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BBenenue

I/ICTOpI/I‘{eCKI/Ie KOPpHU 1 OCHOBHbBIC NJEn

B.®.Typuun. Kparkas nayunas omorpaduieckas clipaBKa.

MST: obmas Teopust spotonun B.D. Typunna. KpanT sBosirorun, od1mme 4epThl MeTacu-
CTeM U METaCHCTEMHBIX 1IePEeX0J0B, ITPENOChIIKA HeorpaHndeHHoi 9BOIIONNN, CUCTEMBI C
HeorpaHNUEeHHBIMI BOBMOYKHOCTSIMI Pa3BUBATHLCA W CUCTEMBI, OOpedeHHbIe YKUTh 0e3 pas-
BUTHSI. ..

OcHoBHas1 njest: 4TOObI 00ECIeYUTh SBOJIIOIUI0 B MUPE IPOTPAMM HCIOJIL3YEM TEOPUIO
sposiorun B.D. Typunna B mporpamvupoBannu. Pe3ynibrar: MeTaBbIYACJIEHUS .

O011e 9epThl MeTalpPOrpaMM.
[Tpocreitiue npunvepbl MeTaCHCTEMHBIX Tiepexoj10B (1poexinn Oyramypoi-Typuunna).

bosee cioxKabIe MeTaCUCTEMbI, MHOTOYPOBHEBLIE METACUCTEMBI, 00JIee CI0YKHBIE TPUMEDDI
METACUCTEMHBIX MePeX0I0B (IIPOEKINH JIJIsT HeCTAHIAPTHBIX CeMaHTHK ).
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MeTaBbIdIC/IeHAS: pas/iesl POrpaMMUPOBAHNs, MOCBANICHHBI paspaboTKe MeTOJ0B
aHAII3a 1 TPe0OPA30BAHMUST TPOTPAMM 3a CUeT Pean3aun KOHCTPYKTUBHBIX METACUCTEM (Me-
TAIpoOrpaMM) HaJl IporpaMMmaMit. IIporpamMMbl B METaBBIUHCICHUSIX PACCMATPUBAIOTCSI Kak
00BeKm AHATI3A 11/ MK TPe0OPA3OBAHUS.

BbazoBrbie naen:

® [IpUMMEHEHNE TECOPUN METaCUCTEM NI METACUCTEMHDBLIX ITEPEXOJI0B;

® NPOUCCC-OPUEHMUPOBAHHLT N0dTrod K TOCTPOCHUIO METOJ0B aHasn3a U Ipeodpa3soBaHus]
IporpaMM—paspadoTKa MeTaporpaMM M, KoTopsle “HabII0IA0T 34 Npoueccaml, BbIUIC-
JIEHVsT ICXO/THOM TIPOrpaMMBbI P (Ha OJIMHOYHBIX JIAHHBIX d, Ha Kjaccax JaHHbIX C) 1 yrpas-
JISTIOT 9TUMU IIPOIecCaMu.

e (dukcanmusd g3blKa peajnsauu R—Ha HeM J0/KHBI ObITH HallMCAHbI BCe ITPOTrpaMMbl P, K
KOTOPBIM OYIyT TPUMEHSTHCS METAIIPOTPAMMBI;

® cCJTII HEKOTOpast MeTalporpammva M Halmcata Ha R, TO K Hell mpuMeHnMa OHa cama (CaMo-
ITPUMEHUMOCTD) WJIN JIPYTHE MeTAIPOrPpaMMbl—METACHCTEMHAST JIECTHHTIA.
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ITenn: peasnnsalius CpeJcTB aHaIl3a IPOIPAMM 1 CPEACTB BLIIOJHeHNA IpeodbpasoBaHuii
nporpaMm: (1) 9KBHBAJEHTHBIX 1TpeobpazoBaHuii /onTuMusaliuii u (2) mocTpoeHnst HOBBIX MPO-
rpaMM, (QYHKINNA KOTOPBIX CJI0ZKHBIM 00Pa30M OLPeIe/IsoTed Yepes (DYHKINN UCXOAHBIX [IPO-
IPAMM.

AKTyaJIbHOCTb IPo0JIeMbl

B.®.Typuun “Penomen HayKu':

o Memod COGpeJ\/LeHHOiZ HAYKU NO CBOEMY CYWECTEY €CMb HUYIMO UHOE, Kak NOCIMPOEHUE
{ﬁOp./\/LCL/LbH?)LfE AUH2EUCTNUYECKUL MOJenel USYHAEMDLT AsAeHU .

o (Ouepednoti waez passumus AUH26UCTUYECKO020 MOJEAUPOBAHUA, MO eCMb 04epedHotl Me-
macucmemmvili nepexod 6 26040UUY HAYKU—UCTOALI0BAHUE KOMNDIOMEPOS 8 NPOUECCE NO-
CMPOEHUA POPMANLHULT AUH2BUCTUYECKUT Modeaetl. T amo moorcem bvimb cdeaano npu
NOMOWL UCNOAL3O0BAHUA MEMOD0E MEMAGHLYUUCAEHUT.

CerojHsiIHNue pe3y/abTaThl YOeyK1aloT, YTO JlaHHasl POJIb METaBbIYMCICHUN J1eICTBUTEIEHO MO-
YKeT OBITH OCYIIECTBJICHA Ha IPaKTUKe NP YCI0BUN
= JaJIbHEMIIIEro pa3BUTUA METOL0B METaBbIUNCIEHUI 1 METOA0B UX IPUMEHEHMS.

B obnacTu nporpaMMupoBaHus pedb UIeT O CO3JaHUN MOIIHBIX CPEJICTB aBTOMATIIECKOTO
aHaJIM3a 1 npeodpasoBaHuil NporpaMM U MeTOB IPUMEHEHUs STUX CPeJICTB.
= ABToMarm3anmus IporpaMMuUpoBaHusd, odoecnedenune HagexxHoctu 110.



4

CTpemMieHne K CKOpEHIIeMy 3aBepIIcHII0 CO3JaHus TCOPUN CYNEPKOMITIISIINNA 1 ITPAKTH-
YECKON peasiuzaliui CyIepKOMIIMIATOPA IPUBEJIO K TOMY, YTO HEKOTOPbIC OHATUA U METO/IbI
MeTaBbIYMCIECHUIT, HEKOTOPbIE BOIPOCHI MPUMEHEHUS METaBbIYMCACHUIT B IPOrpaMMUPOBAHUN
ObL/IM HEJIOCTATOYHO IIOJIHO Pa3BUTHI, UCCACOBAHBI, 000CHOBAHDLI U N3JI02KCHDI.
= Jlo cux nop akTyaJbHad 3ajdada—3aKpPbITh JaHHBI IIpooOeI.

BJmm3kne TexHo/I0rni—4acTUIHOEe BBIIOJIHEHNe, jlepopecTallsd, paciinpertast gedopecTa-
1111, 000DIIEHHBIE YACTUUHbBIE BBIUNCIEHUS—YNPOUEHUA CYNEPKOMNUAAUUL .
= HceaejoBarenn, paHee 3aHUMAIONIeCs JAHHBIMI HaIIPABJIEHUSIMHU, ITPOSABJLIOT BCE
OoJIbIINIT MHTEPEC K METAaBBLIUNCJICHISIM.



CrpykTypa Kypca

O06J1acTh BO3MOKHBIX
HOBBIX UCCJIeI0OBAHMI

MeTtoabl Hpuniaoxenus

ba3oBrbie - .
\ MeTaBBIYHC/ICHUI METABBIYMCJICHU N

NNOHATHUA U METOABbI

“\| MeTaBbIYUCIEHUI - TN
4 HNHuble MeTOabI : int, SR, ptr I/ Cynep- H \
e NS \\ Komdmasums PUIOKEHUSA 2
. R scp | CynepKOMIIM/ISIUH, |
Hubie R — /:;j// NS " /. BTOMYHCIE
. TIPWIIOJKEHUsT T 7 N T~ A
s N \
P ;o s N\ \ cneumaiusanmus |
/. Unsepcnoe RN . nporpamMmm /
/ 1 BbIUHUCJICHUE | OerCTHOCTHLIH ] e ___ o
N aHaJIN3 y _ =\
/ ura N
4 HNuBepcHoe OxpecTHOCTHOE

\\\nporpaManOBaHue/ . TeCTHpoBanue /[
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[1] C.A0pamoB ""MeTaBblYHMCJICHUS U UX IPUMEHeHus "
[2] JI.ITo3sieBuy '""MeTaBbI4uC/ICHUS M UX IpUMeHeHus. CynepromMnuiasauus'



I'maBa 1. A3pik peannzamnm: TSG

e [Ipeamernas obyacTsb D:
D = (ATOM Atoms) | (CONS D D)

e Cunrakcuc TSG: mmockuit (pyHKIMOHAIBHBIN S3bIK, TUIIN3UPOBaHHbIE ITPOTPAMMHBIE TIe-
pEMEHHBIE, JIBa BUJIA YCJIOBUIL:

— (EQA? a-exp; a-exps);
— (CONS? e-exp e.i e.j a.k).

e [Ipumep mporpaMmbl (IIpOBepKa BXOXK/IEHUS OJIHOM CTPOKH B JIPYTYIO);
o Cemantuka TSG—upeabasien Gofer-tekeT nunrepupeTaTopa int.
o (Cocmosanue s; BEITUCIEHUS TPOrpaMMbl p HaJl JanasiMu d: (term, env);

e [Ipouecc process(p,d) BbIUNCIEHNs TPOTPAMMBI p HaJT TaHHBIMI d—T10C/I€/I0BATE/IHLHOCT
[IEPEXO/I0B OT OJIHOI'O COCTOAHUS BBIUYUCICHUA TPOIPAMMBL P K JPYTIOMY;

p d r

pd=r i) )
process(p,d) = s8¢ = s8] = ... = 8,
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o Tpacca tr(p,d) evivucsenus TporpaMMbl p HaJ JAHHBIMU d—110C/I€I0BaATE/ILHOCTD 3Hade-
nuii (st TSG 910 orngeckne 3uadenus: TRUE n FALSE), onuchIBAIONINX, KAKIE BADUAHTHI
POJIOJIZKeHNs (KaKie BEeTBU B KOHCTPYKIHMSIX BETBJICHNsT) N30MPAJINCH B ITPOIECCe BBHITNC-
JeHus p HaJi d B Te MOMEHTBI BEIYUCICHUS, KOT/Ia B IPUHITUIE OBLIN BO3MOYKHBI PA3/INUHbIe
BapruaHThI IIPOJIOJIZKCHUA BbIYNCICHUA.

tr(p,d) = [ by, by, ...1, nie b;e{TRUE, FALSE}

Dukcalus g3bIKa peajan3alii AJIs KOHKPETHOCTH M3JI0yKEeHUs, TOYHOCTH IOCTPOEHUI u
obocHoBaHMil. Bee mocTpoeHnsd u paccy»KaeHus MOTYT ObITh HOBTOPEHLI U JJIsI JIIOOOr0 JIpy-
TOro I3bIKa pPeajn3alliil O CBOHCTBAMU: @A20PUMMUNECKAA NOAHOMA N TIPpeIMeTHass 00J1acTh
SI3BIKA, IOCTPOEHA TIPU TTOMOIII HEKOTOPOro ajihaBuTa aTOMOB I KOHEUHOIO HADOPa JHCeCKUL
KOHCTPYKTOPOB.



1.1 Cunarakcuc nporpamMm Ha g3biKe TSG

prog ::= [ defy,...,def, | --n>1
def ::= (DEFINE fmame [ parmy,...,parm, 1 term ) -- n>0
term ::= (ALT cond termy terms )
| (CALL fname [ argy,...,arg, 1 ) -- n>0
| e-exp
cond ::= (EQA’ a-exp; a-expo )

| (CONS’ e-exp e-vari e-varo, a-var )

a-exp ::= a-val | a-var

e-exp ::= a-val | a-var | e-var | (CONS e-exp; e-exps )
parm ::= a-var | e-var

arg = a-exp | e-exp

a-var ::= (PVA name )

e-var ::= (PVE name )



1.2 IIporpamma npoBepkHu BXOXK/JI€HUS OJHOIl CTPOKH B JAPYTYIO

match = [ (DEFINE "Match"[e.substr,e.string]
(CALL "CheckPos"[e.substr,e.string,e.substr,e.string])),
(DEFINE "CheckPos"[e.subs,e.str,e.substring,e.string]
(ALT (CONS’ e.subs e.subs-head e.subs-tail a._)
(ALT (CONS’ e.subs-head e._ e._ a.subs-head)
"FAILURE
(ALT (CONS’ e.str e.str-head e.str-tail a._)
(ALT (CONS’ e.str-head e._ e._ a.str-head)
"FAILURE
(ALT (EQA’ a.subs-head a.str-head)
(CALL "CheckPos'"[e.subs-tail,e.str-tail,
e.substring,e.string])
(CALL "NextPos"[e.substring,e.string])))
’FAILURE))
’SUCCESS)) ,
(DEFINE "NextPos'"[e.substring,e.string]
(ALT (CONS’ e.string e._ e.string-tail a._)
(CALL "Match"[e.substring,e.string-taill])

'FAILURE)) ]
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1.3 BcnomorarejbHble PYHKINN JJIsd int

e getDef fname prog — B IporpamMmMe prog HaxOIUT onpejenenne (PyHKIUN ¢ UMEHEeM
fname.

e mkEnv vars vals — mocTpoeHue cpejbl 1o CIUCKY IePEeMEeHHBIX Vars U CIHICKY 3HadeHNi
vals. [Ipumep:

mkEnv [a.x, a.y, e.z, e.u]l [’A, ’B, (CONS ’D ’E), ’F ] ==
[ a.x:=’A, a.y:=’B, e.z:=(CONS ’D ’E), e.u:="F ]

e £t /. env — 3aMeHa B t BXOXKJEHUII IepEeMEHHBIX Ha UX 3HAUYCHUS 13 env. [Ipumep:

(CONS (CONS a.x e.z) a.y)/.[la.x:="A,a.y:="B,e.z:="C] ==
(CONS (CONS ’A °C) ’B)

e env +.env’ — OOHOBJICHHE cpedbl env cpenoit env’. ITpumep:

[a.x:="A,a.y:="B,e.z:="C]+.[e.z:=(CONS ’D ’E),e.u:="F] ==
[e.z:=(CONS ’D ’E),e.u:="F,a.x:="A,a.y:="B]



1.4 Wnarepnperarop si3bika TSG (1/2)

int ::

int

eval ::

eval

eval

eval

ProgR -> [EVal] -> EVal
pd =eval sp
where (DEFINE f prms _) : p’ =p

e = mkEnv prms d
s = ((CALL f prms), e)

State -> ProgR -> EVal

sO((CALL f args), e) p = eval s’ p

where DEFINE _ prms t’ = getDef f p
e’ = mkEnv prms (args/.e)
s’ = (%2,e?)

s@((ALT ¢ t1 t2), e) p = case cond c e of
TRUE ue -> eval (tl,et+.ue) p
FALSE ue -> eval (t2,e+.ue) p

s@(exp,e) p = exp/.e

11
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1.5 Wurepuperarop sizbika TSG (2/2 @yukius cond)
data CondRes = TRUE Env | FALSE Env

cond :: Cond -> Env -> CondRes
cond (EQA’ x y) e = let x’ =x/.e; y’ =y/.e in
case (x’, y’) of
(ATOM a, ATOM b) | a==b -> TRUE [ ]
(ATOM a, ATOM b) -> FALSE[ ]

cond (CONS’ x vh vt va) e = let x’ = x/.e in
case x’ of
CONS h t ->TRUE [vh:=h,vt:=t]
ATOM a ->FALSE [va:=x"’
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I'maBa 2. IlpejacraBiieHne MHOXKECTB

“Tpaduvuonroe” s aswxa TSG
2n + 1, rne n > 0 (CONS A.1 £.2, RESTRLA.1:#:’A])
(5cos,5sing), rae 0 < ¢ < 7 (CONS A.1 A.2, RESTR[A.1:#:4.2])

BBogsTes cpeicTBa KOHCTPYKTUBHOIO IIPEACTABICHUST MHOXKECTB JIJIs s13biKa, 1'SG, mnccite-
JIYI0TCsL 1 0OOCHOBBIBAIOTCS X CBONCTBA.

o Kongueypayuonnvie iepeMernble (c-nepemertuie), TByxX TUIoB (jst s3bika TSG):
A.index. €. index.

o PeCTpI/IKLH/H/I—CI/ICTeMbI HEPABCHCTB, 3a/al0IINX JOIIOJIHUTE/IbHBIC OI'PaHWYCHWA Ha JOIIY-
CTUMBbIC SHa4YCHUA Ca-1IEPEMEHHDBIX.

e SR-Boipaskenne (cx,rs) npejcrapisieT MHOXKECTBO <CX,TS>:
<cx,rs> = { cx/.s | s€FVS(cx,rs) }

rjie s—Io0jicTaHoBKa, (/.)—omepalius NpUMeHeHUs MOJCTaHOBKH S K CX,
FVS (cx,rs) —MHOXKECTBO MOJIHBIX JIONYCTUMBIX JIJId (CX,TS) I0JICTAHOBOK.

e YacTHble ciaydan SR-BeIparkeHuit: K.aaccol U L-KAaccoi—IpeICTaBISIIOT MHOYKECTBa, JIaHHbIX
si3bIka 1SG; Kongueypayuu—TIpeacTaBasdioT MHOXKECTBa COCTOsIHMIT BbluncaeHus 1SG-
IIPOIPaMM HaJ| JaHHBIMU U T.II.
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HO&CW&HOS%U—AHH IIOJIYHICEHUA 9JIEMEHTOB IIPEACTAaB/JICHHOI'O MHOZKECTBaA 1N IJIAd CY2KCHM S
MHOZKECTB.

