6. MaLumMHHO-He3aBuUcumMas
onTuMusauus



5.1. lpocmbie onmumu3ayuu
5.1.1 CBopauyMBaHue KOHCTaHT

@)

CBOpa‘-IVIBaHVIe KOHCTAHT, U1 BbIHNCITIEHNE KOHCTAHTHbIX Bblpa)KeHI/IIZ —
9TO BblHNCIIEHNE Bblp&)KGHI/IIZ, BCeE onepaHabl KOTOPbIX — KOHCTAHTbI,
3Ha4YeHUNA KOTOPbIX NU3BECTHbLI BO BpEMA KOMMUIALUNN N NOOCTAaHOBKaA
CBEPHYTbIX KOHCTAHT B BblpaXeHUA, ornepaHaamMmn KOTOPbIX OHU ABJAKOTCA.

Onmumuzayusi COCmoum 6 mom, Ymo Yacmsv 8blYUCICHUU
BbINOIHAEMCS 80 8PeMs KOMRUIAYUY U YOUupaemcs uz npocpammol.
OcHoBHas npobrnema — JobuTbCsl, YTOOLI BCE onepauun BbINOMHAMNCH

TOYHO TaK Xe, Kak OHWN BbIMNOMNHANUCL Obl BO BpeEMHA
BbINOJIHEHUA NPOrpamMmMmbl.

I"Ipe>|<,qe BCEIO 3TO CBA3aAHO C UCKTIOHYUMETIbHBIMU CUMYaAyUAMU.



5.1. lpocmbie onmumu3ayuu
5.1.1 CBopauyMBaHue KOHCTaHT

o B cnyyae 0ynesckux sviuucierut NCKNOYUTENbHbIE CUTYaLUK He
BO30y>kaatoTcsa M NOTOMY Npobnem He BO3HMKAET.

O B Chnydae BbIHMUCIIEHUA Y €/iblX KOHCcmAaHrm O HEKOTOPbIX NCXOOHbIX
AadHHbIX KOMI'II/IJ'II/IpyeMOI7I NnporpamMmMbl B rpouecce BblHNCITIEHNA MOXET

NONYYNTLCA «OeeHUe HA HOb», UNW «NepenoiHerue». B aTom crnyyae
KOMMUIATOP OOMKEH BblaaTb NONb30BaTeNO COOTBETCTBYOLLEE

coobuierue ob ouuoke, NN6o npedynpedicoenue.

o Haubonbliee KonnyecTBo Npobrnem, eCTeCTBEHHO, BO3HUKAET, ECIN
CBOpavMBaETCs KOHCTaHTa OQHOro 13 NiaBaloLLnX TUMOB.



5.1. lpocmbie onmumu3ayuu

5.1.2 Anrebpanyeckue ynpoweHus1 u neperpynnmpoBKa
o [lNlpnmeHeHune TOoXAOECTB (i N j - NEpPEMEHHbIE TUNaA int):
[ +0=04+i=1—-0=1i
0—i=-—i
. R
I*1=1x*i= 1 =

1 x0=0x1=0
i+ (=) =i-]

o [MpumeHeHne ToxaecTB (b — nepemeHHas Tuna Boolean):
bV true = trueV b = true
bV false = falseVb=b
b&true =true& b =0>
b & false = false & b = false



5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuwu

@)

@)

@)

[TyCcTb B ONTUMN3NPYEMON NpoLeaype eCTb MHCTPYKLNSA KONUPOBAHUS
X <V

PacnpocTtpaHeHne Konnm o3Ha4vaeT 3aMmeHy BCeX NocnenyroLumx

BXOXOEHNN NepeMeHHON X Ha NepeMeHHYI0 V.

ANropmTtM pacnpocTpaHeHns KON COCTOUT U3 ABYX OCHOBHbIX 3TamnoB.:

1) PeweHne 3agayn aHanm3a NoToka AaHHbIX A9 HaXoXaeHUs
MHOXXEeCTBa AOCTYMHbIX KON Ha Bxode 0a30Bbix GIOKOB.

2) JlokanbHOEe pacnpocTpaHeHne HangeHHbIX Ha 1-M aTane Konumn
BHYTPM Kaxkgoro 6a3oBoro 6510ka (Npy 9TOM TakXke BbIMNOSTHAETCH
pacnpocTpaHeHne fiokasibHbIX KoM, OENCTBYIOLLNX TONLKO BHYTPU
6asoBoro onoka).



5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuwu

o [lycTb B onTuMmM3npyemMon npouenype eCtb MHCTPYKUMA KONMMPOBaHNS
X <V
o PacnpocTpaHeHune Konnu o3Ha4vaeT 3aMmeHy BCeX NocneayroLmx
BXOXOEHNN NepeMeHHON X Ha NepeMeHHYI0 V.

o [ns onucaHusa CTPYKTYpbl NOTOKAa AaHHbIX
(AN 3ag4a4m pacnpocTpaHeHUst KOMuii):

1. 3apgagum obrnacTtb onpenerieHns CTPYKTYpbl NOTOKa AaHHbIX
(MHOXXECTBO 3HA4Y€eHUN NOTOKA AaHHbIX)

2. Onpepenum ceMencTBo nepenaTtoyvHbIX yHKLMUIN
3. Cdopmynupyem ypaBHEHMA MNOTOKA AaHHbIX

o [lonyymnBliasacs 3agadya pacnpocTpaHeHMA KOMUU peLlaeTcs
NTepaTUBHbLIM ariroOpUTMOM.



5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuwu

@)

[TyCcTb B ONTUMN3NPYEMON NpoLeaype eCTb MHCTPYKLNSA KONUPOBAHUS
X <V

PacnpoctpaHeHne Konmn 03Ha4vyaeT 3aMeHy BCex NnocneayroLLmnx

BXOXOEHNN NepeMeHHON X Ha NepeMeHHYI0 V.

ObnacTb onpeaeneHns — MHOXECTBO BCEX KOMaH, KOMMpOBaHUS

PaccMOTpM MHOXECTBO BCEX KOMaHA KONUPOBaHNSA aHann3npyemMom
npoueaypsbl. Kaxxaas komaHaa KonupoBaHUS OMUCbIBAETCS YETBEPKOM

(x,v,b,p), rae x v y npeactasnsoT MHCTPYKLIMIO KOMMPOBAHWS
X <« Y, HaxogsLylcs B CTpoke p 6asoBoro 6rioka b.
MHOXECTBO BCEX Takux YeTBepok 0603Ha4mm yepes U.

MHoxecTtBo U coaepXuT Bce MHCTPYKLMM KONUPOBAHUS
aHanusnpyemou npouenypobl.



5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHune Konuwu

o B npouenype, I'TTY koTOpON NnpeacrasreH Ha PUCYHKe, ABe KOMaHOb!

