/. Bbibop KomaHA



7.1 BEOOHbIe 3amMey4YaHuUsi

7.1.1 NMocTaHOBKa 3aa4auu

O OnTnmMmunsaTtop paboTaet Haa NPOMEXYTOYHbLIM NpeacTaBlIEHNEM
nporpamMmbl, U Korga npoLuecc onTMMmn3aumm 3akKoOHYNTCS, NOSTy4YUTCS
ONTUMU3NPOBAHHAA NporpaMmmMa B NMPOMEXYTOYHOM NpeacTaBfiEHUN.

O Ha cnepytoLem atane Heob6xoaMMo nepeBecTu nporpammy u3
NPOMEXYTO4YHOro NpeacTaBneHns B Koz LiefieBoro npoweccopa.

O OTobpaxeHne UHCMpPYKYUU NPOMEXKYTOYHOrO NpeacTaBneHns B
KOMAHObL LeneBoro npoLeccopa HasblBaeTcst 86100pOM KOMAHO.

O CyLuecTByeT HECKOMbKO NOAXOA0B K peLUEeHNIO 3TON 3ada4u.
PaccmMoTpmm noaxon, NCnonb3yoLwWwni conoctaBreHme wabnoHoB
Ha abCTpPaKTHOM CMHTAKCUYECKOM AepeBe, MNOCTPOEHHOM
No ONTUMU3NPOBAHHOMY MPOMEXYTOYHOMY NpeacTaBleHUIO.



7.1 BEOOHbIe 3amMey4YaHuUsi

7.1. 2 Bxon v BbIXon reHepaTtopa Kopa

O BxoQHOW NOTOK reHepaTopa Koaa:

& NPOMEIHCYMOYHOe npedcmasietie NCXoQHON NporpamMmmel
(NocnenoBaTenbHOCTb TPEXAAPECHbIX MHCTPYKLMIA)

& maoauya cumMe0a1086, KoTopas UCMonb3yeTcs ANs
onpeneneHns agpecoB BPEMEHUN BbIMNOMNMHEHUSI 00bEKTOB
NaHHbIX, 0003Ha4YaeMbIX B MPOMEXYTOYHOM NpeacTaBneHum
NMEHaMM.

O BbIxoQHOWM MOTOK reHepaTtopa Kofa: 00beKmHbill KOO
(NnocnegoBaTenbHOCTb KOMaHA Y el1e8020 NPOoYUeccopa)

O Ob6vexmmuwlil MOOYIb — YacTb NPOrpaMMbl B 06BbEKTHOM Kofe,
COOTBETCTBYIOLLAA UCXOQHOMY MOLYIHO

O Komnonosuux o6beanHseT o6bekTHble Moaynn 1 6MbnuoTeku
B edVHYI0 NporpamMmy, Kotopasi U BbINOMHAETCA Ha LeneBoM
npoLieccope.



7.2 O6 beKmHbIU KOO

7.2.1 OGWwan xapaKkTepnucTmnka

[TpeononoXxeHnst 0 LeneBoM npoleccope (aape)

O RISC-apxutektypa
O TonbKo LienoyncrieHHasa apudmeTuka.
O BantoBas agpecaums namaTm
O N pernctpoB obLero HasHaveHnsa Ry, Ry, ..., R, 4
O Komanga: op, dst, srcl, src2
O Onepauuu:
& 3arpysku U COXpaHeHUs perncTpos,
& BblYUCIUTENbHbIE,

& YCITOBHble 1 ©Oe3yCnoBHbIe Nepexoasbl.



7.2 O6 beKmHbIU KOO

7.2.2 Cncrema KomaHAa

ID, r, x 3aepy3ka 3Ha4YEeHUs U3 SYENKN NaMATU X Ha PErucTp r
LD, rl, r2 Konuposanue 3HavyeHus pernctpa rl Ha pernctp r2
ST, x, r Coxpanenue 3Ha4yeHNA perucTpa r B q4enke namatn x

OP! dst, srcl, src2 |bBbuHapHas onepayus: dst = srcl OP src2

OP? dst, srcl YHapHas onepayusi: dst = OP srcl
BR L Ilepexoo Ha komaHay ¢ meTkon L (goto L).
Bcond? r, L Bemenenue: nepexon Ha komaHAay ¢ MeTkon L, ecnu

3HaJYeHne Ha perncTpe r yooBrETBOPSET YCNOBUIO
cond: if (cond)goto L

1 onpeneneHbl apudmeTndeckme, bynesbl U NopaspsaaHbie onepaumm
2 onpepeneHbl apudmeTmyeckne, bynesbl U NopaspsaHble onepauum

3 hopMMpoBaHMe YCroBUIA BbIMOIHAETCH C NMOMOLLbIO onepauuii OTHOLLEHUS U
apumeTnyecknx onepauumn




7.2 O6beKmHbIU KOO
7.2.3 Pexxnumbl agpecauuu

O

O

Peoicum npsamou aopecayuu — appec 3anaercs
HEenocpeacTBEHHO 3HAYEHNEM x

Peoicum unoexcuposannou aopecayuu a (r) , a — nepemMeHHasl,
r — pernctp. Agpec a (r) BbluucnsieTca nytem npudaBneHns K

| -3HayeHuio a 3HaveHus 13 perucTpa r.
ATOT pexum agpecauum noneseH Ans obpalleH1s K maccrsam:
a — 0a3oBbIVM aApec MaccuBa, ¥ — CMELLEHMeE.

Pesicum koceennou aopecayuu:
*r ccbinka Ha siueiky NaMsTv, HaxoasLLycs Mo agpecy

contents (r) *c (r) ccbinka Ha a4enky NnamMsaT, HAXOASALLYHOCS
no agpecy ¢ + contents (r)
(C — KOHCTaHTa, contents — onepauuns pasbiIMeHOBaHUS)

Peoicum aopecayuu ¢ ucnonvzosanuem KoHcmanm,
ONA yKa3aHusa KOTopblX Ucnonbayetcs npedukc #.

Hanpumep, komaHpa LD r, #n 3arpyxaeT B peructp r
Lenoe y1mcro n



7.3 OcHoOBHbIe ha3bl 2eHepayuu Kooda

O PacnpeneneHne namaTtu

O Bbibop komaHz

O PacnpepneneHue permctpos

O Bbibop onTumanbHOro nopsigka komaHg (nnaHnpoBaHue koga)

PacnpepneneHune namsT B JaHHOM Kypce He paccMaTpuBaeTCs, Tak Kak OHO
CBSI3aHO C paboToW cucmembl NOOOEPIHCKU BPEMEHU BbINOAHEHUL.



7.4 Bbi6bop komaHO

7.4.1. NocTaHOBKa 3aaauu

O

Ecnn He TpeboBaTb 3 PEKTUBHOCTM LENEBOWN NMPOrpaMmmel,
BbIOOp KOMaH NpeaenbHO NPOoCT:

@ 0N Ka)Xgoro tuna TpexagpecHbiX MHCTPYKUMK onpenenseTcs
LLabnoH LueneBoro Koga, reHepmpyemoro anst Takmux
NHCTPYKLUN,

® Ka)kgas TpexagpecHas MHCTPYKUMA 3aMeHSeTcA

COOTBETCTBYOLMM LLIABGNOHOM
PaccMoTpmM HECKOSbKO NPOCTLIX NPUMEPOB



7.4 Bbibop KoMaHO

7.4.2. NMpumepsbl WaGNOHOB

O NMpumep 1. lpu reHepaumn koga onga TpexagpecHom NHCTPYKLUK
X < +, Yy, Z, rgenamdatb nog X, y 1 z Bblaensercd

ctatuyecku (static), MoxxHO ncnonb3oBaTtb crneayroLnin LIAboH:

LD RO, vy // 3arpysantb y B R,
ADD RO, RO, =z // cnoxutb z 1 R,
ST x, RO // coxpaHuTb R, B X

[MpMeHnM 3TOT WabnoH K NnocnenoBaTenbHOCTM U3 ABYX
MHCTPYKUMM a < +, b, ¢;d « +, a, e;

ADD RO, RO, o) //RO «< +, RO, c
ST a, RO //a < RO
LD RO, a //RO « a

ADD RO, RO, e //RO < RO + e



7.4 Bbibop KoMaHO

7.4.2. NMpumMmepsbl WabnoHOB

O

O

NMpumep 2. MHOrMe KOMNbIOTEPLI NOA BNUAHNEM A3blka Cn UMEIOT
komaHgy INC x:

Ev cooTBeTcTBYET LLIAGMNOH

INC x // X++

OueBungHo, 4YTO Ucnons3oBaHne wabnoHa INC gaet nydwuin Kkoa,
4yeM mncnosnb3oBaHue LWwabnoHa na npumepa 1

