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YUCJIEHHA KOHTEKCTHUX TEPMIB JIUIA CUCTEM
INEPEIIMCYBAHHA

P.C. Illesuenxo

VY crarTi NPONOHYETBCS YHCICHHS KOHTEKCTHHX TEPMIB, IO [JOIMOBHIOE TPAaAMUiHUI amapar anreOpalyHMX CHTHATYp, KOTPi
BUKOPHCTOBYIOTBCSl B CUCTEMAaX IEPENUCyBaHHs TEPMiB, KOHCTPYKI[ISIMH POOOTH 3 KOHTEKCTOM: YTBOPECHHS KOHTEKCTY, BH3HAYCHHS
KOHTEKCTHOT'O 3HAYEHHS Ta 3B’s13Ky TepMy 3 KOHTEKCTOM i3 mepeBipkoro BigmoBinxocti. Lle no3Bomnse copmynroBaty 3anadi, mos’si3ani
3 aHaJi30M Ta TpaHC(OPMAIISIMU IPOTPAMHOTrO KOy, Y OLIbII IPUPOAHEOMY BHTIISI, OCKIIBKH CTPYKTypa BHXiJHOTO KOJY B Cy4acHHUX
MOBax MpPOrPaMyBaHHS TaKOX Ma€ iepapXiuHy KOHTEKCTHY CTPYKTypy, LIO MOXE IpPSMO BIJNOBiZAaTH CTPYKTYpi TepMy B
HepenucyBaibHOMY NpaBuii. IlpaBuia BUBOIY THIIB JUISI MOBH IIPOrPaMyBaHHS MOXYTh OyTH IPEJCTaBICHI K IPaBUIIa 3aJ0BLIBHOCTI
KOHTeKCTy. TaKuM YHHOM MOXKHA OTPUMATH JOCHTH MPOCTUIl MEXaHi3M, 0 00’€Hy€ MEPENuCyBaHHSI TEPMIB 3 aHATI30M KOHTEKCTY.
3acTocyBaHHS MiAXOMy ONMUCAHO HA MPUKJIAAI MOJETIOBAHHS CHCTEMH THIIIB Cy9aCHHX MOB IIPOTPaMyBaHHS: Bil OOMEXCHb Ha 3HAUEHHS
10 JiHIMHOT THITi3ammii.

KutrouoBi cioBa: aBTOMaTH3aLisl pO3pOOKU MPOrpaMHOro 3a0e3MeueHHs, MOBH IPOrpaMyBaHHs, EPENNCYBaHH TEPMiB, CHCTEMH THUIIIB,
anreOpa THIIIB, aHAJI3 KOy, termware.

B crartbe mpeayaraetcs MCYMCICHHE KOHTEKCTHBIX TEPMOB, KOTOPOE JONOJHSICT TPAAULUOHHBIA ammapaTr aareOpandeckKux CUTHATYP,
UCIIONB3YIOMNXCS B CHCTEMaX IIEPEHHCHIBAHUSA TEPMOB, KOHCTPYKLUHUSAMH Pa0OTHI ¢ KOHTEKCTOM: KOHCTPYHPOBAHMS KOHTEKCTa H
oIepausiMU ONPEIEICHUS KOHTEKCTHOTO 3HA4YCHMS M CBA3M TePMa C KOHTEKCTOM C HPOBEPKOH COOTBETCTBHA. JTO I03BOJSCT
chopMyIHpOBaTh 3a/laud, CBA3AaHHBIC C AHAIN30M M TpaHc(opMalHeil NporpaMMHOrO Koia B 0ojee eCTECTBCHHOM BHIE, TaK Kak
CTPYKTYpa UCXOTHOTO KOJa B COBPEMEHHBIX S3bIKaX IPOrpaMMHPOBAHHUS TaKxKe o0NafaeT MepapXHueckoi KOHTEKCTHOH CTPYKTYpOH,
YTO MOXET IPSIMO COOTBETCTBOBAaTh CTPYKType TepMa B IIEPENUCHIBAIOIMX MpaBHiax. [IpaBuna BbIBOJA THUIOB MU SI3bIKa
MPOrpaMMHUPOBAHUS MOTYT ObITh OTOOPAXKEHBI B IPABHJIa COOTBETCTBUS KOHTEKCTY. TakuM 00pa3oM Mbl MOJYYMIIH JOBOJBHO MPOCTON
MEXaHu3M, OOBEOWHSIONMI IIepenHCchIBAaHME TEPMOB M aHAIM3 KOHTeKcTa. IIpuMeHeHHMe  MOAXOJa ONHMCaHO Ha IpUMepe
(hopMyIHPOBAaHUS € IIOMOIIBIO TOr0 MEXaHNU3Ma PACIPOCTPAHEHHBIX CUCTEM THIIOB.

KotoueBble clioBa: aBTOMAaTH3alds pPa3pabOTKM HPOrpaMMHOrO OOECICYEHMs, HEPENUCHIBAHUS TEPMOB, CHCTEMbI THIIOB, S3BIKH
HIPOrpaMMHPOBAHHUSI.