Cyotcenua—rmbo ToJICTaHOBKA, JTMOO PeCTPUKIMS (JIOMOJHEHNe K NMEIOIUMCS OrpaHie-
HUSIM HA 3HAYEHUST C-TIEPEMEHHBIX ).

Cynepnoszuyus Jijist 10JICTAHOBOK (CYyyKeHMUil ).

Pasbuenue—tapa (cy,Co) d7IeMEHTAPHBIX CYXKEHUIL:
<sr/.c;>C<sr>, <sr/.c1>U<sr/.cy>=<sr>, <sr/.c;>N<sr/.cy>=().

Omnepanng unify omoowcdecmenenua 06yr cnuckos c-6uiparcernu;

Ommnowenue (X) yacmuuroz20 nopadka Ha MHOXKecTBe SR-BbIpaskKeHnil: sT1=8ry, €C/I ST

ABJIACTCA PE3YJIBTATOM BBIIOJHECHUA HEKOTOPOTO YUC/Ia CYZKEHU STo, IIPU 3TOM BBIITOJTHEHO
<sr;>C<sro>.

Kanonuveckas gopma (canon C) sanucu xaacca C 1 ero cBoiicTna:

(a) <canon C>=<C>;

(b) muoxkectBo { canon C* | C=XC* } xanonuueckux hopMm HaJIKIACCOB Kjacca C—Ko-
HeuHo JuIst Jir0boro kiacca C.



2.1 KondurypainmnoHHuble repeMeHHbIe, C-BbIPa>KeHU

ca-var .= (CVA c-wvar-name)
ce-var = (CVE c-var-name)
c-var-name ::= nteger
ca-expr = a-val

| ca-var
ce-expr ca-expr

| ce-wvar

| (CONS ce-expr| ce-exprs)
A . 1ndex—cokpamenne g (CVA index), €. index—cokpamenne s (CVE 2ndex).
2.2 (C-cBsi3u, c-cpebl, C-COCTOSHISI

COCTOSIHUE: (t, [var;:=valy ,...,var,:=val, 1)
obobmennoe cocrognne: (t, [vary:=cexpi,...,var,:=cexp,l)

15



2.3 HepaBeHcTBa, pecTpUKIUN C-IIepeMEHHBIX

restr ::= INCONSISTENT
| RESTR [ imneqq,...,ineq,] -- n >0
ineq .= Ca-expr.#:ca-expr

HacTHble ciiydan HEPaBEHCTB: NPOMuUBoOpeYLe, Mmasmon02Us.

1sContradiction, 1isTautology :: Inkq -> Bool
isContradiction  (left  :=/=: right) = (left == right)
isTautology (ATOM a :=/=: ATOM b) = (a /= b)
isTautology (left :=/=: right) = False
cleanRestr :: Restr -> Restr

cleanRestr INCONSISTENT = INCONSISTENT
cleanRestr (RESTR ineqs) = INCONSISTENT, if any isContradiction inegs
cleanRestr (RESTR ineqgs) = RESTR (nub(filter (not.isTautology) inegs))



2.4 C-KOHCTPYKIIUU

>atom

cvar
(CONS ce; cey)

[cey,...,ce,]
pvar:=ce
[cbindy, ..., cbind,]

(term, cenv)

Ce — C-6ulpasrnceHuc

Ces — CNUCok c-sbipacrceruil
cbind — c-c643b
cenv — c-cpeda

cst — c-cocmoAHrue

SR-basa

CX

cei:#:ceo
[ineqi, . .., 1ineq,]

RESTR 1negs
INCONSISTENT

ineq — HEPABGEHCTNGO

ineqs — CNUCOKk HEPAGEHCING

rs — PECMPUKUUA

(cx,rs)

SR-evipastceriue

17
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2.5 cvars

151 0001 ¢-KOHCTPYKIINK CX CIICOK C-IIEPEMEHHBIX, BXOISAIINX B CX, MBI OyJIeM 0003Ha-
JaTh cvars cx. HemocpejcTBeHHo m3 onpegeeHns cuHTakcuca SR-0a3 cieayer, 9To ecian B
SR-0a3e HeT HM OJIHOI c-TIepeMeHHOI, TO OHa SBJISIETCS COOTBETCTBYIOMINM OOBEKTOM $3bIKA

TSG.

class CVARS a where cvars :: a -> [CExp]

instance CVARS CExp where

cvars (ATOM _ ) = []

cvars cvar@(CVA _) = [cvar]

cvars cvar@(CVE _) = [cvar]

cvars (CONS h t) = nub ((cvars h)++(cvars t))

instance CVARS CBind where
cvars (pvar := cx) = cvars cx

instance CVARS InEkEq where
cvars (ax :=/=: bx) = nub ((cvars ax)++(cvars bx))
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instance CVARS Restr where
cvars INCONSISTENT = []
cvars (RESTR ineqs) = cvars inegs

instance (CVARS a, CVARS b) => CVARS (a, b) where
cvars (ax, bx) = nub ((cvars ax)++(cvars bx))

instance CVARS c => CVARS [c] where
cvars CXs = nub (concat (map (cvars) cxs))

2.6 IloacranoBknu

subst .= [ c-sbindy,...,c-sbind,, 1 -- n>0

c-sbind ::= ca-var :-> ca-expr
| ce-var :-> ce-expr

CImcoK Bcex C-TIePEMEHHBIX, KOTOPBIM subst cTaBUT B COOTBETCTBUE HEKOTOpOEe 3HadYeHUe:
dom subst

dom :: Subst -> [CExp]
dom subst = [ cvar | (cvar :-> _ ) <- subst ]



2.7 llpumenenue 1oJACTaHOBKU

instance APPLY CExp Subst where

(ATOM a) /.s = ATOM a

(CONS h t)/.s = CONS (h/.s) (t/.s)

cvar /.s = cvar, if cvar ‘notElem‘ dom s

cvar /.s = head[ cexp | (cv:->cexp) <- s, cv==cvar ]

instance APPLY InkEq WSubst where
(1:=/=:r) /. subst = (1/.subst) :=/=: (r/.subst)

instance APPLY CBind Subst where
(pvar := cexpr) /. subst = pvar := (cexpr/.subst)

instance APPLY a subst => APPLY [a] subst where
cxs /. subst = map (/.subst) cxs

instance (APPLY a subst, APPLY b subst) => APPLY (a,b) subst where
(ax,bx) /. subst = ( (ax/.subst) , (bx/.subst) )



instance APPLY Restr Subst where
INCONSISTENT /. subst= INCONSISTENT
(RESTR ineqs) /. subst= cleanRestr(RESTR(ineqs/.subst))

ITpumep 1
PaccMoTpuM npuMeHeHus] 0ACTaHOBOK K pecTpukinun. I1ycTs:

ineqs = [ A.2:#: A.1, A.2:#:°C, A.3:#:°A]
rs = RESTR 1negs

subst; = [ A.1:->°A, A4.2:->A4.3 ]

substy, = [ A4.1:->’B, A.3:->’B ]

substy = [ A.2:>A4.1, A.3:->’A ]

TOFIL&7 6}4&61\4 NMETDH CJICAVIOIINE PE3YJ/IbTATbl IIPUMEHEHNA ITOICTaHOBOK!

ings /. subst; = [A.3:#:°A, A.3:#:°C, A.3:#:’A]
rs /. subst; = RESTR [A.3:#:’A, A.3:#:°C]

ings /. substy = [A.2:#:’B, A.2:#:°C, ’B:#:’A]
rs /. subste = RESTR [A.2:#:°B, A.2:#:°C]

ings /. substy = [A.1:#4:A.1, A.1:#:°C, *A:#:’A]
rs /. substy = INCONSISTENT
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2.8 (CBoiicTBa IIOJACTAHOBOK
® I[10JICTAHOBKA COXpaHsieT “a- U “e-'TUIl C-BhIPArKEHUSI;

® 110/ICTAHOBKA COXPAHSAET BUJI C-KOHCTPYKIMN (Ca-BbIpaykKeHne, ce-BbIpayKeHue, CIHCOK C-
BbIpayKeHUil JJIMHBI N, C-CBA3b, C-Cpejla, C-COCTOsIHIE, HEPaBEHCTBO, IPOTUBOPEYNE, TaBTO-
JIOTHS, CIIMCOK HEPABEHCTB JTMHBI 1, PECTPUKIHsI, SR-BhIpaskeHue. );

® 110JIHAST T10/ICTAHOBKa MPUBOIUT SR-0a3y (ca-BbIpaskeHue, ce-BbIpayKeHUe, CIHCOK C-Bbl-
payKeHuii JUIMHBI 7, C-CBSA3b, C-CPEJIa, C-COCTOsIHME) K 3HAUEHUIO COOTBECTBYIOIIETO BHJIA
(a-3HAUEHNE, e-3HAUEHNE, CIIICOK 3HAYEHUH JIJTMHBI 1, CBSI3b, CPEJIa, COCTOSTHNUE);

® B CIJIY “YKECTKOCTH KOHCTPYKTOPOB, IPHU IOMOIIM KOTOPBIX U3 aTOMOB M C-IIePEeMEHHBIX
KOHCTPYUPYI0TCa SR-0a3b1, BHIIIOJIHEHO:

YT1BepxkaeHue 1
Ecin cx—SR-6a3a, 81, 81—110/IcTAHOBKHU, TO CX/ .81==CX/ .89 TOI'/Ia 1 TOJILKO TOI'JIa, KOTJla
JIJIsT JIFOOOM C-TIepeMEeHHOI CV U3 CX BBIIOJIHEHO CV/ .81==cV/ .8y

(cx/.s1==cx/.89) <+— A (cv/.s1==cv/.s9)
cvecvars cXx
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2.9 OroxecTBjIeHNE C-BbIpaXKeHUIA

Anroputm oToxKJecTBiaeHNd unify mo naByM crimckaMm c-BblpaskeHuit cesl m ces2 cTpouT
CJEIVIONUIT pe3yabTaT:

1. (False, [])—eciu He cyliecTByeT M0JCTAHOBKU S Takoii, uTo cesl/.s=ces2.

2. (True, S)——eQHH(BHHGCTByeTTHMQMIHOACT&HOBK&.FHHISTOM,S-*HOACT&HOBK&,T&K&H,QTO
cesl/.s=ces?2 u dom s=cvars cesl.

type UnifRes = (Bool, Subst)
fail = (False, []) :: UnifRes

unify :: CExps -> CExps -> UnifRes
unify cesl ces?2
| (length cesl) /= (length ces2) = fail
| otherwise = unify’ [ ] chs
where chs = zipWith(\a b->(a:=:b))cesl ces?2

unify’ :: Clashes -> Clashes -> UnifRes
unify’ rchs [] = (True, subst)
where subst = (map (\(a:=:b)->(a:->b)) rchs)



unify’ rchs chs@(ch:chs’) =

case ch of
ATOM a
ATOM a
cvar@(CVA
cvar@(CVA
cvar@(CVA
cvar@Q(CVE
CONS al bl

CONS al bl

moveCl: :

_):
_):
_):
)

'ATOM b | a==b ->
L cex

->

:caexQ@(ATOM _) ->
:caexQ(CVA _) -
s cex ->
:cex >
:CONS a2 b2 ->
:cex >

unify’ rchs
fail
moveCl rchs
moveCl rchs
fail
moveCl rchs
unify’ rchs
where p=[al
fail

Clashes -> Clashes -> UnifRes

moveCl rchs chs@(ch@(cvar:=:cexp):chs’) =
case [y | (x:=:y)<-rchs, x==cvar ] of
-> unify’ (ch:rchs) chs’

[ ]
[y]
N

| y==cexp
| otherwise -> fail

-> unify’ rchs

chs’

chs
chs

chs

(pt+chs”’)
'=:a2,bl:=:b2]

chs’

24
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2.10 IlIpexncraBiisieMmoe MHO>KECTBO

Omnpeaenennue 1

[Iycrs se=(cx,rs)—SR-Boipazkenne. MHOKECTBO IOJIHBIX JONYCTUMBIX JIJIsl S€ I10J[CTaHO-
BOK obozHauuM udepes FVS(se)=FVS(cx,rs).

Bynem ncnonb3oBaTh se 1 IPeAcTaBICHIS MHOZKECTBA CUHTAKCHICCKIX 00BHEKTOB SA3bI-
Ka TSG. 910 MHOXKecTBO Oyzem obo3HadaTh <se> n <cx,rs>. OnpegeauM 3TO MHOXKECTBO
CIeAYIONIUM 00pa3OM:

<gse> = <cx,rs> = { cx/.s | s€FVS(cx,rs) }
[ Ipumepnr:
e (£.1, RESTR[])
o (A.1, RESTR[])
e <(CONS ’A £.1), RESTR[])>
e <(CONS A.1 £.2), RESTR [A.1:#:A]>

e [[ycth ecEVal, sngl(e) = (e, RESTR []). Torna, <e,RESTR[]>—onnos1eMeHTHOE MHO-
»KectBo: <e, RESTR [1> = {e}.

o [Iycrn ce—mobaa SR-6a3a. Torga, <ce, INCONSISTENT>=().
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2.11 Kiaaccsr nu L-kaaccel

Onpenenenue 2

[Iyctb cx—SR-0asza. byjnem HasbBaTh cX AuMeliHOll, ecJii B CX HET Ce-lIePeMEeHHBIX,
MMEIONUX [TOBTOPHBIE BXOXKJEeHUsl B CX. .JIuHeliHble c-BhIpakeHusi OyjeM HasblBaTh Lc-
BULPANCEHUAMU, TUHEIHDIE CIINCKY C-BhIPasKeHuit OyjieM Ha3bIBATh L-Ccnuckamu c-8uipartcerull.

Omnpenesienne 3

[IycTh ces—cmmcok c-Bolpaykenuil, rs—pecrpukius. Torna C=(ces,rs) OyjueMm Ha3bIBaThH
xaaccom. Ecmm ces—L-cnucok c-Beipazkenuit, 1o kjaacc C=(ces,rs) Oyjem HasbBaTh L-
KAACCOM.

Kaccr!l ncnoib3yrorest Jisl n300parkeHns MHOYKECTB BXOJIHBIX JaHHbIX T'SG-mporpamu.

IIpumep 2
Paccemorpum Kiacc:

C=(C [A.1, (CONS £€.2 A.3) ], RESTR[A.1:#:.4.3] )
Torna C npejcraBideT MHOKECTBO BCEX JAHHDBIX, UMEIONINX BIJ
[a;, (CONS ey a3)],

rie €9 MPOU3BOJIbHOE e-3HaYeHNe, a] U ag—JBa HEeCOBIIaJAIONINX a-3HAYEHUS].
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2.12 Koudurypamnun

Omnpenesenue 4
Bynem HaswBaTh KoHpueypayueti SR-Beipazkenue conf, numeroliee Bu/I

conf=((t, cenv), rs),
riie (t, cenv)—C-COCTOsIHUE, T'S—PEeCTPUKIINS, t—IIporpaMMHBINl TepM, cenv—c-cpejia.

