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I0.A. Kitumos

Crnenmamuzatop CILPE: renepamust octaTouHO# MporpaMMbl

AHHOTAIUSA

B Merome YacTHUYHBIX BBIUMCIIEHHI T'€HEPATOp OCTATOYHOM IPOTrpPaMMEI
(Residual Program Generator, RPif®) pasmederHo#l mporpaMmMe CTPOHUT Pe3yilb-
TaT CHelHanu3anuy. B manHoi paboTe OImMcaH TeHepaTop OCTaTOYHON MPOrpaMMbI
U1 pa3MEUEHHBIX MPOTrPaMM Ha CTEKOBOM OOBEKTHO-OPHEHTHPOBAHHOM SI3BIKE
SOOL (Stack Object-Oriented Languag@iwicanHblii reHepaTop 0CTaTOYHOH TPO-

rpamMMBbl ucronb3yercs B cnenuanuzarope CILPE.

Pabora momnepkana npoektramu PODOU No 08-07-0028C: u Ne 09-01-
00834a.

Yu.A. Klimov

Specializer CILPE: residual program generation

Abstract

In a program specializer, the Residual Program eoe (RPG) takes as
input a source program decorated with annotatiaosiged by its binding time
analyzer and produces a specialized version ofdlaece program. CILPE is a pro-
gram specializer dealing with programs written @C3., a simple Stack Object-
Oriented Language. The paper describes the resmiogram generator that is a
part of CILPE.
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1. BBenenue

OnTuMu3aIys mporpaMM Ha OCHOBE HCIIOJIB30BAaHMsI allpHoOpHON WHpOpMa-
UK O 3HAYEHHUH YacTH TIEPEMEHHBIX Ha3bIBaeTCsl cneyuanuzayuei. OTHAM U3 [IH-
POKO HCIIOJIb3yeMbIX METO/IOB CIICIUATH3AIUH SBISETCS METOJ YACMUYHBIX BbIYUC-
nenun (Partial Evaluation, PE) [Jone93].

Metoa 4aCTUYHBIX BBIYMCIEHUNA OCHOBAaH HA Pa3JIEJICHUU ONEpalui U Ipy-
I'MX MPOrpPaMMHBIX KOHCTPYKIMHA Ha cmamuueckue (S)u ounamuueckue (D). Ipu
ATOM MOHITHE «CTATHYECKUE OTEPAIMH U KOHCTPYKIMI» HE CIEAYeT MyTaTh C IO-
HSATHEM «CTaTHYECKUE METOBI U KiacchD» (Static),koTopoe ucnob3yeTcs B 3bIKax
IporpaMMUpoOBaHus, Hanpumep, SBa u C#.

B mporiecce 4acTUYHBIX BBIYMCIICHUI ONEpaliy HAJl H3BECTHBIMH JTaHHBIMU
MCTIONHSIOTCS, a HaJ HEU3BECTHBIMHU — IEPEHOCATCS B OCTATOYHYIO MPOTPAMMY.
OcrtaroyHasi mporpaMma 3aBHCHUT TOJILKO OT HEM3BECTHOM (Ha CTaJMU Clelrain3a-

IIUH) YaCTH apTyMEHTOB.

Pazmetka S D
aApryMeHTOB, apryMeHThI apryMeHThI
Cneuunanuzarop
A 4 Y.
AHanmn3 I'enepatop Cucrema
WcxonHas PazMeueHHas o OcTtaTouHas
» BpeMmeH OCTaTOYHOM BBITIOJTHEHUSI{Pe3yibrar
IporpaMmma, nporpamMmma nporpamMmma,
CBSI3bIBAHUS IPOrpaMMBbl KoJa
| Bpems

Puc. 1. O0menpunsTas CTpyKTypa CIeIuann3aTopa,

OCHOBAHHOI'O Ha ME€TOAC YaCTHUYHBIX BBIYKCJICHUH.

Yacte MeTOJa Crenuanu3aiyi, OTBEYAroIas 3a pasJeiieHUue Oonepanuid u
JaHHBIX, Ha3bIBaeTCA ananuzom epemen ceszvisanuss (Binding Time Analysis, BTA,
BT-anamu3) (puc. 1). Bropast 4acTh MeTOAa CIiEIHAIN3al[iK, OTBEYAOIIast 3a BbI-
YHCIACHUE CTATUYECKOH YacTH MPOrpaMMbl M BBIICACHHE JMHAMHYECKON 4YacTh B

OTICIBHYIO TIPOTPAMMY, Ha3bIBACTCS 2eHEepaAmopom ocmamoynou npoepammul (Re-
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sidual Program Generator, RP®).3Toii yacTi, COOCTBEHHO, U MPOMUCXOIAT HacC-
MUYHBLE GLIYUCTICHUSL.

Ha ocHoBe MeTona yacTUUHBIX BhIUKCIeHU co3nan crnenuanusarop CILPE
[Chep03,Klim08b]ans s3eika CIL miaardpopmer Microsoft .NET [CLI,MS.NET],
YIOBJICTBOPSIONINI TpeOoBaHUsIM, U3nokeHHBIM B [KIImO8a].

B nannoil pabGote popmarbHO ONMUCHIBAETCS T€HEPATOpP OCTATOYHOW MPO-
rpamMmebl [KIIMO6] mis si3pika SOOL [KIimO8c], koTopelii Bemonb3yercs B criena-
mu3atope CILPE. T'eneparop mnpuHHMaeT Ha BXOJ pPa3MEUEHHYIO MPOrpaMMy

[KIImO9] u 3HaueHus cTaTHUECKUX apTYMEHTOB U CTPOUT OCTATOYHYIO IPOTPaMMy.

2. 'eHepaTop 0CTATOYHOH MPOrpaMMbl

Ha mocnensem stame 4acTUYHBIX BBIYUCICHUH MPOUCXOAUT T'€HEPAIUs OC-
TATOYHON MPOrpaMMbI: TI0 Pa3MEUCHHOW MpOrpamMMe U 3HAUYCHHSIM S-apryMEHTOB
CTPOMTCS OCTaTOYHAs Mmporpamma. Ha 3ToMm 3Ttare npoucXosT uacmuutble Gbluuc-
JleHUs1, 9aCTh UHCTPYKIIMK BBITIOJHSIETCS, & APYyras 4acTh MEPEXOJUT B OCTATOUHYIO
IpOrpaMMmy.

Ha Bxoj reHepaTopy OCTATOYHOW MPOTPaMMbl IMOCTYMAeT pPa3MEUYCHHAsI
nporpamma [KIimO09] u 3HaueHus ee S-aprymeHntoB. [1o 3TMM JaHHBIM T'€HEpPaTOp
OCTaTOYHOH MPOTrpaMMbI CTPOUT HOBBIM MeTo (OAIpOrpamMmy), apryMeHTaMu KO-
TOPOTO SABJSIOTCS TOJAbKO D-apryMeHThI HCXOMHOM MPOrpaMMBbl, a TAKKe, eCITH He-
00XO0MMO, BCITIOMOTATEJIbHBIC METO/IbI JIJISl KJIACCOB MCXOAHOM MPOrPaMMBI.

['eHepaToOp OCTATOYHOM MPOTPAMMBI ITPOU3BOUT 000OIIEHHOE BHIIOJTHEHUE
pasMedeHHoN nporpamMmbl. OCHOBHOUM MH(pOpMAIHEl 1711 0000IIEHHOTO BHITIOJTHE-
HUSL  SIBJIACTCSL  pa3METKa MHCTPYKIMU: SHHCTPYKUMHU  BBINOJHSOTCS, D-
UHCTPYKIIMKA KaK €CTh MEPEXOIST B OCTATOYHYIO MPOrpaMmy, a X-HHCTPYKIMH B
npeoOpa30BaHHOM BHUJIE MEPEXOJIAT B OCTATOYHYIO IPOrpamMmy.

B otnmuune or BT-anamuza [KIim09], mpaBuna kotoporo, kak u IpaBHiia
TUMH3ALUH, 33]]AI0T YCIOBUS KOPPEKTHOW Pa3MeTKH, MpaBuiia reHeparopa 0CTaTou-
HOW MPOTpaMMbI, KaK ¥ MpaBHUa WHTEPIPETAIMH, OJHO3HAYHO MPEIMUCHIBAIOT HE-

O6XOI[I/IMBIC BBIYMCJICHU .
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2.1. Ilpeobpaszosanue pazmeueHHOU RPOZPAMMbL

Ha BXOa reHepaTropa OCTATOYHOH MPOTrpaMMbl IMOCTYMAIOT pa3MeveHHas
nporpamma btProgu BT-kyua btHeap.