LD RO, x // 3arpy3ntb X B R,
ADD RO, RO, 1 // cnoxutb 1 n R,

ST x, RO // coxpaHuTb R, B X

10



7.4 Bbibop KoMaHO

7.4.2. NMpumepsbl WabnoHoB

O

Mpumep 3. Wabnonana+, x, vy, z (X, y, Z-agpeca
AYeeK NamsaTn)

ID R1, y
LD R2, z
ADD R1, R1l, R2
ST x, Rl
Mpumep 4. Wabnon ana 1 £True (y < z)gotoL
LD Rl, y
LD R2, z

SUB R1l, Rl1, R2
BLTZ R1, L

11



7.4 Bbibop KoMaHO

7.4.2. NMpumepsbl WabnoHoB

O Mpumep 5. LLIabnoH ans

©)

(b)

b « al[i] (a-wmaccuB 8-6aiTHbIX 3HA4YEHNN)
LD R1l, i
MUL R1, R1, #8
LD R2, a(R1l)

//R2<—contents (at+contents (1))
ST b, R2

alk] « c
ILD R1l, c
LD R2, k

MUL R2, R2, #8
ST a(R2), R1
// contents (at+contents (k) )<«R1l

12



7.4 Bbibop KoMaHO

7.4.2. NMpumepsbl WabNMoHOB

O

Mpumep 6. LLabnoHbl Ans

@

(b)

X < *p

ID R1, p

LD R2, O0(R1)

ST x, R2

//R2<—-contents (0+contents (R1))

P < Y

LD R1, p

LD R2, v

ST O(R1l), R2

//contents (0+contents (R1l) ) «R2

13



7.4 Bbibop KoMaHO

7.4.3 CtonMoCTb KOMaHA,

O

O

Kaxxgas komaHaa ueneBoro a3blka MMeeT CBSA3aHHYH0 C Heu
CTOUMOCTb.

Ecnu cuntatb CTOMMOCTb KOMaHAb! paBHOVI eanHmue rnrroc
CTOMMOCTH, CBA3aHHbIE C peXnMmamMn agpecauunm onepaHaons, 1O
CTOMMOCTb 6yueT nponopunoHaribHa AJinHe KOMaHbl B CJ1OBax.

@ CTounmMocCTb onepaHaa Ha peructpe pasHa 0
® CToMMOCTb ornepaHaa n3 a4enkn namaTtu pasHa 1
@ CTonMOCTb onepaHaa-KoOHCTaHTbl paBHa 1

Takon noaxo 000CHOBLIBAETCS TEM, YTO adpeca
g4YeeK NamsAaTh N KOHCTaHTbl XpaHATCA B CrioBax,
creayoLwmx 3a KomaHaom

@ CTOMMOCTb Kaxaoro pasbiIMeHOBaHus paBHa 1

14



7.4 Bbibop KoMaHO

7.4.3 CtonMoCTb KOMaHA,

O

NMpumepobl.
1) CtoumocTb komaHabl LD RO, R1 paBsHa 1.
2) CtommocTtb komaHabl LD RO, M (M- agpec si4einku

namsaTn) paBHa 2.

3) CtoumocTb komaHabl LD RO, *100 (R1)
(R« contents(contents(100 + contents(R,))) pasHa 4.

CtonmMocTb nporpamMmmbl (Ha LIeNeBOM A3blKe) paBHa CyMMe
CTOMMOCTEN €e KOoMaHA. HeMm MeHblle CTOMMOCTL NnporpamMmbl, TEM
BbICTpee OHa BbINOMNHAETCH

Anroputm reHepaummn Koga AomkeH MUHUMN3NPOBaTb CTOMMOCTb
nporpammei.

15



7.5 MemoO nepenucbieaHusi depeesa

7.5.1 Cxema TpaHCnAUUM AepeBbLEB

O

PaccmMoTpuM MHCTPYKUNIO NpUcBanBaHUA
afi] « +, b, 1 (1)
[TycTb

¢ MaCCUB a XpaHUTCA B CTeEKE BpeMEHU BbINMOJIHEHUA

(appeca BpeMeHU BbIMONHEHNS NTOKanbHbIX NEePEMEHHbIX
a n i 3agaHbl kak cmeLeHnsa C, n C; OTHOCUTENBHO

yKasaTerns Ha Ha4yano Tekylwen sanucu akmusayuu SP
(aopec SP xpaHuTCcAa Ha cneyunanbHOM pernctpe Rgp)
¢ nepeMeHHas b xpaHuTcsa B rmobanbHoOn syenke namaT M,,.

B uenesom koge MHCTpykumn (1) dyoet cooTBeTCTBOBATH
nocrenoBaTenbHOCTb KOMaHL :

16



7.5 MemoO nepenucbieaHus1 depeesa
7.5.1 Cxema TpaHCnAaAuun aepeBbLEB
O B uenesom koge uHctpykuum a[i] < +, b, 1
ByoeT cooTBETCTBOBATL NOCNEA0BaTENbLHOCTL KOMaHA !
LD R1, M, // Rl =Db
ADD Rl, R1l, #1 // RL=Db + 1
LD R2, (; (Rgp)
// R2 = contents(Ci + contents (Rg;))
MUL R2, R2, 8 // R2 = R2 * 8

ST *R2 (Ca (Rsp) ), R1
// Rl = contents (contents(C, +
contents (Ry;) ) + contents (R2))

O Beenem onepauuio nHaekcmposarus ind (index):
ind(C; + Rgp) =
contents (C; + contents(Ry;)) = contents(R2) = 1

ind((C, + Rgp) + ind (C; + Rgp)) =
contents (contents (C, + contents (Ry;) ) tcontents (R2))
= a[1i] 17



7.5 MemoO nepenucbieaHusi depeesa

7.5.1 Cxema TpaHCnAUUM AepeBbLEB
af[i] « +, b, 1

ind(C; + Rgp) =
contents (C; + contents(Ry;)) = contents(R2) = i

ind((C, + Rgp;) + ind (C;, + Rg)) =
contents (contents (C, + contents (Ry;) ) tcontents (R2))

+(M, C;) =+, b, #1

/ < \
ind e +\
) My, G
o +< \J_Td r-3HauYeHne
Ca RSP / +\
Ci Rgp

|-3HaueHne 18



7.5 MemoO nepenucbieaHusi depeesa

7.5.1 Cxema TpaHCnAUUM AepeBbLEB

Takum obpasom, ucxogHoe AepPEBO (BbIpaXXeHNe) Ha NEBOM PUCYHKE OOSTKHO
ObITb Npeobpas3oBaHo (MepennucaHo) B A4EPEBO HA NPAaBOM PUCYHKE

«—
b 1 ind A
__— + ~—_ Mb Cl
- +\ lIlld I'-3Ha4yeHune
Ca RSP / '|'\

C, Rgsp
|-3HaueHne

19



7.5 MemoO nepenucbieaHusi depeesa

7.5.2 OnuncaHue Mmetona

O LleneBoii koa reHepupyeTcsl B MPOLECCe CEEePMKU 8XOOH020 Oepesa
8 eOUHbIU Y3€e/ NYTEM NOCNeoBaTeNnbHOro NPUMEHEHNS
npasul npeobpazosarus 0epesda.

O Kaxgoe npasuno npeoopazosanus 0epesa npeactaBnsieT cobom
VHCTPYKUUIO BUAA

replacement « template {action}

rae replacement — otoenbHbin y3en, template — wa6noH

(nopaepeso), action — gencrene (parMeHT reHeprpyemoro Koaa,
COOTBETCTBYIOLLMIA LLADOHY).

O MHoxecTBO npasus npeobpasoBaHns gepesa MMeHYETCS
cxemou mpaHcIayuu oepeasa.

O TpaHcnaumns cocTouT 3 (BO3MOXHO, NYCTOW) nocrieqoBaTeribHOCTU
MaLLMHHBLIX KOMaHZ, KOTopble reHepupytoTcs aencrenem (action),

cBsi3aHHbLIM ¢ WwabnoHom (template).
20



7.5 MemoO nepenucbieaHus1 depeesa
7.5.3 Cxema TpaHcnAuMM gepesa

O Cxema TpaHcnsaumn gepesa — yaobHbIn crnocob onmcaHmnsa CXembl
BblOOpa KOMaH B reHepartope Koaa.