Konduryparun npecTapiasioT MHOXKETCBa COCTOAHNIN BbluncaeHnit. Himke Oyaer BugHoO, 9TO
BBEJICHHBIX CPEICTB JOCTATOYHO /1A NIPEJACTaBIeHNs] BCeX MHOYKECTB, KOTOPble BO3HUKAIOT
TPU METaBBLIYNCICHUX.

2.13 Cynepno3uiiusi IoJICTAHOBOK

(.x.) :: Subst -> Subst -> Subst
sa .*. sb = [ cvar:->((cvar/.sa)/.sb) | cvar<-dom_sa_sb ]
where
dom_sa_sb= nub ((dom sa)++(dom sb))
-- obbvenmuHenue 6e3 moBTopoB dom sa u dom sb

YTBep:KaeHue 2
[IycThb sa, sb, s=sa.*.sb—nojcTaHoBKN. Toraa ajs NIPOU3BOJIbHON C-KOHCTPYKIINMHU CX BbI-
noJyiHeno: ¢x/.s=(cx/.sa)/.sb.
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2.14 Cyxenus

contr ::= S subst
| R restr

instance APPLY c¢ Subst => APPLY (c,Restr) Contr where
(cx,rs) /. (S subst) = (cx/.subst, rs/.subst)
(cx,rs) /. (R restr) = (cx, rs+.restr)

Y1Bepxkaenue 3
[Iycts (cx,rs)—SR-Boipakenne, c—cyxKenne, (cx’,rs’)=(cx,rs)/.c.
Torna, <cx’,rs’>C<cx,rs>.

Onpeneaenue 5
[Iycth cx, cx’—SR-BeIpazkenusi. byjem mcroab3oBaTh 0003HaUeHNS CX’=<CX U CX>~CX’,
ecJIN CYIIECTBYIOT TaKue CY»KeHus Cq,...,Cp, 1 > 0, 94TO

cx’=cx/.ci1/.co.../.Cp.

YT1Bep:xkaenue 4
OTHomeHne = gABJSETCS JaCTUIHBIM TOPSJIKOM Ha MHOXKecTBe SR-BhIpakeHuit.

YTBep:KaeHue 5
[Iycth cx, cx’—SR-BeIpakenns n cx’=<cx, Torga <cx’>C<cx>.
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Y1Bep:xkaenue 6
Hannoe dED npuna1eKuT MHOXKeCTBY <C>, mpejicTaBieHHoMY KaaccoMm C TOra, 1 TOJIBKO
Torja, Korja sngl(d) =C.

idC =S [] . Contr
emptC = R INCONSISTENT :: Contr

YT1BepxKaeHue 7
[Iyctb (cx,rs)—SR-Bripaxkenne. Toraa, BBIIOJIHEHO:

(cx,rs)/.1idC = (cx,rs), <(cx,rs)/.1idC> = <cx,rs>;
(cx,rs)/.emptC = (cx, INCONSISTENT), <(cx,rs)/.emptC> = ().

YT1BepxkaeHue 8
Ecmn x n x’—SR-BeIpazkenns, To x’ <x, Torja M TOJbKO TOIJA, KOI'Jla CYIIECTBYIOT JBa
cyxkeausi: c1=(S s) u c2=(R r), Takue, 9To x’=x/.cl/.c2.

N es joxkazarenbesa:

SS — S: /. (S s1)/.(S s2) = /.(S s1.%.82);
RR — R: /.(Rrl)/.(R r2) /. (R rl.+.r2);
RS — SR: /.(Rr)/.(S s) =/.(Ss)/.(R (xr/.8)).
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2.15 Kanonuydeckasi dpopma KJacca
[IpnunHbl HEOIHO3HAYHOCTH IIPEICTaBICHNAs KIaCCOM MHOYKECTBA JTaHHbIX:

1. c-mepeMeHHbBIe, BXOJSIIINE B KJIACC, SABJIAIOTCS C80000HbLMU NAPAMEMPAMU, TO €CTh COTJIa-
CcOBaHHOE IlepeMMeHOBaHue BCeX C-lIePEMEHHbIX 110 CYTU He M3MeHseT KJacca;

2. PECTPUKINs KJIacca—CUCTeMa HePaBeHCTB, a Kayk/[0e HePABeHCTBO—HEeYIIOPsI0UeHHas T1a-
pa “sneeas wame:#:npasas 4acms’ ', TO €CTh IepecTaHOBKa JIEBOM M NMpaBoil YacTu Hepa-
BEHCTBa U I1epeyIopsiIounBaHie HePABEHCTB B PECTPUKIINK KJIacca 110 CyTH He U3MeHsIeT
KJIACCA;

3. B PECTPUKIINHU HEPABEHCTBA, MOI'YT BXOJUTH MHOTOKPATHO—IIPeoOPA30BaHMsI PECTPUKIINIL,
BBINIOJIHsIeMbBIe (DyHKIIMeH cleanRestr, 10 cyTH, HE M3MEHsIET Kacca.

OnpenennMm oTHolIeHne (<) Ha MHOXKeCTBe c-BhIparkeHnit. Hepapencrsa Oynem cpaBHUBATD 110
JIEKCUKOTpadpUIeCKOMY MOPSIIKY:

((x1:#£:y1)<(X9:#:y2)) A (x<x9) || ((x1==x2) && (y1<y2) ).



Bun x Buj y Onpegenenne orHomenns (<)
(ATOM a)  (ATOM b) (x<y) <% (a<b)
(ATOM a)  (CVA j) y<x

(ATOM a)  (CVE j) y<x

(ATOM a)  (CONS p q) X<y

(CVA 1) (ATOM D) X<y

(CVA 1) (CVA §) (x<y) <L (i<H)
(CVA 1) (CVE j) (x<y) <L (1<)
(CVA 1) (CONS p q) X<y

(CVE 1) (ATOM b) X<y

(CVE 1) (CVA §) (x<y) <L (i<H)
(CVE i) (CVE j) (x<y) <L (i<y)
(CVE 1) (CONS p q) X<y

(CONS r s) (ATOM b) y<x

(CONS r s) (CVA j) y<x

(CONS r s) (CVE j) y<x

(CONS r s) (CONS p Q) (x<y) <2<

(r<p) || ((r==p)&&(s<q))
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Onpepaeaenne 6
Knace C* Oyyiem HasbiBaTh kKaHoHuueckot gopmoti Knacca C, ecu:

1. C* MoxKeT OBITH TOJIyUeH U3 Kjacca C ImyTeM MepenMeHOBaHUs C-IIePeMeHHbIX U [epeyIIo-
PSIOUUBAHNST HEPABEHCTB B PECTPUKIINK (B COOTBETCTBUH C <);

2. cvars C" umeer Buj: [vty 1, vty 2,...,vt, nl,
rie vt,€{CVA,CVE}—koncTpyKkTop c-miepemertoit. To ectsb, jiis c-niepeMeHHbIX B C* 1c-
MOJI3YIOTCA B KadeCTBE MHJEKCOB Bce 4ucaa oT 1 0 n, rjie n—4YUCI0 Pa3JInYdHbIX C-
rnepeMeHHbIX. M ecyin iepBoe BXOXK/IeHe C-TIepeMeHHol v BeTpedaercs B C* paHblie (JieBee)
[IePBOTO BXOXK/ICHUA C-TIePeMeHHoN v’ TO JIOJIZKHO BBIHOJHATHCA V<V,

3. Jlnsg moboro nepaBeHcTBa X:#:y B C* BBITTOHEHO X<y U BCe HepaBEHCTBA B PECTPUKIINN
OTCOPTUPOBAHBI 110 OTHOIIEHNO (<).

Y1Bepxkaenue 9

1. Eciu C* asnsercst kaHounueckoit hopmoit C. To <C*>=<C>.
P ;

2. CymiecTByeT aJropuTM canon, KOTOPIH /i J11000ro Kiacca C 3a KOHEUHOE YHCI0 IaroB
cTpouT Kjaacce (canon C*), spjsttoniuiicss Kanonudeckoit bopmoii C.
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2.16 Iloakmgacchl 1 HAIKJIACCHI

Omnpenesienne 7
[Iycrs Cy, Cy—xnaccnl. Torna,

e kiacc C, OyJieM HasbIBaTh nodraaccom Kiacca Cq, a kinacc C; OyJeM Ha3blBaTh HAOKAACCOM
kiacca Cy, ecin Co=Cy;

o xiacc Cy OyJleM HazblBaTh cobcmeertvim nodksaccom Kiacca Cy, a kiaacc C; OyneM Ha-
3bIBATL cobcmeerHvM Hadkaaccom Kiaacca Cy, 1 OyaeM obozHauarh Co<Cy, eciu Co=Cy 1
KaHoHn4yeckne popMbl 115 KiaccoB C; n Cy He COBIAJIAIO:
canon C, /= canon C;.

Teopema 10
Ecan muOKecTBO aromMoB AVal KOHEUHO, TO MHOXKECTBO KaHOHMUYECKMX (POPM HAJKJ/IaCCOB
Kiaacca C

{ canon C* | CXC* }

KOHEeYHO JJId J1i00oro kiacca C.
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2.17 Pas3ouenusa

Omnpenenenne 8

[Iycrs (cx,rs)—SR-Bripaxkenune. Torga mapy cyxkenmit sp=(cy,Co) HAB0BEM Pa30OUCHUEM
onaa (CX,Trs), a caMl CYy:KEHUsI C; U Co HA30BEM 2AEMEHMAPHOLMU CYyzKeHusiMI 11 (CX,Ts),
ecn napa (cq,Cy) mam napa (Cy,C1) UMEET OIMH U3 CJACIYIONIX BUJIOB!

1. ( 1idC , emptC );

2. (8 [£.i:->(CONS £.m £.n)], S [£.i:->A.p] );

3. (S [A.j:->A.k] , R RESTR[A.j:#:A.k] );
4. ( S [A.j:->’atom] , R RESTR[A.j:#:’atom] ).

rne £.1, A.j, A.k—1epeMenHble U3 Cx, TO €CTh OHU BXOJIdT B cvars cx; £.m, £.n, A.p—
HOBVLE C-NepemMertble dAs CX, TO eCTh MHJIEKCH I, N, P He UCIHOIL3YIOTCS B KAUeCTBE NHIEKCOB
C-TIepeMEeHHbIX B CX; ’ atom—HEeKOTOPLI aTOM.

Teopema 11
[Iycrs sp=(cl, c2)—pasduenue a1 SR-Boipakennd x, x1=x/.cl, x2=x/.c2. Torna <x1>
1 <x2>—paszbuenne MHOKeCTBa <x>: <x1>C<x>, <x2>C<x>, <x1>U<x2>=<x>, <x1>N<x2>=().



Sp =

(cl, c2)

(ex,rx)/.c2
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I'maBa 3. /lepeBo nporieccoB

[ToraTue depesa npoueccos u arzopumm nocmpoenus depesa npoueccos—0oa3oBoe MOHATHE
11 0A30BBII a/JFOPUTM MeTaBLIIUCICHUI.

o Jlepeso tree wongueypayuti: OprueHTUPOBAHHOE (BOSMO}KHO 6eCK0Heque) JIEPEBO, KarKJ10-
MY y3JIY I KOTOPOI'o IpUIncaHa HeKOTopasi KOH(Urypanunusd ¢; KaxKaoMy peOpy a, BBIXO/Is-
MeMy U3 HEKOTOPOro y3ja n ¢ KoHdurypamueil ¢, Npuimucato cy»KeHue cnt; npuieM, ecu
13 y3J1a n ¢ Kondurypaiueil ¢ BoIXoauT k > 1 pedep aq,. .. ,a; ¢ cyzKennsiMu cnty,. .., cntyg,
TO MHOXKeCTBa <C/.cnt;> MonapHoO He IepeceKaloTcs, a UX 00beIMHEeHNEe COBIaaeT ¢ <C>.

e [IyTb w B JilepeBe KoHuUrypamuit tree npedcmasasem MHOXKECTBO <W> I10CJIEI0BATEIb-
HOCTEl P TepexojioB W3 OJIHOTO COCTOSHUS §; BbIUMC/eHHA B s3bike TSG K Jpyromy:
<w> = { P | P omomdecmsumo c w}, rie “P omoorcdecmeumo ¢ w' (mmm, “w npedcmas-
asem P7) o3HAdaer, 9To:

cntg cnty
w=¢C — Ci — ...Ch...
P=s) = 8 = ...8,...

(a) P 1 w UMeoT oHAKOBbIe JUIHHBL U (D) [7IsT KayKI0ro §; BBIOJHEHO: 8;€<C;>, U eC/In
s; He 1ocjejiHee B P, To g;€<c;/.cnt;>.
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lepeBo tree mnpejcTaB/IgeT MHOXKECTBO <tree> IocjejoBaTebHOCTell P—o0bennenne
BceX <w>, IJle W—IIYyTh B tree M3 KOPHEBOIl BepIIMHLI J110OO (a) MMEIONNil OEeCKOHETHYIO
may, oo (b) 3aBepmatomuiicss B JIMCTOBOI BepiHe JiepeBa tree.

e Muoskecrso P (p,C) « { process(p,d) | de<C> } mporeccoB BEIUUCIEHHSI P HA JTaH-
HBIX 13 HEKOTOporo Kiacca C (Ha 0OOOIIEHHOM JIAHHOM TTPOIPAMMBI D).

e /lepeso npoueccos suiuucaenud p 1a dannoir us <C>—JaepeBo KoHGUrypamuii Takoe, 4To
P (p,C) C<tree>. Ecu npu 9ToM JJIsd KazKJ10i BepIIUHbLIL JiepeBa cyiiecTsyeT dEC, Takoii,
qTO 9Ta BEPIIMHA UCNOAL3YEMCA B NIpencTapiaeann process(p,d), To tree—nepgexmioe
depeso.

