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TERMWARE-3 - CUCTEMA IEPEIIMCYBAHHSA TEPMIB,
3ACHOBAHA HA KOHTEKCTHOMY YUCJIEHHI

VY craTTi onMCyeThCS KOHCTPYKIIS CHCTEMH TepenucyBaHHa TepMiB TermWare-3, mo moOymoBaHa Ha OCHOBI
pedaekcuBHOTO YHCIIEHHSI KOHTEKCTHUX TEPMIB, KOJIM CTPYKTYpa TEpMY BKIIIOYAE 70 cebe, OKpiM aepesa, wie i
BHYTPIIIHI KOHTEKCT Ta 0OMEXEHHs Ha CIIBCTAaBJICHHS IPHU 3aCTOCYBaHHI (30BHIIIHIM KOHTEKCT), IO J03BO-
JIsi€e 3aHYpUTH OIeparlii po3B’s3yBaHHA IMEH B MaTEeMAaTHYHY CEMaHTHKY IEpeNUCYBaIbHUX TpaBmi. Omucy-
€TBhCA METOJ] €PeKTHBHOI AUCIIETYSPH3allii BHOOPY MPaBWII, a TAKOK aBTOMAaTHYHE TIEPETBOPEHHS BUPA3iB MiX
CHCTEMaMH Ha OCHOBI ajreOpalyHuX TUIIB MOBH SCala Ta KOHTEKCTHUMH TEPMaMH.

KitrowoBi cnoBa: aBTomMaTu3arisi po3poOKH MPOTPaMHOTO 3a0e3IeYeHHs, MOBH IIPOTPaMyBaHHS, MIEpENHCyBaH-
HS TepPMiB, CHCTEMH THIIIB, anreOpa THIIiB, aHaJi3 KOy, termware.

Beryn

CucreMu nepenucyBaHHsS Ta JOTTYHO-
IO BUBOJIY JaBHO 3aCTOCOBYIOTBCS JIJISl PI3HUX
3amau. llepma Bepcis cucremu TermWare
onucana y ctarti [1] i 3’ssBunacek y 2003 porri
SK CHCTEMa TEepPMiB, 3aCHOBaHa Ha Oe3THIO-
BOMY IE€pENUCyBaHHI TEpMiB [2], 1m0 IOMOB-
HEHa B3aeMoJiiero 3 6a3o0r0 ¢akris. Llg cucre-
Ma JIoBeJia CBOIO €(EKTUBHICTD Ul HIMPOKO-
ro kosa 3amad [3, 4]. pyra Bepcis, Oyna 3a-
CHOBaHa Ha TOMY X MaTeMaTHYHOMY amapari,
ajie Ha BIIIMIHY BiJ mepuioi Bepcii Mana iH-
i crioci6 peamizanii. Toxl sik y nepiriit Be-
pcii peKypcHBHI alropuTMu 00X0ay JepeBa
IHTEpIPETYBAINCH 32 JOMTOMOTOI0 PEKYpPCHB-
HUX Java mMeToaiB, TO B ApYriil — 3a 10momo-
rol0 BOYIOBAaHOTO HEPEKYPCHBHOTO IHTEPII-
peraropa, 110 HE BUKOPHCTOBYE BOYIOBaHUMN
crexk JVM mst o6xony nepes. Lle mo3Bommio
3actocyBaHHs TermWare-2 B iHIyCTpialbHUX
3ajauax, e MOKHa OyIIo MoaaTH KOKEeH (aiin
HEeTpUBIAIBHOI Java-niporpaMu sK OJUH BeJU-
KU TepM i BHKOHYBAaTH IEPETBOPEHHS, IO
noTpe0ytoTh 00X01y BCiX (ailsliB mpoekTty. Y
TakoMy BUIIIsII cuctema TermWare-2 3acro-
COBYeEThCs 1 HuHI [3, 4].