KOMnMpoBaHUA.
B, ¢« +4+,a, b |B, £ « +,a, ¢
entry d «< ¢ g < e
\ e « *d, d a <« +,g, d
B, if (a<c)goto
\J/ B3 h < +Igl 1 B4 f <« _rdr g
B, if (£>a)goto
/\ B b« *,g, a |Bg ¢ « 2
B, B, if (£>h)goto
\/\
B B,
/v




5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHune Konuwu

@)

B npouenype, I'TTY KoTopon npeacrasneH Ha pUCyHKe, ABe KoMaHabl
KOMMPOBaHWUS:

entry

B, ¢« +,a, b

d <« c
e « * d, d

B, £f « 4+,a, ¢
g < e
a « +,g, d
if (a<c)goto

B; h «< +,g, 1

B4 f(__rd/ g

B, if (£>a)goto
B; B, if (£>h)goto
\/\
o d « ¢ (2-acrtpoka bnoka B)):
B5 B6
T~ versepka {(d, ¢, By, 2)
exit O g < e (2-acTtpoka bnoka B,):

vetBepka (g, e, B,, 2) 9




5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHune Konuwu

@)

B npouenype, I'TTY KoTopon npeacrasneH Ha pUCyHKe, ABe KoMaHabl
KOMMPOBaHWUS:

entry

B1 < +Ia'l b
C

*,d, d

o]
d
e

T

T

B2 f < +Ial
g < e
a < +,q,

C

d

if (a<c)goto

B; h «< +,g, 1

B4 f(__rd/ g
if (£>a)goto

B5b(_ *rg/ a
if (£>h)goto

B ¢ « 2

CnepoBaTtenbHO MHOXecTBo U
NHCTPYKLUNIW KONUPOBAHUS paBHO

U=1{(d,cBq2),{g,e By 2)}

10




5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuwu

o  Onpegenum ceMencTBo NepeaaTodHbIX PYHKLMIW, ANa 3TOro Heobxoanmo
BBECTU BCroMorartesnbHble MHOXeCTBa copy U kill

o [Ana kaxgoro 6asoBoro 6roka b onpegenvm

*  MHOXecTBO copy(b) kKoMaHA KONMMPOBaHMS]

(4eTBepok (x, y, b, p)), conepxalumxcs B 6rioke b

«  MHOxecTBo kill(b) nepeonpeneneHnin y

(4etBepok (X, y, b, p)), «ybusaembix» B 6rioke b

11



5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuwu

entry B, ¢c < +,a, b |[B; £f <« +,a, c
d «< c g < e
‘ e « *,d, d a < +,g, d
o if (a<c)goto
\J( B3 h < +,9, 1 B4 f <« _Idl g
s2 if (£>a) goto
53 B if (£>h)goto
%
B. B, Onpegenum MHoxecTBa copy(b) ans
bnokoB paccmarpueaemMoro npumepa.

13




5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuwu

entry B, ¢c < +,a, b |[B; £f <« +,a, c
d «< c g < e
\ e *,d, d a <« -I-,g, d
o if (a<c)goto
\J( B; h « +,9, 1 B, £ « -,d, g
s2 if (£>a) goto
53 B if (£>h)goto
%
B. B, Onpegenum MHoxecTBa copy(b) ans
6r1oKoB paccmaTpuBaemoro npumepa.
/\/
exit Copy(Bl) — {<dl C, Bl; 2)}

copy(B,) = {{g,e, B3, 2)}

OcTarbHble GrokM He coaepXKaT MHCTPYKLMIA KONMMPOBaHUS, MOSTOMY A1 3TUX
6rniokoB MHoXecTBa copy(b) nycTble:

copy(B3) = @, copy(By) = @, copy(Bs) = @, copy(Bs) = 0,

14



5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuu

Onpepenum MHoxecTBa copy(B):

NHTepec npeacTaBnsatoT TONbLKO Takne onepaumnm KONMpoBaHUS x < vy,
OIS KOTOPbIX HU X, HX Y, HE NepeonpeaensoTcs nocne KoNMpoBaHus ao
KOHLUa 3Toro 6a3oBoro 6rnoka B.

T.e. copy(B) COCTOUT U3 MHOXECTBA BCEX TaKUX YETBEPOK (X, y, B, p),
41O B 6a30BOM Ornoke B B CTPOKE C HOMEPOM p UMEETCS orepaumd
KONUPOBaHUA X < y, MPUYEM X N Y HE NepeonpeaensitoTcs nocne
KOMMPOBaHUA B CTPOKE p A0 KoHUA 3Toro 6asoBoro 6noka B.

copy(B) = {(x,y,B,p) }:

Jdinstry = (x < y) € B at line p,

Ainstr, > instry: instr, = (dest < expr) € B,
dest =xVdest=Yy

16



5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuu

Onpegenum mHoxecTBa kill(B):

Onepauun npuceaneaHna B brnoke B, B NEBOW YaCTU KOTOPbIX
BCTpeyaeTcs nepeMeHHas nmbo 13 nesomn, NnMbo U3 NpaBon YacTu
ornepauum KonmpoBaHusl, «ybruBatoT» Takoe KonmpoBaHUe.

Ecnn ectb npucBanBaHue (konuda) a < b, TO
*  HWXE UHCTPYKLNU
a=1
KOMMpOBaHWE a <« b yXXe Hernb3sa UCNoMb30BaTh, T.K. BMECTO a yXe
Henb34 NoAcTaBUTb b, KOTOpoe 6bINo BbILLE: TeENepb a HeEMNb34
3aMeHUTb Ha b, a TonbKo Ha 1.
* AHanorn4yHo, HMXe UHCTPYKLNU
b =2
KONMMpPOBaHME a <« b pacnpocTpaHAaATb HEMb3S, T.K. NpUcBamBaHue
ObIS10 BbINOMHEHO MPU APYroM 3Ha4YeHUn b.
Taknm obpasom, npucBanBaHune, B FIEBON YacTM KOTOPOro BCTPEYaeTCs
nnbo neesas, NMOO NpaBas YacTb onepaunm KonMpoBaHuda, «ybnsaeT»
Takoe KonupoBaHue.

17



5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuu

Onpegenum mHoxecTBa kill(B):

Onepauun npuceaneaHna B brnoke B, B NEBOW YaCTU KOTOPbIX
BCTpeyaeTcs nepeMeHHas nmbo 13 nesomn, NnMbo U3 NpaBon YacTu
ornepaunmn KonmpoBaHusl, «ybruaatoT» Takoe KonmpoBaHUe.