B 1efcTBUTEIEHOCTH TEHEPaTopy JOCTATOYHO Pa3MEUYEHHOW MpPOTpPaMMEbI
btProg .e. pasmMe4eHHBIX HHCTPYKIMI) MPAKTHYECKH BO BCEX CIIydasX 3a UCKIIO-
YEHHEM JIBYX. OIHCAHUE Pa3METKH apryMEHTOB U Pe3y/IbTaTOB METOJAa U CO3aHUE
oO0bekTa. JIJis COKpallleHUsl 3alucu TepeHeceM yacTh uHpopMmarmu u3 btHeaps
btProg puc. 2). A umeHHO:

1. B ommcaHuu KakJ0oro MeToja u3MeHuM Kaxabiii BT-tun (type, btValueha
napy (type, btKind),roe btKind = GetBTKingea{btValue).

2. B ommcannn kaxnoi nucrpykumn NewObject clas$™©® samenum ommca-
nue BT-3Hauenus cozmaBaemoro oobekra btOrefna oroOpaxenue LFID :

Field — BTKind mist mosteii o0bekTa kitacca Class,moCTpOCHHOTO CIISAYIO-

UM 00pa3oMm:

btFld(fld) = GetBTKinGeabtObj(fld)) where (_, ,btObj)=btHeap(btOref)

JI71s1 BceX ONMCaHuM apryMEHTOB U pE3yJIbTATOB!
f1 ((type, btValue)) = (type, GetBTKipgla{btValue))
Jlnst Bcex BT-uncrpyxumit NewObject clas§™©™
f, (NewObject clas§©™) = NewObject clas§™
where DbtFld(fld) = GetBTKinghea{btObj(fld))
(_, , btObj) = btHeap(btOref)

Puc. 2.1Ipeo6pazoBanne BT-niporpamMmsi.

B nanpHeilinem Oyaem UCIOIb30BaTh TOJIBKO U3MEHEHHYI0 BT-niporpammy.

2.2. Cocmosanue

['eHepaTop OCTATOYHOW MPOrpaMMbI MPOU3BOAUT YACTHYHBIC BBIYHUCICHHUS,
TIOATOMY €TI0 COCTOSHHE OJM3KO K COCTOSHHIO MHTEPIIPETaTopa: OHO COCTOUT W3
COCTOSIHUSI HHTEpIIpeTaTopa 1 oToopaxkenus Pointer2Var guc. 3).

Bo BpeMsi 4aCTHYHBIX BBIYMCIICHUI YaCTh JAHHBIX BBIYUCIICHA, a YacTh He-
u3BecTHa. B Tex MecTax, B KOTOPBIX 3HAUYEHUE HEW3BECTHO (BO BpeMs T'€HEpaluu

OCTaTOYHOU HpOFpaMMbI), BMECTO OOBIYHOI'O 3HAUECHUS 3aITNCHLIBAETCS CIICOuaJIbHOC



3nauenue DYNVALUE.

Orobpaxenue Pointer2Vars cocrossHuu reHepaTopa OCTaTOYHOM MpOrpam-
MBI TIOKa3bIBAa€T MECTO, TJi¢ HEM3BECTHAas (BO BpeMs T'€HEepallMyd OCTaTOYHOH Ipo-
rpaMMbl) 4acTh JAHHBIX OYZET HaXOAWUTHhCS BO BpPEMs BBITOJHEHUS OCTATOYHOM

IIPOTPAMMBI.

RPG-State = (State, Pointer2Var)
Value' = Value | DYNVALUE

Pointer2Var = Pointer» TypedVar
Pointer = Var | (Address, Field) | (Address, Intgge

TypedVar = (Type, Var)

Puc. 3. CocrosiHre renepaTopa 0OCTaTOYHOU MPOTrPaMMBI.

Pointer2Varsamaer otoOpaxxeHne ykas3aTeleil: UMEH MEePEeMEHHBIX, IMOJIeH
00beKTOB (Mapa agpec 0ObEKTa U UM TIOJIS) U DJIEMEHTOB MAacCHBOB (mapa ajapec
MaccHBa W HOMEpP 3JIEMEHTA) B THUIIM3MPOBAHHbBIC JIOKAIBbHBIC MMEPEMEHHBIC OCTa-
TOYHOM TporpaMMbl (3HAYCHHE OTOOpPaKCHHWS — TUI W HMS TEPEMEHHOH). DTO
0TOOpaXeHHE MOIOJIHSACTCS IIPH CO3TaHUN HOBBIX OOBEKTOB M MAaCCHBOB M MCIIOJb-
3yeTcs mpu o0paboTke X-MHCTPYKIHMKA JOCTyNa K IEPEMEHHBIM, TIOJIIM 0O0BEKTOB 1
AJIEMEHTaM MAaCCHBOB, a TaKXKE MPHU BBI30BE METOAOB. JIJIT KPATKOCTH THIT U WM
nepeMeHHbIX (type, var)oyaem 3amuceisath B Buje var’e,

Jliis co3manus ¥ UCTob3oBanus Pointer2VaroymeM ncnoiib30BaTh BCIIOMO-
rarenpHbie QyHKIuu (puc. 4)

[Tpu BbI3OBe MeTonma Bce D-yactm S-00BEKTOB MM S-MaCCHBOB JOJIKHBI
OBITH TepeaHbl B TEHEpUpPyeMbld MeTod. s 3Toro wmcmomb3yeTrcs (yHKIIHS
Vars2Stackkotopasi reHepupyeT MHCTPYKIIMM 3arpy3Kd Ha CTCK BCEX 3HAYCHUMN
MePEMEHHBIX, KOTOPBIE COOTBETCTBYIOT D-3HaueHMsIM, TOCTYITHBIM U3 apTyMEHTOB.

[Tocne 3aBepiieHUs BBI30Ba METOJa HEOOXOAUMO 3arpy3uTh CO CTEKa BCE

3HAYCHMUA 06paTHO B JIOKAJIbHBIC IICPCMCHHBIC. I[JI}I 9TOr'o HUCIOJIB3YETCs (I)YHKHI/I}I

Stack2Vars.
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Vars2Stack : ([Value], Heap, Pointer2Vas) [RPG-Instruction]
Vars2Stack (arg, heap, ptr2var) =
[LoadVar (ptr2var ptr) | pt+— FindDynValues(arg, heap)]

Stack2Vars : ([Value], Heap, Pointer2Vas) [RPG-Instruction]
Stack2Vars (arg, heap, ptr2var) =
reverse [StoreVar (ptr2var ptr) | ptr FindDynValues(arg, heap)]

MkNewVars,q4: ([Value], Heap)— Pointer2Var
MkNewVars,o, (arg, heap) = [ptrvar®™® | ptr« FindDynValues(arg, heap),
var’®® — Hopas lokaIbHAs epeMeHHas TUIa type,

type = Typeq’feap,progptr)]

GetTypes.y: ([Value], Heap)— [Type]
GetTypesg.oq (arg, heap) = [TypeQ@fsp profptr)] |
ptr — FindDynValues(arg, heap)]

AddVars :: ([VarDec], RPG-State) RPG-State
AddVars (varDecs, (stagkenwv, heap), ptr2var)) =
((stack, enw, heap), ptr2vag)
where eny= eny++[var-DefValue(type) | (var, type}- varDecs]++
ptr2vag = ptr2vag++[var-var’®® | (var, type)— varDecs,
var’®® — nopas nepemenHas tuia type]

FindDynValues : ([Value], Heap)> [Pointers]
FindDynValues (arg, heap) = nub (map FindDynValaeg)
where FindDynValues' (addr : Address) | heap(addrtypel[], (length, arr))
[(addr, n) | G n < length, arr(n) == DYNVALUE]
FindDynValues' (addr : Address) | heap(addrjtype, obj) =
[(addr, fld) | fld«— Domain(obj), obj(fld) == DYNVALUE]
FindDynValues' =]

TypeOfieap prog: POINter— Type
TypeOf.eap prog(@ddr, n) = typewhere (type[], _) = heap(addr)
TypeOfeap prog(@ddr, fld) = FieldTypg.q(fld)

Puc. 4.Bcnomorarensubie Gpyukiuu s padbotel ¢ Pointer2Var.