Cucrema TermWare-3 (i noOyznoBana
Ha i OCHOBI MOBa nporpamysanHsa Vavilon),
3 oaHOTO OOKY, 30epiraloTh OCHOBHI PHUCH
TermWare-2, sik BOy10BaHOT BUCOKOPiBHEBOT
010JTI0TEeKH, 3 1HIIOTO — JOJAaI0Th HOBI MOX-
JUBOCTI 3aCTOCYBaHHSI IPUMITUBIB KOHTEKC-
THOTO uucieHHs [5]. Sk i momepenHs Bepcis,
TermWare-3 — 1e 0i6mioTeka, IO MICTHTH
B co01 omeparlii poOOTH 3 TepMaMu Ta MOXK-
JUBICTh CTBOPEHHsSI Ta 3aCTOCYBAaHHS Nepe-

NUCYBaJbHUX HPAaBUJ 10 00 €KTIB KOPUCTY-
Baya.

1. OcHoBHi KOHCTPYKUii TermWare-3

Y upoMy po3iiai MU IPUBEIEMO OCHO-
BHI KOHCTPYKIIil YMCIICHHS KOHTEKCTHUX Tep-
MiB Ta HaBeJEMO CIOCi0 X MpeaCTaBICHHS Y
Bunii Scala-koncrpykuii TermWare-3.

Hexaii T — MHOXMHA TEpMIiB, IO
CKJIAIA€ThCS 3 MHOKHMHU KOHCTAHTHHX CHM-
BoJiB C, 3 BHIIJIECHOIO IMIMHOKHHOI aTOMIB
Ac C ta ¢yHKIIOHAIBHUX TepMiB F C
C A .Ilobynyemo Ha i1 OCHOBI MHOXXHHY KOH-
tekctHUX MyabtutepmiB CT(T), mo Oyne
BKJIIOUATH B ceoe:

e koHcrantu Cj, i € I:

-~ KOHCTaHTHI T€pMH, IO HE € aTo-
MaMH, TIPEICTABJICHI SIK TPEUTH (XapaKTepHC-
tuku) PrimitiveTerm[T], ne T — e npumitu-
BHMit Tun Scala, a PrimitiveTerm[T]; icuye
HESBHE IMEPETBOPEHHSI MDK HPUMITUBHUMHU
tinamu Scala Ta PrimitiveTerm;

- aroMH, IO TpPEJICTaBICHI SK
Tpeiitu AtomTerm; icHye HesBHE IEpeTBO-
penns Mix Scala cumBotamu Ta AtomTerm;

e (yHkmioHanbHi TepMu  f;(tq, ...
., ty) EF,i€l. TermWare-3 migTpumye
OUIBII 3aCTOCOBaHy 10 CIOCOO0Y MUCIICHHS
PO3pOOHUKIB KOHIIEMIIO CIMPYKMYPHUX mep-
mig fi(ny = tq, ..., Ny = tpy), O€ N1, N2... N —
iMmeHa (aromu), ti, ..., tm — MyJaBTHUTEpPMH,
CTPYKTYpHI TE€pMHM, L0 € aOCTpakIi€r BU-
KJIMKY QYHKIII, 110 B Cy4YaCHHUX MOBaxX MOXKe
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BKJIIOYATH IMEHOBaHI1 MapaMeTpH Ta 3HAUYCHHS
3a 3aMoBYyBaHHsAM. Lli CTpyKTypHI Tepmu
MpEJCTaBICHI SK BHIJSIAM Tpeilita Struc-
turedTerm. Icuye peamizaiiiss bOro TpelTa
IUIsl Case-KiIacciB, TOJIOBHE B LIbOMY TPEHUTI —
orepallisi iIMEHyBaHHS,

®  TIEpPEeTBOpPEHHS (CTPUIKH) t; = ty:

- peamzamis Scala wHamae TpeWT
ArrowTerm; ioro ocHOBHa (YyHKIIOHAJb-
HICTh — MOKJIUBICTh BHAUICHHS JIIBOi Ta Ipa-
BO1 YaCTHHH TIEPETBOPEHHS, JKO/IHA 3 SKUX HE
€ IYCTOIO;

- BHYTpilIHi# KOHTEKCT context(a,b)
abo a@b, 110 MOKHA YUTATH K & B KOHTEKC-
Ti b, ne a ta b — Oyap-saki Tepmu (B popmy-
nax iHOMi BHKOPHMCTOBYeThca HoTamis a’); B
Scala peamizartiss Oyab-sSKOTO OpPAMHAPHOTO
TepMa MOXE MAaTH BHYTPIIIHIH KOHTEKCT
(MOXJIMBO MYCTHH), A omepaiiii 3 HUM ic-
HYIOTb ~ METOAM, ONHCaHi B  TPEHTI
ContextBase;

e  30BHINIHIN KOHTEKCT a -: b 1o
MO’KHA OMMCATHU fK: “a PU YMOBI KOHTEKCTY
b”. ByneMo TakoX iHKOJIIM BHKOPHCTOBYBATH
MO3HauYeHHs b:-a, TOOTO, KOHTEKCT Ma€e OyTU
OnmK4Ye 10 NBOKpanku. lies B ToMmy, o npu
BUKOpHCTaHHI & -: b sik marrepHa, iioro mo-
’KHA CHIBCTaBJIATU (K @) JIUIIE y BUIMAIKY,
KOJIM KOHTEKCT CITIBCTaBJICHHS CyMicHHit 3 D
(meranpHilIE ONMHMCYEThCS NMPU ONMHUCY YHI(I-
Karii). B peanizanii Termware-3 Oyab-skuii
TEpM Ma€ 30BHIIIHIM KOHTEKCT, SKHH 3a 3a-
MOBYEHHSM € ‘*’ — yHiBepCaJIbHUM MYJbTHU-
TEpM, 1110 CyMICHUH 3 Oy/b-SIKUM TEPMOM;

® MHOXHHHI MyJnbTUTEpMH (200
or-supasn); {t1 tn} (abo ty Or t, ... or
t, ) — MOXKHA PO3MJIAATH SK MPOCTO MHOXH-
Hy opauHapHHX TepMmiB. Ilycta MHOXHHa
eKBIBaJICHTHa BHJLJIEHOMY TepMmy Empty-
Term. B TermWare-3 MHOXXUHHHIA MYJIbTH-
TepM mpencraBieHui Tpeiitom OrSet, mo Ha
JOATOK JO 3BHYAWHUX OMeparliii Haj Tep-
MaMH, JIa€ JIOCTYI /10 BHOIpKH Ta NEpeNiKy
ereMeHTiB. Takox, HajJ TepMaMH BH3HAYCHA
orepaiiis Of.

® CyMICHI MHOXXHHHI MYJIbTHUTEPMHU
(abo  and-Bupazm); <Kty,..t,>» (abo
tyand t,, and ...t,). BoHH BiIpi3HAIOTHCS BiJ
Or-TepMiB THM, 110 MAalOTh OyTH CYMICHI MIXK
coboro. dopmasibHEe BHU3HAYEHHS CYMiCHOCTI

HaBE/IEMO TICIIsl Meperiky TepMiB, Hedopma-
JHLHO — JIBa TEPMHU CYMICHI, SIKIIO 1€ CTPLIKH
3 pI3HHMH JIBUMHU 9aCTHUHAMU a00 OJIMH 3 HUX
€ MHOXXMHHUM TepMOM a00 BOHHM OJIHAKOBI.
[TycTtuit MHOXKMHHUI MyIBTUTEPM € YHiBEp-
canpbHUM TepMmoM. TermWare-3 Hagae Tpeut
AndSet Ta omepauito and Hag MyJIbTH-
TEpPMaMU;