In this paper, a calculus of context-full terms is proposed. Calculus extends the traditional algebraic signatures, used in term rewriting
systems, by so-called constructions, that works with context: context constructor, resolving a context value and binding term to context
with compatibility checking. Such extension allows to refining algorithms connected with analysis and transformations of source code in
the more natural form, because f the structure of the sense in the modern programming language defined in hierarchical contexts, which
can be directly mapped to context-full term in rewriting rule. Type analysis for a programming language can be implemented as checking
for context compatibility. In such way, relative simple mechanism, which unites term rewriting and context analysis can be received.
The approach is illustrated by defining rules for typing in context-full term formalism.

Key words: software development automation, term rewriting, type systems, programming languages, code analysis, termware.

Beryn

BukopucTaHHSI NepenvcyBaIbHUX IMPAaBHUJ € IIUPOKO BiJIOMOIO TexHousoOTier. IcHye Oarato dopmanizamii,
3aCHOBAHMX Ha Pi3HOMY MiATPYHTI: BiZ iMIepaTHBHOI omnepamniiiHoi cemanTuku[l, 2] 10 exBamioHATBHOT JIOTIKH, -
uucnenns [3] ta uncnenns 3paskis (pattern-calculus) [4]. IcHye Takox mekinbka MOB pOrpaMyBaHHs, TOOYIOBaHIX
Ha OCHOBI NIEepeNHCyBaHHS TEPMIB.

OnHUM 13 THIIOBUX 3aCTOCYBaHb MOJIOHUX CHCTEM € ONUC CEMAaHTHK MOB IporpamyBaHHs. KinacuuHi cucremu
MEepeniCcyBIBHUX IPAaBHI MOXYTh BHUKOPHCTOBYBATHCS JUIsl ONKHCY TpaHcopmamiii craHy “B Majomy”, ane
HEOOXiZHICTh POOOTH 3 KOHTEKCTOM CHJIBHO OOMEXYE MOXIIHMBOCTI AEKJIAapaTHBHOTO aHalizy. IcHy[OTH pi3Hi
MiX0AU 0 BUPILICHHs Li€l MpoOIeMu: aHaNi3aTOpH Nporpam, LIo 3acHOBaHi Ha termware [5], BUKOPHCTOBYIOTh TaK
3BaHi ‘30aradeHi’ TepMH, IO 3aBXKIM MICTATh OJATKOBUI EIEMEHT, MO Ja€ JIOCTYI IO 3amuTiB iHpopmarii 3
KOHTeKcTy; Stratego[6] (3apa3 Spoofax) BUKOpHCTOBY€E HAGOPHU MPABMUII, IO 3AJICIKATD BiJl KOHTEKCTY.

Ile omwu miaxix — abctpakTHuit cunTakcuc Buimoro nopsaxky (high order abstract syntax)[7], ne AST 3
iHopmalliero mpo 3MiHHI MPEACTaBICHO Yy BUTIIAMI JISIMOAa-TepMy, e 3B’sA3aHi iMEeHa MpeACTaBieH] K 3MiHHI, IO
3B’s13aHi B JIAMOaa-TepMax.

VY mift ctarTi I poOOTH 3 KOHTEKCTOM IIPOTIOHYETHCS YHCIEHHS KOHTEKCTHHX TEPMiB, IO JIOMOBHIOE
TpaAuLiHHUN amapar aareOpaiyHuX CUTHATYP KOHCTPYKIISIMH poOoTH 3 KoHTekcToM. IlinXin momsrae y moOymoBi
anreOpy KOHTEKCTHHUX TEPMIB, Jie omepalii 11070 KOHTEKCTHUX TEPMiB BUPaXKEeHI y SBHOMY BHUIJISAI.

1. OcHOBHi KOHCTPYKIIii

Hexaii C — MHOXXHHA KOHCTaHTHHX CHMBOJIIB, 3 BUALJICHOIO MiAMHOKHHOIO aTtoMiB A C C Ta QyHKI[IOHATBHUX
TepMiB F € A, moGyayeMo Ha ii OCHOBI MHOXHMHY KOHTEKCTHHX MyabTuTepmiB CT (T), 1o Oyje BKIOYaTH B cele:

° koHcTaHTu  Cj;
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e  ({ynkuioHansHi Tepmu f,(t; ...t,) € F. BynemMo BBakaTH ToJIOBYy TepMa TaKOX TEPMOM, OOMEKCHHHM
BUJIOM KOHCTAHT 332 KOHCTPYKLI€IO;

e  IIepeTBOpeHHs (CTpiiku) a — b;

. KOHTEKCT context(a,b) abo a@b, mo MoXHa YNTATH SIK & B KOHTEKCTi b, e a ta b — Gymp-ski Tepmu.
(Takosx B opmysax GyaemMo iHOMi BUKOPHCTOBYBaTH HoTalilo a’);

e  MHOKMHHI MynbTUTepMu (200 Or — Bupasu) {t; ... tn};

®  MOCITIIOBHICTb aNbTEPHATHB tq| t3] ... | totner:

®  [OPOXHIN MYJIbTUTEPM (@, SIKMI MOXKHA IHTEPIPETYBATH SIK “MYCTHH MHOKHHHHUH MYJIbTUTEPM;

®  YHIBEpPCAIbHUH MYJIBTUTEPM *, SIKHH MOKHA IHTEPIPETYBATH SIK “‘CyMiCHHH 3 OyIIb-IKHM MYyJIbTUTEPMOM;

e  MYNBTHTEPM MpoTUpivds L.

