueHue:

MFP < MOP 53



3.5 CMbiIcn1 peweHUs1 ypasHeHUU nomoka OaHHbIX

3.5.4 PeweHue, nony4yaemoe ntepaTtMBHbIM anroputMomMm (MakcumanbHas

O

domkcnpoBaHHaAa TouYKa)
NMpumep (CM. PUCYHOK)

Tpebyetca BbiumncinTb sHauenre IN[B,].

(1) MOP-peLueHue:
MOP[B,] =
=(( f|31 © 1E|33) A( f|32 © f|33 ))(IEntry)

(2) NTepatueHbIn anroputm (y3nbl noceLlaroTcs

B nopsigke By, B,, B4, By)
In[B,]= fB3 (IEntry) A f52 (IEntry)

Onepauusi cbopa A B UTepaTMBHOM anroputme

NPUMEHAETCA paHbLle, YeM Npuv BbIYUCIEHUN
MOP-peLueHud

Entry

N

£
N

o

e
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3.5 CMbiIcn1 peweHUs1 ypasHeHUU nomoka OaHHbIX
3.5.4 PeweHue, nony4yaemoe ntepaTtMBHbIM anroputMomMm (MakcumanbHas

O

domkcnpoBaHHaAa TouYKa)

Ecnu cTpykTypa noToka AaHHbIX AUCTPUOYTUBHA, TO
In[B,] = MOP[B,]

€CIn Xe CTPYKTypa NOoTOKa AaHHbIX MOHOTOHHA,

HO He ANCTPUOYyTUBHA, TO

In[B,] < MOP[B,]

CnepoBartesnibHO, B 060Mx cny4vasax npubnmxeHHoe
pelleHne, npeacraBreHHOe MakcumMaribHON
domkcupoBaHHoM To4Kkon (MFP-peLueHne),
YOOBJIETBOPSET YCITOBUIO:

MFP[B] < MOP[B]

Entry

7N
s
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3.5 CMbiIcn1 peweHUs1 ypasHeHUU nomoka OaHHbIX

3.5.4 PeweHue, nony4yaemoe ntepaTtMBHbIM anroputMomMm (MakcumanbHas
domkcnpoBaHHaAa TouYKa)

O Ecnu cTpyKTypa NoToKa AaHHbIX AUCTPUOYTMBHA, To Ansa Bcex B
MFP[B] = MOPIB].
O B pasgenax 3.2.5 n 3.2.6 6bina yctaHoBrneHa AucTpmbyTUBHOCTb

CTPYKTYp gocTturatomx onpeneneruii (RD), »kuBbix nepeMeHHbIX

(LV) u poctynHbix BbipaxeHun (AE).

CnepoBaTenbHO, B YKa3aHHbIX Cryvyasix UTepaTuBHbLIA anroputm

nossongdet nony4ynts MOP-pelleHme.
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3.5 CMbiIcn1 peweHUs1 ypasHeHUU nomoka OaHHbIX
3.5.5. KoHcepBaTuBHocTb MFP-pelweHus

O YTtBepxaeHue. MFP-pelueHune, nonydyaemoe ntepatuBHbIM
anropuTMoM, Bcerga KoOHcepBaTUBHO

JHokazamenbcmeo

NHaykumnsa no | 3Ha4eHn4d, norty4yeHHblie nTepatnBHbIM aJITOPUTMOM

nocne | UTepaumnin, He NPeBOCXoaAT pesynsrara onepauun céopa no

BCEM MYTAM AMUHbI .

TepaTuBHbLIN anropuTtM 3aBepLUAETCH TOMbKO Toraa, Korga oH
nosly4yaeT Takou XXe OTBET, Kak U Npu HeorpaHM4YeHHOM KonmnyecTee
nTepaymun.

CnepnosatensHo, MFP < MOP.

Ho yxe yctaHosnexo: MOP < |deal.
CneposartenbHo (TpaHsuTmnsHocTb <), MFP < |deal

n MFP-pelueHne KoHcepBaTUBHO. .