[Tpu o6pabotke MeTona HeoOxoaumo st D-3Hadenuii 3aBecTH HOBBIE Tie-
pemenHnsie. [t aToro ucnonssyercst pynknus MKNewVarsg, g
Oynkuusa GetTypegog ucrnonap3yercs, 4ToObl coOpaTh BOEIMHO THUMbI D-

noJiell S-00bexToB U D-3;71€eMEHTOB S4MacCHUBOB.
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®dynkius AddVarsucnonb3yercst )i MOMOJTHEHUST COCTOSHUS (OKPYKCHHS

u otobpakenust Pointer2VaryHoBsIMy JTOKaJIbHBIMH ITEPEMEHHBIMHU.

2.3. Ocmamounan npozpamma

[Tpu reHepay OCTaTOYHON MPOTPAMMBI MOCIEIOBATEIIEHO CTPOSATCS pas-
JUYHBIE YacTH TporpaMMbl. J[1s HE3aBUCUMOTO TIOCTPOSHUS YacTel MPOrpaMMBbl
TEeJ0 MeTojia OyIeT HeMHOTo u3MeHeHo (puc. 5).

Bo-nepBhix, mob0aBneHa unctpykius LABEL str (n, rpgState)pmnuceiBaro-
miasi METKY M COCTOSIHME T'eHepaTopa OCTaTOYHOW mporpaMmbl. MeTka OyaeT uc-
MI0JIb30BaTHCSl B MHCTPYKIUAX YCIOBHOTO W 0€3YCIIOBHOTO IMEpPexo/ia BMECTO HOMe-
POB CTPOK. A COXpaHEHHOE COCTOSTHHE TeHepaTopa OCTaTOYHOM MPOrpaMMbl OyaemM
MCIIOJIb30BATh JJIsl CPABHEHHSI 00pa0OTaHHBIX COCTOSIHUM U HOBOTO COCTOSIHUS.

Bo-BTophiX, BMecTo uHCcTpykiuii Goto nu Branch nc mapamerpom nenoe
YHCII0, KCIIOJIb3YIOTCS HHCTpYKIuu GOto stru Branch stic mapamerpom cTpoka.

B-tpethux, BMecTo nHCcTpyKIMid LoadVar vam StoreVar vat napamerpom
UMl IEPEMEHHOM Hcmoib3yroTes nHeTpykiuu LoadVar (var, typeyq StoreVar (var,
type) c mapamMeTrpamMu THIT ¥ UMs TIepeMeHHOM. [[J1sl KpaTKOCTH 3TH MHCTPYKITUHU OY-
neM 3anuchiBath B Buae LoadVar vaP*®u StoreVar vare,
MethodBody = ([VarDec], [RPG-Instruction])

RPG-Instruction = Instruction | Goto String | Brargtring |
LoadVar (VarName, Type) | StoreVar (VarType, Name)
Label String (N, RPG-State)

N = Integer

Puc. 5. Teno reHepupyeMoro MeToia.

[Tpu renepanuu Tema MeTona HEOOXOJUMO MPOBEPSATH, BCTPEUAIOCH JIU
JaHHOE COCTOSIHHE paHee. DTO MPOU3BOIUTCA ¢ oMoIsio pyHknuu FindState fuc.
6).. Eciiu cocTosiHre paHee He BcTpedanock, To Bo3Bpainaercs NOTHING, a eciu
BCTPEUYATIOCh — BO3BpAIaeTCs TEJIO METOAAa U MHCTPYKIIHMS 0€3yCIIOBHOTO MEpexo-
aa.

[Ipyn noGaBieHUH HOBBIX MHCTPYKIIMH, HEOOXOJAUMO TaK)Ke 3allOMHHUTBH CO-
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crosiaue. J{st aToro ucnoib3yercs Gynkuus AddInstrs.
[Tocne 3aBepmienmst renepamnuu, 1Mo [RPG-Instrution] BoccranaBmuBaercs
Tesno Metoaa ¢ nmomombio Gyaknuun MkMethodBody:ynansiores Bce HHCTPYKIIUN
Label, a unctpykiuun Goto, Branch, LoadVait StoreVarnpuBoasTcst K BUay, Kak
onmcano B s3pike SOOL.

FindState : ([RPG-Instruction], Integer, RPG-StateMaybe [RPG-Instruction
FindState (rpglinstrs, n, (state, )) =
case [str | Label str (n, (state', 9)rpglinstrs, state == state'] of
1 — NOTHING
str::_ — JUST (rpginstrs++[Goto str])

e

AddInstrs : ([RPG-Instruction], Integer, RPG-StaRPG-Instruction])—
[RPG-Instruction]
AddInstrs (rpglnstrs, n, rpgState, []) = rpglnstrs
AddInstrs (rpglnstrs, n, rpgState, rpglnstrs’) ginstrs++
[Label str (n, rpgState)]++rpglnst

-

S
where str —iMs HOBOM MeTKU

MkMethodBody : [RPG-Instruction}> MethodBody
MkMethodBody rpglinstrs = (vars, instrs)
where vars = nub ([(var, type) | LoadVar (var gyp- rpginstrs]++
[(var, type) | StoreVar (var, type) rpglinstrs])
instrs = concatMap simplinstr rpglinstrs
simplinstr (Label _ ) =1]
simplinstr (LoadVar (var, type)) = [LoadVar yar
simplinstr (StoreVar (var, type)) = [StoreVary
simplinstr (Goto str) = [Goto (getNumber stgipstrs)]
simplinstr (Branch str) = [Branch (getNumberrpglnstrs)]
getNumber str (Label str _):: =0
getNumber str (Label _ )::rpglnstrs = getNunmgie rpginstrs
getNumber str _::rpginstrs = 1+(getNumber ggyimstrs)

Puc. 6. BciomorarensHbie PyHKINU AJI TEHEPALUH TeJla METOA.

3. O0padoTka NporpamMmmsbIl

O06paboTka pa3MEYeHHON TPOrpaMMBbI, KaK U B cllyyae MHTEpIIpeTaTopa, Ha-
YUHACTCI C 00pabOTKM HadaJdbHOW ITOCIIEeIOBATEIILHOCTH HWHCTPYKIUH btlnstrs
(puc. 7). O0BEKT, y KOTOPOIro BhI3bIBaeTCs MeToa Main, pasmeuen D, u nHCTpyKIHs

CO3IaHMsl TepelaeT B OCTaTOYHYH mporpammy. BeioB Meroma Main —
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NOINLINE. IToatomy B pe3ynbraTe OyAeT creHepupoBaH HOBBIM MeTon Main, 3a-
BUCSIIIANA TOJIBKO OT D-aprymeHTOB.

B pesynbrare 00paboTKM HayalbHOrO0 HabOpa MHCTPYKIUN WM METOJOB
BO3BPAILAETCSl TOCTPOEHHBIM METOJ U CIIUCOK METOJIOB, KOTOpPhlE HEOOXOIUMO I0-
ctpouth. I1OT cniucok Bo3HuKaeT n3 NOINLINE Be130BOB MeTOM0B BHYTpHU 0Opa-
0aThIBAEMOT0 METO/IA.

Paszmerka NOINLINE meromoB Tpebyer, 4ToOBI Bce BO3BpaliaeMbpie 3HaUe-
HUA (Kak gepe3 pe3ysIbTaThl, TAK M Yepe3 apryMeHThl) Obutn pazmedeHsl D. IToaTo-
My TakHhe€ BbI3OBBI MPU T'€HEpalMyd OCTAaTOYHOM MporpaMMbl 3HAYEHHUI HE BO3Bpa-
IAI0T U HE WU3MEHSIOT TEKYIEee COCTOSHHUE, CIEI0BATEILHO MOXKHO TPOIOJIKUTH

reHepanunio TCKymero Meroaa, OTIIOKKWB IrCHEPAlIUIO BbI3BIBAEMOI'O METO1A.

btinstrs = [NewObjectMAIN, CallMethod' Main, Leavé]
rgpState = ((sArg, [I, [I). [I)
btProg-q4 (btinstrs, 0) : (rpgState, [H> (_, mthds)
btProg' = btProg
[Toxa mthds e mycro:
(mthd,, mthdArg) = head mthds
1. Ecnu nepBeIit apryMeHT S, To
(oref::_, heap) = mthdArg
(class, ) = head(oref)
mthdDef = MethodBTDefinition(mthgl class)
2. Ecin nepBeiit apryment D, To 11 Becex onpeaenenuii mthdDeg
MeTon0B ¢ uMenem mtha
Ecim meton mthdDef ¢ aprymentamu mthdArgeme He oOpabaTsiBaics
btProg-,g mthdDef : mthdArg= (mthdDe§, mthds)

mthds= (tail mthds)++mthds

nobasuth MmeTo mthdDet B mporpammy btProg’
HHaYe

mthds= tail mthds

Fpg DtProg : sArg= btProg'

Puc. 7.11IpaBusno 06pabOTKH MPOTPaAMMBI.