OcHOBHi 0cOONHMBOCTI — 3aMiCTh TEPMiB MH OIEPYEMO “MYyITBTHTEPMaMHU’, Ta TAKOXK BIICYTHI Taki 00 €KTH SK
BIIbHI 3MiHHI. MHU iX IPOMOZEIIOEMO 3a JIOTIOMOTOI0 KOHTEKCTy: Hexal B Hac € andasit 3minaux X = {X7,..%,} 1
MEPETBOPUMO TEPM 3 BUIbHUMI 3MiHHUMH  f (%, X,) y KOHTEKCTHHH TepM f(xq,x,)@{ x; = *,x, =%} nme Xy, X, —

aTOMH, 1[0 HE BXOAATh B OPUTIHAIBHMN TepM. TakuM YHMHOM, MM MOXEMO DPENpEe3eHTYBATH TPAIMLINHHI CHCTEMHU
NepenucyBaHHs, epeiHTepIPUTYBABIIM 0a30B1 oneparii.

YHidikauis
IMounemo 3 yHidikanii. B Hamiii iHTepmpeTalii BoHa MEPETBOPIOTECA B OiHAPHY OIEpallilo HaJ TEpMaMH, II0
moBepTae yHiIpIiKaTop y KOHTEKCTI MiJICTAHOBOK, IO TEPETBOPIOIOTH OyIb-SIKMI apryMEHT Ha HAWOLTBII KOHKPETHHN
yHi¢ikatop. bynemo no3navatu yHidikauis a ta b sk unify(a,b) abo ckopouero a ¢ b.
J11sl KOHCTaHT Ta MYJIBTUTEPMIB!
asa = a, (€
aob=0 iff a €C,beC, a+b, (2)
MH MO’KEMO 3aMiHUTH NpU YHi(iKaIlii CHMBOJ Ha HOTO 3HAYCHHS B KOHTEKCTI:
(aov)@P(w - x) > aox@ - x) 3)
JIBa 3HAYCHHS MAIOTh OYTH CYyMiCHUMH:
wow)@v-ox,w-oy}=k@v->kw-okk->xoy}l 4)
Tenep gonamo 10 po3IISAY CTPYKTYpHI TEPMHU:
f(vl ---vn)@{vl X1 0 Y1 Uy D X 0 yn}
[y, ) © g1, oY) = 0. f#g : ®)

O,n#+m

MHOXHUHHI TepMU:

{a,b}oc={aoc,boc} (6)
Ta CI/IMeTquHO:
asf{b,c}={aob,asc} )
IMocnimoBHa mepeBipka:
_faoc,acc 0
(@lb)oc= {b o c,otherwise ®)

Ta CUMETPHUYHO:
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_(aob,acb+0
ao(ble)= {a o c, otherwise ©)
VYHidikaris 3ararbHAX Ta yCTUX MYJIBTHTEPMIB
ao*x = a, (10)
*oaqa = a, (11)
0,a#L
as® E{J_,G,:J_, (12)
aol=l1. (13)
VHidikaris 3HaYCHb B KOHTEKCTI :
(@) o (e =(aoc)* (14
He b U d — omepartist 3MATTS, IKy MU BBEAEMO TPOXH Mi3HilIe
b" = subst(b, ctx(a o c))
(aoc—>b"od)@ctx(aoc), , iffacc+0,b'od +0
(@a—=b)o(c—d) = d’' = subst(d, ctx(a e c)) . (15)
| G,acc=0Qorb od =0
( 1, (any of arguments =1)

e subst ta Ctx — omepaii MiACTAHOBKH Ta B3SATTS KOHTEKCTY 3 OYSBHUIHAM 3MIiCTOM.

MosxHa NpOYHTaTH L¢ MEPEeTBOPSHHS HACTYINHUM YMHOM: NpH YyHiQiKamil IBOX CTPUIOK MH BH3HAYaeMo
CYMICHICTb JIIBHX Ta NPaBHX YaCTHH, TA BEPTAEMO JIMILY CyMICHY YacTUHY. SIKio yHiikoBaHI CTPUIKK JAIOTh Pi3HUA
pe3yIbTaT, TO BU3HAEMO YHI(iKaIlil0 HEBAAJIOKO.

MHo:xMHHI TepMH Ta onepanii pod0TH 3 KOHTEKCTOM

B nmpukmami 3 OpenCTaBICHHSAM IMiJCTAHOBOK, KOHTEKCT IIiJCTAHOBKM OYB NPEACTABICHUNA Yy BUIIIAII
MHOXXHHHOTO MynbTHTEpMY {a,b,c}. Y HalnpocTimioMy BHIAnKy, IO Ja€ HAM Meplle IHTYITHBHE OavyeHHS,
CJIEMEHTH KOHTEKCTY - Il Habip CTPUIOK THUIy aTOM — 3HA4EHHS, IPOT€ MHOXXUHHHUII MYJIBTHTEPM MOXE MICTHTH
00’€KTH 1HIIOTO POAY: HANPHUKIAJ, CTPUIKM 3arajbHOTO THUILY, TOJI 00’ €JHaHHS CTPUIOK — 1€ CUCTeMa MpaBui, abo
MPOCTO PI3HOPiAHI 00’ €KTH 0€3 MPOTHPIY, TOAI IIe MPOCTO HAOIP MOKIMBOCTEH BUOOPY.