O Cxema TpaHcnauuu 3agaetca Habopom npaesuil ceepmiu

O Kayxpoe npaBUno COAEPKUT:
@ noaaepeBo, COOTBETCTBYIOLLEE paccMaTpuBaeMomMy LLIa0MoHy
& METKY Yy3ra, Ha KOTOPbI 3aMeHSeTCS NoaaepPEeBO NpU CBEPTKE
@ KOMaHbl, KOTOpPble MOMELLATCA B OObEKTHYIO NporpaMmmy

npu cBepTke
Mpumep npaBuna: NnpaBuno Ans KOMaHAbl CNOXEHUS OOHOro
pernctpa ¢ Apyrmm MMeeT BUA:

R, « + {ADD Ri, Ri, Rj}

R/ \R-

eCIv BXOHOe [1epeB0 COAEePXKUT NoaaepeBo, COOTBETCTBYOLLEE
[ aHHOMY LLAGMOHY, TO 3TO NOAAEPEBO MOXHO 3aMEHUTb OAHUM

y3rnoMm ¢ meTkor R; n creHepunpoBaTtb komaHay
ADD Ri, Ri, Rj.

Takas 3aMeHa Ha3bIBaeTCs 3ameuieHuem noooepesa. 21



7.5 MemoO nepenucbieaHus1 depeesa
7.5.3 Cxema TpaHcnAuMM gepesa

O

JlncTtbsa Kak BXOAHOIO AepeBa, Tak v WwabnoHa MoryT umeTb atpudyThl
C MHOEKCaMU; UHOTAA K 3HAaYEHNAM NHOEKCOB NPUMEHSETCS psaa
OrpaHNYeHNn — CeMaHTUYECKNX NPeanKaToB, KOTOPbIM JOMMKEH

YOOBJIETBOPATD LabnoH Nnpun yCrtaHOBJ1IEHNN COOTBETCTBUA.

Mpumep npeaukara: 3Ha4YeHNEe KOHCTaHTbl JOMKHO HaXoOMUTbCS
B ornpeaeneHHoM aManasoHe.

Bbibop komMaHg, BedeTcs B cnegyrowmx NpeanonoXeHusix:

@ IMobas MHCTPYKUUS NPOMEXKYTOYHOIO KoAa MOXET ObIThb
peann3oBaHa C MOMOLLbI OHOW U HECKOMNbKNX MaLLUHHbIX
KOMaH/.

@ meeTcsa 4OCTaTOMHO PErNCTPOB ANS BbIYMCIEHUS KaXKa0ro

y3na.

22



7.5 MemoO nepenucbieaHusi depesa

7.5.4 NMpumep

NMpaBuna cBepTKH

Ha pucyHke npuBeaeHbl
npaBuna CBepTKM Ans
HEKOTOpPbIX KOMaHA Lenesoun

MalUNHbI.

® npaBuna 1) 1 2) oTHocATCS
K MHCTPYKUMAM 3arpy3ku (LD)
® npasuna 3) n 4) —
NHCTPYKUUSAM COXPaHeHUA(ST)
® npaBuna 5) n 6) —
NHOEKCUPOBAHHLIM 3arpy3kam
® npaBuna 7) u 8) cnoXeHusm

(ADD)

DT R & {ID Ri, #a}
2) R, « M, {LD Ri, x}
3) i‘lx « = {ST x,R1i}
Alx/ \Rz
Dl M « = {ST *Ri, Rj}
A
Wy
K;
| R « m‘d {ILD Ri, a(Rj)}
+
Ca/ \Rj
6)| R, « + {ADD Ri,Ri,a(Rj)}
A\ ?
+
Ca/ \RJ
DR « + {ADD Ri,Ri,Rj}
o g
| R « + {INC Ri}
2




7.5 MemoO nepenucbieaHus depeesa
7.5.4 Mpumep

HauyHeM npuMeHaTb cxemMmy TpaHCnaumMn aepesa K aepeBy 13 npmmepa 7.5.1
clieBa Harnpaso.

Cpeau wabnoHoB HeT WwabnoHa / \
ind +

AN | /N
M / \C @ P " PR e ¢
b 1
€CTb TOJS1IbKO LWaboH + ind

Ri « + / \ l
SN, @ " AN
i j C,

SP

cneposaTeribHO, YTOObI CBEPHYTHL WabnoH (1) HeobxoaMMo C MOMOLLbIO
npasun 1) n 2) npneecTu ero K suay (2)

npaeuno 1)R; <~ C, {LD Ri #a} nossondeTt 3ameHuUTb C,Ha R,

npaeBuno 2) R, <« M, {LD Ri x} nosBonsget 3ameHntb M, Ha R,

nocrie aTux 3ameH WabrnoH NnpuHnUMaeT Buz, (2), YTO NO3BONSAET NMPUMEHNUTL
npasuno 7) 24



7.5 MemoO nepenucbieaHus depeesa
7.5.4 Mpumep

[TpMeHnM NpuBeLEHHYIO CXeMYy TPaHCNALWM AepeBa ANd reHepauunm koga
onsa npumepa 7.5.1.

[TpaBuno 1) no3sonsieT npuBecTn WabnoH - / \
n =+

" <t/+\ Keuay oo ¥ 4|— M/ \c
Ca RSP RO‘/ \Rsp + / \illd
BblaaB KOMaHay 7 |
{LD RO #a} G e /+\
C Rsp
Tenepb MOXHO C NOMOLLLIO Npasuna 7)
NPUBECTN NCXOOQHOE OEepPEBO K BUAOY ¥
(HWXKHUI PUCYHOK) U BblgaTb KOMaHAy ind / \ 4
{ADD RO RO SP} | o v N
g M, G
NTak, oepeBo npmBeaeHo K Buay (HUKHUN e g
PUCYHOK) 1 BbldaHbl KOMaHABbI: R, hlld
LD RO #a +
ADD RO RO SP AN



7.5 MemoO nepenucbieaHus depeesa

7.5.4 Mpumep / - \
B neBom nogaepeBe gepesa (BEPXHUN PUCYHOK ind T
cnesa) | ¥ \C
MOXHO NPUMEHUTb NPaBuUIIo 5) K WabnoHy / * \ Mo :
ind R illxd
l +
+ +
7 5 T N 2
Ci sp ’ C; Sp
nmbo npaBusio 6) K WabnoHy /+ N
C; Rsp

BbirogHee npuMeHuTb npaBumno 6), Tak Kak
OHO cBOpa4vmMBaeT DornbLUYHO YacTb AepeBa.

[Nocne npumeHeHUs npasuna 6) gepeso / \
ind +

npUMeT BMA | / \
npu 3TOM OyAeT BblAdaHa kKoMaHaa Ry M, C,

ADD RO RO i (SP)
26



7.5 MemoO nepenucbieaHus depeesa
7.5.4 NMpumep

[lpmeHunB K NpaBoMy nogaepeBy Aepesa

ind/ \+
| / \C

Ry

CHavana npasuno 2), a noTom npasuno 8), nony4nm gepeso

ind/—\R
l 1

Ro

Bynet BblgaHO ABe KOMaHAbI:

LD R1 b (npaBuno 2))
INC R1 (npaBuno 8))

27



7.5 MemoO nepenucbieaHus depeesa

7.5.4 Mpumep

[locnenHee oepeBo B
ind / \Rl
|

Ry

COOTBETCTBYET NoaAepeBy U3 npasuna 4); npuMeHeHne 3Toro NnpaBuno
CBOpaYnBaeT AepeBo B eAMHCTBEHHbIN y3€en 1 BbliaaeT komaHay ST *R0O R1

Takum o06pa3oM B NpoLiecce CBEPTKU NCXOOHOro AepeBa bbina creHepupoBaHa
nocrneanoBaTesibHOCTb KOMaHA,:

LD RO #a

ADD RO RO SP
ADD RO RO i (SP)
ID Rl b

INC R1

ST *R0O R1

28



7.5 MemoO nepenucbieaHus depeesa

7.5.5 NMpobnemsbl

O

Ecnu Ha kakom-HMBYAb Lare He DyaeT HaugeHo COOTBETCTBUA
HXU 0gHOMY LWAaBSoOHY, NpoLecc reHepauun koga brokupyeTcs.

[na peanu3saumm npoLecca CBepTKX, MOKa3aHHOro Ha npumepe,
HeoOXoaANMO peLLnTb ABa Bonpoca, CBA3aHHbIX C MONUCKOM
COOTBETCTBUS IEPEBLEB LLUAOIOHY:

® Kakum obpa3om 8bInosiHIemMcs rouck coomeememaeusi?
OO EKTUBHOCTL NpoLiecca reHepaunm Kkoga B npouecce
KOMMUIALMN 3aBUCUT OT TOro, HAacKomnbko adpdpekTUBEH
NPUMEHAKOLWMNCA anropuTM nonucka CoOoTBETCTBUN.