®  TIOCJIIZOBHICTH albTEPHATUB
t1] ta] ... | toener, a00 t1 OrElse t2 orElse ... tn,
IPH CIIBCTABJICHHI PE3yJIbTATOM € Iepila
MOJKJIMBA anbTepHaTuBa. |ermWare-3 namae
orepariito OrElse nag repmamuy;

e zaxmmeHwuii Tepm: if(guard, t), me
CITIBCTABJICHHSI BUKOHYETBCS JIMIIE SKIIO BHU-
pa3 guard iaTepnpeTyeThcs B true y JorivHii
CHCTEMI, IO MOXE 331aBaTUCh SIK IapaMeTp
cucremu. Y TermWare e tpeiit IfTerm;

® TIOPOXHIM MynpTHTEPM @, SKHI
MOXKHa IHTEpIpeTyBaTh fAK “TIyCTUH MHO-
KUHHUH MynbTuTepM”, mo y TermWare-3
npejacTaBieHui 00’ ektom EmptyTerm;

®  VHIBEPCAJIbHUI MYIBTUTEPM  *,
SIKUW MO>KHA THTEPIIPETYBATH SIK “‘CYyMICHHI 3
OyIb-SIKUM MYJIBTUTEPMOM”, IPEJICTaBICHUM
00’extom StarTerm.

Kopucryrounch 6a3ucom Lux eaemMeH-
TiB, MOYKHa €MYJIFOBaTH KOHCTPYKLIi cTaHja-
pTHOI joriku. Tak, HampuUKIaJ, MiJICTAaHOBKA
MoOXe OyTH Mpe/cTaBleHa K CYMICHUNA TepM:
Kxy 2ty x, 2>t, >, Oe X; — aToMu 3
IMEHaMH, 1110 BiAMOBIAAIOTH IMEHAM 3MIHHMX,
a t, — pesynapTaTd. JlojaBaHHS 1€ OJHOIO
erieMeHTa abo CTBOPUTH HOBY CYMICHY MijiC-
TaHOBKY, a00 MepeTBOPUTH IMiJCTAaHOBKY Yy
NycTUH TepM, 10 OyAe CBIAYUTH TPO
HEYCIIITHICTh oneparii.

BinbHi 3MiHHI 3 IMEHaMU X; MOXYTb
OyTH eMy/lbOBaHI SK aTOMH 3 IMEHaMH Ta
T1JICTAHOBKOIO, II0 TEPETBOPIOE IIi iIMEHa B
obmesxeHHs. Bupas

[y, x)@{ x1 = *,x; —>*}

BI/IMOBi/Ia€ BUIBHMM 3MIHHHM X; Ta X, 0e€3
oOmexeHb. [l 3MIHHUX 3 OOMEKEHHSIMH
BHKOPHUCTOBYIOTBCS 3aXUIICHI TSPMH:

f(xl,xz)@{xl = if (this < 2) *,x, =
if (isString(this)) -+ }.
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ITpu criBcraBineHni X1, this momirmaerscst y
30BHIIIHIA KOHTECT TepMmy 1 Bupa3z this < 2
IHTEepHpeTyeThes y 6a30Biif JOTiMi.
[TpUpoAHUM YHHOM SMYJIIOETHCS TIO0-
HATTS Tany. (X:T) e CKOpOYEHHS Ui 3aXu-
menoro tepmy if (T.resolve(check),this). Ta-
KuM yuHOM, TN y TermWare-3 e noBeneH-
HSIM BJIACTHBOCTI O0€3TUIIOBOTO BUPa3y. ToOTO
OCTaHHI# BUpa3 MOYHA MIEPEIUCATH SIK:

f(x1,x2)@{x; — if (this <2)%x,
— if (this: String) —x* }.