Mu GyaeMo TMO3Ha4YaTH MHOXHHHHNA TepM sk {a,b,c}, BBaxkaroum mo @, b Ta ¢ — cymicHi Mix coboro.
CTBOpEHHSI MHOKHMHH JIO MEPEBIPKH CYMICHOCTI, OyemMo no3HauaTv sik a U b.  Hanpuknaz, TBepIKeHHs, WO OJHE
M Te JK 3HAYCHHS Y KOHTEKCTi MOBHHHO OyTH BH3HAYCHO CyMICHO, MOXHO 3amucatu sik: (x > a)U (x - b) =x =
aob.

MHoX1Ha iHBapiaHTHA JI0 TIOBTOPEHb

aUa=a; (16)
Ta KOMYyTaTUBHa
aUb=>hUa. @an
ITpu 06’eqHAHHI aTOMIB,
aub=1{a,b} iff (aeh) =0. (18)

VYV 6inpnr 3aranbHOMY BHIUIA, MOXHa ckazatd, mo aUb = (aob)UaUb, T00TO MOKHA pO3IIAIATH
00’exHanHs K QiapTp Ha yHi(ikarifo.

3 ToTrO, 110 MHOXKWHA, J¢ € HECYMiCHE 3HAYCHHSI, € IPOTUPIYISIM, BUILTUBAE:

(a— @) Ub=L. (19)
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Taxox JA0JlaMO IIpaBujia p06OTI/I 3 T'PaHUYHUMHU TCPMAMU:

aus=x, (21)
au@=a; (22)
aul=L. (23)
Ta MyJbTHTEpMaMH:
au{b,c}=(aub)uc, (24)
aVU(lc)=(aub)|(aVc). (25)

[NommpeHHs Ha CTPYKTYpHI TEPMH Ta CTPUIN NpaKTHYHO aHasoriyHi (18):

(F=f(xy, o x)) U (G =g, . ym)) ={F2G,F,G}, (26)

Ta
(a-»b)u(c-»d)={(@a->b)e(c—>d)a—-b,c—d)} 27

BBezneMo Takox CTaHIAPTHI MO3HAYECHHS JUIS ICHYBaHHS Ta CEJIeKIlll Y MHOKHHHHX TepMax, 3allo3u4eHi 3 Teopii
x,p(x
MHOXKHH. X € {X; ...X,} — ckopodeHHA A/l (x = x;) V..V (x = x,); v={x €y|p(x)} — mua Uye, {Q) ’ ;(3)
)y 1
MHOKHHHOTO TEepMY, 1[0 MICTHTb JIUIIE Ti TEPMH, IO 3aJOBOJIBHSIOTH .

[HIe 00’eHaHHS TEpPMIB — IOCIIIOBHHUII MEperiisi, MOKHA MPOIHTEPIPETYBATH SIK BIIOPSIKOBAHUH mepeoir.
TobTo posrsnaroun Habip a = b | ¢ = d, Mu cnovatky Irykaemo crpoOy yHibiKyBaTH @, AKIIO e HE CHPAIFOBAIO —
toxi C. Lle no3sosnsie BinTBOpUTH edekT “3ariHroBaHHS iMeH (shadowing), Konu mpu HepeMilieHHi B KOHTEKCT, HOBI
iMEeHa 3aTiHIOIOTH CTapi.

€uHI peayKIiiHI MpaBUiIa, MO MU MOKEMO JOJaTH JI0 MOCII0BHOIO HePErisiay, — 1

e  cliMiHALIS TyCTOTO TEPMY:

o Qlx=x; (28)
o x|0=x, (29)
e  ccKaJalis mpoTHPITIS
o Llx=1; (30)
o x|l=1; (31)
e  Ta30epexEHHs YHIBEPCAIbHOTO TEPMY:
SR et &

Haperuri MoxHa GopMynroBaTH npaBmia poOOTH 3 KOHTEKCTOM: X@Y, 1110 BU3HAYa€ X y KOHTEKCTi Y. IlouHemo
3 CHiBBIJHOIIEHHS KOHTEKCTY Ta TPAHUYHUX TEPMIB.
€11Ha MOXJIMBA MHOKHHA Y KOHTEKCTI IPOTUPIYYS — I1€ ITyCTUH MYJIbTUTEPM:

o= ftUX=" (33)
)
[IpoTupivus y KOHTEKCTi 3aJIUIIAETHCS TPOTUPITYS (MH X04eMO 30eperT TepMiHaIbHIHA 00°€KT):
l@x=1. (34)
Bupas 3 mycTuM KOHTEKCTOM €KBiBaJICHTHHI BHpa3y 0€3 KOHTEKCTY:
x@0 = x. (35).