& Ymo dernamp, ecriu okas3asochk, YmMo MOXHO MpUMeHUMb

bornee o0OHoz2o wabroHa?
OQMDPEKTUBHOCTb CrEHEPUPOBAHHOIO KOAAa MOXET 3aBUCETb
OT nopsiaka, B KOTOPOM BbISIBMSASIOCb COOTBETCTBUE
LabnoHaMm, Tak Kak pasnuyHble NocrneaoBaTeribHOCTU
COOTBETCTBUM DyayT NPMBOANTDL K PasHbIM
nocnegoBaTenbHOCTSAM MaLUMHHbLIX KOMaH4, O4HW U3
KOTOPbIX bonee apdeKTUBHBI, YEM Apyrue. 29



7.5 MemoO nepenucbieaHus depeesa

7.5.6 NMouck cooTBeTCTBUMU

O

[TpaBuna npeobpasoBaHMa gepeBa U BXoQHOE AepeBO MOXHO
npeacTaBuUTb B BUOE CTPOK, NCNOMb3yst NPedUKCHYIO MOMNbCKYHO
3anncb: CHavyana 3anuncbliBaeTcs onepauunst (KopeHb nogaepesa),
NOTOM €e nepBbIn onepaH (nesoe nogaepeso), NOTOM BTOPOWU
ornepaHa (npaBoe nogaepeso).

[ns paccmatpmnBaemoro npumMmepa rnpasuna npeobpasoBaHnsa gepesa
ObyayT npeactasneHbl B BUAE:

1) |Ri—>¢c, { ID Ri #a }

2) |Ri—> M, { LD Ri x}

3) M—->=M,R, { ST Xx Ri}

4) |M-=indRR { ST *Ri Rj}

5) |Ry—ind+c,R, { ID Ri a(Rj)}

6) |R—>+Rjind+c,R { ADD Ri Ri a(Rj)}

7). |Ri=>+RR { ADD Ri Ri RJ }

8 |R—>+Ric { INC Ri}

9) R —sp 30

10) |M—>m




7.5 MemoO nepenucbieaHus depeesa
7.5.6 Nouck cooTBeTCTBUN

O [epeBo n3 npumepa 7.5.4 B npedmkKCcHOM npeacrasneHnn oyoet
3aflaBaTbCs CrenyoLlemn CTPOKOMN:.

=ind + +C,Rg ind + C, Ry, + M, C,

ind/ \+
| N
+/+\ind 3 g
SN

-+

A X

Ci Rse
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7.5 MemoO nepenucbieaHus depeesa

7.5.7 Nonck cooTBEeTCTBUU C NOMOLLLIO CUHTAKCUYECKOro aHanusa

O Copoepxmmoe BTOpOro cronbua tabnuubl MOXXHO paccMaTpumBaTh Kak
npoaykumn LR-rpammatukn. [1oaToMy COOTBETCTBUS MOXHO UCKATb C
nomoubio LR-aHannsartopa, ncnonb3yemMoro npu CUHTakCU4YeCKoMm

aHanuse
1) [Ry—>¢, { ID Ri #a}
2) [R5 M, { ID Ri x}
3) |M>=MR { ST =x Ri}
4) |M—->=indRR; { ST *Ri Rj}
5) |Ry—ind+c,R, { ID Ri a(Rj)}
6) |Ri—»>+Rjind+c,R { ADD Ri Ri a(Rj)}
7) R = +R;R; { ADD Ri Ri Rj }
8 |R—>+Rc { INC Ri }
9) R—sp
10) |M—>m
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7.5 MemoO nepenucbieaHusi depeesa
7.5.7 NMonck cooTBeTCTBMUA C NOMOLLbLI CUHTAKCUYECKOro aHanum3a

O Ha ocHoBe npoayKuui cxeMbl TPaHCNALMM MOXHO MOCTPOUTb
| R-ananu3atop: ctekoBbIit aBTOMAT, KOTOPbIN 3aroHAET CUMBOITbI

aHann3npyemMon CTPOKWN B CTEK (neperoc) noka B ronose cTeka He
NONy4YnUTCA CTPOKA, ABMNAKLAACA NpaBOU YaCTbo OOQHOWU N3

npoaykumn. Korga aTo NponNCXoAnT BbIMOMNHAETCA c8epmKa: npaBas
4aCTb HAaNOEHHOW NPoAYKUMM yOanseTca U3 cTeka n BMeCTo Hee B
CTeK NoMeLllaeTcs feeas 4acTb 3TOW npoaykumnn. [Npu Kaxgow
CBEepTKe reHepupyeTcsa MallMHHas KOMaH4a U3 COOTBETCTBYHOLLEN
CTPOKU TPEeTbEro ctondua Tabnuusbl.

O OB6bI4HO rpamMmmaTmka reHepauum Koga HeogHoO3Ha4YHa U NO3ToOMy
OOIMKHbI BbITb NPEeAnPUHATLI MepbI N0 paspeLleHnto KOHNUKTOB.
[Tpu oTCyTCTBUM MHOPMALIMM O CTOMMOCTU 0bLLIEee NpaBuUno COCTOUT
B NpeanoyYTeHnn 60nbLLINX CBEPTOK MEHbLLLUM.
OTO O3HAYaeT, YTO B Cinyvae KOHMIMKTa «CBEPTKA — CBEPTKa»
BblOMpaeTca bonee aonuMHHasa cBepTka, a Npu KOHPAUKTE «NepeHoc —
cBepTKa» — nepeHoc. Takon noaxon obecneynBaeT BbIMOSTHEHNE
bornbLuero Ynucna onepaumm ¢ NOMOLLbIO 0OJHON MAaLLUHHON KOMaHg!.



7.5 MemoO nepenucbieaHusi depeesa
7.5.7 NMonck cooTBeTCTBMUA C NOMOLLbLI CUHTAKCUYECKOro aHanum3a

O MNpenmyLlecTBa ncnonb3osaHus LR-ananusa gna renepauun kopa:

¢

MeToabl CUHTaKCUM4YecKoro aHanmaa a@eKTUBHbI U XOPOLLO

n3yyeHsbl, ncrnonb3osaHune anroputmoB LR-aHannsa
obecnevnBaeT HageXHOCTb U 3PPEKTUBHOCTL reHepaTopa
Koga.

ObrneryaeTcsl nepeHacTpomka reHepartopa Kkoga ansa apyrou
LeneBon MalluHbl, Tak Kak co3gaHne reHepartopa Koga ans
HOBOW MaLUMHbI CBOAUTCS K pa3paboTke rpaMmaTuku,
OnucbiBaKOLLEN ee KOMaHAb!.

KayecTBO reHepupyemoro koga MoXeT OblTb cAenaHo BecbMa
BbICOKMM 3a cYeT AobaBneHns NpoaykLmii Ansi 0coobIxX
crny4yaeB, YTobObl UCMOMNb30BaTh NPEUMYLLECTBA MaLUUHHbIX
NONOM.
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7.5 MemoO nepenucbieaHus depeesa
7.5.8 MNpoBepka aTtpubyToB

O

B cxeme TpaHCnAUnMn and reHepaunnn Koga BCTpedHaroTcAa orpaHmn4eHns
Ha 3Ha4YeHU4A anl/I6yTOB. Takue orpaHn4yeHnAa Mmoryt BO3SHUKHYTb
B CBA3N C MalLUWMHHbIM WOANOMaMW.

MalunHHas KomaHaa MoXeT TpeboBaTb, YTOOLI 3HAYEHUS
aTpnbyTta HaxoAunucb B onNpeaeneHHoM gmana3oHe unm 4Tobbl aBa
3HadeHuns1 aTpubyToB ObINKM CBSAI3aHbl HEKOTOPbLIM COOTHOLLEHUNEM.

Takue orpaHNU4YeHust Ha 3Ha4YeHus1 aTpmMbyToB MOryT ObITb YKa3aHbl Kak
npeaukaTbl, NpoBepsieMble nepe BbIMOSTHEHNEM CBEPTKW.
cnonb3oBaHWe NpeankaTtoB MOXET 06ecneyunTb 00sbLUYy TMOKOCTb
N NPOCTOTY ONUCAaHUS NO CPABHEHMIO C YNCTO rpaMmMmaTnyeCcKomn
cneundukaumen reHeparopa koga.

HeKkoTopble acnekTbl apXUTEKTYPbI LierieBoU MallWHbI, Hanpuvep
peEXUMbl agpecaumn, MoryT ObiTb BblpaXXeHbl C MOMOLLIbIO
OorpaHU4YeHnn Ha aTpmnbyTbl. 3TO NO3BOSIAET COKPATUTb ONMUCaHNE
LleneBou MaLUUHbI.
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7.5 MemoO nepenucbieaHus depeesa
7.5.7 NMpoBepka aTtpubyToB

O B cnyyae ucnonb3oBaHua 00001 eHHbIX Wabi0H06 ANA Bblbopa
KOMaHz, B YaCTHbIX Cry4asx MOryT UCMOMb30BaThCA CEMaHTUYecKme
npoBepKu

O Mpumep.