CaMmy cucreMy rnepenucyBaJbHUX MPaBUI Ta-
KO MOJKHA IPEJCTABUTH Y BUIJISII TEPMY:
e Oyzae cymicHa MHOXKHHA CTPLIOK

K pr 2ty Py 2ty D,

ne P, ... P — NATTEPHHU, tq, ... t,, — BIATOBIHI
IMiJICTAaHOBKU. SIK BUIHO, IIIACTAHOBKA € Yac-
THHHUM BHIAJKOM CHCTEM IWpaBHJ, 1 TaM
OCHOBHHMM € TPABHJIO ITiJICTAHOBKU OJHOTO
npaBHIa;

app((x - y),z) =

subst(y, unify(x, z)),
unify(x,z) + 0,
@, unify(x,z) = @.

Miciie B cucrtemi MHpaBuUil — BU3HAYAETHCSA
omepariiiero Bubopy. B Takomy mnpezicras-
JIEHHI, TepeNnuCyBalbHI MpaBuja MarTh Oy-
TH KOTEpPEeHTHUMH (TOOTO HE CYNEepeuuTH
OJIHE OJTHOMY).

Ille omuH BapiaHT MpeACTABICHHS —
BIIOPSIIKOBaHUHM HaOip MpaBui, 110 MoXke Oy-
THU TPEJICTaBICHUN 3a JOMOMOTOI0 HEPEIKY
anbTepHaTuB. Takuil TEpM Ma€ BUTIIAA!

X, oty xy, o ty] | xy oty

3a3HayMMo, 110 SKIIO TEPMU 3 OLIbLI-
cHelu(pIYHUM NaTTEPHOM 3HAXOAAThCA paHi-
me OUIBIN 3araJbHUX, TO Il JIBa MPEICTaB-
JICHHS eKBiBaJICHTHI [5].

3a Opakom Mmicis He OyJaeMO HaBOIM-
TH TOBHUM onuc ¢opmanbHOi cuctemu. Haii-
OuTbII OyiM3bKHiA oruc € y [5, 6]. Tam momana
nonepenHs GopMmaiizaris, e HEMa€e Pi3HUII
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MIX CYMICHUMH Ta HECYMICHUMU MHOXHHAaMHU
TEPMIB.

2. ImniieMeHnTanis

CrangapTHuil METOJ NPEICTaBJICHHSA 4YHC-
JeHHs B Scala — MojentoBaHHS OCHOBHHX
KOHCTPYKIIIA y BUTJIAMI i€epapXii Case-kiaciB
Ta 1mMoOynoBa anreOpu omepaiiid HaJl IUMH
case-kilacaMu sIK OKpemMoro o0’exkta. B
TermWare-3 mpuifHATHIA THIIAA MIOXI, [0
Ha TMEPIIUKA MO BCTYMA€e y MPOTHPIYYS 3
3arajibHONIPUUHATUM (YHKIIOHAJIBHUM CTHU-
JeM. A came, OCHOBHI KOHCTPYKIIii € TpeiTa-
MU, IO JIOIYCKAaIOTh Pi3Hi peajizalii, a anre-
Opa ormeparliii mpeacraBieHa K METOAMU ITUX
TpelTiB. OCHOBHA MPHUYMHA TAKOTO JTH3ANHY
— MOXKJIUBICTh €()EKTHUBHOIT peatizarlii.

Sx mpukiIan, MOAMBHUMOCH HA IIPO-
onemy nucneruepizanii npaBuia. Hexalt y Hac
€ TepM X Ta CHCTEMa MEepPEnUCyBaILHUX Ipa-
BUJI

Sk 3HAWTH MpPaBWIO 3 JIIBOK YAaCTHHOIO, IO
cymicHe 3 X? SIKIIO MU BUKOPHUCTOBYEMO
cUCTeMy Case-KJiaciB, TO HaM IMOTPiOHO abo
OpraHi3OBYBaTH TONIIYK JiBOi YacTUHH B
MOCIITOBHOCTI TpaBWi, 10 HE € e(EeKTUB-
HUM METOJIOM, a00 SIBHO IEPETBOPIOBATH CH-
CTEMYy MpaBWJI B ONTHUMi30BaHE MPE/ICTaB-
JICHHS, 10 YCKJIaIHIOE 30BHIIIHINA 1HTepdeiic
6i6moTexu [7].