I koHTEKCT IIyCTOIro T¢pMa HE Ma€ 3MiCTy: B HacC HC iCHy€ CII0CO0IB HOT0 BU3HAYMTH:
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P@x = Q. (36)
Moo yHiBEpCaIBHOTO TepMa: SK KOHTEKCT BiH HE Ma€ 3MICTY:
xX@ *=1, (37)

ajyie TIOMIMICHHA YHIBEpCAIbHOTO TEPMY B KOHTEKCT Ma€ 3MICT — TaKUM YWHOM MOXKHA 3aJaBaTH OOMEKEHHS Ui
MOYKJIMBOTO MaT4iHry. MyJIbTHTEpPMH HePEAaloTh KOHTEKCT CBOIM KOMIIOHEHTAM:

{a,b..}* = {a*,b*}; (38)
(alb)* = a*|b*. (39)

3anummuaack B3aEMOJIS MK CTPYKTYPHUMHU TepMaMu Ta KOHTeKcToM. CrodaTky, HaBeAeMO JNeKiTbKa Pi3HUX
MIPUKJIaIiB IparMaTHKHU 3aCTOCYBaHHS:

Hexaif y Hac € CTpyKTypHHil TepM y KoHTeKCTi: f(ty,...t,)@{a = b,c = d, ...}. 3 omHOTO GOKY, CyOTEpM ¢;
Ma€ MaTH JAOCTYII IO 3arajbHOTr0 KOHTEKCTY (T00TO f(ty,..t,)% = f(t{ ...t7)), AKIIO a — [e MIOCh THITY JOCTYIY 0
rio0aNbHUX €JIeMEHTIB; 3 1HIIOro OOKy — MM XO04YeMO B KOHTEKCTi 30epiraTu nesiki peui, cneundiuni aus f(...) B
LiIOMy, CKa)xeMo THII f ab0 0OMEXEHHS Ha BUTJIAJ apryMeHTiB. TOMY KOHTEKCT CTPYKTYPHOT'O TEpMY CKJIQIAETHCS 3
BOX YaCTHH: KOHTeKCT ¢opmu (B Koai — head-koHTEKCT), 10 cTocyeTbecs GOpMH f Ta He MEPElaEThCs B
apryMeHTH, Ta KOHTEKCT 3MicTy (B Koxi — CONtent-koHTekcT), mo mnepenaerscs. Toai MU 3MOXEMO 3aIlHCaTH
nepenady KOHTEKCTY SIK:

f(tl, tn)a — fhead(a) (tlcontent(a) trclontent(a)). (40)

A head Ta content Mo)xHa BHOMpAaTH 3 KOHTEKCTY, BUKOPHCTOBYIOUM KOHTEKCTH JIBHX YacTWH. Hexail B Hac €
BunineHuit arom, htag, 6ynemo Bubupatu sk head — aToMu 3 HUM y JiBiil YaCTHHI KOHTEKCTY.
CrnouaTky BU3HAYUMO CEJIEKII0 N0 Tery:

a, tag € left(h)

tagSelect(a, tag) = { @, otherwise

(41)

e

{left(al)’ "t left(an)}l h = {ali an}
h, otherwise

head(x) = tagSelect(x, htag), (43)
content(x) = {a € x|head(a) == @} . (44)

Tenep MoxHa ckazaTy, 1o (40) BU3HAYEHO OJJHO3HAYHO.
3aMIIMIIOCh BUSHAYUTH AeTallizamiro yHidikarii 1 KoHTekcTy. KOHTEKCT 3pa3ka MOXKe BU3HAYaTH JOJATKOBI

oOMexeHHsI Ha yHidikamii, 0, SIK IPaBHIO, MOXYTh OyTH BHpaXX€HI y BUIISAAI HAOOpY HpaBWJ, NPEICTABICHUX
MYJIBTUTEPMOM.

(x o y)?, 3 (check - r) € a, apply(r,x ¢oy) = true
x%Toy =40 ,A(check - r) € a, apply(r,x o y) # true. (45)
xoy , check & left(a)

Ockinpkn  yHiGiKamis CHMETPUYHA, KOHTEKCT B Y pO30MpaeThcs aHANOTigHO. MOXHA CHpPOCTHTH
KOHCTPYKIIif0, SKIIO MEPEHECTH MEPEeBipKy MpaBHJI CyMICHOCTI B MpaBmia KOHTEKCTY. TOZi KOHTEKCTHE IMPaBHIIO
HaOyze BUTIAAY:

x* =0Qiff A(check —» r) € a: apply(r,x) # true. (46)