C nomoLbto ogHoro 0606LeHHoro wabnoHa MoryT ObITb
npeacTaBrieHbl ABa BapuaHTa komaHg crioxeHusi: ADD n INC.

ns Bbl60pa KOMaHAbl UCNOJIb3YETCA CeEMAHMUYEeCKAas NPO6EPKA.

if(a=1)
R « /+ N INC Ri
else
R C. ADD Ri, R; #a

O606LLEHHbIV LWabnoH CemaHTn4eckasa nposepka
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul
7.6.1 Pa3meTKa gepeBbeB BblpaxeHUn. Yncna EpwioBa

O

Hucna Epuosa HasHavaloTcs KaxkgoMmy y3ny AepeBa BblpaXKeH s 1
YKa3bIBaloT, CKOJTbKO PErmcTpoB TpebyeTca AN BbIYUCIIEHNS 3TOMO
y3rna 6e3 coxpaHeHUs1 BpEMEHHbIX NepeMeHHbIX

Uncna EpwoBa Ha3HayaloTcsa no crnefyowmm npasunam:
1. Bce nuctba umerot metky 1.

2. MeTka BHYTPEHHEro y3na ¢ OgHUM JOYepPHMM Y3NOM paBHa
MEeTKe A04YEepHero y3na.

3. MeTKa BHYTPEHHErO y3na ¢ AByMS AOYEPHUMU paBHa:
(a) €eCI METKN O0YEPHUX Y3N0B pasnunyHbl —
HanbonbLUlen N3 METOK A0YEPHUX Y3MNOB;
() eCI METKM JOYEPHUMX Y3r0B COBNagaroT —
METKe JoYepHero yana, yBenm4eHHon Ha 1.
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul
7.6.1 Pa3meTKa gepeBbeB BblpaxeHUn. Yncna EpwioBa

¢ Mpumep. TpexagpecHbIt Ko,
COOTBETCTBYHOLLNN
BbIPaXXeHUI0

(a—b) +ex (c+d):

tl=a -Db
t2 c + d
t3 e * t2
t4d = tl1 + t3 wmoxHOo

npeacTaBnTb B BUAe JepeBa
Ha BEPXHEM PUCYHKE

¢ Pa3meTuB y3nbl 3TOro gepesa
B COOTBETCTBUM CO
cdopmMynmpoBaHHbLIMU
npasuriamMmu, Noy4YMMm OepeBo
Ha HWKHEM PUCYHKE




7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.2 Anroputm reHepauumm Koga
Ans pa3MeYvYeHHbIX AepeBbeB BbipaXXeHUn

O Bxoa. pasmedyeHHoe oepeBOo, B KOTOPOM KaXKabin onepaHs
NosBMAeTCs No 0O gHOMY pasy (T.e. OTCYTCTBYIOT obuime
No4BbIpaXXeHUs).

O Bbixopn: ontumanbHas nocrnegoBaTefibHOCTb MALLMHHBLIX KOMaHA, Ans
BblHNCITEHNA 3HAYEHNA KOPHA B PETNCTPE.

O MeToA: peKkypcusHbIU arnzopumm reHepaumm MallMHHOro Koga
(Ha cnegywowem criange).

O 3ame4yaHue. Ecnu anroputMm npuMeHaeTca K y3ny ¢ MeTkom K,
OyaoyT ucnosnb3oBaHbl POBHO K pernctpoB: Ry, Ry .1, -+ Ryii1-
PesynbTat BCcerga byaet nomewiarbcs B peructp Ry, ;-
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.2 Anroputm reHepauumm Koga
Ans pa3MeYvYeHHbIX AepeBbeB BbipaXXeHUn

1. [eHepauma maluMHHOIO Koda ANl BHYTPEHHEro yana ¢
meTkomn K n aBymsa govepHummy yanamm ¢ paBHbIMMU METKaMm
(B 9TOM cryyae MeTKM 060oMX JoYepHMX y3roB pasHbl K — 1):

(@)

(b)

PekypcuBHas reHepauus koga ansi npaBoro

[odvepHero yana, ucnonbays pernctpbl Ry, q, -+, Rpiier-
PesynbraT npaBoro AoYepHero yana rnoMeLlaeTcs B

pernctp R,y 1.
PekypcrBHasi reHepaumsi Koaa Ansi NeBoro

[ouepHero yana, ucnonbays pernctpbl Ry, ..., Ry -
PesynsraT neBoro Ao4epHero ysna nomeLlaercs B

pernctp R,y .
[eHepauuna KomaHabl

OP Ry Ry Rosicrs
roe OP — onepauus B yane ¢ metkoi K.
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.2 Anroputm reHepauumm Koga
ANA pa3MeYvYeHHbIX AepeBbeB BbipaXXeHUn

2. [eHepauns koga ans BHYTPEHHEro y3na ¢ MeTkon k u osym4
OOYEPHMMU y3rlaMn C  pa3HbIMU MeTKaMu (B 3TOM criyyae oaunH 13
Oo4YepHUX yanos («bornbwol») NMeeT METKY k, a BTopou
(«maneHbKuly») — MeTky m < Kk):

(@) PekypcnBHasa reHepaunst koga ansa 6osbwo20 y3na,
ncnonb3ysa k peructpoB Ry, ..., Ryiy.1;
pes3ynbrarT nony4yaercsd B peructpe R, ;-

(b) PekypcuBHasa reHepauma Kkoga angd mMasieHbKo20 y3na,
ncnonb3ya m perncTpoB Ry, ..., Ryim.1;
pes3yrnbsTaTt HaxoauTcsa B pernctpe Ry, . 1.
m < k, cnegoBaTenbHO Npu BbIYUCIIEHUSAX HE UCMOSb3YOTCH
HWN perucTp R ., H/ Kakou-nmbo nHom perucTp ¢ 6onbLmm
HOMEpPOM.

(c) [eHepupyem KomaHay
OP Ryii1s Rpsmaas Rosies WM OP Ry iy Ryviers Rpsma
B 3@aBMCMMOCTW OT TOro, siBNseTcAa 00onbLIOon y3es npaBbiv
NN NeBbIM. a1



7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.2 Anroputm reHepauum Koga
Ans pa3MeYvYeHHbIX AepeBbeB BbipaXXeHUn

3. [na nucta, npeacrtaBnsoLwero onepaHg x, Nnpyu ncnonb3oBaHum 6as.l
b reHepupyem komaHgy LD R, x.
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.3 Tllpumep npumMeHeHUA anropuTma reHepauumm Kkoga
ANA pa3Me4vYeHHbIX AepeBbeB BbipaXXeHUun

O [MpMeHNM ONMCaHHbIV anropuTM K JePEBY Ha PUCYHKE.
[MockonbKy MeTKa KOPHsi paBHa 3, pe3ynsraT NonyyYnTcs B permcrpe
R3, a UICNONb30BaTbCS NPU BbIYMUCIIEHUAX ByayT TONMbKO PEMMCTPbI

R1, R2 N R3.

O 1) PaccmaTpuBaeTcs kopeHb t4. Y Hero ABa JoYepHux yana tl
N £3 C OANHAKOBbIMM METKaMU, CreaoBaTenbHO A0MKEH

pabotartb n.1 anroputma. 4s



7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.3 Tllpumep npumMeHeHUA anropuTma reHepauumm Kkoga
ANA pa3Me4vYeHHbIX AepeBbeB BbipaXXeHUun

O 2) CornacHo n.1 (a) cHayarna Hy>XXHO CreHepupoBaTb Ko Ans
npasoro nogaepesa (c kopHem t3).
Y Hero npasbin y3es 60nbLOon, a NIEBbIN — MarieHbKUN,

cnegoBaTenbHO AoMmKeH paboTaTbh N.2 anropntMa.
3) CornacHo n.2 (a) cHa4yana reHepupyeTtca Ko ans 60nbLworo

nopaepesa (c kopHem t2).
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.3 Tllpumep npumMeHeHUA anropuTma reHepauumm Kkoga
ANA pa3Me4vYeHHbIX AepeBbeB BbipaXXeHUun

O 4) PaccmatpuBaeTtcs kopeHb 2. Y Hero gBa Ao4YepHUX

NINCTOBbIX y3r1a C OANHAKOBbIMW METKaMU, crieoBaTenbHO
OOImKeH paboTaTb n.1 anropmtma.
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.3 Tllpumep npumMeHeHUA anropuTma reHepauumm Kkoga
Ans pa3MeYvYeHHbIX AepeBbeB BbipaXXeHUn

O 5) CHavana cornacHo .1 (a) Hy>kHO creHepupoBaTb Kof OS5
npaBoro nicrta, notom cornacHo n.1 (b) HyxHo
creHepupoBaTb Kof 4J19 fieBoro finucra, notom corfacHo
n.1 (C) HYXXHO creHepupoBaTb KOMaHAy. B pesyneraTte
nosfiyyartcs cnegyroLwmne Tpym KoMmaHabl:

LD R3, d

ID R2, c
ADD R3, R2, R3 40



7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.3 Tllpumep npumMeHeHUA anropuTma reHepauumm Kkoga
ANA pa3Me4vYeHHbIX AepeBbeB BbipaXXeHUun

O 6) [anee reHepupyoTcs KOMaHAabl ANS:
NeBoro noaaepesa gepesa ¢ kopHem €3,

ans kopHs €3,
ANg NeBoro nogaepesa gepesa ¢ kopHem t4
N Onsi Bcero gepesa ¢ kopHem t4

a7



7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.3 Tllpumep npumMeHeHUA anropuTma reHepauumm Kkoga
Ans pa3MeYvYeHHbIX AepeBbeB BbipaXXeHUun

O B pesynbrate reHepupyeTcsi KOA :

LD
LD
ADD
LD
MUL
LD
LD
SUB
ADD

R3, d
R2, e
R3, R2, R3
R2, e
R3, R2, R3
R2, b
R1l, a
R2, R1, R2
R3, R2, R3
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.4 BbluMcneHue BbipaXXeHUW NpU HeAOCTaTOYHOM KONIM4YecTBe
perucTpoB

O AnroputMm reHepauuun Koga ansli pasMe4yeHHOro gepeBa
BbIPa)XXeHUA (C y4eToM KOHEYHOro YMcra gOCTYMNHbIX PermcTpoB)
Bxoa: (1) pasMevyeHHOe OepeBo, B KOTOPOM KaXabln onepaHg
BCTpeYaeTcs No ogHOMY pasy (T.e. OTCYTCTBYIOT
obuwme noaBblpaXkeHus)
(2) KONMUYeCTBO AOCTYMHbIX PErucTpoB I > 2

Bbixoa: onTumanbHas nocnegoBaTeribHOCTb MaLLUMHHBIX KOMaH
OIS BbIYUCIIEHNS 3HAYEHUST KOPHA JepeBa Ha perncTpe ¢
Ncrnonb3oBaHNEM He bonee, YeM r permcTpoB

(peructpbl Ry, R,, ..., R))
MeToA: peKypCYBHbI anropuTM reHepaLumm MaLlMHHOTO Koaa
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.4 BbluMcneHue BbipaXXeHUW NpU HeAOCTaTOYHOM KONIM4YecTBe
perucTpoB

O AnroputMm reHepauuun Koga ansli pasMe4yeHHOro gepeBa
BbIPa)XXeHUA (C y4eToM KOHEYHOro YMcra gOCTYMNHbIX PermcTpoB)
MeToA: pekypCUBHLIN anropuTMm reHepaumnm MalnHHOro Koaa

[lycTb K — meTka KopHsa paccmaTpusaemoro aepesa N.
Ecrmk <, arnropuTM coenagaeT ¢ anroputmMom /7.6.2

Ecnin K > r, kaxxnoe nogaepeso obpabaTbiBaeTcs OTAENBHO,
n pesynesrat 6bonbLworo nogaepesa (OHO obpabaTbiBaeTcH
nepBbIM) coxpaHsieTca B naMaTu. HenocpeacTBeHHO nepen

BblumcneHnem kopHa N aToT pesynbrar 3arpyaetca u3

namsT1 Ha perncTp R, n ucnonbsyetcs BmecTe C
pe3ynsTaToM ManeHbKoro noaaepesa (Mony4eHHOro Ha

peructpe R, ;) ans BbluncneHus pesynsrata kopHs N (Ha
peructpe R).
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.4 BbluMcneHue BbipaXXeHUW NpU HeAOCTaTOYHOM KONIM4YecTBe
perucTpoB

O

MeTon,
(1)

(2)

(3)

Bbi6op 6onbLloro y3na: Ysen N umeeTt kKak MUHUMYM OOVH
OOYepHUI y3en ¢ MeTKou > r. [loyepHuin y3en ¢ DosbLuen
METKOM BbIOMpaeTcs Kak «bonbLony , a y3en ¢ MeHbLUen
METKOWN — KaK «ManeHbKnUmy.

Ecnu meTkn obounx y3nos ognHaKoBbI, TO B KA4eCTBe
«borbLioro» bepercs npasblil 4OYEPHUIA Y3en.
PekypcrnBHasa reHepauns koga anga 6onbLworo JoYepHero
y3na c ucrnorb3oBaHMeM perucTpoB R, R,, ..., R,. Pe3ynerar
BbIYUCIIEHUN NoNyYaeTca Ha perucTpe R..

[eHepauuna komaHabl ST t, R, rae t, — BpeMeHHad
nepemMeHHas, ucnonb3dyemasa ans Bbl4MCNeHns y3nos C
METKOMN K.
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.4 BbluMcneHue BbipaXXeHUW NpU HeAOCTaTOYHOM KONIM4YecTBe
perucTpoB

O MeTton
(4)

(5)
(6)

PekypcuBHas reHepauus koaa Ans ManeHbKoro fJo4YepHero
yana c ucrnonb3osanuem permctpos R, Ry, -0y Ry,

rae | < I — meTka MmaneHbKoro yana. PesynsraT BeluMCneHni
nonyyaetcs Ha peructpe R..

[eHepauusa komaHaoel LD R__; t,.

[eHepauna komaHabl OP R. R R__;, ecnu 6onbllon ysen

SBNSETCS NpaBbiM A04EPHUM y3rom KopHs N,
nmbo komaHabl OP R, R_._; R, ecnu 6onblion y3en

ABIIAE€TCA NneBbiM AOHEPHUM Y3JITOM KOPHA N.
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7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul

7.6.5 Tlpumep
O [TpmeHnM anropmnTtm 7.6.4 K oepeBy Ha PUCYHKe, B MPeanonoXeHnu,

YTO KONMMYECTBO AOCTYMHbIX PErNCTPOB paBHo 2 (I = 2), T.e. Ans
XpaHEeHUs1 BPEMEHHbIX 3HaY€HUI MPU BbIYUCIIEHUN BblpaXeHUs

MOXXHO MCMNONb30BaTh TONbKO ABa peructpa — R1 n R2.

O KopeHb gepeBa nmeet MeTKy 3, bornbLuyto, Yem I = 2.
CornacHo n. (1) anroputma 7.6.4 Bolbnpaetca 6onbLion y3en.
Tak Kak y 06omx ovepHNX y3r10B METKN OOANHAKOBLI, Bblibnpaetca

npaBbIn y3en. 53



7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul
7.6.5 Tlpumep

O PekypcuBHas reHepauns koga ans nogaepesa ¢ KopHem €3
BbIMOHAETCA anroputMom 7.6.2, Tak kak meTka £3 paBHa 2, T.e.

PErncTpoB ANs ero BblYNCIIEHNA OOCTATOYHO.
PesynbraT noxox Ha pesynesraT npumepa 7.6.3, HO BMECTO PerncTtpoB

R2 n R3 wncnonbaytotcsa pernctpbl R1 n R2 :

LD R2 d
LD Rl c
ADD R2 R1 R2
LD Rl e

MUL R2 R1 R2 o4



7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul
7.6.5 Tlpumep

O [ockonbKy Ans
BbIYMCMNEHUS NEBOIO
[I04EpPHErO y3ria KopHS
HY>XHbl 06a perncTpa,
reHepupyeTcs
KoMaHaa

ST t3 R2

O [1ns neBoro 4o4epHero y3na perncTpoB XBaTaeT aNA BblYUCTIEHUM,
TaK 4YToO arfiroputMom 7.6.2 reHepupyeTcs Ko
LD R2 b

ILD Rl a

SUB R2 R1 R2
O Ha perncTtpe R1 BoccTaHaBNMBAETCHA 3HAYEHMe NpaBoro nogaepesa
komaHoomn LD Rl t3

O BbinonHaeTca onepaumsa B KOpHe Aepesa KOMaHOouM
ADD R2 R2 R1 o0



7.6 F'eHepayust onmumasibHO20 Ko0a OJisi 8biIpa)keHul
7.6.5 Tlpumep

B pesynbraTte ana gepesa Ha
PUCYHKe reHepupyeTca Koa;:

LD R2 d

ILD Rl c
ADD R2 R1 R2
ID Rl e
MUL R2 R1 R2
ST t3 R2
LD R2 b
ID RI1 a
SUB R2 R1 R2
LD RI1 t3

ADD R2 R2 R1

KoTopbIn BblYUCIIAET OEPEBO,
NCMOSIb3Yy4a TOSIbKO ABa perncrpa 56
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7.7.1
O

[eHepayusi koOa as20puUMMOM
OQUHaMU4eCKo20 npo2paMMupo8aHus

NocTaHOBKa 3agaumn

AnropuTtm 7.6.4 reHepupyeT onTUMarnbHbIX KO Mo AepeBY
BblpaXkeHns 3a BpeMs, IMHENHO 3aBuCALLee OT pa3Mepa AepeB.a.
OTOT anroput™m paboTaeT Ans MallnH, Y KOTOPbIX BCE BbIYUCIIEHNS
BbIMOMNHAKTCA B perncrpax, a KomaHAbl COCTOAT U3 OnepaTopos.,
NPUMEHSEMbIX K OBYM PEructpam Umnm K peructpy n s4yerke namaTu.