Taknum obpasom, kill(B) cOCTOUT U3 TakMx onepaumin KONMpoBaHUS
(ecmpevarowuxcsi 8 Kakom-riubo mHoxecmee copy(b), 6e3 ydyema
docmu)XumMocmu 8 romoke yripaerieHusl) x < y, y KOToOpbIx Nnbo nesas,
nmbo npaBad 4YacTb onepaumm KonmpoBaHNa BCTpeyaeTca B bnoke B B
KayeCcTBe NEBOM YacTu Kakoro-nmbo npuceanBaHus:

kiu(Bkill) — { (x; Y, bcopy: p) } c U copy(b) :
Jdinstr = (dest < expr) € By;:dest = xV dest =y

3ameyaHume. CorfiacHo TakoMy cbopmMmanbHOMY onpeaenexHuto, rnobdoe
KOnupoBaHme Takke «ybmBaeT» n camo cebsi, n VB: copy(B) < kill(B).
Mbl paHee cTankmBanucbh ¢ Takum ans 3agad RD v LV, v 3TO He Bnusrno Ha
pesynbetar. JInbo MOXXHO BHECTM OOMOSTHUTESNTBHOE OrpaHUYEHNE B
onpeanenenue kill, ytobul kill He cogepxarno copy: 18

(x' Y bcopy: p) ¢ copy(Byin), bcopy = Brin



5.1. lpocmbie onmumu3ayuu
5.1.3 PacnpocTpaHeHue Konuwu

entry B, c«< +,a, b |[B, £« +,a, c
d «< c g < e
\ e « *d, d a < +,g, d
B, if (a<c)goto
\J( B3 h « +Igl 1 B4 f < _Idl g
B, if (£>a)goto
B/\ Bsb(_*,g,a B6C<_2
3 B if (£5h) goto
\/\ .
B B Onpenenvm mHoxecTBa kill(D)
5 6
(g,e, By, 2) youBaetcs B bnoke B4, Tak kak B 3-
/bf eli CTpoKe 3Toro brnoka nepeonpeaenseTcs e.
CneposatensHo kill(By) = {(g, e, By, 2)}

(d, c, By, 2) ybusaetcs B 6rioke B, Tak kKak eMHCTBEHHAs MHCTPYKLIMS 3TOro
6noka nepeonpeaenser ¢. CnenoearensHo kill(Bg) = {{d, ¢, By, 2)}
21



5.1. lpocmbie onmumu3ayuu

5.1.3 PacnpocTpaHeHue Konuwu

entry

Takum obpasom ansa 6a3oBbiX 610KOB
paccMaTtpuBaemMon npoueaypbl MHOXXECTBaA

copy(b) v kill(b) cnepyrowme:

b copy (b) kill (b)
entry 1) 1)
B, {{d, c,By,2)} (g, e, By, 2)}
B, {{g,e,B,,2)} ?
B, 1) 1)
B, 0) 0
By 0) 0)
B 0 {{d,c,By,2)}
exit 1) 1)

22




5.1. lpocmbie onmumu3ayuu

5.1.3 PacnpocTpaHeHue Konuwu
o CucTtema ypaBHEHNN COCTaBAETCA MO aHanormm ¢ CUCTEMOWN
ypaBHEHUN ONA OOCTUraloLWmxX onpeaeneHnu:

. B NepenaTtoyHon oyHKLUMM CHaYyarna n3 MHOXecTBa UHCTPYKLUN
KONMPOBaHUA yOansanTCAa UHCTPYKLMKN «yBUTbie» B Brioke b, noTom
B Hero Jo6aBnATCA MHCTPYKLMKU KOonMpoBaHua 6noka b

Outcp(b) = copy(b) U (Incp(b) — kill(b))

- noacraeus OUtp (b) B ypaBHeHue cbopa no BceM nyTsm (OHO
B OTNIMYME OT COOTBETCTBYIOLLIErO YPaBHEHUS ANt JOCTUTAIOLLINX
COAEPXUT onepaLuio NepeceyeHunst, a He 00beaUHEeHUs!, Tak Kak
no BceM NyTsM AOMMKHbI NPUXoAUTb OAUHAKOBbIe KONuM),

I'IOJ'Iy‘-II/IM:
—~
Incp(b) =
p€EPred(b)
)
Incp(b) =

p€EPred(b)

(copy(p) U (Incp (p) — kill(P))) 23



5.1. lpocmbie onmumu3ayuu

5.1.3 PacnpocTpaHeHune Konuwu
o ARnroput™M nokasibHoro pacnpocTpaHeHust Konmin BHyTpu 6a3oBoro broka

>

>

3a oauH npoxoa rno komaHgam 6a3oBoro 6rioka 3aMmeHseT NCNOb30BaHUE KOMNUK
nepemMeHHON caMmon NepemMeHHON

NHdopmaLmns 0 4OCTYNHbIX NOKarbHbIX KOMaH4ax KONMPOBaHUS XPaHUTCA B
xew-tabnuue ACP — Available CoPy instructions

Xew-tabnuua ACP accounnpyeT nepeMeHHy0 ¢ KOMaHOOoW KONMMpoOBaHMA,

onuckiBaemoii yetsepkon (X, y, b, p)
* X — NepeMeHHasi Konus
* y —KONupyemasi nepemMeHHas
* b — 6asoBbIN BNOK, cogepxawmin KOMaHay KONnMpoBaHUS
* p— HOMEpP KOMaHAbl KONMpoBaHMAa B 6a3oBoM Brnoke
AnroputM ncnonb3yeT BCrioMmoraTesibHble (PyHKUMN
 copyValue(operand, ACP) — ucnonb3ya ACP Bo3sBpallaeT NepeMeEHHYI0 Mo
e€ Konuu (T.e. NpaBylo YacTb NO JIEBOW YacTn KONMPOBAHUA)
 removeACP(ACP, var) —ygansieT KomaHabl KONMpoBaHUs N3 Tabnuubl
OOCTYNHbIX KOMaHA, Y KOTOPbIX B NIEBON YacTn CTOUT var:
(x,y,b,p): x == var || y == var
 1sAssignment (i) — Bo3BpallaeT npeaukar, onpeaensoLnm aBnaeTca nu
KOMaHga i KomaHaou npuceBavBaHuA
« 1isVariable(operand) — Bo3BpallaeT npeaukar, onpegenarLmm
SBNAETCA N onepaHa nepeMeHHou

24



5.1. lpocmbie onmumu3ayuu

5.1.3 PacnpocTpaHeHune Konuwu
® AnropuUTM JTOKanbHOro pacrnpocTpaHeHnst Konum BHYTpK 6a3zoBoro 6roka

localCopyPropagation(b: BasicBlock,
ACP: Available Copy Instructions) {

foreach (i: Instruction in b) {

match (1) {
// BO Bcex onepauuax dest < OP, argl, arg2 pana Kaxaoum Konuu
// X < y n3 ACP 3aMeHUTb BCe BXOXAEHMA X HAa Yy B aprymeHTtax

|binexp argl, arg2| => i.rhs[0] = copyValue(argl, ACP)

i.rhs[1] = copyValue(arg2, ACP)
|unexp argi| => i.rhs[@] = copyValue(argl, ACP)
}
if (hasLhs(i)) { // ecnu onepauma 1 uMeeT BUA X = .. , TO
removeACP(ACP, i.lhs) // ypanutb BCe KOMUPOBaAHUA, Y KOTOpPLIX
// X BCcTpe4yaeTca nubo B nesoit, nn6o B
// npaBou 4acTu
}

// ecnun onepauus umeeT BuA4 X = Yy, TO A06aBUTb HailgeHHoe KonupoBaHue B ACP
if (isAssignment(i) && isVariable(i.rhs[0])) {

ACP += {i.lhs, i.rhs[0]}
}



5.1. lpocmbie onmumu3ayuu

5.1.4 PacnpocTpaHeHue Konuwu

@)

entry

PelwinB cuctemy ypaBHEHUN ONA paccMaTpuBaemMoro npmmMepa
MeTo4OoM uUTepauuun, nony4ymm crneaylowmne sHavyedma Ingqp

b Incp (b)

Entry 0

B, ?