A yHiikaris KOHTEKCTY MaTHMUTE BULIIL: X% oy = (x o y)%, a00 I IBOX KOHTEKCTIB:

x%oy? = (x0y)aP. (47)
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Ile Bci OCHOBHI mpaBWia KOHCTPYKIIi, TEmep MU MOXKEMO IMEPEHTH 1O BHU3HAYCHHS Mii MpaBHI
MepenuCyBaHHs.
OCHOBHE TIPaBMIIO 3AJHINAETHCS TOYHO TAKUM, K 1 B TPAJUIIHHAX CHCTEMaX:

subst(x,ctx(poy)),pey =0

48
Dpey=0 (48)

apply(p - x,y) = {

MHOXWHHI TepMH JO3BOJIAIOTH BHOWpaTH (mapajieNlbHO) BCi MpaBWia, MO0 MiAXOIATh, a TaKOX OO0poOIsaTH
MHOKHHY TIPaBUII:

apply(a U b,y) = apply(a,y) U apply(b,y), (49)
apply(a,x Uy) = apply(a,x) U apply(a,y). (50)
A HOCJ’IiI[OBHi HepeTBOpeHHﬂ JAaKTh HAM CeMaHTI/IKy HpiOpI/ITeTHOFO BUKOHAHHA

apply(a,y), apply(a,y) # @

apply(alb,y) = { , 51
PP @D Y) = apply(b, ), apply(a,7) = 8 Y
apply(a, x), apply(a,x) # @

apply(a,x|y) = { . 52
PP @X) = A apply(a, ), apply(a,x) = @ 2

I'paHnyHI TepMHU € HIDKYIMH eIEMEHTaMU PEIIiToK (0e3 cymepedHoCTe):
apply(a,®) = @ , apply(®,a) = a. (53)

Ta 3 cynepevHicTio:
,a =

apply(a, 1) =1, 1a apply(L,a) = {f 0= g, (54)
apply(+,x) = 1, apply(x,x) = 0. (55)

3aNuIIMIOCh BU3HAYUTH CIHIBBiJHOIICHHS NEPETBOPEHHS 1 KOHTEKCTA: TYT MH MOXEMO, SK y BHUIAAKY 3
yHi(]iKaIiero, BHKOPUCTOBYBATH 3HAUYCHHS KOHTEKCTY IUIS IEPEBIPKH:

(a N b)c =af > bcontent(v)’ (56)
subst(b,ctx(aox)),aox + @
apply(ac - b’ x) - { ( @;(g o X i )® ' (57)

Jaii, ceMaHTHKY BHBO/Y OyAyeMO TOYHO TaK Camo, SIK 1 y TpaANIIIHHIX CHCTEMaX:

3acTocyBaHHs HabOpy mpaBuia I g0 TepMy { 3a JONOMOrolo cTparerii S, IO BH3HA4Yae MOPSJIOK mepedopy,
MOYKHA BU3HAYNTH HACTYITHUM YHHOM:

s.traverse(t - (apply(r,t)|t)).

ToOTo cTparerist 3aMiHIOE y TepMi MiATepMH Ha pe3yibTaT apply, abo 3ammmiae 6e3 3MiH, SKIIO HpaBWIIA HE
MOXYyTh OyTH 3acTocoBani Oyt npuknanexo (apply moseprae @ ).

2. Tpuxaan: popmyTI0BaHHS THIIB

[IpoimocTpyeMO BHKOPUCTAHHS CHCTEM IEPENHCYBAaHHS peati3alli€lo aHami3y THIB. MOOyAyeMO MoAemi
OCHOBHUX cucTeM TumiB. [lepmie mutanss: sk Oyme Buriasgaté TumizoBaHa AST y BUTIAAI KOHTEKCTHOTO TepMy?
Mu OynemMo HpeAcTaBIATH THII KOHTEKCTOM, y SKOMY BH3HaueHO BHMAUIeHHH TepMiH check, mo Bu3Hauae Halip
MPaBHIL.

To6ro, sKIIo y MoBi nporpamysanHs (X:E) o3nauae, mo x mae T E — To Ha piBHI TepMiB B Hac € KOHTeKCT E, y
sikoMmy € HaOip mpaBwmi check. THTempeTaist boro HaOOpPY MpaBUII BH3HAYAE MOXIIUBICTh CTBOPEHHS TEPMY Y IIBOMY
KOHTEKCTI.

Henapamertpu3oBanuii crincok Oyae BU3HAYaTHCh HACTYITHUM YHHOM:
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List-> {
check-> x-> (
(x <> Nil)
I
(x <> Cons(y,z)){y->*,z->*@List}
Y@{ x -> * }@logic

ne logic — sikack cucTeMa, o HaJae MiHIMAIbHY IHTEPIIPETaIlilo JIOTIYHUX BHpa3iB Ta yHidikamii, (OyxemMo Ha3uBaTH
iiL).
BuzHaueHHs mapaMeTpru30BaHOTO CIIUCKY BUIIISAAAE MOJIOHIUM YHHOM:
{List(e) -> {
check-> x-> (
(x <> Nil)
(x <> Cons(y,z)){y->*@e,z->*@List(e)}
)@{ x -> * }@logic

Fr@{e->*}

To6to List neperBoproeThcst Ha GYHKIIOHATIBHUI TEpM, Jie € — mapamerp, 10 BU3HAYAETHCS MiJ] yac yHidikarii.
E — 3BuwaiiHuii Tepm, mo Moxe OyTH mpeacTaBieHu y termware. OTxke, “HaTypalbHOIO MOJCIUTIO” THITB Oyne
YHUCIICHHS 3QJISKHUX TUTIB [8].