Hanpukman, po3rissHeMO HACTYIHY
CUCTEMY TIPaBHII:

f(x,9(¥).x)-p1(x,y)|
f(x;x;x)—’pz (X)
f(x,y,x)—>p3 (x,y)

agy)-y
x—A

[Ipu  cmiBcTaBleHHI  paliOHAJIBHO
TPUMaTH B MaM’ATi HE CIHUCOK CTPIJIOK, a
CTPYKTYpPY, IO 3acCTOCOBaHa [yl IIBHJKOTO
METUiHTY, TMOKa3aHy Ha HAaCTYIHOMY PHUCYH-
KY.

TyT KOXHa BepIIMHA BHUKOPUCTOBYE
TaOMMYHUM TOIIYK (32 apHICTIO abo 1M’IM
TOJIOBHOTO TepMa), Jaji BUKOHYETHCS CITiBC-
TaBJICHHS 3 TUIIOBUM TEPMOM, 1 SIKIIIO BOHO
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I-E‘i’f‘ity_‘;g
T
, %, %) > T — A
fail '
name =4 I‘?;?,Q'IT'};(I%. = f
' 2:arity =1
3 :unify(x) | 2marie==g

f(x,z,x) = po(x) :f' .,

Fay) < f@gy), )

3:unify(x)

3:unify(x)

f(x,g9(y),x) = pi(z,y)

Y

f(xayax) — p3(x*y)

Pucynok. CtpykTypa A7 MBUIKOTO METUIHTY

MPaBUJIbHE — TO MPOBOAUTHCS OCTATOYHO ITe- BHE CITIBCTABJEHHA. T€OPETUYHO 1€ MOXKIIHU-

peBipKa, SKIIO HI — CHIBCTABJIEHHS NPOJIOB- BO BBECTHU KUIBKICHY OIIIHKY CKJIaTHOCTI CITiB-

xyetrbes 3 “fallback”-Bepimuu, mepexin 1o CTaBJICHHA Ta OyAyBaTu CTPYKTYpY, 110 Oyne

SIKO1 IMOKa3aHO MYHKTUPHOIO CTPLIKOIO. MIHIMI3yBaTH 110 OL[IHKY Ha Habopl BXIiJTHUX
SIKI10 B34TH, HANIPHUKIIAJ, HaOlp JaHUX JaHUX.

p(1,1,1), To nans BU3HAYEHHS HOTPIOHOTO

IpaBujIa JTOCUTh JIBOX BUOIPOK 3 TaOnuIi: 1e- 3. Ilpuxaan 3acTocyBaHHA

P}Hﬂﬁ 3a aPHi‘CTIQ JPYTHii — 32 IMCHEM, & T10- HaBenemo mpukiag 3acTOCYBaHHS

TIM MOXHa BlIpa3sy IICpEXOIUTH N0 IIpaBH]Ia aHaJli3y KOHTEKCTY, Ha NPUKIAl IMILJIEMEH-

x = A; f(1,1,1), wo norpeGye TpbOX CIiBC- Tallii nepeBipku KOHTPAKTIB.