B, i{d, c, By, 2)}

B; {{d, c,B1,2),{g,e,B3 2)}
B, {{d, c,B1,2),{g,e, B 2)}
B;s {{d, c,B1,2),{g,e, B 2)}
B¢ {{d, c,B1,2),{g,e, B 2)}
exit {(g,e, By, 2)}

26




5.1. lpocmbie onmumu3ayuu
5.1.4 PacnpocTpaHeHne Konuwu

o WcxogHas nporpamma: |B; ¢ « +,a, b |B, £ « +,a, c
d «< c g < e
entry e « *,d, a « +,qg,
if (a<c)goto
B, B, h < +,0, 1 |B, £ « —-,d,
\\Q if (£>a)goto
B, By b « *¥,g, a |Bg c « 2
if (£>h)goto
/\
B; B,
\/\
B, B,
/\/

27




5.1. lpocmbie onmumu3ayuu

5.1.3 PesynebraT

entry B, ¢c < +,a, b |[B; £f <« +,a, c
d «< c g < e
: e « *,c, a < +,e,
By if (a<c)goto
\i B3 h — +, / 1 B4 f — ; /
B, if (£>a)goto
— B: b« *, e, a |[Bg c « 2
B3 B if (£>h) goto
\/\
B5 BG
/v

28




5.3. UcknroyeHue 6ecrnosie3Ho20 KOOa
5.3.1 NocTaHOBKa 3agauu

o [porpaMma MOXeT coaepXaTb Oecnone3nbill KOO — UHCTPYKLUMK,
He Bnusitowmne Ha pesynbsraTt BelumcneHun. Kak npasusno, 6ecnonesHbln
KoL NOSIBNSAETCS B NporpaMmMe B pesynsrarte paboTbl HEKOTOPbIX
anropuTMoB aHanunsa u onTMMmM3auumn, peannus3oBaHHbIX
B KOMMUIATOPE.

0 CyLecTByeT HECKOSbKO pa3HoBMAHOCTEN Becrnosie3Horo Koaa:

*  Mepmeviti KOO — NHCTPYKLUWWX, pe3ynbTaT KOTOpbIX
He UCnonb3yeTcs B AanbHEeNLNX BbIYUCTIEHUSIX.

Heodocmuoicumbviti KOO — NHCTPYKLMKN, KOTOPblE HE coaepXKaTcs
HW B OOHOM pearnibHOM MyTW BbIMOMHEHUS.

e  I36b1mounbIll KOO — NHCTPYKLMKN, MOBTOPHO BbIMUCASAIOLLNE YXKe
BblYMCNEHHbIE 3HAaYeHMs (Hanpumep, AOCTYMHbIe BblpaXeHUs Unm
VHBapWaHTHbIEe BbIYMCMEHUS B LUKMaXx).

o Tpebyetca obHapyXuTb 1 yoanutb 6ecnonesHbln Koj.
44



5.3. UcknroyeHue 6ecrnosie3Ho20 KOOa

5.3.2 Anroputm Mark & Sweep.

@)

Anroputm Mark & Sweep (oByxnpoxogHbiit), NPUMEHSIOLMIACSA AN
OCBOBOXOEHNSA AMHAMUYECKON NaMaTK B cOopLiuKax Mycopa, MOXeT
MCMonb30BaTbLCH U AN UCKIToYeHns BecrnonesHoro koaa.

NHCTPYKUMS Ha3bIBaeTCs 101E€3HO0U, €CrN OHa:

BbIYMCNSET BO3BpaLLaeMoe 3Ha4YeHume npoueaypbol

* aBnseTcs obpalleHmeM K pyHKLMK BBOOA-BbIBOAA

* BbIYUCIISAET 3Ha4YeHne rnobanbLHON NepemMeHHoOW, JOCTYNHOWN U3
Apyrnx npouenyp

* ee pesynbTraTr UCMOoSIb3YyeTCH B APYrMX NoMnesHbIX MHCTPYKUMAX.

ANropnTM COCTOUT N3 ABYX NPOXOO0B:

« Ha nepsoM npoxoae (Mark) BbiISBNAIOTCA U NOMeYaloTCS
NOne3Hble NHCTPYKLUK

* Ha BTOpOoM npoxoae (Sweep)
HernomeyeHHble MHCTPYKLUN YaansoTcs 45



5.3. UcknroyeHue 6ecrnosie3Ho20 KOOa

5.3.3 lNoTokK ynpaBneHus: nepexoabl U BETBNEHUS.

@)

[Mpn yaaneHnn 6ecnonesHbiX MHCTPYKUMA HEOOXOANMO YYNUTbIBATb
NOMOK YNPAGIEHUA.

[loToK ynpaBneHnsa onpeaensieTcsi ¢ NOMOLLbI MHCTPYKLMIA Nepexoaa.
B npomexyTodHOM npeacTaBneHnn onpeaeneHo Aea Buaa

UHCMPYKUULU Nepexooa:
* nepexooul (jump) — MHCTPYKUUs goto (6esycrnoBHbIV Nepexoa)

* gemeanenus (branch) — NHCTPyKUUKM YCIOBHOIo nepexoaa
1fTrue x goto LunifFalse x goto L,
“cnonb3yemble 4N 0TOBpaXKeHUs B NPOMEXYTOYHOE NpeacTaBneHne
onepatopoB 1f-then, 1f-then-else, switch
MCXOOHOro A3bIKa.

ﬂ,J'IFI OrnncaHunyd NoToKa ynpaBJieHUA NoHagobuTcst NOHATUE 3aBUCUMOCTU
Mo ynpasJiEHNIO.
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5.3. UcknroyeHue 6ecrnosie3Ho20 KOOa

5.3.3 lNoTokK ynpaBneHus: nepexoabl U BETBNEHUS.

o [pun yoaneHun 6ecnonesHbiX UHCTPYKUMIA HEOBXOOMMO YYMTbIBaTb
NOMOK YNPAGIEHUA.

O ¥ —roJie3Hble MHCTPYKLUMK (N0 onpeaerieHunto).

int foo(int x, int y, int z) {
int t;
if (x > 42) |
“orintf ("Hello\n") ;
}
t=v + z;
v
return t;

}



5.3. UcknroyeHue 6ecrnosie3Ho20 KOOa

5.3.3 lNoTokK ynpaBneHus: nepexoabl U BETBNEHUS.

o [pun yoaneHun 6ecnonesHbiX UHCTPYKUMIA HEOBXOOMMO YYMTbIBaTb
NOMOK YNPAGIEHUA.

O ¥ —roJie3Hble MHCTPYKLUMK (N0 onpeaerieHunto).