[IpuBogsiTcss 1 0OO0CHOBBIBAIOTCH:

® aJIropuT™M ptr nocrpoenud jiepeBa tree=ptr p C IPOIECCOB BLIUUCIECHUS P HA JAHHBIX
3 <C>;

® arOpuTM Xptr nocTpoenns nepdeKkTHoro jepesa ptree=xptr p C MpoIeccoB BLIYUCTE-
HUA P Ha JIAHHBIX 13 <C>.
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3.1 CuHTakcuc mpejacTaB/JeHNIs JepeBa IIPOoIecCcoB

tree ::= (LEAF conf)
| (NODE conf [branchi,...,branch,]) -- n >0
branch ::= (contr, tree)

3.2 BcrniomorarejibHble (PYHKIIIN B aJITOPUTMeE ptr

mkCAVar, mkCEVar :: FreelIndx -> (CVar, Freelndx)
mkCEVar i = ((CVE i), i+1 )
mkCAVar 1 = ((CVA i), i+1 )

splitA :: CVar -> CExp -> Split
splitA cvQ(CVA _) caexp = (S[cv:->caexpl, R (RESTR[cv:=/=:caexp]l))

splitE :: CVar -> Freelndx -> (Split,FreelIndx)
splitE cv@(CVE _) i = ((S[cv:->(CONS cvh cvt)],
Slcv:->cval), i)
where (cvh,il)=mkCEVar i
(cvt,i2)=mkCEVar i1l
(cva,i’)=mkCAVar i2

39



freeindx: :Freelndx -> Class -> Freelndx
freeindx i ¢ = 1 + maximum(i: (map index (cvars c)))
where 1index :: CVar -> Int
index (CVA i) =1
index (CVE 1) =1

3.3 AJjroputMm ptr

ptr :: ProgR -> Class -> Tree
ptr p cl@(ces, r) = evalT cp i
where
(DEFINE f prms _) : p’ =p
ce = mkEnv prms ces
c = ((CALL f prms, ce), r)
1 = freeindx 0 cl
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3.4 Augroputm ptr (dpyHkmusi evalT)

evalT ::Conf->ProgR->Freelndx -> Tree

evalT c@(( CALL f args , ce), r) p i =
NODE ¢ [ (idC, evalT ¢’ p i) ]

where
DEFINE _ prms t’ = getDef f p
ce’ = mkEnv prms (args/.ce)
c’ = ((t’,ce’),r)

evalT c@(( ALT cnd t1 t2 , ce), r) p i =
NODE ¢ [(cntl,evalT cl1’ p i?),(cnt2,evalT c2’ p i’)]

where
((cntl,cnt2), ucel, uce2, i’) = ccond cnd ce 1
((_,cel),r1) = c/.cntl
cl’ = ((t1, cel+.ucel), ril)
((_,ce2),r2) = c/.cnt2
c2’ = ((t2, ce2+.uce2), r2)

evalT cQ((exp,ce),r) p i = LEAF ¢
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3.5 Aunroputrm ptr (dyHkims ccond)

ccond :: Cond->CEnv->Freelndx -> (Split,CEnv,CEnv,Freelndx)
ccond (EQA’ x y) ce i =

let x’ = x/.ce; y’ = y/.ce in

case (x’, y’) of

(a, b ) la==b->((idC ,emptC), [1,[],1)
(ATOM a,ATOM b) ->((emptC, idC), [1,[]1,1)
(CVA _, a ) ->( splitA x> a , [1,[1,1)
(a, CVA _ ) >( splitA y’ a , [1,[1,1)
ccond (CONS’ x vh vt va) ce 1 =

let x’ = x/.ce in

case x’ of
CONS h t ->((idC,emptC), [vh:=h,vt:=t], (1, 1)
ATOM a  ->((emptC,idC), [J, [va:=x’], 1 )
CVA _  ->((emptC,idC), [], [va:=x’], 1 )
CVE _ ->( split, [vh:=ch,vt:=ct], [va:=cal, 1’)

where

(split,i’) = splitE x’ i
(S[_:->(CONS ch ct)], S[_:->cal]) = split
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3.6 Ajaroputm xptr
e Cyxue BeTBU, NPUIMHBI BOSHUKHOBEHUSI CYXUX BETOK.
e (OOpesaHue CyXnx BETOK B JIepeBe.

e [lepdexTHOE NTEPEBO MPOIIECCOB.

xptr :: ProgR -> Class -> Tree
xptr p cl = NODE c¢ (cutT brs)
where tree = ptr p cl

NODE ¢ brs = tree

cutT :: [Branch] -> [Branch]
cutT [ ] = [ ]
cutT (b@(cnt, tree) : bs) =
case tree of
LEAF (_, INCONSISTENT) -> cutT bs
NODE (_, INCONSISTENT) _ -> cutT bs
LEAF c -> (b :cutT bs)
NODE c bs’ -> (b’:cutT bs)
where tree’ = NODE c¢ (cutT bs’)
b’ = (cnt, tree’)
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I'maBa 4. YHuBepcaJIbHbIIA pelnaionii aJropuTMm

YPA—oun 13 MeTo/10B MeTaBBITUCICHUN, TO3BOJISIONINI BBITIOIHATH NHBEPCHOE BHIUNCIE-
HIE ITPOrPAMM.

e [IpobieMa UMBEPCH020 GHIMUCAEHUA NPOPAMMD, — TIOCTPOCHUE IMPEACTABICHIT MHOXKE-
CTBA

<x>,1, Yld|de<x, pd 2y} =<eonp!y.

e AKTya/JIbHOCTH IPOOJIEMBL: (&) Bbrancienne (pyHKIne, 00paTHOMN K (PYHKITUN 38/ IaHHO# TTPO-
rpaMmbl, (b) mocTpoeHne MHOYKECTBA HCTUHHOCTH ITIPOrPaMMBI-TTpeInKaTa, (¢) 00paboTKa
CJIOZKHBIX 3a1TpOCOB K 6aze 3Hanuil, (d) perenne ypasHeHnit, 6e3 paspabOTKI ClelnaTbHbIX
METOJ0B M aJIF'OPUTMOB UX PEIIeHUI.

e AJIropuTM tab npupejeHust PyHKIUMN IPOrpaMMbl K TabjmaHoit hopme
tab p x = L = [(x1,cexy), (x9,cexa),...]

st 1100010 dE<x> BBINIOJIHEHO:

cex;/.s ec/im dE<X;>, S—II0JICTAHOBKA TaKas, YTO
p d— x;/.s = (d,RESTR[])
Heonpedeaero  ecii He CYIeCTBYeT ¢ TaKoro, 4ro dE<x;>
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e /IBe MomuduKanuy ura’ u Ura YHUBEPCAJIbHOIO PEIIaloniero aJropuTMa;

ura’ px y = L’ = [x1,X0,...]
ura pxy = L = [(s1,r1),(s9,19),...]

— ura’ Imepednc/ser IMOIK/IAcCChl X; KIAcCa X, Ha KOTOPBIX BLIUUC/IEHHE P HPUBOJUT K
pesyabTaty y: p <x;>={y};

— ura [epednc/seT 3HaUeHnsl C-IePeMEHHBIX U3 X, IPY KOTOPBIX BLIYUCIEHIE P IPUBOJHAT
K pesyabrary y: p <x/.(8 s;)/.(R r;))>={y}.

(a) “EcrecTBeHHOCTD TT€pEINCICHNSI,
(b) B HEKOTOPBIX CJIyUasX ura’ MO3BOJISIET TOCTPOUTH KOHEYHOE TPEICTABICHIE MHOZKE-

CTBa <X>)-1,—CIUCOK L’ MOYKeT OBbITh IYCThIM U KOHEUHBIM.

e [IpuMepnl NHBEPCHOI'O BBIYUCICHU 1A s3bika 1T5G.

e (O030p MHBIX IOJIXOJ0B K MHBEPCUU ITPOTIPAMM.



A7
4.1 IlpuBegenune nporpaMmbl K TaOJIn4dHOI popme

type TLevel = [(Class,Tree)] type Tab = [(Class, CExp)]

tab :: ProgR -> Class -> Tab
tab p x = tab’ [ (x,tree) ] [ ]
where tree = xptr p X

tab’ :: TLevel -> TLevel -> Tab
tab’ ((xi, LEAF c):1lvl) 1v2 = (xi,cex): (tab’ 1vl 1v2)
where ((exp,ce),_) = c¢
cex = exp/.ce

tab’ ((xi, NODE _ bs):1lvl) 1lv2 = tab’ 1lvl 1lv2’
where 1v2’ = tabB xi1 bs 1v2

tab’ [ ] [ 1 =1[]1
tab’ [ ] lv2 = tab’ 1v2 [ ]

tabB :: Class -> [Branch] -> TLevel -> TLevel
tabB xi ((cnt,tree):bs) 1lv = tabB xi bs ((xi/.cnt,tree):1v)
tabB xi [ ] lv = 1v
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Teopema 12

[Iycts p—npomsBosibHas porpamMma Ha sizbike 1'5G, x—Kiace, c-JanHoe Jis p.

Torpa asropuT™m tab 10 3aJ@aHHBIM P U X CTPOUT IEPEUUCICHHE—TO €CTh CIUCOK L =
[(x1,cexy), (X9,cexy),...], BOBMOKHO OECKOHEUHOI JIJINHEI:

tabpx = L

rje X,—KJacc, ceX;,—C-BhIparkeHne HaJl IepeMeHHBIMHI U3 Kjacca X;. L[Ipn 3TOM BBIIIOJIHEHO
cJIe/1yIolee:

1. Kiacchl x,—I0IapHO HellepeceKarolecs MoJIK/IacChl KIacca X.
2. Jlna mroboro ¢ m ymroboro dE<x;>—IporpamMma p ornpejesnena Ha d.

3. Mg moboro mannoro deE<x> Ha KOTOPOM IIporpaMma p onpejenena—p d = res,— Cy-
IIECTBYET 7 TaKO, 4TO dE<X;>, U €CJIN I0JICTAaHOBKA S TaKas, YTO

x;/ .s=(d,RESTR[]),

TO BBIIIOJIHEHO res=cex;/.s. Kpome Toro, B JaHHOM ciydae, npeduKke JJIMHBL ¢ CIUCKa L
OyJeT OCTPOEH aJIrOPUTMOM tab 3a KOHEeUHOEe YUC/IO HIATrOB.



4.2 AJropuT™M HHBEPCHOI'O BBLIYHCJIEHHUS IIPOrpaMM

ura’ :: ProgR -> Class -> EVal -> Classes
ura’ p x y = urac (tab p x) y

urac :: Tab -> EVal -> C(Classes
urac ((xi, cex):ptab’) y =
case (unify [cex] [y]) of
(False, _) -> tail
(True, s) -> case xi’ of
(_, INCONSISTENT) -> tail
_ -> x1’:tail

where xi’ = xi/.s
where tail = urac ptab’ y

urac [ ] y = [ ]

49
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Teopema 13
[lycts p—npomsBoibHasg mporpaMMa Ha g3bike TSG, x—Kjace, c-Jantoe JJjs p, y—e-
3Havenune, yckval.
Torjga anropurm ura’ 10 3aJlaHHBIM P, X, V CTPOUT IlepevyucjieHue—TO eCThb CIUCOK
L’=[x’1,X’9,...], BO3BMOXKHO OECKOHEUHO JIJIMHBI:
ura’ p x y = L’
[Ip »TOM BBIOJIHEHO CJIeAyIONIee:
1. Kiacce!l x;—TonapHoO HelmepeceKarommecs MoIKIacChl KIacca X.

2. Jlns moboro ¢ m yiodoro manHoro de<x’;>—mporpamma p onpejieeda Had np d = y;

3. Jlnsg moboro manHoro dE<x>, Ha KOTOPOM TIporpamMma p omnpejenena u p d = y, CYIIecT-
ByeT HOMep ¢ Takoil, uro d€<x’;>. Kpome Toro, B jJaHHOM cjydae, IpeduKc JIIUHBI 1
cIcKa OYJIeT MOCTPOEH alOPUTMOM ura’ 3a KOHeYHOe UHCJIO I1aroB.



4.3 AJgbTepHaTUBHOE IIPeJicTaBJ/ieHNe Pe3yJIbTaTOB MHBEPCHOI'O BLIYMCJICHUS

ura :: ProgR -> Class -> EVal -> [(Subst,Restr)]
ura p x y = map altRepr (ura’ p x y)
where
altRepr:: Class -> (Subst,Restr)
altRepr xi1 = subClassCntr x x1

subClassCntr :: Class -> Class -> (Subst,Restr)
subClassCntr xQ@(cesx,rx) x’Q(cesx’,rx’) = (s, r)
where
(True,s) = unify cesx cesx’
r = case rx’ of
INCONSISTENT->INCONSISTENT
RESTR 1neqs’->RESTR
[ ineq | ineq<-ineqs’, not(ineq‘elem‘ineqs)]
where RESTR ineqs = rx/.s



4.4 YHUBepcaJbHbIA pernaioniuii ajaroputM. IIpumepsbl

CONS ’A (CONS ’B (CONS ’C °’NIL))
( [€£.1,str], RESTRI[])
CONS ’A (CONS ’A (CONS ’A °NIL))
( [€.1,aaal, RESTRI[])
’SUCCESS
'FAILURE

str

X

aaa
Xa
true
false

ura prog X true =

[ (€.
([E.
([E.
([E.
(LE.
([E.
([E.

1

L=>

A.4] ,RESTRI[]),

CONS
CONS
CONS
CONS
CONS
CONS

’A A.10] ,RESTRI[]),

A (CONS ’B A.16)],RESTR[]),

’B A.10] ,RESTRI[]),

’A (CONS ’B (CONS ’C A.22))], RESTRI[]),
’B (CONS ’C A.16)],RESTR[]),

’C A.10] ,RESTRI[])
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ura prog xa true

[ ([E£.1 :—>

A.4]1,11),

([£.1 :-> CONS ’A A.10],[D),
(LE.1 :-> CONS ’A (CONS °A A.16)]1,[1),
([£.1 :-> CONS ’A (CONS A (CONS A A.220)1.,[1D) 1

ura prog x false
:->CONS (CONS £.13 £.14) &£.11],[1),

[(LE

([€.
([€.
([€.
([€.
([€.
([€.
([€.
([€.
([€.
([€.
([E.
([€.
([€.

1
1

1
1
1
1
1
1
1
1
1
1
1
1

:->CONS ’A
:->CONS ’A
:->CONS ’B
:->CONS ’A
:->CONS ’A
:->CONS B
:->CONS ’B
:->CONS °C
:->CONS °C

(CONS
(CONS
(CONS
(CONS
(CONS
(CONS
(CONS
(CONS
(CONS

(CONS £.19 £.20) £.171)1,11),

B (CONS (CONS £.25 £.26) £.23))1,[1),

(CONS £.19 £.20) £.17)1,[D),

’B (CONS ’C (CONS (CONS £.31 £.32) £.29)))1,[),
’B (CONS ’C (CONS A.33 £.29)))1,[1),

'C (CONS (CONS £.25 £.26) £.23))1,[1),

'C (CONS A.27 £.23))]1, 1),

(CONS £.19 £.20) £.17)1,[1),

A.21 £.171)1,1D),

:->CONS A.15 £.11], [A.15:#:’A, A.15:#:’B, A.15:#:°C]),
:->CONS A (CONS A.21 £.17)], [A.21:#:’B]),

:->CONS ’B (CONS A.21 £.17)], [A.21:#:°C]),

:->CONS ’A (CONS ’B (CONS A.27 £.23))]1, [A.27:#:°C]) ]
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I'maBa 5. lnBepcHoe nmporpaMMupoBaHUe
Texnosiorud IIPOI'paMMNpPOBaHMAd, OCHOBaHHAaA Ha UCITOJIB30BaHN NHBEPCHBIX BBIUYMCJIEHUT.

e /lnusepcroe npoepammuposariue: TPOTPAMMUCT BMECTO TOI'O ITOOLI IPOrpaMMUPOBATHL TPE-
Oyemyto B 3ajannn Gpynxknuio £, peannsyer nporpammy p, GyHKINA KOTOPOH 1pU NHBEPC-
HOM BBIYUCJICHUU COBHa aeT ¢ pyHkimei f.

C KaxKJIbIM TEKCTOM ITPOrPaMMbl P MOYKHO CBA3aTh HE OJHY, a JBe (PYHKIINN POIPAMMBI;

— p :: D -> EVal—o0Obrunas QyHKIHs TPOrpaMMbl (ceMaHTHKa):
pd ¥ intpa
— DPinv :: Diny -> Rinp—MHBepcHas (bYyHKIMS (CEMaHTHKA) MPOTPaMMBbL:
def
Pinv (X,Y) - ura p Xy,

rie Djn,=(Class,Eval)—Tum 3anpocoB Ha MHBEPCHOE BbIUNCJIEHIE,
Rino=L[(Subst,Restr) ] —Tumn pe3yabTaToB MHBEPCHOIO BLIUNCICHUSI.
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o [leperoc uUNBEPCHBIT BLIMUCAEHUT ¢ A3BIKA R Ha npou3eosvHblll A3biK Npo2pamMmMuposaHiLa

L.
inv :: ProgR -> D -> Dj, -> Rinw
inv intL p (x,y) = ura intL (p.:.x) ¥y
where

(.:.) :: ProgL->Class -> Class
p.:.(ces,r) = ((p:ces),r)

inv intL p (x,y) = [(s1,r’1), (s9,r79),...]

o (pasnenue n02uveck020 NPOPAMMUPOSAHUA € UNGEPCHLLM NPOPAMMUPOBAHUEM TIPO-
I'paMM-I1PEJNKATOB:

— (CBpoiicTBa MHBEPCHOTO IPOrpaMMHUPOBAHUSA MIPOTPAMM-IIPEIUKATOB IO3BOJIAIOT pac-
CMaTPUBATh dI3bIK Ly, KaK SI3bIK JIOTMYECKOTI'O ITPOrpaMMUPOBAHUSI.

— MuBepcHoe mporpaMMupoBaHue IPOrpaMM-IIPeINKaTOB MIPegocTaBadeT 0oJbile n300-
pPa3UTEJIbHBIX CPEJICTB B PACIIOPAZKEHNE TPOrpaMMUCTa, HEXKE/IN TPAJIUIIMOHHbBIE 3bIKN
JIOTMYECKOr'O IIPOrpaMMUPOBAHUS.