Takox 3a3HaYMMO, IO TOKM € — HE BH3HAYCHO, BIJCYTHA PI3HUII MDK EK3UCTCHIIAUIBHUMH Ta
napameTpu3oBanumu Tunamu. 11[006 moOymyBaTH MOIEIb CUCTEMH, IO MIATPUMYE EK3UCTEHINAIbHI TUITH, MU MaEMO
a0o0 30araTUTH iIHTEPIPETATOP JIOTIKH, JOJABIIH aHAIOT KBAHTOPY iICHYBaHH:, 400 30araTUTH MaIIIiHT TepMiB Ha THIIH,
JIOJIaBLIM TIO3HAYECHHS JUIsl HEBU3HAYCHUX TEPMIB.

VY nepiioMy BUNaaKy, BU3HAYEHHS EK3MCTEHIIAILHOTO TUITY Oyze BUIIILAATH MOI0HO J10:

Ex.List -> {
(List e)(e->exists)@logic

by

Jle exists — Mae OyTH BH3HA4eHHH B JIOTIII SIK OIEpaToOp CeNleKIlii. B 3aiexHOCTI Bix Kiacy JOTiKH, Ky MU obepeMo,
MOJKHa OTpUMAaTH Oarato Bapiamid MOXIJINBOi ceMaHTHKH. Lle mocuTh mikaBe MUTAHHS AJIS MOJAJNBIIONO aHATi3y, aye
BHUXOAMTH 32 PAMKH KOPOTKOTO OTHCY CUCTEMH Y IIiHf CTATTi.

VY npyromy — MOKHa OTPHUMATH HOTaMil0, TOAIOHY O CKOJIEMIBCHKHX THINIB y Scala (HEeBH3HAYeHHX aiiaciB):

List -> {
check-> x-> (
(x <> Nil)
||

(x <> Cons(y,z)){y->*@element,z->*@(List@{ " element->element})}
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)@{ x -> * }@logic,
element -> *

by

e element — He apryMeHT (QYHKI[IOHAIEHOTO TEPMY, a CIEMEHT, IO Ma€ OYTH MPUCYTHIM Yy KOHKPETHOMY
TepMi, 1[0 BUKOPUCTOBYE KOHTEKCT List.

Hami, cyma ta 00’egHaHHS THIIB (OPMYITIOETECS OYCBHIHUM CHOCOOOM (AM3’FOHKIIS Ta KOH IOHKIisA check
Kiay3); anreOpaiuHi THNM — JoJaBaHHAM 10 check kiay3um mie npaBuia BU3HA4YCHHS MIATUIY B 3aJIEKHOCTI BiJ
JUCKPUMIHATODY.

Sk 6auMMoO, €JIEMEHTH CHCTEM THIIIB, II0 3yCTPIYalOThCs Yy HAWOUIbII MOIMIMPEHHX MOBaX MpPOrpaMyBaHHS,
NPSIMO MOJICIIOIOTHCS Y YUCIICHHI KOHTEKCTIB.

PosrnsiHeMo 11e MeHII NOMIMPeHi PI3HOBHAM — JIiHIMHI Ta adiHHI THUMH, 10 BUKOPUCTOBYIOTHCS Yy MOBax 3
oGIrikoM BUKOpHCTaHHs pecypcis (Taki sk Clean [9], Rust [10], Pony [11]).

Tun Ha3UBa€eTHCS JMiHIHHUM, SKIIO OJWH BHUpPa3 IbOTO THUIY MO)Ke OyTH BUKOPHCTAH y MPOTrpaMi JIUIIEe OJUH
pa3. (IIpukimam — y MOBi 3 TpakiHTOM pecypciB, MOKa34yMK Ha MyTaOelnbHy o0JacTh mam’sTi, OO0 MOXe OyTH
mepenanuil y iHmy QyHkIio 6e3 xomiroBaHHA. OyHKIIL-0TpUMYyBad Mae ab0 IepeaaT Horo aaji, abo 3BUTHPHHUTH).

A¢iHHAHT THT — THIL, [0 MOKe OyTH BUKOPHUCTAaHUH y mporpaMi oquH abo Hyib pa3. [Ipukman — myrabenpHa
3MiHHAa, 0 MOXXe OyTH HepelaHa 10 iHIIOrO MOTOKY BUKOHAHHS.

[epuie muTaHHs — SIK MU B3araji MOXXeMO MPOMOJEJIOBATH MPOTpaMu 3 JIHIHHUMHM TUIIAMU: BOUYEBHU]Ib, HAM
NOTPiOHO BUBHAYUTH MOHATTS OJIOKY KOJY Ta 3B’A3aTH CaM THII 3 BXO/DKEHHAM Y 1ei OJIOK.