O — MHCTPYKUNN N nNepemMeHHble, Y4aCTBYHOLLNE B BbIHUCITEHUN MNOJ1E3HbIX
NnepemMeHHbIX, TakKKe MNoJie3Hbl (T.e. MHCTPYKUNN, OT KOTOPbIX 3aBUCAT MO
AadHHbIM MOJ1e3HbIE, TAaKXe I'IOJ'Ie3HbI)

int foo(int x, int vy, int z) {
int t;
if (x > 42) |
“orintf ("Hello\n") ;
}
t=v + z;
v
return t;

}
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5.3. UcknroyeHue 6ecrnosie3Ho20 KOOa

5.3.3 lNoTokK ynpaBneHus: nepexoabl U BETBNEHUS.

@)

@)

[Mpn yaaneHnn 6ecnonesHbiX MHCTPYKUMA HEOOXOANMO YYNUTbIBATb
NOMOK YNPAGIEHUA.

v — NOore3Hble NHCTPYKUMK (MO onpeneneHunto).

— MHCTPYKUNN N nNepemMeHHble, Y4aCTBYHOLLNE B BbIHUCITEHUN MNOJ1E3HbIX
NnepemMeHHbIX, TakKKe MNoJie3Hbl (T.e. MHCTPYKUNN, OT KOTOPbIX 3aBUCAT MO
AadHHbIM MOJ1e3HbIE, TAaKXe I'IOJ'Ie3HbI)

v — NHCTPYKUWNN, OT KOTOPbIX 3aBUCAT MO ynpaBJIEHUIO MNMOJIE3HbLIE

UHCTPYKUNN, TaKXe MOJIE3HbI

|

int foo(int x, int vy, int z) { B, if ()

int t;

Vif (x7342) printf(.); | B,

‘/printf ("Hello\n") ; /

} B, [

t =v + z; l

Yreturn T, RDF(B,) - B,

}
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5.3. UcknroyeHue 6ecrnosie3Ho20 KOOa

5.3.4 MNMocTtaoMuUHaTOPDLI

O

Obpamnvim epaghom opweHtuposarHoro rpada G = (N, E)

Ha3biBaeTcst opueHTpoBaHHbIn rpad G = (N, ER), y kotoporo
HanpaBneHus Bcex pebep NPOTUBOMNOMOXHSI.

B I'MY BeplumHa p sBnsieTcst HOCMOOMUHAMOPOM BEPLUNHBI 1
(p = Postdom(n) ), ecnv KaxabI NyTb U3 BEPLUWHbLI 71 B BEPLUNHY EXxit

NPOXOAUT Yepes BEPLLNHY p.
MoctaoomuHaTopbl MY — 3To AOMUHATOPLI €ro oopammozo epaga.

Obpamuas epanuya oomunuposarus (RDF(n)) BepwmHel n € N
9TO 06bIYHAsA rpaHMLa JOMUHUPOBaHUS B obpaTHoM rpadpe GX.
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5.3. UcknroyeHue 6ecrnosie3Ho20 KOOa
5.3.5 3aBUCMMOCTb MO yrnpaBrieHUIO.

O

[lo onpeneneHuto, BepwinHa m 1Y 3asucum no ynpaeienuro ot
BEPLUWHBI 77 TOrga, 1 TONbKO Toraa, Koraa:

& CyLLIECTBYET HeNnycTon nyTb 1 OT 1 A0 M, TAaKOW YTO
Vk e T'— {n}: m = Postdom(k), T.e. ecnv BbinofnHeHne
nporpaMmbl NOLWIo no nyt1 1, 1o, 4Tobbl AOCTUYb exil,
OHO 0bsA3aTernibHO NpouaeT Yepes m.

& M He ABISETCH CTPOrMM nOCTAOMUHATOPOM 71: Y 11 MOXET
ObITb HECKOMNBKO BbIXOAO0B, TAaK YTO MOMUMO 1 BO3MOXHbI U
apyrue nyTu, npoxogsiine Yyepes 7, Ho NOToM Beayuime He B
m, a B Jpyrve BepLUnHbI.

ObpartHas rpaHnua JOMUHMPOBaHNSA MO3BOSIAET ONpeaenaTb rpaHnubl
3aBUCUMOCTEN MO YynpasSieHUIo.
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5.3. UcknrouyeHue b6ecrnosie3HO20 KoOa
5.3.5.1 9KBMBanNeHTHOCTb MO ynpaBfieHnIo

O

Onpepenexue. [1sa 6a3osbix 6noka B, u B; oxeusaienmisl no
ynpasieHuro, ecnu B; BbINONHAETCA TOr4a, U TONbKO TOoraa, Koraa

BbIMONMHAETCS BJ- .

YTBepxaeHue. Ecnu BbINONHAKTCA COOTHOLLEHUSA:
B; = Dom(B;) n B; = Postdom(B,)

T0 6asoBble 6rokn B; 1 B; 3kBMBaNeHTHbI MO ynpaBneHuio
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5.3. UcknrouyeHue b6ecrnosie3HO20 KoOa
5.3.5.2 3aBUCMMOCTb U 3KBMBarieHTHOCTb NO ynpasrieHuro. NMpumepsoi.
¢ B3 (a Takke B6) 3aBucut no ynpaeneHuto ot B1,

T. K. B B1 npuHnmaeTcs pelueHme o Belbope nyTtu
OanbHenwero BbinonHeHns (1 nonagaHuna B B3 n B6)

Blo ¢ C TOYKM 3peHnsa onpeaeneHnss 3aBUCUMOCTU MO
= ynpaBneHuto:
/\ ¢ cywecTtByeT nyTb (B1, B3], B koTOpOM B3
B2 B3 SIBNSAETCA NOCTAOMUHATOPOM S5l BCEX Y3MNO0B B

/\ nyTn, Kpome nepsoro (B1), n B3 He siBnsieTcs

B4 B5 noctgoMmuHatopom B1 =>
~.__ B3 3aBUCUT No ynpasneHuio oT B1

B6 $ aHanornyHo,
o B5 3aBucut no ynpasneHuto ot B3

¢ HeT nyTu, ncxoasdulero u3 B1, B kotopom B4 unun B5 aensatorcs
NoCTAOMMHATOpaMu Ans y3nos atoro nytn => B4 n B5 He 3aBUCAT no
ynpasrneHuto ot B1, xota n 3aBucat ot B3, a B3 3aBucut ot B1
=> 3aBUCUMOCTb MO yNpaBreHU He TPaH3NTUBHA



5.3. UcknrouyeHue b6ecrnosie3HO20 KoOa
5.3.5.2 3aBUCMMOCTb U 3KBMBarieHTHOCTb NO ynpasrieHuro. NMpumepsoi.
¢ B3 (a takke B6) 3aBncuT no ynpaenenuto ot B1,

T. K. B B1 npuHnmaeTcs pelueHne o Belibope nyTtu
OanbHenwero BblinonHeHns (M nonagaHuns B B6)

Blo ¢ C TOYKM 3peHnsa onpeaeneHnss 3aBUCUMOCTU MO
= yrnpasrieHUIo:
/\ ¢ cyuwecTBytoT NyTK (BOOOLLIE rOBOPS, BCE MYTH,
B2 B3 HauynHarwmxca B B1, npoxoasiime yepes B3, n

/\ 3akaH4mBatowmxcs B B6):

B4 B5 (B1,B3, ..., b;, ..., B6] — B Hux
\/ B6 GyneT NnoCTAOMWHATOPOM A4S BCEX

B6 NPOMEXYTOYHbIX Y31oB b; (He cunTas B1)
B7 ¢ B6 He aBnsaetca noctaoMuHaTopom B1

¢ B1 BxoguUT B 06paTHYI0 rpaHMuy agoMmuHupoBaHusi B6 (v B3)

¢ B6 He 3aBMcuUT Nno ynpasneHuto ot B3 — 3T 6nokn akBuBaneHTHbI Mo
ynpaBneHUIo: eCIn BbINOSTHUIICA Ko B B3, To 06s13aTernibHO BbINOMHUTCA U
B6, n HaobopoT: ecnu BeinosnHunca B6, To npexae Obin BbINONHEH 1 B3.