— Konnenmusa napepcHoro nmporpaMMupoBaHigd He UCUePIbIBACTCS NHBEPCHBIM IIPOTIpaM-
MUPOBaHUEM IIPOrpaMM-IIPEeINKATOB. e MOXKHO UCIIOIb30BaTh /11 Fopas3io 0oJiee -
POKOI'O KJIacca 3aJad.
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I'maBa 6. OKpecTHOCTHBIII aHAJIN3

Briepsoie BBesien B paceMmoTpenne B 1970-bix rogax B.@. TypunnasiM, Ipu yIacTun Apyrux

e )

9JIEHOB MOCKOBCKOIT Pabodeit rpynnbl 1o s3biky Pedan— Herounsrit’, “ad hoc”. [Ipeamoxxe-
HBI 376Ch OKPECTHOCTHBIN aHaIn3—O0dH U3 METOJI0B METaBbIYUCICHN, THCTPYMEHT 00IIIero
Has3HaYeHUsI JIJIsl TOCTPOeHUsT POPMAJILHBIX OTBETOB Ha MHTYUTUBHBIN BOIIPOC:

Kaxaa ungopmayus o mexcme d OvlAG UCNOAD306aHA, U KakaA undopmaryus o d ne oviLia
UCNONDB30BAHA 6 HEKOMOPOM npouccce obpabomku mexcma d ¢

o [llarn dbopmanuzannin:
1. o(p,d) = { d’ | npoyecc p &> = r makol xe, kak p d = T};
2. o(p,d) ={ & | tr(p,d) = tr(p,d’), pd=p d }
3. Ionarue oxpecmuocmu: L-xnace O sBisieTcss OKpECTHOCTBIO JaHHBIX d, ecin dE<O>.

[Todoxpecmuocmo (OI=09) u cobemeennasn nodoxpecmamocms (O$<0OF).
He cymectsyeT Geckoneunoii nocienopatensnoctn Of=0¢=0%- . . .

e [locTpoen n obocHoBan aJroOpUTM OKPECTHOCTHOTO aHAIN3aTOPa Nan!
nan p d = (res, 09, rie <O = o(p,d).

o Harsanast (axcnauyuposannan) hopma 3ammcu OKpecTHOCTH O c-nepementnie 8 O co-
OTBETCTBYIOT pparMeHTaM JaHHbIX d, KOTOpble MOYKHO BapbUPOBATH; TUIIBI C-IIEPEMEHHBIX
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1 PeCTPUKINN B OKpecTHocTn Q% orpanmiennst Ha J0myCTIMbIe BAPUAIIIH JAHHBIX (hpar-
MEHTOB.

e Omepalinn HaJI KJIacCaMI 1 OKPECTHOCTAMU:

1. Ilepeceuenne (*) u pasznocth (\) KjaccoB, L-KjaccoB, OKpeCcTHOCTEIH.
2. TlpoBepka mpnHa Ie2KHOCTH JAHHBIX Kaaccy (aaroputm isElem):;

3. Jexommosunnn oKpecTHOCTH. Kean gannbie d /s nporpaMMbl p uMeroT Bujl d=dj++dsy
n <QUHd2>=0 (p,d;++dy), TO HOJMYUAEMBIE B PE3YIILTATE JIEKOMIIO3UIIIN:
decompose OQOU*d2 g, 4, = (O%,O%)

okpecrnoctn O% (i = 1,2) onpeensior, Kakas nndopMains o gpazmenme d; danvix
d;++dy ObTa nenosb3oBana B nporecce p(di++ds) = res 0OpabOTKN JaHHBIX dj++ds.
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6.1 OcCHOBHbBIEC IIOHATUA

OKpeCcTHOCTHBIN aHAIN3—HUHCTPYMEHT (popMaIn3aiul NHTYITUBHOI'O BOIIPOCA!

L.

Kaxasa ungdopmayus o mexeme d oviaa ucnoivdosana, u xaxas undopmarus o d He oviaa
UCNOAB0BANA 8 HEKOMOPOM npouecce p obpabomxu mekema d ?

PaccMaTpnBaeM TOJILKO KoHCmpykmuehvie potecchl p d = res, rie d€D n peR.

2. “He Beca nndopmarius ncnosibzoBaHa’: d MOXKHO nodmerumds Ha d’ Takoil, 9TO IPOIECC

0bpaboTkn p d’ = res OyJeT TakuM ke, Kak p d = res.

MmuozkecTBO BceX BO3MOYKHDBIX TAKNX ITOJIMECH:

npouecc p d’ = res mouno makoti ice, %a%} (6.1)

d) = {d’ ,
o(p,d) { npouecc p d = res

onpeJienseT, Kakas nHopMalus o TekeTe d Oblia NCIoab30Bata, 1 Kakasg nHPOpMAIIUs O
*
TekcTe d He ObLIa MCIO/IB30Bala B polecce p d = res.

3. 3a cueT MoHATHdA Tpacchl MHOXKeCTBO 0 (p,d) mosydaeT popMaabHoe ONpeie/leHne;

o(p,d) = { d’ | tr(p,d) = tr(p,d’), pd=p d’ } (6.2)

OcTagoch yMeTh CTPOUTD B BHJIe KOHCTPYKTUBHOIO 00beKTa MHOYKECTBO 0 (p,d) A5 3aJaHHBIX
p u d.
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6.2 OxpecTHOCTHI

Omnpenesienne 9
[Iyctb O=(ces,rs)—L-kiacc, de<O>C[EVall. Torna 0yaem HaswsBaTh () OKPECTHOCTHIO
d (OKpecTHOCTBIO ¢ yermpom d) .

1. HacTo yn06HO 3amuchiBaTh HEHTP d B BEPXHEM UHIEKCE: 04,
2. OKpecTHOCTDL He MOYKEeT OBbITh ITYCTOI: d€<(’)d>;
3. Of MCIIOJIb3YIOTCS 1 npeJicTaBiacHus o (p,d) —un@opmauuonnas unmepnpemaus;

o Eciu d—eauncrsennblii (He eannersennblii) snement <O%>=o(p,d), To ...

o Ecin <O%>=0(p;,d), <O%>=0(py,d) u OI=<0¢ (nm O$<09), 10 ...

Teopema 14
g moboro gannoro dED MHOXKECTBO KaHOHUIECKNX (POPM OKpecTHOCTell d KOHEUHO 1
e CyIIecTBYeT Geckomednoil nocienosarenpoctn OF=0%=0O%~ . .. okpecrnocreil nanHbIX

d (He603MOHCHO DECKOHEUHO YMOUHANYL UHPOpMaLyu0 o0 d ).
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6.3 Bcnomorarenbable YHKIIINA aJIropuTMa nan

[IycTh climcok nmapaMeTpoB IporpaMMbl p UMeeT Buji: [parmg, ... ,parm,]. Torjga Muoxe-
cTBO Dom(p) 6cex 603MOACHVIT BLOOHBLY DaHHHIT P UMEET IIpejicTaB/IeHue:

O, = (cesy, RESTR[]), cesg = lcvary,...,cvar,],

rjge cvary, ...,Ccvar,—pa3/JIM9Hbl€ C-1IEPEMEHHDBIC U
CvalI;,—Ca-lIepEMCEHHaAd, €CJIN parm;,—a-IepeMEHHaA,
Cvar;,—cCe-lIepeMEHHad, €C/IN parm;,—e-IIepeEMECHHAAI.

ITpumep. Ecin crimcox napameTpoB p uMmeeT BuJ [a.X,a.y,e.z], To:

Dom(p)=<0,>=<ceso,RESTR[]> 1necesy = [A.1,4.2,£.3].

mkCExps :: Parms -> FreeIndx -> (CExps, Freelndx)

mkCExps [ ] i= (L, 1)
mkCExps (parm:parms) i = ( (cvar:ces),i’’)
where

(cvar,i’ ) = case parm of
PVE _ -> mkCEVar i
PVA _ -> mkCAVar 1
(ces, 1’’) = mkCExps parms i’



6.3.1 OKpecTHOCTHOCTHBIII aHAJIN3aTOP

Nnest: “napaJiie/ibHble U CUHXPOHHBIE 9MAAOHHOE U 0000UEHHOE BVIMUCACHUA:

nan :: ProgR -> [EVal] -> (EVal, Class)
nan p d = eval’ (CALL f prms) e ce (RESTR[]) ces p i
where (DEFINE f prms _) : p’ =p
(ces, i) = mkCExps prms 1

e = mkEnv prms d
ce = mkEnv prms ces
eval’ ::Term->Env->CEnv->Restr->CExps->ProgR->Freelndx ->

(EVal, Class)

eval’ (CALL f args) e ce r ces p i =
eval’ t e’ ce’ rcespi

where
DEFINE _ prms t=getDef f p
e’ = mkEnv prms (args/.e)

ce’ = mkEnv prms (args/.ce)



eval’ (ALT c t1 t2) ecer ces p i =

case cond c e of
TRUE ue -> eval’ tl1 (et+.ue) cel’ rl cesl p i’

FALSE ue -> eval’ t2 (et.ue) ce2’ r2 ces2 p i’
where

((cntl,cnt2), ucel, uce2, i’) = ccond ¢ ce 1

((cel,cesl),rl) =((ce,ces),r)/.cntl

cel’ =cel+.ucel

((ce2,ces?2),r2) =((ce,ces),r)/.cnt2

ce?2’ =ce2+.uce?

eval’ exp e cer ces p 1 =
(res, (ces, r)/.subst)
where
res =exp/.e
(True,subst)=unify [exp/.ce] [res]
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Teopema 15

[TycTs p — npousBosibHas nporpamma na 1TSG, d — mpounsBoibHbIE BXOJIHBIE JaHHBIE /I P,
IPOIIECC BLIYUC/IEHNs P Ha d 3aBepllaeTcsd 3a KOHEUHOe YUC/I0 1 111aroB. 1orjia aJlropuT™ nan Ha
JaHHBIX p d 3aBepiiaeTcs (3a n BbINOJHeHH (DYHKINN eval’) co CIeIYIOMNM Pe3yIbTaTOM:

nan p d = (res, 09
Ile res—pesyabTaT BeluncicHns p Ha d: p d = res, O%okpecTHOCTb d Takasd, 4TO:
<0% = o(p,d) = { d’ | tr(p,d)=tr(p,d’), pd=p d’ }

YT1Bepxkaenue 16

[Iycth pER, d—11pon3Bo/IbHbIE BXOJ/IHBIE JJaHHbIE [IJIs P, TIPOrpaMMa P 3aBepIiaeTcs Ha JaH-
mbix d, nan p d = (res, O n d’e<0%.

Torga nporpamma p 3aBepiiaeTcd Ha JaHHBIX d’ ¢ TeMH Ke Pe3yJabTaToOM W TPaccoi, 4To
n na gannbix d, nan p d = (res, O%) u oxpecrnocru O% u O rekeryaibHO COBIALAIOT!

0=04"
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6.4 IVlaTynTuBHBII cMbIca oKpecTHOcTeil. IIpumepsnl
nan crpour npescrasienne O st o(p,d). Suaunt O ouncsiBaer “kakas un@opmanus o
darmwix d Oviaa ucnoavsosana 6 npouecce p d = res’”. HackosbKo jaHHOe onucanne yao0Ho
qutst gesiopeka? (Ha mpumvepe mporpammbl pmatch mpoBepkn ...):
nan pmatch di = (’SUCCESS, O9)
d1 = [CONS A ’NIL, CONS ’A °NIL]
04 = ([coNs A.14 A.17, CONS A.14 £.10], RESTR[])

Omnpeaenenne. [1o3Bo/nM n3006pazKarh:

® Ca-llepeMEeHHYIO B BUJIe JII00Or0 HaduepkHymoz0 aToMa, HaJl KOTOPbIM Ha/IIIICaH WUHJIEKC,

® Ce-IIEPEMEHHYIO B BIJIE IPOUBBOJILHOIO 08axcvl Haduepknymozo e-3HadeHnsI, HaJl KOTOPbIM
Ha/IIMCaH NHJIEKC.

IKCNAUUUPOBAHHAA (POPMG BAITUCH OKPECTHOCTU O%=(ces,r): B ces Bce C-TiepeMeHHble Vv
3alliIIeM B yKa3aHHON Bbille (popMe, B3dB B KaUeCTBE HAJYEPKUBAEMO20 3HaTdeHe V/ . 8 C-Tie-
peMeHHoit, moJydentoe npu otoxkaectsiaennu ces ¢ d: (True,s) = unify ces d. Tepmuno-
JIOTHS: HaldepKHyThIe (pparMeHTsl d nokpuimse c-liepeMenHbIMI B 04,

” 14 17 14 _ 10
O% = ([CONS A °NIL, CONS ’A °NIL], RESTRI[])
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[Ipu ncnoib30BaHNM SKCIIMIUPOBAHHOM (DOPMBI 3aIIMCH OKPECTHOCTI HET HEOOXOIMMOCTH 0CO-
00 yKa3bIBAThL IEHTP OKPECTHOCTH:

14

@92 = ([CONS ’A ’NIL CONS B ’NIL] RESTR[A.8:#: A.14])
14

@43 = ([CONS ’x ’NIL CDNS ’Y ’NIL] RESTR[A.8:#:.4.14])

@9 = ([CONS 71 (CONS ’B ’NIL),

14 20 26 32 44 __ 40
CONS ’X (CONS ’Y (CONS °Z (CONS ’A (CONS ’B °’NIL))))
1, RESTR[Ji 32: # A. 14 JA.32:#:4.20,A4.32:#: 4.26])

( [CONS ’z (CONS ’A ’NIL) \
3

CONS ’x (CONS ’Y (CONS ’z (CONS ’A (CONS ’B ’NIL))))
1, RESTR[A.26:#:4.14,A4.26:#:4.20]))

Od5

BBIBOJIBI: OKPECTHOCTH B HAIJISAIHON PpOPME ONPEIe/IdIOT:
e Kakas mH(OpMallnsd O JaHHBIX ObLIa NCIOJIB30BaHa B Iporecce 00PabOTKH, a KaKad —HeT;

e Kakie (pparMeHThl B JAHHLIX U KaK MOYKHO BAPBLUPOBATE, COXPaHssl HEM3MEHHBIM IIPOIECC
p d = res u ero pesysbTar.
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6.5 Omnepanunu HaJ KJaccaMM N OKPECTHOCTAMMN

Koneuynoe obbemumHenne kjaccoB C,...C,. Obo3Haunm:
1. [Ci+...+C,]—cnucok kmnaccos [Cq,...,C.l;
2. <C1+. . .+C,>—Mmuoxkectso <C;>U. . . U<C,>.

Teopema 17 (unifC) Ilycrn C¢ = (aces, ar) — L-xmace, C) = (bces’, br’) — kiacc,
c-niepemennbie n3 C® ne sxouar B CP, i—cBobonblil nHeke. Tora, 3a KOHEYHOe Y0 MIAroB
ajroputm unifC:

unifC C* C* i & (su, [C),CP,....C00,1i%)

CTPOUT 110JIcTaHOBKY su Jiist C* 1 10JIK/IacChI C?ij (7=0,...,n, n>1), takue, 4TO:
1. <Cl>=<Ch+Ch+. . .+Cb>, <CH>N<CP>=0, rie 0 < j < k < n;
2. <CUh>N<C¥>=<Ch>, <COS\<C¥>=<Cl+. . . +CP>:

3. (a) Eciu <C*>N<C%>=0,
To Co=C’/ . emptC, C{=C’/.1dC=C’, C} uneer Buy (cesg, INCONSISTENT),
<CO>N<CW>=0=<Cs>, <C'>\<C*>=<Cl>=<C">, u su=[1;
(b) Ecin <C'>N<C*>£0,
To C{=CY (obmmit nojkiace C* u C?), bces’=aces/ . su 1 KazJj0e HEPABEHCTBO U3
ar/.su BXOJUT B br’.
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C? C?
unifC C* C°

. O6osnaunm: CP*C* = C), CO\C® = [C+...+C"].
. Ecam C%, C*—L-xnacent, To CJ,CY,. .. ,Co—L-xunacchl.

. O0beuHeHne, nepecevdeHne 1 pa3sHoCTb MHOXKECTB, IIPEJICTaBIeHHBIX KOHEUHBIM 00be1-
HeHueM L-KJtaccoB, NpejicTaBUMbl KOHEUHBIM oObeauHennit L-kiaccoB. Konedanoe mepece-
JeHe MHOXKECTB, MIPeJICTaB/IeHHbIX L-Kj1accaMu, IpeJcTaBuMO L-KIaccoM.