B npaBusne 06paboTku mporpaMmbl HaMCaH LMK, TOCJIE0BaTEIbHO 00pa-
OatbIBarolMii MeTobl. B pe3ynbrare 00pabOTKH OJHOTO UCXOJHOTO METOJIa MOJy-
YaeTcsi METOJ OCTATOYHOM MPOrpaMMbl U CHMCOK METOOB, KOTOpPhle HEOOXOIUMO

00paboTaTh.
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Meroabl, KOTOpble HEOOXO0AUMO 00paboTaTh, 3a4al0TCI UMEHEM METOJla U
3HaueHUIMH S-aprymeHToB. [lepen renepanuell mpoBepsieTcsi, He 00padaThIBajICs
JU JaHHBIA METOJ| C JaHHBIMU 3HAYEHUSIMU S-apryMeHTOB mpexiae. Eciau yxe 00-
pabaTbiBaJiCA, TO 3TOT METOJ MOBTOPHO HE 00pabaThiBaeTcs, U Mbl MEPEXOIUM K
CIEAYIOIIEMY METOY.

Ecnu nepBblil apryMeHT uMeeT pa3MeTKy S, To 00pabaThiBaeTCsi METOJ, CO-
OTBETCTBYIOIINI TUITy 3TOTO apryMmeHnTta. Eciu mmeer pasmetrky D, To oOGpabatbi-
BalOTCS BCE METOJBI C JAHHBIM UMEHEM (HEJB3s1 ONPEISIUTh TOUYHBIA THII IIEPBOTO
METO/1a, TIOATOMY HEM3BECTHO, KaKOW METO ] He0OOX0AMMO 00padboTaTh).

Korma crmcoxk MeromoB Ha oOpabOTKYy MyCT, TEHEpalus OCTaTOYHOM Mpo-
IpaMMBbl 3aBEPILIACTCS.

J171s OCTpOSHMsI IMEH HOBBIX METOJIOB HMcmoib3yercs Gynkius MakeName
(puc. 8), koTOpas M0 KIMEHH METOJa M €r0 CTATHYCCKHM apryMEeHTaM CTPOUT HOBOE
uMs. OTa QYHKIUS A pa3HbIX apryMEHTOB JOJKHA BBIJABATh pa3Hble MMEHA, a
JUISl OIMHAKOBBIX — OJMHAKOBBIE.

|MakeName :: (String, ([Value], Heap)} String

Puc. 8. BcnomoratensHas ¢pyHKIus A 00pabOTKU METOIOB.

4. OopadoTka MeToaa

O06paboTka MeTo/1a TeHEPATOPOM OCTATOYHOW MPOTPaMMbl HAUMHAETCS TaK
’Ke, KaK ¥ MHTEePIPETATOPOM: CO3JIaHreM HadainbHOro coctosHus (puc. 9). Ho B o1-
JU4YKe OT MHTEPIPETaTopa, FTEHEPATOPy OCTATOYHON MPOTrpamMMbl HEOOXOAUMO Cre-
HEpUPOBaTh MHCTPYKIUH JJis nepenaun D-maHHBIX uepe3 cTek. B mcxomnoit mpo-
rpamMe 3T D-ganHbIe nepenaBaguch Mo CChUIKE: KakK Mojisi 00bEKTOB MM AJIEMEH-
ThI MaCCHBOB.

s storo ucnons3yrorces Gynkimun MKNewVars,.q u Stack2Vars @ynk-
s MkNewVars,,q o aprymentam argu kyue heap,Haxoaut Bce D-mons o0bek-
TOB ¥ D-35eMeHThI MacCuBOB. 3aTeM IJIsl KaKIOTO TaKOTO TMOJIS WIJIM AJIEMEHTa Te-
HEPUPYET NMEPEMEHHYIO U CTPOUT OTOOpakeHue Ptr2vak cooTBETCTBYIOUIETO yKa3a-

Tens Ha ATy nepemeHHyr. Oynknus Stack2Varssarpyxkaer co creka 3HAYCHHS B
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nepeMeHHble, mocTpoeHHble pyHkuueir MKNewVarspog
3areM MHUIHATIM3UPYETCS OKpYXKeHue ¢ nmomonibio ¢pynkiuu AddVaru o6-
pabaTbIBaeTCs TEJI0 METO/A.

(mthd, , , , (varDecs, btinstrs)) = mthdDef

ptr2var = MkNewVarsp{arg, heap)

rpgState = ((arg, [], heap), ptr2var)
rpginstrg = Stack2Vars(arg heap, ptr2var)

rpgState = AddVars(varDecs, rpgStaje
progtpg (btinstrs, 0) : (rpgStagerpglinstrs) = (rpginstrg, mthds)
rpginstrg = AddBeforeLeave(rpginstysVars2Stack(arg heap, ptr2var))

mthd' = MakeName(mthd, (argheap))
tArg = [type | (type, D}— btArg]++GetTypegeodara, heap)

tRes = [type | (type, D)- btRes]++GetTypagfara, heap)
mthdBody' = MkMethodBody(rpginstys

mthdDef' = (mthd', tArg, tRes, mthdBody")
btProg-,y mthdDef : (arg, heap) = (mthdDef', mthds)

Puc. 9.1IpaBuno 06paboTku MeToa.

ITo 3aBepureHuI0 00pabOTKU TeNo MeTona Moaupuuupyercs (Bb30B (QDyHK-
un AddBeforelLeavepuc. 10) —nepen ka0 HHCTpyKIuei LeavescraBisioT-
Csl MHCTPYKIIMU 3arpy3KH MEPEMEHHBIX Ha CTEK. DTO HEOOXOAMMO Ui BO3BpalIie-
HHSI TAaHHBIX Yepe3 CTEK, KOTOPbIe B HCXOIAHOM MporpaMMe mepeaBainuch M0 CChLI-

ke uepe3 D-nons S-00bekToB uian D-3eMeHThl S MacCUBOB.

AddBeforeLeave :: ([RPG-Instructions], [RPG-Instians]) — [RPG-Instructions
AddBeforelLeave (rgplnstrs, instrs) = AddBeforelLéagelInstrs
where AddBeforeLeave'[] =]
AddBeforeLeave' Leave::rgpinstrs = instrs++Lezav
(AddBeforeLeave' rgplnstr
AddBeforelLeave' instr::rgpinstrs = instr::(AdefBreLeave' rgplnstrs)

Puc. 10.BcnomorarensHast GyHKIMS 47151 00pabOTKU METO/IA.

3areM CTPOUTCA CUTHATypa MCTOAA. Turnbl MCTO/Ja IIOJYy4YaroTCA M3 THUIIOB

D-apFYMeHTOB HCXOAHOIro MEroaa I[O63BJ'ICHI/ICM THUIIOB IICPCMCHHBIX, CO3AaHHBIX

[—
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dynxuueit MKNewVarsprog THIIBI pe3ynbTaToOB TaKKe MOTYy4YarOTCS U3 THIIOB pe-
3yJIBTaTOB MCXOMHOTO MeTona (oHM Bce D) M M3 THUIOB MEPEMEHHBIX, CO3aHHBIX
dynxuueit MkNewVars,pog OOBABIEHHS JIOKANBHBIX NEPEMEHHBIX METOJa BOC-
cranaBiuBaoTcs Gyukiueir MkMethodBodymo uHcTpyKIusam drenus/3anucu re-

PEMCHHBIX B TCJIC MCTO/IA.