Onsa paclumpeHns knacca MalluvH, 41 KOTOPbIX BO3MOXHO
MOCTPOEHUe ONTMMarnbHOro KoAa Ha OCHOBE AEPEBbEB BblpaXXeHWN
3a NIMHEeNHO 3aBucsLLee OT pa3Mepa AepeBa BpeMsi, MOXHO
BOCMOJ1b30BaTbCHA anNropuTMOM Ha OCHOBE AUHAMNYECKOro
nporpaMMMpOBaHNS.

ANroputT™M ANHaMMUYecKoro NporpaMMmUpoBaHnUA MOXET
MCNomnb30BaTbCA AS1F reHepaumm koga ansg niodon MaLimvHbl C r
B3aMMO3aMeHsAeMbIMN peructpamm Ry, Ry, ..., R ;) 1 kOMaHaamu
3arpy3ku, cCoxpaHeHusi n onepawumu.

[ns npocToTbl cAenaHo NpeanorioXkeHne, YTo BCe KoMaHabl UMeroT
OOMHAKOBYIO CTOMMOCTb, PaBHYIO eauHULE, XOTS anropuTtM AMHaMUYECKOro
NporpamMMmMpPoOBaHUS MOXHO Nerko MoanduumpoBaTh Ans cnyyasi, koraas?
CTOMMOCTW KOMaHA, pas3nnyHbl.
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7.7.1
O

eHepauyusi K0OOa as2o0puUMMOM

OUHaMU4eCKOo20 rnpoz2paMmMuposaHus

NocTaHOBKa 3agaumn

ANropuT™M AMHaAMU4YECKOro nporpaMmMmnpoBaHnAa — 3TO 3BPUCTUKA,
KOTOpasi COCTOUT B pa3bmneHnmn CrioxXHom 3agadm Ha nogsagaym
aHanornM4Hom CTPyKTypbl U NMOUCKE ONTUMaNbLHOro peLleHna ans
KaXkaon nogsagadn. npegnonaraeTcsd, YTo Kaxaasi noasagada npotile
OCHOBHOM 3aJa4u, N ee onTuMarnbHOEe peLleHne HanTn NpPoLLe.

[eHepaLnsa onTUManbHOro Koga Ans BblpaXXeHUs CBoOaUTCS K
reHepaLum onTMManbHOro Koaa Ans NoABbIPaXXeHU 3Toro
BbIpa)XEHNSA N NOCINEeAYLLEen reHepaunmn Koaa ans BblpaXxeHus
B LLeJIOM.

PaccmoTpum BbipaxkeHue E Buaa E; op E,.
AnNroputM ANHaAMNYECKOro
nporpaMMmnpoBaHnst COCTaBnAET
onTUMarnbHyo nporpammy ans E, Bbldonpas
OonTUMarbHbIN NOPAAOK BbINONMHEHUSA NporpamMm

Ansa BblMUCNEHUA £, U E,, 1 nOMeLlaa Bcneq 3a HUMU Koa and
BbIMONTHEHNSA onepauunn op.

[loa3apgayum reHepaumm onTUMarnbHOro Koga Ans BblYUCIIEHNA  sg
noAasblpaxeHun £, n E, peLlaroTcd aHarnornyHo.




7.7 leHepauyusi K0OOa asi2copummMom
duHamMu4ecKo20 rnpozpamMmMupos8aHus

7.7.2 NMocnepoBaTernbHbIE BbIYUCIEHUSA

O [lo onpegeneHuto nporpamma P BbluUCnAeT gepeBo T

noCc1e008ameibHO, ECNN OHa BHavarne BbluMCNsSeT noaaepesbs T, U
T, pepesa T (T nubo B nopsaake 7y, T, n 3aTeM KopeHb, Nnbo B
nopsagke 7,, 7; ) U 3anOMMUHaeT UX 3Ha4YeHUs1 B namAaTu. 3atem P
BblYMCIIAET KOPEHb.

[Tpn HeobxoAUMOCTN UCNONb3YIOTCA NpeaBapUTesibHO
BblYUCIIEHHbIe 3HaYeHUs, XpaHALWUuecs B NnaMsaTH.

O YTBepxaeHue. B criyqyae permctpoBon MallnHbl 4ns noobon
nporpamMmbl P, BblMUCIIAOLWLEN OepeBO BblpaXXeHUda 1, MOXXHO HaUTu
9KBMBANEHTHYIO Nporpammy P', Takyto, 4YTo

® CTOUMOCTb P' He bonbLue cToumMmocTu P;
@ P' ucrnonb3yet He OonbLUe PErncTpoB, Yem P;
@ P' BbluMCNAET AepeBo nocneaoBaTesibHO.
O CnepctBue. Kaxgoe nepeBo BbipaXXeHUst MOXXHO BbIYUCTTNTb

onTuManbHbIM 0Opa3oM C NOMOLLIO NocreaoBaTENbHON
nporpamMmbi. 59
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7.7.2

[eHepayusi koOa as20puUMMOM

OQUHaMU4eCKo20 npo2paMMupo8aHus
HOCHGAOBaTeﬂbeIe BblYUCJIEHUNA

OnTtumanbHas nporpamma, nopoxxaeHHaqd asiropuTtMom
ANHaMNYECKOIo nporpamMmmmpoBaHnda, UMeeT Ba>XHOE CBONCTBO,

3aknto4varoLleecs B TOM, YTO OHa BbIYMUCIIAET BblpaXXeHne
E =E, op £, «nocnegoBaTenibHO.

CuHTakcn4yeckoe aepeBo T Ansi BolpaXeHua E.

T) v T, — CMHTaKCcM4eckne gepesba Ana £; n £, COOTBETCTBEHHO.
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7.7.3
O

[eHepayusi koOa as20puUMMOM

OQUHaMU4eCKo20 npo2paMMupo8aHus

AnropntMm gMHaMmyecKoro rnporpammmpoBaHus

ANroputM gMHamMmmn4ecKkoro nporpaMmmMmmnpoBaHnUga COCTOUT U3 Tpex das.

(1) B Bocxogsulem nopanke Ans Kaxaoro ysna n gepesa
BblpaxkeHus T BblYUCNSEeTCA MmaccmB ctoumocTn C, I-1
anemMeHT Kotoporo C[i] npegcTtasnseT codbom onTUMarbHyto
CTOMMOCTb BbIYUCIIEHUA NogdepeBa S C KOPHEM N C Npu
YCINoBWUU, YTO Ans BbldncrieHna nmeetcsa i (L <i<r)
OOCTYIMHbIX PErMCTPOB
(r — 4ncno PerncTpoB LESIEBOM MaLUUHbI)

(2) O6xopa goepesa BblpaxeHusa T ¢ UCMNOMNb30BaHNEM BEKTOPOB
CTOMMOCTUN NS onpedeneHnst, kKakne n3 nogaepesbes T
OOMKHbI ObITb BblYMCEHbI B NaMATb.

(3) Obxopa Kaxaoro gepesa C UCMNONb30BaHMEM BEKTOPOB
CTOMMOCTU M CBA3AHHbIX C HUMU KOMaH, Ansa reHepauum
KOHEYHOro uenesoro koga. NepBbiM reHepupyeTcs Kkog ans
noaaepeBLEB, BblYMCASEMbIX B NAMSITb.

Kaxxgas ns pas Moxet ObITb BbINOSIHEHA 32 BPEMSA, NTIMHENHO
NponopunoHasribHoe pasmepy AepeBa BbipaXXeHus.
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7.7.3
O

eHepauyusi K0OOa as2o0puUMMOM
OQUHaMUu4eCKo20 npoz2paMmMupo8aHus

AnroputmMm gMHaAMMN4YeCcKOro nporpamMmMupoBaHus

CTOMMOCTb BbIYNUCNEHUS y3J1a N BKIOYaeT 3arpy3km n COXpaHeHus,
HeobxoanMbIe AN BbIMUCIEHUS S C JAaHHBIM KOSTMYECTBOM
permcTtpoB U CTOMMOCTb BbINOJIHEHUA ONepaunnn B KOpHE S.

HyﬂeBOVI KOMIMOHEHT BEKTOPA CTOMMOCTU — OoNTUMalsibHad CTOMMOCTb
BblHMNCIIEHNA NoAAepeEBa Sc COXpaHeHneM pe3yJibTaTa B NaMATN.