. BEen O% 1 O3 okpecrnocru d, To OO okpecrnocts d (unmepnpemanua...).
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6.6 IIpoBepka npuHAIJIEKHOCTU JAHHBIX KJIACCY

YT1BepxkaeHue 18

s mroboro pamnnoro deD=[EVal] u knacca C=(ces, r) NpUBEJICHHDLIN HIKE aJrOPUTM
isElem 3a KoHEYHOE YHC/IO HIATOB OIpEJesieT, siBasieTcss i d Sj1eMeHTOM MHoykecTBa <C>
I HeT.

isElem: : [EVal]->Class -> Bool

isElem d (ces, r) = case (b, r’) of
(True, RESTR[]) -> True
_ _ ) -> False
where (b,s) = unify ces d
r’ =r/.s

6.7 JlekomIio3unusi OKPeCTHOCTI

rHaHHbﬁade[EVal]lmweannﬂ1d=d1++d%(Ddﬁ*dl—OerUHﬂxnhch++d2,HpamﬁEBﬂHHnuaﬂ
o(p,di++dy). Hac unrepecyer:
1. Mpencrasienne O muozkecTsa Beex Bapuannii d’ dipaemenma dy 6 dy++ds, COXPAHSIONIX
HeM3MEHHBLIM Iporece 1 pesyabrar p(di++dy) = res (unmepnpemaius...).
2.IlpeﬂCTaBﬂeHHe(OdQkHHDKECTB&IﬂIDiBapHaHMﬁ<i’gﬁpa&M€HWuld2(3d1++d2,COXpaHHHHHHX
HeM3MEHHBLIM Iporece u pesyabrar p(di++ds) = res (unmepnpemauus...).



JlekoMmo3uiiugd OKPEeCTHOCTI

Odl dl 61(9 Cl d1+—|—d2 Od1++d2
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6.8 AJropuT™M AEeKOMIIO3UIINNA OKPECTHOCTH

decompose: :Class->[EVal]->[EVal] -> (Class,Class)
decompose 012 d1 d2 = (o1, 02)
where

11 = length dl; 12 = length d2

1 = freeindx 0 o012

(cesl,il) = mkCEVs [ ] 11 i

(ces2,i2) = mkCEVs [ ] 12 i1l

cl = (cesl++d2, RESTRI[])

c2 = (dl++ces2, RESTRI[])

(_,((ces’1,r1):_)) = unifC cl o012 -- cl*012
(_,((ces?’2,r2):_)) = unifC c2 o012 —-- c2%012

ol = ( (take 11 ces’1), rl1 ) -- B3Anu mepBhe L1

02 = ( (drop 11 ces’2), r2 ) -- OTKuHynu nepsie L1

-- TeHepaTop CHUCKA YHUKAJILHHX Ce-IIePEeMEeHHBX 3aJaHHOW IJIMHE
mkCEVs: :CVars->Int->FreeIndx -> (CVars,FreelIndx)
mkCEVs cvs 0 i = (cvs,1)
mkCEVs cvs (n+1) i = mkCEVs (cv:cvs) n i’
where (cv,i’) = mkCEVar i
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6.9 IIpumepnl niepecevenuss u JIeKOMIO3UIUU OKpecTHOCTel (1/2)

PaccMoTpuM SKCIIMIMpOBaHHBIE KaHOHUUYECKNEe (POPMBI Pe3yJIbTATOB PeasibHOTO cueTa nan
st d4 = [s4,str] nudb = [s5,str] u nocieaynux omneparuii:

s4 = (CONS ’A (CONS ’B ’NIL)
s4 = (CONS ’Z (CONS ’A ’NIL)
str = (CONS ’Z (CONS ’Z (CONS ’Z (CONS ’Z (CONS °’Z °’NIL)))))

(res4, OF4:ST]y = pan pmatch OB%str] [g4] [str]
(res5, O%:5t1]y = pan pmatch OS5:5tT] [g4] [str]

(O34, OST) = decompose O%:5tr] [g4] [str]
(O, O$T) = decompose O8%:8tr] [g5] [str]

str _ str str
Orst = O™ x O



[Tpumephbl niepecedeHns U JEKOMIIO3UIMKA OKpecTHOCTei (2/2)

1 2 3
Ols4.strl = ([coNS 7A (CONS 7B "NIL),
1 2

4 5 6
CONS "X (CONS ’Y (CONS ’Z (CONS "A (CONS B ’NIL))))

],RESTR[Al#A4A1#A5A #£:A.6])
Olss,strl ([CONS 7 (CONS 7y ’NIL)

2 §)
CONS TK (CONS TY (CONS TZ (CONS ?A (CONS ’B ’NIL))))

], RESTR[A.1:#: 4.4, A.1:#:4.5]))
([CONS ’A (CONS °B ’N&L)],RESTR [1)
([CONS ’Z (CONS °’A ’N&L)],RESTR [1)

084
035

1 2 3 4
OStr = ([CONS “X(CONS ’Y(CONS “Z(CONS ’A (CONS ’B ’NIL))))],

RESTR [A.1:#:°A, A.2:#:°A, A.3:#:7A])

3

1 2
O™ = ([CONS “X(CONS ’Y(CONS ’Z(CONS ’A (CONS ’B ’NIL))))I,
RESTR [A.1:#:°Z,A.2:#:°7])
1 2 12
OF5" = ([CONS “X(CONS ’Y(CONS ’Z (CONS ’A(CONS ’B “NIL))))I,

RESTR [A.1:#:°AA.1:#:°Z2, A.2:#:°A,A.2:#:°7])
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I'maBa 7. OKpecTHOCTHOE TECTUPOBaHUE INPOrpaMM

7.1 TectupoBanme. OcHOBHbBIE TOHATUI

[Iporpamma p Ha s3bIKe L onpejiendeT gynkuyuo npozpammoi: p - : D -> D. BozMoxKHO
PACXOXKICHNE MEXKIY ofcenaemoti n peanvioti PyHKIIeH ITporpaMMbl.

Cheyuguraryua onucbiBacT TpeboBaHWA Ha JONYCTUMBIC BXOJHBIC JaHHBIC g P U
JKeJgaeMble COOTHOIIEHUST MEYKJIy BXOJIHBIMU JIaHHBIMU M pe3yjbTaToM: ps=(p,1), re
@ :: D -> Bool —mnpenycioBue, ¥ :: D -> D -> Bool —T1ocTycaoBHeE.

D YACTUMHO KOPPERMHG OTHOCUTEIHHO © 1 1):
Vd : ((¢p d)&(repmunupyercst p d = res)) = (¢ d res).

D KOPPEKMHA OTHOCUTEIHHO ¢ 1 1)
Vd: (p d) = ((repmunupyercst p d = res)&(v d res)).

Kak npasuio 6 meopun mecmuposanus PacCMaTPUBAIOT YaCTUIHYIO KOPPEKTHOCTL 1IPO-
I'paMM, 6 Meopull 6EPUPUKraLUU—O00a BT KOPPEKTHOCTH.

Korna crnemudnkaius 3ajana (GopMaabHO, MOXKHO IOMNBITATCSI 6epUPUUUPOBAL Ce—
J0Ka3aTh KOPPEKTHOCTL KaK (popMabayio TeopeMmy. Ha npakTnuke 10Kas3bBaTh MIPOrpaM-
MBI ObIBAET TPYAHO, B 9TOM Cjaydae IpuderaoT K TeCTHPOBAHUIO.



74
7.2 lIlporecc TectTupoBaHus HpPOrpaMMbl

o Tecmuposarue nNPoOPaMMb, P: CEPUST MECMOBHLIT NPO2OHOE NPOPAMMDL, HAIL MEeCma-
Mmu  d; €D, yIOBJETBOPAIOMIMMU 1IpeayceaoBuio. llocie Kaxkjgoro mecmosozo npoz2ona
*
p d; = res; NPOBEPSAIOT UCTUHHOCTD MOCTYCIOBUSI.

e [Iycts T,,=[dq, ...,d,] Habop TectoB. Mcmonb3yoT TepMIHAIOTHUIO:
— Tect d; npoiijien mporpamMmMoii p HeycrenHo (d;—HeyCIHelHbIi TeCT JI/Is TPOrPaMMbI P,
d; BCKpbIBaeT ONMIOKY B p), ecu . ... (Anamornauo st Tp,).
— Tect d; mpoiijieH MporpaMmMoii p yerenrto (d;—yCHemHplil TeCT Jijist IPOrPAMMBI P ), €C/TH

... (Ananoruano mist Tp,).

o Kpumepusa evibopa mecmos Cr omnpenesdeT, Korja KOHEUHLIN Hadbop TecToB T, MO2ICHO
cuumams docmamoyunbiMm s TecTupoBanus p. [loka orpanmammest paccMoTpeHneM KpH-
tepueB Cr takoro kjacca: Cr :: P -> TS -> Bool, rie TS = [D].



Bri6o
HauauJio P
o4epeIHOro
TECTUPOBAHMUSI
TecTa d,,
True IIpoBepka
IIPEIYC/IOBHS
@ dp
Breimmosinenue
IIporpamMmbl False

p d, = res,

[TpoBepka
[IOCTYCJIOBHUSI
Y d, res, True

False

Omubka
B IIpOIpaMMe.

OTJIAJIKA

False
[TpoBepka
KpuTepus
Cr p T,

True

TectupoBanue
3aBEPIIEHO
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7.3 CrpykTypHble KPpUTEPUU BLIOOpA TECTOB

Cpen KpuTepues BbIOOpa, TECTOB, UCIOIb3YIONINX TOJILKO MHPOPMAaIo 0 Habope TeCTOB
1 TeCTUPYEMOIi IporpamMMe, HanboJiee N3BECTHBIMU ABJISIOTCS CMPYKMYPHoLe KPUMEPUL:

o Tecmuposanue xomard. Habop TecToB cumrTaercst J1OCTATOYHBIM JJIsi TECTUPOBAHUS IIPO-
I'PAMMBI, €CJI B IPOIECCe TECTOBBIX MPOrOHOB Ha JaHHOM HA0OPE B COBOKYIHOCTHU OBLIO
obecIieueHo MPOXOoXKIeHNe KaxK0i JTOCTUXKIMOM KOMAH/Ibl JJAHHOM IpOrpaMMbl.

o Tecmuposanue semeeti. Habop TecToB cumTaeTcs 1OCTATOYHBIM JIJIs TECTUPOBAHUS IIPO-
I'PAMMBI, €CJIN B IPOIECCe TECTOBBIX MPOrOHOB Ha JaHHOM HA0OPE B COBOKYIHOCTHU OBLIO
oOecIieueHo IPOXOXKAeHNE KaxKI0ro pealn3yeMoro BapuaHTa BETBJICHUA JIIsd KaxKI0i Ko-
MaH/Ibl BETBJICHUS B JJAHHOI ITpOrpamMMme.

o Tecmuposanue nymet. Habop TecToB cumTaeTcs JOCTATOUYHBIM 11 TECTUPOBAHUSA IIPO-
rpaMMbl, €CJIM B IIPOIecce TeCTOBBLIX IPOrOHOB Ha JaHHOM Habope B COBOKYIHOCTH ObLLIO
obecIieueHo POXOXKIeHIE KaXKJI0r0 Pealn3yeMoro IyTH B epage ynpasaitowets cmpyxkmy)-
Pul—0A0%-creme—TaHHON ITpoTrpaMMBbl, ¢ IUCIOM UTepannit nukaos 0, 1 m 2.

B cuiny HepaspemmMocTn npoOJieMbl PAcIO3HAHUS JOCTUKUMOCTH KOMAaH/IbI B IIpOrpaMMe
CTPYKTYPHBIE KPUTEPUN HEBBIYNC/IMMBI.

7.4 (CBoiicTBa KpuTepueB BbIOOpa TECTOB

B Teopun tectupoBannsd nsydaloT caeAylolue cBOHCTBA KPUTEPHEB BLIOOPA TECTOB.
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o [loaroma. Kpurepuil Ha3BIBAIOT IMOJHBIM, €CJIN B CIydae HaJUUMA OIIMOKN B IIPOTPaM-
Me CYIIECTBYeT HaOOpP TeCTOB, YAOBICTBOPSIONINI JTaHHOMY KPUTEPHIO U pacKpbIBAIOIIUIA
OLINOKY.

e Henpomueopeuusocmo (nadesicnocms). Jliobble j1Ba HAbOpa TECTOB, YJOBIETBODSIIOIINE
KPUTEPUIO, JIOJIZKHBI OBITH OJJHOBPEMEHHO YCIIeITHBIMI UJIM HEeYCIeITHBIMY JIJIs JIAHHOI IIPO-
IPaMMBI.

e [Ipocmoma nposepku—KPUTEPUil JOJIKEH “JIerKo IIPOBEpPsThbCs, HaIlpuUMep, OH JIOJIKEH
OBITH BHLUUCAUMDIM.

,ﬂaHHbIe CBOICTBa HEJIOCTUXKMMBI Ha ITPpaKTHNKE:
1. CTPYKTYPHbBIEC KPUTEPHUN HE ABJIAIOTCA HU HaJAC2KHBIMU, HWU BBITUCJIMMbBIMUI

2. M3BECTHO, UYTO HE CYU,ECMBYEM MOJHOTO HENPOTHUBOPEUNBOIO KPUTEPHUS, 3aBUCSIIIETO OT
HAa0OPa TECTOB W IPOTPAMMUBI;

3. M3BECTHO, UTO HE CYWECMBYEm BBIYICIIMOTO MTOJTHOIO HEITPOTUBOPEUNBOIO KPUTEPHS, 3a-
BUCSIIETO OT HAOOpa TeCTOB, NPOrpaMMbl U CliennUKAINI.
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IToaMmeHa cBoiicTB KpuTepueB ‘pa3dpeniuMbIMU IIPUOINKEeHNIMI’

o [lccaedosanue noarnoms. u Hadedrcrnocmu wpumepuee Ha 02parHuU"YCHHOM wAACCE NPOPAMM
U/UJLU 02PAHUHYEHHOM KAACCE OUUDOK.

Kax mpapmio, TakoMy HCC/Ie0BAHIIO TOJIAIOTCS O9eHb Y3KHe KJIACCHI TTPOrpaMM U /W
OIMOOK, KOTOPBIE TPYAHO NPU3HATH UMEIOIIUMHI OTHOIICHNE K peasibHON MpaKTUKe IIPOo-
IrpaMMUPOBAHUA.

o CUmamucmuyeckue uccaecdosanus “peasvHotl’ NoAHOMbL U HAJEHCHOCTIU KPUMEPUEE.
Hanpumep, Ha BRIOPAHHBIX 13 TPAKTUKI PeaIbHBIX IPOrpaMMax ¢ peajJbHbIMU OITNOKaMI.

o [Bsedenue yucaosol QGPUCWU%GC%Oﬁ OUCHKU NOAHOMDBL TMECTNUPOBAHUA BMECTNO NPOGEPKU
HEBBIYUCAUMOZ0 KPUTNEPULL.

Hampumep, B cucremMax TecTUPOBAHUSI, OCHOBAHHBLIX Ha CTPYKTYPHBIX KPUTEPUSIX, ollepa-
TOPY MOXKET BBbIJaBaTbCs UNC/I0BON KOI(DPUIMEHT— TPOIEHT IPOBEPEHHON YacTu’ IIPo-
IPaMMBEI.
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7.5 IlocranoBka 1mmpobJjiembl. KpuTuka cTpyKTYPHBIX KpUTepueB

Npes, cTpyKTYpPHBIX KPUTEPUEB: M3yUeHne JIaOUpUHTA—TI00bIBATL BO BCEX KOMHATAX, ITPOHTH
BCE BapUAHTBI BETBJICHUIT W BCe IIyTU, YTOOBI NOAYYUMD NOAHYI0 UHDOPMaUUI0 O JTADUPUHTE.
MoxkHO TTPeIIoI0KUTE, IYTO CTPYKTYPHBIE KPUTEPHUHU €CTh pasindnble (popMaam3alunl Hegop-
MAADHO020 KPUTEPUsT BLIOOPA TECTOB:

Habop TectroB cunraercs JOCTATOUHBIM JIJII TECTUPOBAHUS ITPOIPAMMDI, €CJIN
B IIPOIIeCcce TeCTOBBIX IPOrOHOB Ha JAHHOM HAOODE 6 COBOKYNHOCMU OblAG UC-
NOAB30BAHA BCA UHPOPMAUUA 0 2pade ynpasaarouLets cmpykmypovl—0oi0%-cre-
Me—daHHot npo2pammot.