5. O0padoTKa MoCae10BATEILHOCTH HHCTPYKIIH A
[Ipu 0OpaboTKe MHCTPYKIMHA Ui KaXKAOr0 MeTojAa i 0OeCTeueHHs KO-
HEYHOCTH TPOTpaMMBbI HCITONIb3ytoTes MeTku Label str (n, rpgState)3anvcanapivu
HOMEpaMH WHCTPYKIIMA MCXOJHOM MPOrpaMMbl N M COCTOSTHUEM T'e€HepaTopa ocTa-
TOYHOU IporpaMmsbl FpgStatenpu KOTopoM 3Ta HHCTPYKIMS ObLTa CreHEpPUPOBaHa.
[Tpu 06paboTKe MHCTPYKIIUU POBEPSIETCS, OBLIO JIU TAKOE COCTOSIHUE TeHE-
paTtopa OCTaTO4YHOM MpOorpamMMbl IpH 00pabOTKE 3TOMH e MHCTPYKLUU paHee C I10-

moieio pynkuuu FindState fuc. 11).

—state,
—state,
—state,

instr. ., state>» 7?77

1!
1+

Puc. 11.IIpouecc renepaiy 0CTaTOYHON porpamMmmel. D-UHCTpyKLHS.

Ecnu Takas cuTyanus BCTpeyanach paHbllie, TO TEHEPUPYETCS MEpPEXo] Ha
MHCTPYKLHMIO, KOTOpas Oblla CreHEepHUpPOBaHA B aHAJIOTMYHOW MpeAbIayIIe cuTya-

uu (puc. 12).

—state,
—state,
—state,

instr_ ., [—state

Puc. 12.1lpo1iiecc renepaiii 0CTaTOYHON MPOTPaMMBbI: COCTOSTHUE TTOBTOPHUIIOCH.
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Ecnu takas cuTyauusi paHee He BCTpedasiach, TO MHCTPYKIUs oOpabaThiBa-
€TCsl TI0O HIKE TIPUBEICHHBIM IIpaBUjIaM, a B TCHEPUPYEMOE TEJI0 METoja T00aBs-
ercs wuHCTpykius Label ¢ cocrosHuMeM reHepaTopa OCTaTOYHOW IMPOrPaMMBbI

(puc. 13).

—state,
—state,
—state,

. statestate'-»

1
k!
[y ]

Puc. 13.TIporecc renepanui 0OCTaTOYHOM MPOrPaMMbI: HOBOE COCTOSIHHE.

5.1. Ilpaeuna oopabomku

[Ipn 00paboTKe WMHCTPYKIIMM CHadalla MpoBepseTcs, oOpadaThiBajgach Ju
JaHHAsi UHCTPYKLMS MIPH TOM K€ COCTOSTHUHM T'€HEpaTopa OCTaTOYHOM MPOrpaMMbl.
JlaHHas mpoBepKa jesnaercs BbizoBoM (yHkimu FindState Eciu Takast mHCTpyKIus
y’ke 00pabaThIBanach, TO BHI30B BO3BpAIIAeT CIIMCOK MHCTPYKIIMIM — pe3yJbTaT re-

HEpaI 0CTaTOYHOI porpammel (puc. 14).

JUST rpglnstrs= FindState(rpglnstisn, rpgState)
btProg-4 (btinstrs, n) : (rpgState, rpginsfys> (rpginstrs [])

Puc. 14.006paboTka mociea0BaTeIbHOCTH HHCTPYKIIHH, oToOpaxkenue (N, state)

OTIPENIEIICHO.

Ecnu oOpaboTtka erie He mpoBowiack (To ecth ¢yHkius FindStatesepuyna
NOTHING), To B 3aBHCHMOCTH OT WHCTPYKIIUH, 00pabOTKa MPOUCXOAMT CIICAYIO-
MM 00pazoMm.

1. Eciu N-Has MHCTPYKIMSA B CIHCKe INStrS —aTo nucTpykuus Leave, to re-

HepupyeTcs HHCTpykius Leave puc. 15).

Leave = btInstrs[n] NOTHING = FindState(rpglinstrs, rpgState)
rpginstrs = AddInstrs(rpglnstrs n, rpgState, [Leave])

btProgrq (btinstrs, n) : (rpgState, rpginsiys=> (rpginstrs, [])

Puc. 15.06paboTKa mocie[0BaTeIbHOCTH HHCTPYKIMIA, HHCTPYKIus Leave .



16
2. Ecnu N-Has MHCTPYKIIUS B CIIUCKE INStIS —3T0 MHCTPYKUIUS S-HHCTPYKITHS
Goto® M, TO BBINIOJIHEHUE MPOJOJDKAECTCS I M-HOU MHCTPYKLUU B CIIUCKE
instrs puc. 16).

Goto® m = btinstrs[n] NOTHING = FindState(rpglnstra, rpgState)
btProg-q (btinstrs, m) : (rpgState, instra;) = (instrs, ©,, mthds)
btProgrg (btinstrs, n) : (rpgState, instrs;) = (instrs, m,, mthds)

Puc. 16.06paboTKa mocie0BaTeIbHOCTH HHCTPYKIHMIA, HHCTpyKIust GOtd® m.

3. Ecmu N-Hast MHCTPYKIWS B CIIHCKE INStrS —ato uHCTpyKImust Branch m, o
pOBEPSIETCS 3HAUYEHHE Ha BepiuHe cTeka (puc. 17).9To 3HaYeHHE JOIKHO
ObITh 1eNbIM unciioM. Eciu oHO paBHO O, TO BBINOJIHEHHE MPOIOIKACTCS
s (N+1)-0i HHCTPYKIKU, HHAYE — JIJIs1 M-HOMH.

Branch m = btlnstrs[n] NOTHING = FindState(rpglnstra, rpgState)
((val::stack, env, heap), ptr2var) = rpgState, val —ienoe uncio
rpgState’ = ((stack, env, heap), ptr2var) k =0 then n+1 else m

btProg-nq (btinstrs, k) : (rpgState’, rpglnsfys= (rpginstrg, mthds)
btProgrq (btinstrs, n) : (rpgState, rpginsfys= (rpginstrs, mthds)

Puc. 17.06pa6oTka mocae0BaTeIbHOCTH HHCTPYKIMH, HHCTpyKims Branch m.

4. Ecnu N-Hast HHCTPYKIMS B CIIMCKe iNStrs —ato urcTpykuus Branch m, o
TeHEePHUPYETCsl MHCTPYKIHsSI YCIOBHOTO niepexoaa Branch str (Str —imst Ho-

BOI METKH) U TIOCJICIOBATEIbHO 00padaThIBarOTCs B¢ BeTBH (puc. 18).

Branch’ m = btlnstrs[n] NOTHING = FindState(rpglnstra, rpgState)
rpginstrs = AddInstrs(rpglnstrs n, rpgState, [Branch str])
Str —uMs HOBOM METKH

btProg-nq (btinstrs, n+1) : (rpgState, rpginsirs> (rpginstrs, mthds)
rpginstrss = rpginstrg++[Label str ]
btProg-g (btinstrs, m) : (rpgState, rpginstjs= (rpginstrg, mthds)
btProgrq (btinstrs, n) : (rpgState, rpginsfys=> (rpginstrg, mthds++mthds)

Pric. 18.06paGoTKa Mocaea0BaTeIbHOCTH HHCTPYKIMH, nHCTpyKims Branch m.

5. Ecnu N-Has HHCTPYKILHUS B CIIHCKE INStrS —3T0 MHCTPYKIUS BbI30Ba METOa
CallMethod mthd, To ona o6pabarsiBaeTcs crenuManbHBIM 00pa3oM, KOTO-
PBIM OIMCAaH HUXKE.

6. B ocranbHbIX cinyyasx, IpUMEHSETCS MpaBUiIo 00pabOTKU OAHOU N-0il WH-
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CTPYKLIUH, U JlaJiee, HAYMHASI C HOBOTO COCTOSIHUS, TIPOJIOIDKAeTCss 00paboT-
Ka T0CJIeI0BaTeIbHOCTH HHCTPYKIHiA Aiist (N+1)-oi uHcTpykuuu (puc. 19).