5.3. UcknrodyeHue 6ecrnnosie3HO20 KoOa
5.3.6. Mpoxon Mark.

o Ha nepsom npoxoae (Mark) B kaxxgom 6a3oBom Groke #:

« B Worklist nobaBnaioTca Bce «TOYHO MOMe3Hble» MHCTPYKLMK
nporpammbl (return, printf, 3anucek B rnobanbHbie NepPeMEHHbIE), 3TU
NHCTPYKLMN MOMEYaOTCA, C OCTalNbHbIX NOMETKA CHUMAaETCS

o BblObupaeTca ovyepenHas UHcTpykuma us Worklist

e [ONS 3TOU UHCTPYKUNU

> oMe4alTCcs BETBU, NO KOTOPbIM «NPUXOAAT» onepaHabl MHCTPYKLUUM
(onepaHabl NosiesHbl, Tak Kak MCNOoSIb3YKTCS B NOSIE3HOM
NHCTPYKLMN)

> nocewatotcs Bce 6nokn b € RDF (n)
N MOMEeYaeTcs Kaxaas BETBb, BeayLlas K 3TUM B6riokam.

> Kaxxpasi nomeyeHHas BeTBb nomerdaercs B Worklist.

o [poxop 3aBepwaetcs, koraa Worklist ctaHoBUTCA NyCThIM.
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5.3. UcknrouyeHue b6ecrnosie3HO20 KoOa

5.3.6. NMpoxon Mark (nceBpokon)

Mark ( )

WorkList < @;

for each mucTpykumm i //(x < op, y, z, uau BeTBIEHME)

ybpaTe noMeTky y i Ons OObIYHbIX MHCTPYKUNA i
i1f (i nomesnasi) nomMeTHTH 1 BUOa x < op,y, Z:
WorkList — WorkList U {i} uses_in_rhs(i) ={y, z}

while (WorkList # @)

] ] Ecnn i — ycnoBHbIN nepexoa;:
remove 1 from WorkList

uses_in_rhs(i) —

for each u € uses_in_rhs(i) BCE NepeMeHHble,
if (def(u) He nmoMeuena) MCrnomnb3yemble B
yCNnoBun

novMeTuTek def (u)
WorkList — WorkList U {def(u)}

for each block b€ RDF(block(i))
IIyCTh Jj — MHCTPYKIMSTI YyCJOBHOI'O IIepexona,
KOTOpPOM BakaHuMBaeTcsi 6JIok b
if (j He noMeueHa)
IIOMETUTE J

WorkList —« WorkList U {j}
59



5.3. UcknrouyeHue b6ecrnosie3HO20 KoOa

5.3.6. NMpoxon Mark (nceBpokon)

Mark ( )

WorkList < @;

for each mucTpykumm i //(x < op, y, z, uau BeTBIEHME)

ybpaTe noMeTky y i Ons OObIYHbIX MHCTPYKUNA i
i1f (i nomesnasi) nomMeTHTH 1 BUOa x < op,y, Z:
WorkList — WorkList U {i} uses_in_rhs(i) ={y, z}

while (WorkList # Q) . .

] ] Ecnu i — ycnoBHbIN nepexoa;
remove 1 from WorkList uses_in_rhs(i) —
for each ue€ uses_in_rhs(i) BCE NEpPEMEHHbIE,

if (def(u) He nomMeueHna) ncnomnb3yemMblie B
nomMerTuTre def (u) yenosnn
Worklist —« WorklList ) {def(a}
3amMmevaHue:
[na HarnsgHoCcTK, B NceBaokoae gaHHoro anroputMa npmsoadatca def(u), Ho
Ha caMoOM fere 34ecb NoapasyMeBaloTCH ece onpeneneHns u.
B aTOM CMbICNe anropnTm ynpoLuaeTcs, eCcrin ero BbINOMHATbL HA BHYTPEHHEM

npeactasneHnmn B SSA-popme (CM. crneayowyro NeKUmio)
IIOMETUTDb 7]

WorkList —« WorkList U {j}
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5.3. UcknroyeHue 6ecrnosie3HO20 KOoOa

5.3.6. Mpoxoa Mark (nceBgokop)

Mark ( )

WorkList < @ ;

for each mucTpykumm i //(x < op, y, z, uau BeTBIEHME)
ybpaTe noMeTky y i
if (i nonesHasi) noMeTUTH i
WorkList — WorkList U {i}

while (WorkList # @)

NoyemMy HY>XKHO NnoMeYyaTb BETBMU:
Ecnu i BbluMCNAET YTO-TO NonesHoe, To U BETBb j, KoTopas BeaeT k block(i),

Takke nosiesHas (a Takke nepemMeHHble, y4acTBYHOLLNE B BblYMCIIEHNN YCNOBUS
anga nepexoaa no j). 3gecb Mbl NoMevaeM BETBU OrokoB, oT KoTopbix block(i)

3aBUCUT MO yNpaBneHnto.

for each block b€ RDF(block(i))
NyCTE Jj — MHCTPYKIMUSI YyCJIOBHOI'O Iepexoxna,
KOTOpPOM BakaHuUMBaeTcsi 6Jyok b
if (j He nomMeuena)

IIOMETUTE J

WorkList — WorkList U {j}
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5.3. UcknroyeHue 6ecrnosie3Ho20 KOOa

5.3.6 Mpoxopn Sweep IIO -
Sweep ( ) B, <
for each instruction i . W
if (i is unmarked) B, By
if (i is a branch) z//l\\»
. A . B, B«
rewrite i with a jump \\‘K//‘
to i’s nearest marked B
postdominator l
if (i is not a Jjump) > B,
delete 1 l

o Ha BTopom npoxoge (Sweep) B kaxablii GNOK, C KOTOPOro Ha4YMHaEeTCs
HernomMme4veHHasi BETBb, NomMeLllaeTcs 6e3yCnoBHbLIN NEpexos Ha ero

NOMEYEHHbIN NOCTOAOMNHATOP.
9T0 NpaBMIibHO, TakK KakK €CJ1IM BE€TBb HE NOMe4Y€eHa, MNOTOMKA ©rnoka BnnoTb