(7.1)

Paznuanabie moaxojbl K dopmannsannn (pasbl— UCIO0JIb30BaHa Bcsd MHMOPMAIUsS O I'pa-
de. .. —TIpUBOJAT K pa3/InIHBIM CTPYKTYPHLIM KpuTepusim. HegocraTKm:

e /IBHo OpHEHTHUPOBaHbI Ha KJIaCCUYECKNE NMIIEPATUBHBIC A3BIKH.

e [lesb TecTUpOBAHUA—TIPOBEPKA (PYHKUUU NPOPaMMbL Ha COBIIAJIEHNE C XKejlaeMoil pyHK-
mueil, a MoJHOTa IPOBEPKU OINpEeIe/IdeTcs 10 IMOJHOTE NCHOJIb30BaHUsd MHMPOPMAINT 00
ynpasasowets cmpyxkmype nporpaMmbl. Ho passe pyHKIMS IporpaMMbl TOJTHOCTBHIO OITPe-
JIeJISIeTCsl TOJILKO YIIpaBJIAoNiell cTpyKTYpoil nporpaMmMbl? Muoicaenvill sKCcnepumenm. . .

e CTpyKTYpHBIE KpUTEpUN OYJIyT 0COOEHHO HEHa IeKHBI I [TPOorpaMM, (PYHKIIIS KOTOPHIX
“B MaJIoll cTenenn’ OnpeaesseTcs YIpaB/Idiomneil CTPyKTYPOil IPOrpaMMEL.
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Koneuno-aBromaTHOe npeodpa3oBaHue CTPOKN

function F(x: string): string;

type state = (q0, ¢l,... ); { MHOXecTBO cocTosHUI aBTOMaTa }
const NewState:  arrayl[state, char] of state = (...constants...);
OutputChar: arrayl[state, char] of char = (...constants...);

var 1: 1nteger;
y: string; { pesynpTar }
q: state; { Tek.cocTosgnue aBTOMaTa}

begin

q := q0;

y = 77;

for i:=1 to length(x) do begin
y := y + OutputChar([q,x[i]];
q := NewStatel[q,x[i]];

end;

Fo=y;

end;
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7.6 IlocramoBka 1mmpobJjiembl. HedbopmaiabHblii Ipeae/ibHbIA KpUTEpPUii

o Anarus monvko ynp@eﬂﬂmugeil CMpyrmuypovl TLPOZZOCLJ\/LM?)L*OaHCL U3 603MONCHBHLL NPUHUH
HEHADEeAHCHOCTIU CMpPYKMmMypHolr KPUMeEPUCs.

o Annessuus x nonamuro “ynpasasrousas cmpyxkmypa’” orpaHnINBaeT 00/1aCTh IIPUMEHEHUs]
KpUTEpHeB (TOMBKO KJIACCHIECKHe MMIICPATUBHBIE sI3BIKI).

Kax ncupasutsb? st olleHKHN OJTHOTHI TECTUPOBaHUsT HAJI0 aHAJIU3UPOBATEL MO, YMO MOJIHO-
CTBIO OIlpeJie/isieT PYHKIMIO IPOrPaMMBL: MEKCM NPo2pammv, yesurom!

Habop TecToB cumrTaeTcs JOCTATOYHBIM JIJISI TECTUPOBAHUST IIPOI'PAMMBI, €C-

JI B NIPOIECCe TECTOBLIX MPOTOHOB Ha JaHHOM HabOpe 6 co8OKYNHOCTU ObLA0 (7.2)
00ECNEYEHO UCNOAL30BAHUE BCEL UHDOPMAUUL O NOAHOM MEKCME TaHHONI ITPO- '
IrpaMMBbl.

st hopmanusdaryuu Kputepus 7.2 OyJIET UCHOIB30BAH 0KPECTHOCTMHOLT AHANUS.
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7.7 MeracucreMHble YPOBHIA B OKPECTHOCTHOM TECTUPOBAHUU

1. “Ymo” ucnoavayem unopmayuro 0 mexcme npoepammot p 6 NPouecce mecmosula npo2o-
HO6 ¢ —IIePEXOJl OT

p d; % res;

intL(p:d;) % res;.

2. Cnenyromuii mar (gpopMaIn3aiui—olipeieeHne MOHATHs “UCII0/Ib30BaHa MHopMaIus
BBeJIeHIe MeTaCHCTeMbI, Hab/IIoIaolell, KaK MHTepIpeTaTop intL BBIIOJIHIET BhIUNC/IEHTE
p d; u pu 3TOM nompebasem THPOPMAIUIO O P. DTO OKPECTHOCTHLIN aHATIN3aTOP

nan intL (p:d;) = (resi,Oi(p:di))
Metayposhu:
1. (p:d)—00beKTHI, JaHHbIe 1Id intL;

. *
2. intL-—cucrema, BBIIOJHAET BblUUCIeHNE P d; = Tres;;

3. nan—MeTacucTeMa, HabJIIOJAeT, KaK padoTaer cucrtema intLl ma gannwix (p:d), omnpene-
Js9eT, Kakas nHdopMaling o JaHubix (p:d) mpu 9TOM HCIOIb3yeTcsd cucTeMoil intL.



7.8 IIlar oKpecTHOCTHOI'O TeCTUPOBaAHUS

Okpecmuocmmnoe mecmuposaHue—Ioc/IeI0BATeTLHOCTD (4 = 1,2, ...) BBIYNC/ICHUIL:

nan intL (p:d;) = (resi,(’)i(p:di))
decompose C’)Z-(p:di) [p] d; = (OF,0%)
OP=0V+OF* . . . xOF

CO CJIEAYIOIIUMM PE3YyJ/IbTaTaM Ha KazK/JIOM IIale 1

res; —pesyabrar R-gerancienus intl (p:d;) u L-Bouuncienns p d; =

o res;;

Idi
(92-<p : —okpecTHOCTh (p:d;), (UNPOPMAUUOHHAA UHMEPNPEMAUUA. . . ),
OF n OF —oxpecrnoctn p, (ungopmayuonnas unmepnpemavus. . . ),
O —OKPeCTHOCTD d;, (UHPOPMAYUONHAA UHMEPNPEMAUUA. . . ).
3aMeTHM, 4To 10 onpeetenno OF BHIIOIHEHO:
MP_MP —
OP=0P,  OF,=OR+0},,,  (k=1.2,..),

OY=08=. . . =O08=OF, | =... B JJaHHOil 0C/IIOBATEILHOCTH OKPECTHOCTE!! He
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MOYKET OBITH OCCKOHEUHOI'O YNCJ/Ia OTHOIICHUI (>‘)
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7.9 OKpecTHOCTHBIII KpuTepuii BLIOOpa TeCTOB

Onpeaenenne. Oxpectocts OF 1enodsusichas eciii He3aBUCUMO 0T BEIOODa TecTa dj BbI-
nonmeno: O} = OF.

Unrepnperamus. Ecim OF —nenogpmzKuas, To 1715 1106010 djy1 HUKaKas HoBas HHMOpPMa-
1 O P He MOXKeT OBITh UCIIOJIb30BaHa B IIPOLIECCe BLIYMCICHUH p Ha TecTe dj 1.

HpyrumMu cjioBaMu, 6¢A UHGOPMaua 0 P, Komopas neodbroduma 0ai nposedeHia Guluucae-
HUA NPOPAMMDBL P 1A A100BLT daHHbLT, OBbLIA UCIIOIB30BaHa B TECTOBLIX IIPOrOHAX IIPOIPAMMBI
p Ha recrax di,...,dg.

To ectb, nenoapmKHOCTE (Of O3HAUACT, UTO 6 MECMOGHT NPO2OHAT P NG MECAT
di,...,dg,dpr1 0vLAG UCTOAD306ANG 6CA doCcMynHaA UHGDOPMAUUA O P.

Omnpenesierne. Oxpecmuocmmuiti xpumeput mecmuposanus: Habop (KOHeUHBII CIIICOK) Te-
croB Tp=[dy, ... ,dg] Oydem cuumamsv docmamourvim OA8 08 MECTNUPOBAHUA NPODAMMDL P,
ecyn OF SBJIACTCS HENOJBIYKHON OKPECTHOCTBIO P.

7.10 CBoiicTBa OKPECTHOCTHOI'O TECTUPOBAHUS

Teopema 19 [Ing mrob0it mporpaMMbl p CYIIECTBYET KOHEUHBI HAOOpP TecToB T, yIOBIETBO-
PAIONINI OKPECTHOCTHOMY KPUTEPUIO TeCTUPOBAHUSI.

Hdes doxasamensvcmea: paccmompum ar0b60e nepevucierue muoxcecmea dom(p) danmn,
Ha KOMOPHLIT P MEPMUHUPYEMCA. ..
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Teopema 20 Oxpecmmocmuviil Kpumeputi MeCmuposaras NPoPaMM—noansill: B caydae Ha-
JIN4INs OMNOKHU B IIPOrpaMMe P CyIIecTBYET KOHeuHblii Ha00p TecToB T’ | paCKPBIBAIOIII OITHO-
Ky U VJI0OBJIETBOPSAIONIMI OKPECTHOCTHOMY KPUTEPHUIO.

e lI3BecTHO: He CYIIECTBYET IMOJTHOIO HAJIEXKHOTO (HENPOTHBOPETMBOTO) KPUTEPHUST, 3aBHUCS-
mero oT Habopa TECTOB U MPOIrPAMMDL.

e /lasee OyJeT mokasaHo, YTO KPHUTEPHil OKPECTHOCTHOIO TECTUPOBAHHUSA MPOTPAMMBI P C
3a/1aHHOi criennduKalieil ps He TOJILKO IOJIHBIN, HO 1 HENIPOTUBOPEUYMBLI.
CuegoBaTe/IbHO, Kpumeputl oKpecmHocmHo20 MeCmupoSaHUA aA20PUMMUYECKYU HEPa3Pe-
WUM.

e B obmieMm cirydae OKpeCcTHOCTHBIN KPUTEPHUil TeCTUPOBAHUS JIOJIZKEH IIPOBEPATHC SKCIIEPT-
HO.

B HEKOTOPBIX CIydasgxX HEIOABUXKHOCTD Og MO2KeT OBITH OUeBH/IHA.

B ocTanbubix ciydasx 1mojaraeMcs Ha To, 9To IpejijiaraeMble SKCIIepTaM OKPecTHOCTH (’)2
MMEIOT JOCTATOYHO HAIJIAIHYIO (pOpMY.

Elle BO3MOYKHO BBECTH 3BPUCTHUYCCKYIO UHCIOBYIO ONEHKY Oiu30cTi okpectHoctu OF K
HETTO/[BUZKHO OKPECTHOCTH (Ha caedyuiem caatide).

e Liiie 01HO CBOMCTBO: J/I OKPECTHOCTHOI'O TECTUPOBAHMS HECYIIeCTBECHHDBI LapaKxmepucmi-
KU A3vika L.



caaiif Ipo ®BPUCTHYECKYIO YHCJIOBYIO OLIEHKY
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7.11 Tpaaunumonnbie npobJjeMbl TecTupoBaHusi. BrIbop odepeiHOro TecTa

[IycTh yenentHo BBITTOJIHEHO TecTUpoBanue p juisd Habopa T,=[di, ...,d,], n kpurepuii s
T,, He BBIIOHEeH. Kak BuOpaTh ciemyromuil rect d,, 1?7 EcTecTBeHHO, KeaeM NpOaBUYKEHUS
B CTOPOHY BBIIIOJHEHUS KPUTEPUL. . .

e JIJs1 CTPYKTYPHBIX KpUTepreB—IIpod/ieMa aJropuTMIYeCKN HepaspelnMa.

d; -
e Llcin B34Th d,, 11 €<O; ">, raie zE[l..n], TO MOJYUYUM TEKCTYaJIbHOE ParKEeHCTBO PECYJIbTaTOB,
Tpacc, OKPECTHOCTEN.

(p:dys ) €OP Y triint, (p:d,.)) = triint, (p:d;)),
pdui=pd =res;, OF* =P oF, -0 OF =-0P

B Boruncsiennn p Ha d,, 1 He Oy/eT MCIOIb30BaHO HUKAKONH HOBOI nH(MOPMAINN O P.

e BriBoxa: d,, 1 Heobz0duMo BHIOUpATL 13 CJIEIYIONIEI0 MHOYKECTBA:

<Dp>\(<0?1>u. . U<Q%>)=<Q,,>, re
Q, = D\[Of+.. . +0%] = [CP+.. .+CP 1.

PasymHuOo B34Th K, HOBBIX TE€CTOB, 110 OJHOMY 13 KarKJIOIO CZ-Q 1=1,...,k,.

Vreepxkaenne 21 Ecin <Q,>=0, To OF nenogsmkuas OKpecTHOCTE.



ciaiis mpo BbIOOpP TECTOB
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7.12 Tpaaunumonnble mpodJ/ieMbl TecTupoBaHus. TecTupoBanue u orjiagka. JIoka-
JN3alnd OINMNOKM

[IpeamnonoKuM, 9TO yCIenHo npoiijgeH Habop TectoB T, u HeycnemHo—TrecT d, 1. [Iporpamma
p CoJepKUT omuoOKy. ['1e nmpexie Beero ciaeayeTr ee nckarh’

e [Ipednosootcum, GTO Mbl TOMUM COTPAHUMD HE MOALKO PE3YALMAMBL  BOIYUCAEHUL
p d;=res;, 1o u mpacco. tr(int, (p:d;)) ycnewnvir mecmosur npo2oHos Ha 0aHHbLT
di,....d,. B Takom npeanonokeHnin:

_ ) » = ()P
MenpaienHas mporpaMMa p’ JI0/IKHA YI0BJIETBOPATE Tpebopanmio p’ €O, . ITo 03Ha-
4aeT, YTO UCIPABJIEHUS JIOJIKHBI BHOCUTBCS B HA/TYEPKHYThHIe DpParMeHThbl B SKCILININ-
posanHoii 3amucu OF.

— C apyroit ¢cTOpoHEBI, pe3yabTaT p’ d, 1 JOJIKEH OTJINIAThCsS 0T HEBEPHOI'O Pe3y/IbTaTa
p dyi1. Takum obpasom, p’ €<OF. > Te. p’ €<(’)£>\<(’)5H>. D10 ere OOJIbIIe JOKa-
JIM3YET MeCTa BO3MOYKHBIX HCIIPABJIEHNUI.

e D ciyuae, eciin HeT YBEPEHHOCTH B HEOOXOANMOCTI COXPAHEHUsT TPACC YCIIEIIHBIX ITPOTOHOB
Ha HaOope T, HAJO0 JaHHYIO0 PEKOMEHIAINIO O MECTaX BHECCHUSI MCIPABICHNN paccMaTpi-
BaTh KaK 26PpUCmMUKy 1 HaUUHATL IOUCK OIMMOKM MMEHHO C 9TUX MECT.
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7.13 Tpaaunumonnblie 1mpodJemMbl TecTupoBanus. IIpogozkenne TectupoBaHus I10-
cJjie ucIpaBJ/IeHUS OIIUOKM

[IpeamonoykuM, 4To ommOKa HalijieHa, IporpaMMa, p UCIpaB/ieta, p’—HOBDLIN TEKCT MPOTrpaM-
MbI. Hy»KHO 11 TOBTOPATH Bee BHIYUCICHUA p’ Ha 6cex Tectax dy,...,d,7 Vam MoxkHO rapaH-
THPOBATD, UTO Ha YaCcTH TecToB n3 T,, mporpamma p’ OyJeT ycrenino paborats! Kax orobpatn
3 T,, 9TU TecTol?

e Lc/m BBINIOJIHEHO yCIOBUE P’ €<Of>, riie 1€[1..n], TO HET HEOOXOAUMOCTH BBITOTHSITE BbI-
yucieHue p’ Ha tecre d;. JlelicTBUTEIbHO:

P e<OP> = (p’:d)e<OP s =
tr(intL, (p’:d;))=tr(intL, (p:d;)), p’d;=p d;=res,,
Oi(p’:dZ-):Oi(p:di)7 Of,=(’32p.