Linear{
check -> (x -> LinearStatements(definedIn@x))@(x->*)
definedIn -> (x -> *@LinearStatements) @(x->*)

by

TyT MH MOXXEMO BH3HAYWTH JIIHEWHWH THI sSIK TakuWid, mo Bu3HaueHuit y LinearStatements. definedIin mu
MOBUHHI BU3HAYMUTH ITpU BinoOpaxxkeHHni AST Ha Tepmu.
LinearStatements MosxHa po3riIsiAaTH SK CIIHCOK BHPAa3iB. A IO Take BHpa3 3 TOYKU 30py Hamioro aHamnisy? Lle
II0CHh, III0 MOXeE a00 CTBOPIOBATH a00 BUKOPUCTOBYBATH JIiHIHHY 3MiHHY:
LinearStatement {
usage -> (x -> boolean)@(x->*@Linear),

created -> List *@Linear

Tenep, MO’KHA BU3HAYUTH THITN3ALIIO OJIOKY KOZY:

LinearStatements = {
check -> {x -> checkLinear(Nil, Nil, x)}@(x->%*),
checkLinear -> {
(nonUsed, used, statements) ->

{

if (statements

Nil) -> used = Nil and nonUsed=Nil,

if (statements = Cons(statement,rest)@(statement->*@LinearStatement,
rest -> (List *@LinearStatement))
-> checkLinear(

created(statement) + nonUsed.filter(!statement@usage),
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used + nonUsed.filter(statement@usage),

rest

)

and checkNonUsed(nonUsed,statement)

3
checkNonUsed -> {
(Nil, statement) -> true

(Cons(x,y),statement) -> Istatement@usage(x) and checkNonUsed(y,statement)

b
b

(Tyr +, filter — omeparist JoAaBaHHS CIUCKIB, 10 MOXKE OyTH BU3HAYCHA OUEBHIHUM YHHOM).

TakuMm 9uHOM, MaEMO Take (pOpMyITIOBaHHS: JHIHHUHN THI — 1€ TAKWH THII, [0 BUPA3 IbOTO TUITY, BU3HAYCHUI
y OJIOIIi, BUKOPUCTOBYETHCS TaM JIUIIE OJMH Pa3, JACKIApAaTHBHO BHPAXKECHO MOBOIO MEPEIUCYIOUNX CUCTEM.

BucHoBknu

OTxe, YHCICHHS KOHTEKCTY A03BOJISE IEKIapaTUBHO IPOMOJICIIOBATH CYyYacHI CHCTEMH THINB Ta 341HCHIOBATH
CEeMaHTHYHUH aHaJi3 Ta WEpPeTBOPSHHS IporpaM, 3aldIIalo4YuCh Y paMKax JIeKJIapaTHBHOI MapaIurMu
HepenucyBabHUX NpaBWil. [lo€IHY0OYM Pi3HY JIOTIYHY CEMaHTHKY 3 BiIOOpaXKEHHSM MOB HPOTpPaMyBaHHSI, MOXKHa
OTPUMATH Pi3HI BepCii CHCTEM THUIIH3AIII].

HactynHi kpoku:

e Bepudikarmig i moOymoBa BepudikoBaHOI MOJENI Y €Oq;
e  IMIUIEMEHTAIlisl HACTYITHOT Bepcii termware Ha OCHOBI YMCJIEHHsI KOHTEKCTHHX TEPMIB,;

e  IMIUIEMEHTAIlis NIBHIKOTO aJrOPUTMY CITiBCTABJICHHS.

3aHauMMO, IO MHOXHHHUH TepM 3 HaOOpPOM NpaBWJI MOXHa BBA)XKaTH CTAHAAPTHOIO MOJEIUTIO SK JUIS
KOHTEKCTa, TaK 1 JUIi CUCTEMHM INEPernuCcylodnX MpaBumi 0e3 mpiopuTeTiB. 3acTOCyBaHHS CHCTEMM TaKHX IPaBHI €
IIPOIIECOM PE30JIBIHTY TEPMY B KOHTEKCTI.

[Ile oaHi€ MIMPOKOK TEMOIO JUIsl JOCIHIIKEHb € MEePEeTBOPEHHS TEPMIB MiX Pi3HMMH 0a3aMu KOHTEKCTIB.
Toni, mpeacTaBIsA0YM KOHTEKCTOM OMepaliii cepeloBHIla BUKOHAHHS, MOXHA NepedopMyIioBaTu 3aaqy KOMIISLIIT
abo iHTepnpeTauii TepMy SIK MEPEHOC TEPMY IIPOTPaMU B iHIIMN KOHTEKCT. SIKIIO MapKyBaTH 4eproBicTh exiMiHaLil
KOHTEKCTY TPH MEPETBOPEHHI TEPMY, OTPUMAEMO MOKIHBICTH MOJEIIOBAHHs Mpollecy ‘“mocranoBku’(Staging) wa
KIITAJIT OTucanoro B [12], 1e piBeHb MeTa-3MiHHUX BiIIIOBITa€ BiAMOBIIHMM MIiTKaM KOHTEKCTY.

3amaui onrTuMizamii Ha OCHOBI JOJATKOBHX 3HaHb ab0 pe3ynbTaTiB MPO(diM0I0YOro BHKOHAHHS IMPOTPaM
TAaKO’)X MOXYTh OyTHM omucaHi y npoMy (pelMBOpKY, SKIIO PO3MIIAJaTH METPUKH e(EeKTHUBHOCTI SIK CKJIaIoBi
LIBOBOrO 0a30BOTO KOHTEKCTY.
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