A0 ero HernocpeancrBeHHOro NnoCTgoMmMHaTopa, He MOryT coepiKaTtb
NOJy1E3HbIX MHCprKLlMIZ, TaK Kak nHade oHWU 6bifin Bbl NOMEYEHBI.
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5.3. UcknrodyeHue 6ecrnnosie3HO20 KoOa
5.3.6 Mpoxopn Sweep

Sweep ( ) T__>
for each instruction 1 B, <
if (i is unmarked) 2 R
if (1 is a branch) B’ //”K\
rewrite i1 with a jump B, By
to 1’s nearest marked \\%
postdominator f
if (1 is not a jump) > B,
delete 1 !

o CkasaHHOe cnpaBeasiMBO U Anst HeNocpeacTBEHHOIO HENOMEYEHHOIO
NoCTAOMUHATOPAa BETBIIEHUS.
UToObI HanTK Brivekanmnin NOMeYEHHbIN NOCTAOMUHATOP, MOXHO ABUraTbCH
BBEPX MO AepeBy NOCTAOMUHATOPOB, NOKa HE HAaNOETCHA NOMEYEHHbIN ONOK.
[Tonck 06s13aTenbHO 3aKOHYNTCA,

Tak Kak no onpepgeneHunto 6nok £xit nomeyeH. o



5.4. UcknroyeHue HedocMuU)XUmMo20 Kooda
5.4.1 NocTaHoOBKa 3agaum

o Wuorga MY cogepuT Heoocmudicumbli Ko0. KOMNUNATOP OOIMKEH
HaNTU HedOCTUXMMble Da3oBble BNOKN U UCKITHOYUTD UX.
o [Be NpuymHblI HEOOCTUXKMMOCTKN BNnokKa:
« BI[T1Y otcyTtcTBYyeET NyTh, BeayLwnm K 6bazoBomy GNoky;

* MNyTb, OOCTUraroLLnin 6n0|<a, MOXET ObITb HEBbLIMNONMHUMbIM an4d NOObIX
BO3MO>XHbIX BXOAHbIX OAdHHbIX

(Hanpumep, 1f (arge || 1*(1i+1)%2==0){..})
o B 3TOM Kypce paccmaTtpuBaeTcs TOMbKO NepBbiv criyvyaun, B KOTOPOM A5
aHanusa MOXHO ucronb3oBaTtb anroput™ Tuna Mark & Sweep.

o OJTOT aHanuna nNpocT 1 Hegopor. OH MOXeT ObITb BbINOSHEH MOMYTHO BO
Bpemsi obxopa [T1Y ana gpyrux uenen nnm gaxe Bo Bpemd
noctpoeHusa I'1Y.
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5.4. UcknroyeHue HedocMuU)XUmMo20 Kooda
5.4.2 AHanu3 AOCTUXUMOCTMU

o Mpoxon Mark cHayana nomeyaeT Kaxkabli 6nok b Kak « HeAOCTUKUMbIAY»,

NMOTOM OH Ha4dnHaet obxop ['T1Y ¢ entry n nomevaeT KakK «4OCTUXUMbIN»
KaXkabl ONOK, KOTOPOro OH MOXET AOCTUYb.

o Ecnu Bce BeTBneHus 1 nepexonbl onpenensaiTcst 0OgHO3HaYHO, TO BCe
610KU, MOMEYEHHbIe KaK HeOOCTKUMbIE, OeNCTBUTENBbHO HEOOCTUXUMbI

M MOryT GbITb yaaneHbl Ha npoxoae Sweep.

o B cnyyae HeogHO3Ha4YHbIX YCNOBUW BETBNEHUSA, KOMMUIIATOP OOIKEH
COXpPaHUTb NOoN BNOK, AOCTUXKNMbIN BETBNEHNEM UM NEPEXOAOM.
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5.5. Onmumu3ayuss nomoka ynpaesieHus
5.5.1. NocTaHoBKa 3apauun

o HekoTopble onTMMMUsaunm MoryT UMeTb NOBOYHbIN 3PP EKT, U3MEHSIOLLINI
doopmy I'T1Y, nobaensasi B Hero 6ecnonesHble 6NOKN U Oyru.
Ecnn koMnunaTop cogepXXnT Takme onTuMmusauunm, OH JOMKEH Takke
cogepaTtb npoxoq, ynpoidatomm 1Y,
NCKItodasi 6ecrosesHbIn NOTOK ynpaBieHus.

o ®yHkuma Clean obpabaTbiBaeT HenocpeacTBeHHo MY
ONTUMN3MPYEMON NMpoLEeaypbl, ynpoLlas ero.
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5.5. Onmumu3ayuss nomoka ynpaesieHus

5.5.2. OcHOBHbIe npeobpa3oBaHua. NpeobpazoBaHue 1.

o OyHkuuna Clean npuMeHsieT cneayowmne YeTbipe OCHOBHbIX
npeobpasoBaHna (B yKazaHHOM ropsiake):

1. Cesepnyms uzdbwimounyro 6emen:
Ecnv nocnegHue nHCTpykumm 6noka B; peanuaytoT BETBNEHWE, 1 06e
BETBW BbINOMHSAKT YCNOBHbIN Nepexo Ha oauH 1 TOT e 6nok B,
TO BETBIIEHME 3aMeHsieTcsl 6e3yCroBHbLIM nNepexoaom Ha 6ok B;.

Takas cutyauma MOXeT BOSHUKHYTb
B pesynbrarte gpyrmx ontummsaunn
(Hanpumep, y B; morno 6bITb ABa nocrnegosarens,

l Il KaxKObl U3 KOTOPbIX 3akaH4MBarcs Nepexoqom Ha B,.
B, _, B, Ecnvuppyrve ontumusaumm ybpanm n3 atux brnokos Bce
l l MHCTPYKLNK, TO BTOPOE M3 OCHOBHbIX Npeobpa3oBaHmini MOrno
A4

B 5 opoauThb nesbIn rpad, NoKkasaHHbIM HAa PUCYHKE).
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5.5. Onmumu3ayuss nomoka ynpaesieHus

5.5.2. OcHOBHbIe npeobpa3oBaHua. [peobpazoBaHue 2.

2. Yoanumo nycmotii 610k: Ecnv 6nok B; cogepxut Tonbko UHCTPYKLUIO
nepexofa, TO OH NOryoLaeTcsl CBOMM nocriegosatenem — 6riokom B;.

Takasi cuTyaunsi BO3HMKAET, Koraa NpeALecTBYOLIME ONTUMU3aLUN yoansaoT
BCE MHCTPYKUMK 13 brioka B,

Tak kak y B; Bcero oguH nocrnegosarens, B,

N npeobpa3oBaHme nepeHanpaBnseT ayrm, Bxogawme
B; \ / B B;, k B; n uckniovaet B; n3 Pred(Bj),
l/ = <~ dT0 ynpowaet ['T1Y n yckopseT BbINOSHEHNE.
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5.5. Onmumu3ayuss nomoka ynpaesieHus

5.5.2. OcHOBHbIe npeobpa3oBaHua. [peobpazoBaHue 3.

3. Obvedunenue 610k08: Ecnv umeetcst 6ok B;, KOTOPbIiA
OKaH4MBaEeTCs NepexodoM Ha B, y KOToporo BCero oauH
NPeaLecTBeHHK, B;, OH MOXeT 0GbeaUHUTL 3TN GIOKM Kak NoKasaHo
Ha PUCYHKE BHU3Y, YTO MO3BONSAET UCKNIOYMTL Nepexoa us B, B B;.