NOTHING = FindState(rpginstysn, rpgState)
btProgr,q btinstrs[n] : rpgState— (rpgState, instrs)
rpginstrs = AddInstrs(rpglnstrs n, rpgStatg instrs)

btProg-pq (btinstrs, n+1) : (rpgStaterpginstrs) = (rpglnstrs, mthds)

btProg-p,4 (btinstrs, n) : (rpgStaterpginstrs) = (rpginstrg, mthds)

Puc. 19.06paboTka nociaenoBaTeIbHOCTH HHCTPYKITHIA.

5.2. O6padomka uncmpyxyuu CallMethod”™ mthd

INLINE meton

Ecmu meron Inline, T.e. oH M0JKEH OBITH PACKPBIT MPHU TEHEPAIIUH OCTATOY-
HOW MPOrpaMMBbl, TO 00pabOTKa MPOUCXOAUT CiieayroIumM oopasom (puc. 20, 21):

1. Co cTeka TEKyIIero cocTosiHus nocraercst oref — ccbuika Ha 0OBEKT, BbI-
YUCIISIETCS TAM 00BEKTA, U TI0 ATOMY THUITy ONPEAENICTCS BBI3BIBAEMbBIN Me-
TOA,

2. B cocrosiHue TeHepaTopa OCTaTOYHOW MPOTrpaMMbl J00aBisSeTCss HHPOpMa-
IIUS TIPO JIOKAJIbHBIC TTEPEMEHHBIE BBI3BIBAEMOTO METOJIa: B OKPY>KCHHE J10-
OaBisieTcsl 3HAUCHUE 110 YMOJIYAHUIO IS 3TUX MIEPEMEHHBIX, a B 0TOOpake-
HUE ptr2var —comnocTaBieHNe dTUX MEPEMEHHBIX HOBBIM JIOKAIBHBIM TIE-
PEMEHHBIM B OCTaTOYHOM MpOrpamMme.

Jlanee BbI3bIBa€MbIN MeTO] 00pabaThIBaeTCsl OOBIYHBIM 00Pa30M.

4. Tlo 3aBepiieHn0 0OpaOOTKU BBI3BIBAEMOTO METOa, HEOOXOAMMO BOCCTaHO-
BUTh COCTOSIHWE, TPU KOTOPOM TIPOUCXOAWJIA TEeHEpaIuss WHCTPYKIUH
Leave.3ameHnuTs UHCTPYKIIMK Leavena uHCTpyKiuu 0€3yCIOBHOTO Iepe-
X0J1a Ha HOBYIO METKY. 3alIOMHUTH MAPhl COCTOSTHUE-MMS METKHU.

5. Jlns kaxmoii mapel COCTOSTHUE-UMS METKHU MTPOJOIKUTh 00pabOTKY TEeKyIIe-
ro METOJIa C COCTOSIHUS, TPU KOTOPOM TeHEepHUpoBaiach MHCTpyKuus Leave
(ymanuB mepen 3TUM B OKPYKEHUH MH(DOPMAIIUIO PO JIOKAJIbHBIC TIEPEMEH-

HBIC€ BBI3BIBACMOI'O MCTO,Z[a).
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CallMethod' mthd = btlnstrs[n]
NOTHING = FindState(rpglnstysn, rpgState)

((oref::_, , ), ) =rpgState oref —ccbuika Ha 00BEKT
(class, ) = heap(oref)

(_, INLINE, _, _, (varDecs, btinstrs')) = MethodB&fnition,p.dmthd, class)
rpgState = AddVars(varDecs, rpgStaje

progtpg (btinstrs’, 0) : (rpgStage(]) = (rpglnstrs, mthds)

(rpglnstrg, rpgStatey = ReplacelLeave(rpginstis
rpglnstrg = AddInstrs(rpglnstrs n, rpgState, rpginsts

rpglnstrg = rpginstrg
mthds = mthds
Jliis kaxoit mapsl (Stry, rpgState) us rpgStates
rpgState = RemoveVars(varDecs, rpgStgte
btProg-yg (btinstrs, n+1) : (rpgStagerpginstrg++[Label sty _]) =
(rpglinstrs, mthds)
rpglnstrg = rpginstrs
mthdg = mthdg++mthds

btProg-n,4 (btinstrs, n) : (rpgStaterpginstrs) = (rpginstrs, mthds)

Puc. 20.06paboTka nociaen0BaTeNbHOCTH HHCTPYKIIHM,

nucrpykius CallMethod mthd, INLINE.

RemoveVars :: ([VarDec], RPG-State) RPG-State
RemoveVars (varDecs, (stacknv, heap), ptr2vag)) =
((stack, enw, heap), ptr2vag)
where eny= filter p eny
ptr2vas = filter p eny ptr2vag
p (var_) = var notelem” (map fst varDecs))

ReplacelLeave :: [RPG-Instruction} ([RPG-Instruction], [(String, RPG-State
ReplaceLeave [] = ([], [])
ReplacelLeave (Label str rpgState)::(Leave)::rpgsnst (rpglnstrg, rgpStates
where rpglinstrs= (Label str rpgState)::(Goto str')::rpglnstrs
rgpStates= (str', rpgState)::rgpStates
(rpglinstrg, rgpStatey = ReplacelLeave rpglnstrs
Str' —aoBas MeTKa

)

Puc. 21.BcnomorarenbHbie GYHKIIUU 17151 00paOOTKH MOCIeI0BaTEIbHOCTH

uHCTpyKuHit, nactpykums CallMethod mthd, INLINE.,
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NOINLINE meTon

Ecnu Be3siBaemblii MeTor NOINLINE, To pa3meTka apryMeHTOB U pe3yJib-
TAaTOB METO/A TaKasl, 4YTO JAaJbHENIIas 00paboTKa HCXOAHOIO METO/1a BO3MOXKHA 0€e3
00pabOTKHM BbI3bIBAEMOr0 MeTO/a. T.e. Bce pe3ysbTaThl U BCE MO S-apryMEHTOB
pa3meuensl D.

MeTtoa MOKeT BO3BpalllaTh 3HAYEHUS U Yepe3 MOl 00bEKTOB-apTyMEHTOB.
D-nonsiM S-apryMeHTOB B OCTATOYHOM MpOTrpamMMme COOTBETCTBYIOT IEpEMEHHbIE,
3HaYeHUs] KOTOPBIX HEOOXOJUMO MepeaaTb HOBOMY METOAY, a MOCIE BHIIOJHEHUS
MHTEPIIPETATOPOM OCTATOYHOI'O HOBOI'O METOAA, HEOOXOJMMO 3alucaTh 3TH 3Haue-

HUSL OOpPaTHO B IIEpEMEHHBIE.

CallMethod' mthd = btlnstrs[n]
NOTHING = FindState(rpginstysn, rpgState)

(NOINLINE, btArg, _) = MethodBTSignatugg,.d mthd)
((argt++stack, env, heap), ptr2vag) = rpgState
Length arg = Length (filter (S ==) (map snd btArg))
rpgState = ((stack, env, heap), ptr2var)

mthdArg = (arg, heap)
mthd' = (mthd, mthdArg)

instrs = Vars2Stack(argheap, ptr2vag)++[CallMethod MakeName(mthd')]++
Stack2Vars(arg heap, ptr2var)
rpginstrs = AddInstrs(rpglnstrs n, rpgStatg instrs)

btProgryg (btinstrs, n+1) : (rpgStaterpginstrs) = (rpglnstrg, mthds)
btProg-,4 (btinstrs, n) : (rpgStaterpginstrs) = (rpginstrg, mthd'::mthds)

Puc. 22.06paboTka mocienoBaTeIbHOCTH HHCTPYKIIUM,

nucrpykims CallMethod mthd, NOINLINE.

[ostomy amst 06pabotkn NOINLINE uucrpykuun CallMethod mthd me-
oboxoaumo (puc. 22):
1. CusaTb cO cTEKa CTATUYECKHUE APTyMEHTHI METOAA.
2. Ilo atum aprymeHTaM OCTPOUTH 3aMpoc Ha crieruanu3aiuio Meroaa mthdc
yKa3aHHBIMU apryMEHTaMHU.

3. CreHepupoBaThb MHCTPYKIMU 3arpy3Kd Ha CTEK MEPEMEHHBIX, COOTBETCT-
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Bytomux D-monsm S-00bexkToB M D-amemeHTaM S-MaccCuBOB, KOTOPBIE Tie-

penarorcs merony (Bbi3oB pyHkImu Vars2Stack).