TaBJIeHb. Y ICHYIOUiH peai3alii, Bi1OyBaeTh- Hexaif y Hac € ONHMC KOHTPAaKTy Ha

CA CIIOYaTKy TaOTIHHHA TIomIyK 3a apriCTva moBi Solidity [8], mo € TunoBuM mpencras-

faii — TaOMMYHHIT TOIIYK 3a IMCHAMH 1 JIHIIIe HUKOM 00’€KTHO-OPIEHTOBAaHUX MOB 3 BKJIa-

Ha TPETBOMY (IICPEIOCTAHHBOMY) PIBHI — II0- JIeHUMH o0nacTaMu BU3HA4YeHHs. [ mpoc-

o1
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TOTH BUKIAAY, MU HE pO3MIIIaTuMeMo ¢azy
CHHTAaKCUYHOTO aHaJli3y Ta MPHITYCTUMO, IO
00’€KTOM HAIIIOTO PO3TIISITY € MPEICTABICHHS
Solidity AST y Burnsai rimmboko BOyI0BaHO-
ro (deep embedding) [9] Bupasy Scala.
Kontpakr Ha Solidity daktuuno e
OIMHMCOM aKTOpPa, [0 aKTUBYETHCS MPHU HAIXO-
JUKEHH1 TpaH3akilii, ¢ Moke OyTH BKa3aHO
JOJJATKOBE MOBIJOMIICHHSI, 1110 JEKOAYETHCS Yy
BUKIIMK MeTony. BiH BKiIrOYae y cebe omuc
CTaHy aKkTopa, Hadip MOXIMBUX (DYHKIIH Ta
BHUXIJIHUX BHITQJIKIB (events), IO JOCTYIHI
JUISL CTIOCTEPEXKEHHS, Pa30oM 3 BU3HAYCHHSM
HEOOXITHUX CTPYKTYp JAaHHUX Ta MOIU(DIKaTO-

piB.

Ha Scala e omnmcyeThcsi HaCTYIHOO
iepapxiero:

case class Contract(
name: String,
contractMember: Seq[ContractMember])

sealed trait ContractMember

case class VarDef[T](

name:String,

dataType: DataType[T],

scope: Scope,

location: Datalocation) extends ContractMem-
ber

sealed trait FunctionLikeMember extends Con-
tractMember

case class ConstructorMember(
params: Map[String,VarDef[ ]],
statements: IndexedSeq[Statement]
) extends FunctionLikeMember

case class FunctionMember(
params: Map[String,VarDef[_]],
statement: IndexedSeq[Statement])

Tyt DataType — ne tun ganux, mo Moxe 0y-

TH ab6o BOyZOBaHUM, a00 MOOYIOBaHUM KO-
pHUCTyBaueMm:

52

sealed trait DataType[T]
sealed trait Primitive[T] extends DataType[T]

case class IntPrimitive(value: Int) extends Primi-
tive[Int]

case class AddressPrimitive(value: Long)
extends Primitive[Long]

case class Struct(fields:
Map[String,DataType[ ]])

extends
DataType[Map[String,DataType[_]]]

case class Mapping[

K:Primitive,
V:DataType](value:Map[K,V])
extends
DataType[Map[K,V]]

case class SArray[T:DataType](
value: IndexedSeq[T]
) extends DataType[IndexedSeq[T]]

1 HapemTi Statement — e Moxke OyTH BHKIHK
METOy, MPHCBOIOBaHHS 3HAYEHHs, iHiMiami-
3alisl JOKaJbHOT 3MiHHOI Tomo. CKOpOuYeHO
1€ MOXKHO TIPOLTIOCTPYBATH HACTYMHUM (ppa-
TMEHTOM.

case class MethodCall[O,T](obj: Expr[O],
params: LExpr[_]) extends Expr[T]

case class VarName[T](name:String) extends
LExpr[T]

case class Assignment[T](left: LExpr[T] ,expr:
Expr[T]) extends Statement

case class Varlnit[T](name:String,
dateType:DataType[T],
initExpr: RExpr[T]) extends Statement

case class IfStatement(condition:RExpr[Boolean],
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ifTrue: Statement,
ifFalse: Statement) extends Statement