So<
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5.5. Onmumu3ayuss nomoka ynpaesieHus
5.5.2. OcHOBHbIe npeobpa3oBaHua. [NpeobpazoBaHue 4.

4. [loovem eemeanenuii. B cutyaumm, korga 6rnok B;, KOTopbii

OKaH4YMBaeTCs NepexogoM B MycTon 6ok Bj, a ornok Bj OKaH4YMBaETCS
BETBMNEHNEM, Nepexo B KOHLe 6rnoka 3amMeHsieTcsl Ha KOMuio BETBIEHUS
n3 6noka BJ-.

Takoe npeoGpasoBaHvie nogHUMaeT BeTenexve us B; B B,.

C|/|Tyau,|/|s'-| MOXXET BO3HUKHYTb, €CJ1N Apyrme ontTuMmn3aunn yoandaTt Bce
onepaunn n3 Bj, OCTaBUuB TOJ1IbKO BETBJIIEHUE.

KTT1Y pobasutcs pebpo. O6beamHnte B; n B; Henb3s, Tak kak y B; ecTb elle

npeaLwecTBeHHMKN (ecnm Obl nx He Gbino, B; u Bj y>Xe Oblnn Obl 0O6beANHEHDI
[MpeobpasoBaHmem 3).

N
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5.5. Onmumu3ayuss nomoka ynpaesieHus

5.5.3. PyHKkuua Clean ()

Clean()
while TIIY npopoikaeT MBMEHSTHCS
compute

Postorder

OnePass ()

OnePass ()
for each block B; // in postorder
if (B; oxaHUMBaeTCsI BETRBJIEHMEM)
if (obe uenm OOMHAKORBBH)
B3aMEeHNUTEL BETBJIEHME Ha Iepexoxn
if (B; okxaHuMBaeTCsI nepexomoM Ha Bj)
if (B; nycT)

B3aMeHUTE BCe nepexonsl Ha B; nepexomamm Ha B
if (B; MMeeT TOJIBEKO OAHOI'O IpPenUEeCTBEHHUKA)

coBMeCcTUTE B; M By

if (B; nycT M OKaHUMBAETCs BEeTBJIEHUEM)
B3aMeHUTE B; nepexon
Ha KONMI BETBJIEHMSI U3 B;

/* 1 */

/* 2 */
/* 3 */

/* 4 */
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5.5. Onmumu3ayuss nomoka ynpaesieHus
5.5.3. PyHKkuua Clean ()

o OyHkuus Clean ()
MHOFOKpaTHO Bbl3blBaeT pyHKumMmM Postorder () (o6bi4Has Hymepaums

6nokoB) n OnePass () (oaHOKpaTHbIN Npoxoa),

BbIMOSTHASI NOCneaoBaTenbHOCTb nNpeobpasoBaHun 1 — 4 utepaTtMBHO
0o Tex nop, noka [T1Y ontummanpyemon npouenypsl
NpoaOIMKaET NUBMEHATBLCH.

o B Hauane kaxxgomn ntepaumm BbiNOSHAETCA HOBasd HyMmepauns 6noKos,
TaK KaK Nnocrie Kaxgoro npuMmeHeHns 4yetTesepkm npeodbpasosaHum MY
MOXET CUMNbHO N3MEHUTLCA.

o PyHkums Clean () He MOXET CaMOCTOATENbHO yAanuTb NYCTON LMK
(UMKN C NyCTbIM TENMOM). OTO NOKa3bIiBaET Criegyowmn npumep.
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5.5. Onmumu3ayuss nomoka ynpaesieHus
5.5.4. Npumep

o Paccmotpum npoueanypy, MY koTopon naobpaxxeH Ha pUCYHKe.
MycTb Gnok B, nycT.
Hu oaHo 13 npeo6pasosaHuin pyHkumn Clean()
HEe MOXET yaanuTb nycTon 6rnok B, :
* BETBMNEHWE B KOHUE B, He N30bITOYHO;
* B, He 3aBepluaeTca 6e3ycnoBHbIM NEPEXodomM,
n Clean() He moxeT 06beanHUTL ero ¢ Bj;

* MpeawecTBeHHUK B, 6nok B okaH4YMBaeTCsl BETBINEHMEM,
a He nepexonom, n Clean() He MOXeT HM 06 bEeAUHUTL ero
c B, HN CBEpPHYTbL €ro BETBIEHNE B B.

NexoaHbin TTTY
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5.5. Onmumu3ayuss nomoka ynpaesieHus
5.5.4. NMNpumep

o OpHako ecnu ucxogHbin 'Y npeaBaputensHO o6pabdoTaTtb C NOMOLLbLO
Mark & Sweep, paccmaTtprBaemblii NyCTOW LMK yaacTcs yaanuTb.

o bnoku B; n B; cogepxat nonesHble MHCTPYKUUK, a 6nok B, nycT
(He cunTas onepauumu BeTBrneHuns), npoxon Mark pewmnT, 4To BETBNEHME
B KOHLe B, 6ecnonesHo, Tak kak B, & RDF (B3).

Ecnu BeTBneHne 6ecnonesHo, 6ecnoneseH n koA,
BbIYUCASIOLLINA YCNOBUE BETBNEHUS.

MNoatomy Sweep yoanut us B, Bce MHCTPYKUMU 1 NpeobpasyeT BETBNEHNE

B KOHUe B, B nepexof Ha bnvkanumii nonesHbln noctgomMmmnHaTop B;.
[Monyuntca MY Ha npaBoOM pUCYHKe.

/B1 /B1
V‘r A4
Blz_ B,
\\ 4 Vv

N 5, N 5

NcxooHbin I'TTY [T1Y nocne Mark & Sweep 74



5.5. Onmumu3ayuss nomoka ynpaesieHus
5.5.4. Npumep

o Clean 3aroHsieT B, B B, B pesynsrate nonydaetcs [T1Y,
n300paXkeHHbIN Ha TPETLEM PUCYHKE CrieBa.

o Tenepb BeTBNeHWe B koHUe B cTaHoBUTCA n36biTouHbIM, U Clean
3aMeH4deT ero nepexonom, B pesynsrare nony4vaetcs [T1Y,
N300paKeHHbIN Ha YETBEPTOM PUCYHKE CIieBa.

o HakoHeu, ecnn okaxeTcs, YTO B| — €QUHCTBEHHbIV NPEALIECTBEHHUK B,
Clean o6begnHnT 3TK aBa 6roka B oauH 6roKk.

A A A B

V‘r \ 4

B, B,
L

\ v \ v \v \/

B, B; B, B;

NexogHbin TTTY [TTY nocne ['TTY nocne ['TTY nocne
Mark & Sweep yoaneHua B,. CBOpavMBaHuS

N30bITOYHOW
BETBMW. 75