CreHepupoBaTh HHCTPYKIIHIO BhI3oBa MeToAa CallMethod mthd'.

CrenepupoBaTh WHCTPYKIIMU 3allMCH 3HAYCHUH CO CTeKa oOpaTHO B Iepe-

MeHHbIe (Bb130B (hyHKIME Stack2Vars).

6. IIpomomxuTh 00pabOTKY MOCIEAOBATEIIBHOCTH HHCTPYKITUI

BreiBaembiii MeTo Oyaer 00paboTad B mukie o0padbotku meronos. [Ipu-
9YeM €CJIM BBI30B BUPTYaJIbHBIN, T.€. HA dTAle T€HEPAIMH OCTATOYHOU MPOTPAMMBI
HENB3s ONPEACIINTh, KAKOW KOHKPETHO METOJI OyJeT BbI3BaH, TO 00paboTKe OymyT
MOIBEP>KEHBI BCE BO3MOJKHBIE METOMBI, & METOJBI-PE3yJIbTaThl TaKHX 00PabOTOK
OynyT oOpa3oBBIBaTh HOBBIC BHUPTYajbHbIC METOJbBI, HA KOTOPBIE BO3MOXKEH Iepe-

X0/l B CTEHEPUPOBAHHON UHCTPYKIIUH.

6. OO6padoTKa HHCTPYKIMIL
Jlnst omrcanus mpaBui 00paOOTKU OTIETBHBIX MHCTPYKIIUNA HCTIOIB3YIOTCS

cokpaiieHHbIe paBuia (puc. 23).

context,g instruction : rpgState— (rpgState, instructions)

Puc. 23.1IpaBuno o0pabOTKH HHCTPYKIUH.

JlaHHBIE TIpaBUJia OMKCHIBAIOT MpeoOpa3zoBanuss RPG€0CTOSHUS M CTMCOK

MHCTPYKIMHI, KOTOPBIE JOJKHBI IEPEUTH B OCTATOYHYIO IPOIPAMMY.

6.1. S uncmpykyuu

S-UHCTPYKIUN — 3TO T€ UHCTPYKIUHU, KOTOPBIE JOJKHbI ObITH BBIYUCIICHBI
TE€HEPaTOPOM OCTaTOYHOM IIPOTPAMMBI.

Takue MHCTPYKIUM 3aBUCST TOJIBKO OT S+IaHHBIX, I0TOMY 3TH JIJaHHbIE OY-
IYT BBIYMCIICHBI IIPU BBIIIOJIHEHUM MPEABIAYIINX HUHCTPYKLUUN T'€HEpAaTOPOM OCTa-
TOYHOU mporpammbl. I S#HCTpYKIMS MOXKET ObITh BBIYMCIIEHA BO BpEeMs I'eHepa-
UM OCTATOYHOW IpOrpaMMbl. Pe3ynpTaToM SHHCTPYKLUMH Takke SBISIFOTCS S-
JAHHBIE.

S-HHCTpYKIMEeH MOXeT ObITh JMt00as HHCTpyKius sizbika SOOL, 3a uckiro-
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YCHHEM WHCTPYKIIMM KOHIIa MeTozia Leave,uHCTpykiuu cosnaHus oobekra Ne-
wObjectu nacTpykmu Be1zoBa metoga CallMethod.

OO0paboTKka SHUHCTPYKIMH 3aKIIOYAETCS B MHTEPIPETAUN I3TOH MHCTPYK-

uu (puc. 24).

btProgr; instr : state— stateg
btProgrrpq instr : (state, ptr2var)— ((state, ptr2var), [[)

Puc. 24.1TpaBuno oOpaboTKu SHHCTPYKIIUHA.

6.2. D-uncmpykyuu

D-uHCTpYyKIMK He PeoOpa3yroTcsi TeHEPATOPOM OCTATOYHOMN MPOTPAMMBI, a
0e3 N3MEHEHHMS [IEPEHOCSATCS B OCTATOYHYIO TPOrPaMmy.

Takmue HHCTPYKIHU 3aBUCAT TOJIBKO OT D'I[aHHBIX, " PE3YyJIbTATOM SABJIAIOT-
csl TOXKe TOJbKO D-maHHBIE, MO3TOMY MEPEHOC TAKONW MHCTPYKIMU B OCTATOUYHYIO

nporpammy pasperet (puc. 25).

btProgryg inst’® : rpgState— (rpgState, [instr]

N—”

Puc. 25.1IpaBuno o0paboTku D-uHCTpYKIHiA.

D-uHCcTpyKIIMEH MOXKET OBITh JItoOast mHcTpyKuus sizpika SOOL,3a uckio-
YeHUEM MHCTPYKIIMHM KOHIIAa MeToia Leave,mHcTpykuuu Oe3yCIOBHOTO IMepexosa

Goto mu uncTpykiuu Bei3oBa Meroaa CallMethod.

6.3. X-uncmpykuyuu

Ecnmm uHCTpyKITMS pasmedena X, TO OHA CIEIMAIBHBIM 00pa3oM 00pabaThi-
BACTCS ICHEPATOPOM OCTATOYHOM MPOrpaMMbl. X-HHCTPYKIIMH MOXKHO Pa3/eiIuTh
Ha JeTbIpe rpymmsl: uHCTpyKiuu co3naanus (NewObjectu NewArray), iHCTpYKITUH
nocryma (LoadVar, StoreVar, LoadField, StoreField, Load&#at wu
StoreElement) uactpykius Lifting u uaCcTpykiuu nepenaun ympasnenus (Call-
Method u Leave).UncTpykimu nepenadyn yrpaBlIeHHs PaCCMOTPEHBI Bhimie. Pac-
CMOTPHUM OCTaBIIIHECS TPU TPYIIIIEL.

HNucTpykuum co3panus

Wuctpykunn NewObjectn NewArray co3naior HOBbI 0OBEKT M HOBBIH

MaCCHB COOTBETCTBEHHO. Eciau 3Tu HHCTPYKIHUH Pa3sMCUYCHLI X, TO 3HA4YUT CO314a-
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BacMbIii 0OBEKT MM MAaCCHB pa3MedeH S, a ero mois (WM yacTh IOJIeH) WIn dJ1e-
MEHTBI pa3MedeHbl Kak D.
Ecnu nons wim sneMeHTsl pa3MedeHsl Kak D, To crenuanus3atop B 0CTaTou-
HOW mporpamme JOJDKEH CTeHEpPUPOBaTh JOKAJIbHbIE IEPEMEHHBIE I KaXKI0TO Ta-
KOTO IOJISI WJIM JIEMEHTa W MHUIMUPOBaTh ux (puc. 26, 27).A B mociencTBuu 3a-
MEHATh MHCTPYKIMU JOCTyIA K 3TUM IOJIAM WJIM JEMEHTaM Ha MHCTPYKLUU J10C-

TyIla K JIOKAJIbHBIM IICPCMCHHBIM.

oref —HOBBII agpec
obj = [fld~value | (fld, type}— GetFieldDecspo{class),

value = if btFIld(fld) == S then DefaultValue(typelse DYNVALUE]
— HOBBIN 00BEKT KJ1acca class

heap' = heap|oref(class, obj)]
ptr2var' = ptr2var[(oref, fld} vary"*°| (fid, type)« GetFieldDecgp{class),
btFld(fld) = D, vagy""® — HoBas nepemeHHas THIa type]
btProg-,, NewObject clas§™ : ((stack, env, heap), ptr2vas)
(((oref::stack, env, heap"), ptr2var'), [])

Pric. 26.IIpasmo crienmanmsamnman nactpykun NewObject clas§™.

aref —HOBBIH azpec
arr = [PDYNVALUE | i < [0..n-1]] —HOBBIIT MaccuB
heap' = heap[are{type[], (length, arr))]
ptr2var' = ptr2var[(aref, ¥} var®®| i — [0..n-1],
var,”*® — noas nepemennas tumna type]
btProgtryg NewArray* type : ((n::stack, env, heap), ptr2vas)
(((aref.:stack, env, heap'), ptr2var'), |

| —

)

Puc. 27.11paBumno cnienuanu3anuy HHCTPYKIHH NewArra)i‘ type.