TakumM 06pasoM, HEoGXOANMO TOJLKO Hepecuntarh O
decompose C’);p,:di) (p’] d&; = (Of’, Ofii)

e B Tex ciiyyasx, Korja porpamMmma p JOCTaTOUHO CJIOKHAs, YKa3aHHas 1pPoBepKa p’ €<(9f>
d; g
1 nepecder ;7 3afiMeT 3HAUNTEIHLHO MEHbIIIee BPeMsi, YeM BBIITOJHEHNE BBIYUCICHUS P’
Ha Tecre d;.
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7.14 Tpaaunumonubie npobJjeMbl TecTupoBanus. VMcnojib3oBaHnue B TeCTUPOBAHUNI
cnenuduKaIum MporpaMmbl

Korna 3aj1ana dpopmasibHas criennduKalins IporpaMMbl, »KejlaeM OCHOBLIBATH BHIOOD TECTOB
He TOJIBKO Ha aHaJIl3e TeKCTa IPOorpaMMbl, HO I Ha, aHaJIN3e TeKCTa creluduKaini. XoTejaoch
Obl JoCcTUYL (bopMaIU3aIuN CJIeJYIONIEro KpUTepus: Ha Habope mecmos T, npu nposepru
nPedycrosull, MECMOBHIT NPO20HAT U NPOGEPKE NOCMYCAOBUTL DOAHCHA OBIMD UCTLOAL30BANE
6CA UHDOPMAUUA 0 MEKCME NPOPAMMDL U MEKCME Cneuuduratul.

e [IycTh S—3BIK BBICOKOIO YPOBHA [IJId HallMcaHus crHelnuKaIil IporpaMm, o—
peIyc/IoBhe, N PP—T0CTyCJI0BUE 1 PEL, ©,1ES—0HO 1 ABYXMECTHBIN MPeIuKaThl Ha
D: (p [d])€{"True "False"}, (¢p [d,res])€{"True "False"}, “True’’, ‘False’’—Ba
pas3IMYHbLIX 3HaYeHUdA 13 D, intSER—uHTeprperarop A3bika S, HAUCAHHLIN Ha A3bIKe R.

e [Iporecc TecTupoBanus p ¢ 3ajanHoii crenudukanneir ps=(w,1) MOXKHO paccMaTpUBaTh
KaK IPOoIecc TeCTUPOBaHNS COCTaBHO TporpaMMbl corr (¢ ,p, 1Y), ¢ oxKujlaeMoit (pyHKIN-
eit: ““True’ wa Beeit obsactn D (nywxmupnas epanuya ma ciatide 3).

e DyjeT ynoO6HO paceMOTpeTh JAHHYIO COCTaBHYIO porpaMmy corr (¢ ,p,1) ABHO, KakK IPo-
IpaMMy, HAIIMCAHHYIO Ha HEKOTOPOM A3blKe JobSL, dABJSIONEMCcs Hadcmpotikotl, A3biKoM
3adanuti HaJ g3bIKaMi S, L.



ITporpamma corr(yp,p,y) Ha a3bike JobSL

corr:: (S,L,S) -> JobSL

corr (phi,p,psi)=

(JOB [ Var"d" ]

(ExecS phi [Var"d"] {-->-} (Var"phi d")
(IF (Var "phi d")
-- THEN

(ExecL p [Var"d"] {-->-} (Var'res"
(ExecS psi [Var"d",Var'"res"] {-->-} (Var'"psi d res")
(IF (Var "psi d res")

-- THEN

(EXIT (Const "True"))

-- ELSE

(EXIT (Const "False")) -- Error!
)))

-- ELSE

) )

(EXIT (Const "True"))
-- End of JOB
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70b

Jterm ::

Juar

Jjexp

Jbind

Jenv

Cunrakcuc KOHCTPYKINiT a3bIKa JobSL

(JOB [ jvar;

(ExecS progS [ jexpi,..

Jterm)

(ExecL progL [ jexpq,...

Jterm)

(IF jexp gterm; jterms)

(EXIT e-exp)
(Var name)

Jvar
(Const d)

(gvar :=d)

[ Jbendq, ...

..., Jvar, 1 gterm ) --n >0

, Jband,, |

,7exp, 1 Juar --n >0
--progsS €S

,jexp, 1 Jquar --n >0
--proglL €L

--deD
--adeD

--n>0
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Bcnomorarenbible dyHKIIIN MHTEpOpeTaTopa a3biKa JobSL

instance kEq JBind where
((Var n1):=_) == ((Var n2):=_) = (nl1==n2)

mkJEnv :: [JVar] -> [D] -> JEnv
mkJEnv jvs ds = zipWith (\ jv d -> (jv:=d)) jvs ds

(+.) :: JEnv -> JEnv -> JEnv
jel +. je2 = nub (je2++jel)

calcJExp :: JExp -> JEnv -> D
calcJExp (Const d) je=d
calcJExp (Var name) je=head[ d | ((Var n):=d)<-je, n==name]

calcJExps :: [JExp] -> JEnv -> [D]
calcJExps jexs je = map (\ jex -> calcJExp jex je) jexs
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Nureprperarop s3bika JobSL (1/2)

intJobSL :: JobSL->[D]->D
intJobSL job@(JOB jvs jt0) d = evall jt0 jeO
where je0O = mkJEnv jvs d

evalJ :: JTerm -> JEnv -> D
eval] (ExecS p jexs jv jt’) je = evall jt’ je’
where args = calcJExps jexs je
res = 1ntS p args
je’ = je +. [jv := res]

evalJ (ExecL p jexs jv jt’) je = evall jt’ je’
where args = calcJExps jexs je
res = 1ntl p args
je’ = je +. [jv := res]



Nureprperarop s3bika JobSL (2/2)

evalJ (IF jex jtl jt2) je =
if ((calcJExp jex je) =="True")
then evallJ jtl je
else evall jt2 je

evallJ (EXIT jex) je = calcJExp jex je

intlL :: L->[D]->D
-- ... OIHWCAaHWE WHTEpIpeTaTopa s3hKa L
intS :: S->[D]->D
-- ... OIKCaHWE WHTEPIPEeTaTOpa S3HKA S
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OxkpectHocTHOE TecTupoBanue corr (p,p,1) (1/2)

nan intJobSL (corr(y,p,?):d;) = (resi,Oi(Corr(%p’w):di))

decompose Oi(corr(gp’p’w:dﬂ [corr(p,p,¥)] d; = (Oforr(gp’p’w,(’)ldi)
Ozcorr(sﬁ,p,w=Oforr<so,p,w>*Ogorrw,p,w)*. _ .*Oicorrw,p,w)

1=1,2,...
e [ IMHCTBEHHBIM JOIYCTUMBIM Pe3YJILTATOM siBjisdeTcsd res;= ‘True’’.
e K TectupoBanuio corr (p,p,y) NPUMEHUMBI BCe TPEALLIYIINE Pe3y/IbTaThI.

e Texcr corr(yp,p,y) BKIOYaeT B cedd TOMHLINE TeKeT p 1 ps=(y,1), BbIUNCIEHNE
corr (v,p,¥) d; B obiieM ciydae BKJIIOUaeT B ceds MPOBEPKY MPEyCcaoBus ¢ d;, Bbl-
YUCICHUE NPOrpaMMbl p d; => Tes; U IPOBEpPKY HOCTYCI0Bus ¢ d; res;.

Habop T,=[di, ...,d,] 6ydem cuumamuvca docmamounvim daa mecmuposarus p ¢ 3adannol
cneyupurayuet ps=(p,Y), ecau na JaHHvT MECMAT 6 COBOKYNHOCTU 68 NPOUECCCAL:
—nposepok npedycrosut o d;;

—BMUCACHUA NPOPAMMYL P ;]

—nposepor nocmyciosuli P d; res;;

ODLAA UCTLOABI0BANA BCA DOCMYNHAA UNHPOPMAULA O MEKCME NPOPAMMDL P U 0 MEKCME Che-
uupurayuy ps=>p,1).
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OxkpectHOCTHOE TecTupoBanue corr (p,p,1) (2/2)

Teopema 22 Oxpecmmocmuvitl kpumeputl mecmuposans Npopamms, p ¢ 3a0aniot cneyu-
durayuet ps=(p,V) asaaemea nadesrcrovim. I1ycTh BBIIOJIHEHO OKPECTHOCTHOE TECTHPOBAHNUE
nmporpaMMbl corr (@, p,1)Ha KoHedHOM Habope TecToB T,,, pe3y/JbTaThl BCEX TECTOBBIX MPO-
ronos res;= ‘True’’, ¢ = 1,...,n 1 BBIIOJIHEH KPUTEPUI OKPECTHOCTHOI'O TECTUPOBAHUSA JIJIsI
Habopa TectoB T,. Torma, mporpaMMa p YaCTUIHO KOPPEKTHa 110 OTHOMIEHNIO K ITPEIYCI0BUIO
0 U TIOCTYCJIOBUIO 1.

CraencrBue 23 Hepaspewumocms okpecmmuocmnozo kpumepus mecmuposanus. He cyre-
CTBYET aJlrOpUTMa, KOTOPLI ollpeJlesiseT, sABIAeTCs JIM OKPECTHOCTh C’)E HEIOJIBUIKHOI.
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I'naBa 8. HecrangapTHble ceMaHTUKN

PaceMoTpuM ¢xeMbl BBITTOJIHEHHS I1ara, OKPeCTHOCTHOTO TECTUPOBAHUS W MHBEPCHOI'O BBIYNC-
JICHUS 1TpOorpaMM B IHPOU3BOJIBHOM S3bIKE ITPOrpaMMUpOBaHud L:

nbh intL p d = (res)(’)(p:d))
inv intL p (x,y) = [(s1,r’1), (82,r%9),...]
MozKHO CBsI3aTh ¢ J1I000i1 MporpaMMoil pEL, KpoMe cTaHIapTHONH (DYHKIN IPOTPAMMBI P, €Ilie

JBe (DYHKLUU Pppp U Ping:
def

p d intL p d p ::D -> D
Pnpn d “ nbh intL p d Pobh:: Dupn => Rupn
Pinv (X,¥) det v intL p (x,y) Pinv - Dinv => Rinw

riie Dppn=D, R,pn=(D,Class), D;,,=(Class,D), Rj,,=L[(Subst,Restr)].

O0001mast JJaHHbLI BLIBOJI, IPeJIIoXKeHa, cieIyionasa (popMaIbHasl MoJIe/b MoAnpuKaTopa ce-
MaHTHUK U HeCcTaHJIapTHLIX CeMaHTHK.
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Omnpegesnenne 10 Momnndukarop ceMaHTHK A3bIKOG NPO2PAMMUPOBAHUA—NPOUIGOALHLT A1~
20PUMM T, PEANUSYOULUT PYHKUUIO CO CALOYOULUM MUNOM.

m :: ProghR -> D -> D, -> Ry,.

Caedyrowjuti a3vik Ly, nazosem Momumduramueil si3biKa L, MOPOXKIeHHON MOIM(MUKATOPOM m
(m-MOIUUITPOBAHHBIM SI3BIKOM L)

® CHHTaKCHC IIPpOI'paMM. CO6NAJAEM ¢ CUNMAKCUCOM A3BIKA L,’

® IIpeJIMeTHasl 00/1aCTh. 8X00Hble danHble NPo2PaMM—D,,, PE3YALMAMDbL GUUCAICHUA NPO-
epamm—Ry, ;

® ceMaHTHKa. ¢ kaotcdoti npozpammoti pED ceadcem QYHKUUIO Py,
pmddgfmintLpd Pm :: Dm -> Ry

Hecrangaprhast cemanTnka st3bika L, Mopozk/ieHHas MOJANMUKATOPOM I (m-HecTaH [apTHAsT
CeMaHTHKA sA3bIKa L)m

[IpuBoISATCS HECKOIBKO IPUMEPOB “OCMBICJIEHHBIX  MOJIU(MUKATOPOB CEMAHTUK U JIAETCsT OIIH-
caHle METOJINKH IOCTPOCHUS OJ0OHBIX MOAN(PUKATOPOB CEMAHTHUK.
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8.1 INcnoab3oBaHue conenuajn3aiiu Ajs 3 peKTuBHOI peajm3ainn HecTaHIapT-
HbIX CEMaHTUK

e HesdpdexkruBnocTs BhIUNCICHNS “HanpsaMyio’ cxeMbl m intl p d. =
[IpenioxKeHbl METO/IBI A6MOMAMUYECK020 TTIOCTPOEHNI 3(PMEKTUBHBIX pean3allnil HecTaH-
JIAPTHBIX CeMaHTHUK, OCHOBAHHbIE Ha IIPUMEHEHUH CIIeldaIn3allii IIPorPaMM.

e Crienmajmsarnist: OCHOBHOE CBOICTBO crienuam3aTopa s (JIIs cjiydast JBYMECTHOI Clieri-
AJIN3IPYEMOiT ITPOTPAMMBI )

(s[p?, x1) ly] = plx,y] s[p?, v1) [x]1 = plx,y]
(s[p®®, x,y1) [1 = plx,y] sp? 1) [x,y] = plx,y]

o Crenmasnmsalus cXeMbl BRIYUCICHNIS M-HECCTAHIAPHON (DYHKIINHT TPOrPAMMBI:

pm d = m [intL,p,d] = s [m*?? intlL] [p,d]
= s[s%?,mP%] [intL] [p,d]
= s[s%?,s%7] [m%PP] [intL] I[p,d]

P d = m [intL,p,d] = s[mSSD,intL,p] [d]
= 5[0, m%P intL] [p] [d]

— S[SSSD,SSSD,mSSD] [intL] [p] [d]

— S[SSSD’SSSD,SSSD] [mSSD] [intL] [p] [d]
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[TosryuenHble TPOEKIINE OMICBIBAIOT CXeMbl ABTOMATHIECKOro noctpoenns (Vm, VL, VintL):

e '['pex mporpaMMHBIX CPEJICTB OJHOYPOBHEBOI m-HecTaH aPTHON MHTepIpeTalln:

l. m-HecTanJapTHOrO MHTEPIIPETATOPa A3bIKa L;
2. re"eparopa m-HecTaHJJapTHBIX UHTEPIPETATOPOB;

3. TeHepaTopa I'eHepaTOPOB HeCTaHAPTHBIX NHTEPHPETATOPOB.
e Yernipex cpeCTB MOJJIEPXKKY M-HeCcTaH IapTHON KOMIIMISINN ¢ d3bIKa L B SI3bIK R:

1. pesysbraTa m-HEeCTAHJAAPTHON KOMIMIAINYU IIPOrPAMMBL P € d3blKa L B A3bIK R;

2. M-HeCTaHapPTHOI'0 KOMIIMJIATOPa ¢ g3blkKa L Ha s3bIK R;

3. reHepaTopa m-HeCTaHIapTHBIX KOMINJIATOPOB;

4. reHepaTopa I'eHepaTOPOB HeCTaHIaPTHBIX KOMIIUISITOPOB.
[IpuBejiecHHbIE BBIIIE CeMb IIPOEKINIT TOKa elle He OBbLIM OCYLIECTBJICHBI Ha IpakTuke. IIpak-
TrdecKas peajnsaliis JaHHbIX TPOEKINi morpedyeT JaabHeHIIero pasBuTUd METOJIOB MeTa-
BhIUHCIeHn. K ¢9acTbio, COBEPIIEHCTBOBATH METO/IbI METABLIYMCICHIIT MOYKHO OeCIIpe/Ie/IbHO.

Touno Tax »ke He B JIHO OFpaHI/I‘IeHI/Iﬁ B CO3laHNM BCE HOBbLIX 1M HOBbBIX MCTOJ0B ITPUMCHCHIA
MeTaBbLIYUCJICHUN B [IPaKTUYECKOM IIPOI'paMMUPOBaHNN.

Taxum 0bpazom, MeMAGHIMUCIEHUA BCE20A OCTNAHYMCA
HEOOBAMHIM U OAG2O0ATIHBIM TOAEM 08 HOBDIT UccaedosaHU.