CBOWCTBO NOCNeaoBaTeNbHOIO BbIYUCIEHUS rapaHTUPYET, YTO
onTUMarbHasa nporpamMma ans BblYUCNeHNsa nogaepeBa S MOXeT
ObITb CreHepnpoBaHa NyTeEM PaCCMOTPEHNS KOMOMHALNI TONbKO
OnTUMarbHbIX NPOrpamMm Ans NoAAePEBLEB AepPEBA C KOPHEM S.
CdopmynmpoBaHHOEe orpaHM4YeHne CokpallaeT KONMYEeCTBO Cry4aes,
KOTOpble Heo6X0aMMO pPacCMOTPETb.
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7.7.3
O

eHepauyusi K0OOa as2o0puUMMOM
OQUHaMUu4eCKo20 npoz2paMmMupo8aHus

AnroputmMm gMHaAMMN4YeCcKOro nporpamMmMupoBaHus

[na Bbluncnenna ctommocTun C[i] B yane n byaem paccmaTtpuBaTthb
KOMaHAbl KaK npaBusia npeobpasoBaHna aepesa.
[na kaxgoro wabnoHa E, COOTBETCTBYHOLLLEro BXOOHOMY [1epeBY B

yane n:
&

3y4as BeKTOpbl CTOMMOCTUN COOTBETCTBYIOLLMX HACNeQHMNKOB
n, onpegenntb CTOMMOCTU BblYUCIIEHNA OMNepaHaoB B
NMNCTbAX E.

[na onepaHOos E, ABNAOWMXCA pernctpamu, paccMoTpeTb
BCE BO3MOXHbIE€ NOPALKN BblYUCIIEHNA nogaepeBbeB T B
perncrpeoi.

[na kaXxgoro U3 paccmartpmBaeMblX NMOPSAKOB BblYUCIIEHUSA
nepBoe NogaepeBo, COOTBETCTBYIOLLEE PErMCTPOBOMY
ornepaHay, MOXHO BbIHUCINUTb C NCMNOSb30OBaAHNEM |
OOCTYMHbIX PEMMCTPOB, BTOPOE — C MOMOLLbIO | — 1 AOCTYMHbIX
perncTpos u T.4.

[ob6aBuTb CTOMMOCTb KOMaHAbl, CBA3aHHOW C KOPHEM E.
3HaveHune ([i] npeacrasnaeT cobon MMHUMATbHYIO 63
CTOMMOCTbL Cpeaun BCeX BO3MOXHbIX MOPAAKOB BbIYMUCIEHUS.



7.7 leHepauyusi KOOa asil2co0pummMomM
OQUHaMU4eCKo20 npo2paMMupo8aHus

7.7.3 AnroputmMm gMHaMM4eCcKoOro nporpamMmmMmmpoBaHus

O BekTtopbl cToMMocTu ansa Bcero gepesa 7 MOryT ObiTb BbIYUCIIEHBI B
BOCXoAsLLeM nopsaake (CHM3y BBeEPX) 3a NiMHeNHoe BpeMs. KomaHabl,
COOTBETCTBYOLWME Hauny4wen ctommocTu C[i] onga kaxagoro
3HayeHus i, ygobHO XpaHUTb B y3rnax depesa; Npy 9TOM HaMMeHbLUas
CTOMMOCTb KOPHEBOIO y3ria 7 COOTBETCTBYET MUHMMAIIbHOM
CTOMMOCTU BblYUCIeHNs gepesa 7.
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7.7 leHepauyusi KOOa asil2co0pummMomM
OQUHaMU4eCKo20 npo2paMMupo8aHus

7.7.4  Npumep

O rlyCTb MalwlnHa nmeet gBa peructpa RO 1 R1 n cnegywowme komaHabl,
CTOMMOCTb Kaaomn 13 KOTOpPbIX paBHa €ANHNLE.

KomaHoa CemaHmuka KomaHObl
LD Ri, Mj Ri=M,
op Ri, Ri, Rj R =R;opR
op Ri, Ri, Mj Ri=R;o0p Mj
LD Ri, Rj R =R
ST Mi, Rj M =R,
O R; npeacraenset cobon nnbo Ry, nmbo R,, a M; — agpec B namaTu.

3Ha4Y0oK op COOTBETCTBYET 3HAKy apndMETNYECKON onepaumni.
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7.7 leHepauyusi KOOa asil2co0pummMomM
OQUHaMU4eCKo20 npo2paMMupo8aHus

7.7.4 NMpunmep

¢ TlpMMeHuM anropuTM ANHAMUYECKOro NPorpaMMmMpoBaHns Ans reHepaumm
ONTUManbHOro Koaa Afsi CUHTaKCUYeCcKoro aepesa (CM. PUCYHOK).

(1) BbluncrieHne BEKTOPOB CTOMMOCTMN.
% BbluncrieHne BekTtopa CTOMMOCTHY A4S ncTa a:

¢ CTOMMOCTb BbIYMCIIEHNS a B NaMATb, paBHa HYMKO, TaK KakK a 1 Tak
Haxogutca B namatu: C[0] =0

¢ CtommocTb C[1] BbluMCNEHNSA a Ha perncTp paBHa 1, Tak Kak a
MOXXHO 3arpy3nTb Ha perncTtp ogHom komaHgon LD RO, a.

¢ CtonmocTb C[2] 3arpy3kun a Ha permcTp nNpu AByX OOCTYIMHbIX

perncrpax Toxe pasHa 1

66
Takum obpasom, BEKTOpP CTOMMOCTU B NincTe a paseH (0, 1, 1).



7.7 leHepauyusi KOOa asil2co0pummMomM
OQUHaMU4eCKo20 npo2paMMupo8aHus

7.7.4 Mpumep

(1) BbluncrieHne BEKTOPOB CTOMMOCTMN.
@ BekTopbl CTOMMOCTU AN NMUCTbeBb ¢ d e BbIYMCMAAKTCA aHanorn4Ho.

®  BbluMcneHue BekTOpa CTOMMOCTM ANS y3na «-» :

¢ O6a onepaHaa B namatn C[0] = 3 Tak kak o6a onepaHaa HY>XXHO
3arpy3uTb Ha perucTpbl
¢ OpawH n3 onepaHgos Ha peructpe C[1] = C[2] =2
® BekTtop ctonmocTn ana ans yana «/» BblYUCNAETCSA aHanormM4yHo.
@ BekTtop ctommocTn ana ans yana «*» Bbl4MCAAETCA aHanorm4Ho.
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7.7 leHepauyusi KOOa asil2co0pummMomM
OQUHaMU4eCKo20 npo2paMMupo8aHus

7.7.4 NMpunmep

(1) BbluncrieHne BEKTOPOB CTOMMOCTMN.
® Bbluncnexue BEKTOpPa CTOMMOCTU O1A KOPHA AepeBa. PasnunyHble BapunaHThbl
Bbl4YNCINEHNA KOPHA

¢ (1) (2 cBOBOAHBLIX pernctpa) riesoe nogaepeso = RO (CTOMMOCTb 2)
(2) (1 cBobOaHbIN pernucTp) NpaBoe nogaepeso = R1 (CTOMMOCTb 5),
(3) komaHpa ADD RO,RO,R1 (cToumocTb 1). AToro2 +5+1 =38

1) npaBoe nogaepeBo = M (CTOMMOCTb 5)
2) (2 cBobogHbIX perncTtpa) nesoe nogaepeBo = RO (CTOMMOCTb 2),
3) komaHga ADD RO,RO,M(ctoumocTtb 1). UIToro5+2+1 =8

1) (2 cBOBOOHBIX pernctpa) npasoe nogaepeso = R1 (CTOUMOCTL 4)
2) (1 ceobogHbIN pernctp) nesoe nogaepeso = RO (CTOMMOCTb 2),
3) komaHga ADD RO,RO,R1 (ctoumoctb 1). UToro4 +2+1 =7

(
(
(
(
(
(
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7.7 leHepauyusi KOOa asil2co0pummMomM
OUHaMU4eCKOo20 rpo2paMmMuposaHus
7.7.4 Mpumep

(2)

Obxon aepeBa n reHepaums koga

mest BEKTOpPbI CTOMMOCTN MOXXHO NOCTPOUTL Kofd NyTem obxoaa aepesa.
[nsa paccmaTtpmBaeMoro gepesa B NpeanonoXeHnm JOCTYNHOCTM ABYX
PErMCTPOB ONTUMAanbHLIA KOO MMEET crneayroLwnm Bma;

LD RO, c //RO = ¢
LD R1, d //R1 = d
DIV R1, R1, e //RlL =Rl / e
MUL RO, RO, R1 //RO = RO * R1
LD R1, a //R1l = a
SUB  RI, R1, b //Rl1 = R1 - b

ADD R1, R1, RO //R1 = R1 + RO
69