Ipu cnenpnammsaruu nrctpykimu NewObject reneparop ocrarounoii mpo-
IpaMMBbl, BO-TIEPBBIX, BBIMOJIHSAET 3Ty HHCTPYKIHIO. co3maeT o0bekT Obj kmacca
class.|, Bo-Bropsix, s kaxaoro nojs fld kimacca classcmorput na BT-3Hauenue
storo nons B BT-kmacce btClasS Eciu BT-3nauenue D, To co3maercs HOBas Jio-
KallbHas TepeMEeHHas OCTATOYHON MporpaMMsl Vaky ™, a ykasatens Ha 3TO Tone
(object, field)3anocutcs B oToOpakenue ptr2varu cBs3bIBA€TCSA C HOBOM JIOKAJIb-
HOI1 TIepeMeHHOI Valky”"*.

Ipu crneupanu3anuy HHCTpyKHH NeWArray' renepaTop ocTaTOUYHOI mpo-
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rpaMMBI, Kak ¥ B ciydae nuctpykimn NewObject, Bo-niepBbIx, BbIMONHSET 3Ty HH-
CTPYKIIHMIO M CO3/aeT MAacCUB arrayc snemeHtamu tuma type. W, Bo-BTOphIX, i
KaXJIOTO MHJCKCA JJIEMEHTa MAacCHBa | 3aBOJUTCS HOBAs JIOKAJIbHAs MEpeMEHHas

type
o

OCTATOYHOM MporpamMmsbl Va a yKaszaTellb Ha 3TOT dJieMeHT (array, i)3aHocurcs

B 0TOOpakeHHe PLr2varu cBsI3bIBAeTCS ¢ HOBOM JTOKANBHOM epeMeHHoit var”Pe,

HNucTpykuum gocryna

Ecnu uncTpykums goctymna pa3meueHa X, To oHa oOpamaercs k D-nomo S-
o0bekTa, D-anmementy S-maccuBa nin k D JokaibHO# epeMEeHHON HCXOTHOTO Me-
tona. ['enepaTop ocrarouHo# nporpamMmbl Bce D-mosis S-00bekToB, D-31eMeHThl S-
MaccuBOB Wi D nokanbHble TIEpeMEHHBIE UCXOJHOTO MeToza mpeoldpa3yeT B JO-
KaJbHbIE NEPEMEHHBIE OCTATOYHOro Metozaa. 1loaTomMy Takue MHCTPYKUUHU MPeoo-
pa3yroTcs B Ollepalyy JOCTyNa K JIOKAIbHON IEPEMEHHOM OCTaTOYHOIO METO/IA.

HNuctpykunu LoadVaru StoreVarauraror u 3anuchiBarOT B JIOKATBHYIO Tie-
PEMEHHYIO MCXOJHOW IPOrpaMMbl. OTH MHCTPYKLUHU 3aMEHSIOTCS MHCTPYKLUSMU
LoadVarunu StoreVar,cooTBETCTBEHHO, [UIsi TIEPEMEHHON OCTATOYHOH MpOTpam-

Mol (puc. 28, 29).Ota nepeMeHHas ONPeaeseTCs M0 MepeMEHHON UCXOAHON TIpo-

rpamMMBbl U oTOOpakeHuto ptr2var.

btProgr,, LoadVar var : (state, ptr2vas»
((state, ptr2var), [LoadVar ptr2var(var)])

Puc. 28.IIpasuio crnenuanu3anuy nHeTpykunn LoadVar var.

btProgr,, StoreVaf var : (state, ptr2var)»
((state, ptr2var), [StoreVar ptr2var(var)])

Puc. 29.11paBuno cnenuanu3anuy HHCTPYKIIUH StoreVaf var.

HNuctpykumnu LoadFieldu StoreFieldanraror u 3anuceiBaroT B mmosie 00beK-
Ta 3Ha4yeHue. [lone 3amaercs B mapamerpe MHCTPYKLUHU, @ OOBEKT — B OIepaHjie
UHCTPYKIIMA HA cTeke. [[oAToMy reHepaTop OCTaTOYHOW MPOrpaMMBbI YUTAET CO
CTEeKa CChUIKY Ha 00BEKT Objectu B octarounyro mporpammy g00aBisieT HHCTPYK-
muio LoadVarumu StoreVar,cooTBeTCTBEHHO, /IS MEPEMEHHONW OCTaTOYHOM ITPo-

rpaMMbl, OTMPEIEJICHHON MO YKa3aTelllo Ha Mojie 00beKTa U oToOpakeHuro ptr2var
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(puc. 30, 31).

btProgrpg LoadField fld : ((oref::stack, env, heap), ptr2van
(((stack, env, heap), ptr2var), [LoadVar ptr2vaefpfld)])

Puc. 30.IIpasuio cnennanmsauny nrctpykuun LoadField fld.

btProg-rpg StoreField fld : ((oref::stack, env, heap), ptr2vas)
(((stack, env, heap), ptr2var), [StoreVar ptr2ves{ofld)])

Puc. 31.1IpaBuio crenuann3anud HHCTPYKIIUN StoreField fld.

Huctpykunu LoadElementu StoreElementinrator u 3anuchBaoOT B 3Jie-
MeHT maccuBa. CchlIka Ha MAacCMB M HOMEp JJIEMEHTa MAacCHBa 3aJal0TCS B OIle-
paHJaX MHCTPYKIIMU Ha cTeke. [103ToMy reHepaTop OCTaTOYHOMN MpPOrpaMMbl YUTA-
€T CO CTeKa HOMED DJIEMEHTA U CCHUIKY Ha MAaCCHB, a2 B OCTATOYHYIO IIPOTPAMMY J10-
Oapisser uHCTpyKImio LoadVarunmu StoreVar,cooTBeTcTBeHHO, I IIePEeMEHHOM
OCTaTOYHOUW MPOTPAMMBI, ONPEACICHHON MO YKa3aTell Ha JJIEMEHT MacCHBa M

otoOpaxenwuro ptr2var puc. 32, 33).

btProgrryg LoadElemerit : (n::aref::stack, env, heap, ptr2vas)
(((stack, env, heap), ptr2var), [LoadVar ptr2vae{an)])

Puc. 32.1IpaBuio cnenuanu3anun uacTpyKiuu Load Element.

btProgryg StoreElement: (n::aref::stack, env, heap, ptr2vas)
(((stack, env, heap), ptr2var), [StoreVar ptr2vaafan)])

Puc. 33.IIpasuio crnenuanu3anuy nHeTpykunn StoreElemerit

Uncrpyxuus Lifting”®

WNuctpykuus Lifting mepeHoCHT MpUMUTHBHOE JaHHOE U3 COCTOSIHUS TeHE-
paropa OCTaTOYHOH MPOrpaMMbl B OCTATOYHYIO porpammy. OHa YhTaeT 3HaYCHHUE,
pAacIoOKEHHOE Ha BEPIIMHE CTeKa, U TeHEPUPYET HHCTPYKIIMIO 3arpy3KH KOHCTaH-

TBI HA CTEK, B KAYECTBE KOHCTAHTHI BHICTYIIAET UCXOAHOE 3HaueHue (puc. 34).

btProgr, Lifting” : ((val::stack, env, heap), ptr2vag
(((stack, env, heap), ptr2var), [LoadConst val])

Puc. 34.IIpasuio cnenpanmsanun nHeTpykimu Lifting™.
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7. 3akJovenue
B pabote onucan reHepaTop octaTrodHOM porpammsbl 11 s3eika SOOL. 1o
KOPPEKTHOW pa3MEUeHHOUN porpaMMe 1 3HAYCHHSIM SAIepEMEHHBIX, OH CTPOUT pe-
3yJNbTAT Crienuanu3aui. MOoXHO MOKa3aTh, YTO MPHU yCIOBUH KOPPEKTHOCTU pas-
MEYEHHOU MPOTpamMMBbl, pe3yiIbTaT CIESIUATU3AINH TakKe OyJeT KOPPEKTEH.
Ha ocHOBe ommcaHHBIX TTpaBUII MMOCTPOSH TEHEPATOP OCTATOYHOU Mporpam-

Mol [KIIMmO6] mns si3pika SOOL [KIimO8c] koTopsiit ucmonb3yercs B crienuain3a-

tope CILPE [Chep03,Klim08b}us murardhopmer Microsoft .NET [CIL, MS.NET].
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