Sk Gaummo, Bcs mporpama IpeacTaBieHa
Ak anreOpaiyHa CTpyKTypa JgaHux. B
TermWare-3 peanizoBaHO aBTOMaTH4YHE TIEpe-
TBOPEHHS E€K3eMIUIApIB anreOpaiyHuX THUIIB
y TEpMH: BCE IO MOTPIOHO, 1€ MPOIMIIOPTY-
Batu DSL Ta BUKIMKATH PO3MIMPEHUI METOJ
MIEPETBOPECHHS:

val programTerm = ast.toTerm()

Azne 3a 3amoBUyBaHHAM, cTpyKTypa AST Oy-
Jie TIepeHeceHa B TaKy X CTPYKTYPY TepMy
0e3 moOymoBu KoHTekcTa. s Toro, mo0
MoKa3aTH, IIO0 JIesSKI YaCTUHU HAJCKaTh JI0
KOHTEKCTY, MOTPIOHO BKa3aTH BiOOpaKCHHS
MoJIsi B PO3TallyBaHHS miaATepMy (IO MOXeE
OyTu abo B miaTepmi, a00 B KOHTEKCTI):

implicit object ContractContextPlacement

extends AsContext[
Seq[ContractMember],
Symbol,
ContractMember]{

override def map(in: Seq[ContractMember]):
Try[Map[Symbol, ContractMember]] = {
Try {
in.map(m => (Symbol(m.name), m)).
groupBy(_._1).
mapValues {
s =>
if (s.tail.nonEmpty) {
throw new lllegal ArgumentException(
"duplicate name ${s.head._1}"")
}else {
s.head. 2
}
}
}
}

override def unmap(in: Map[Symbol, Con-
tractMember]): Try[Seq[ContractMember]] = {
Success(in.values.toSeq)

¥
¥

I cxoxe mepeTBOpeHHs NOTPIOHO BKa3aTH LIS
VarDef, mo6 Bu3HaueHHS 3MIHHOI MOTpAIl-
JSUT0 Y KOHTEKCT OJIoKy. Sk Gaummo, 3amada
IILOTO MEPETBOPEHHS — IEPETBOPEHHS TEPMY
Ha MAIIITIHT, [0 3T0JIOM TEPETBOPIOETHCS HA
Ha0ip BIOPSIKOBAaHUX JaHUX. TakoX 3a3Ha-
YUMO BUKOPHUCTaHHS THITy Symbol sk ximova
BigoOpaxkeHHs, 3amicTh String. Lle 3pobieno
TOMY, 1110 String 3a 3aMOBYECHHSM BioOpaxa-
erbess y PrimitiveTerm[String] a Symbol — B
AtomTerm.

Takox Mae ceHC IMeHa 3MIHHUX Ta 4a-
CTHHH CEJIEKTOPH TEX MPEICTABISITH SIK aTo-
MU

implicit def varNameFieldMapping[T] =
new AsFieldMapping[VarName[T],Symbol] {
override def map(in: VarName[T]):
Try[Symbol] = Success(Symbol(in.name))

override def unmap(in: Symbol):
Try[VarName[T]] = Suc-
cess(VarName(in.toString()))

}

Tenmep programTerm, mnpeacTaBleHUN SK
TEPM, B KOHTEKCTI SIKOTO 3HaXOJSATHCS BU3HA-
YyeHHs (TYT MU JJIs MPOCTOTU OMHUHYJIH J0/1a-
BaHHS CTaHJAAPTHHUX €JIEMEHTIB POTPaMH, 1110
BU3HaueHi B cnenudikamii Solidity). Mu mo-
KEMO BHMKOPUCTOBYBAaTH HaBIrallll0 3a CUM-
BOJIaMu: X.resolve(name) BuaacTh HaM BHU3HA-
YEHHS IMEHI.

Posrnsnemo, st mpuKiamgy, mporpa-
My  TepeBipkM  (4ekep) TaKk  3BaHOL
«reentrance» [10] — mOMHJIKH B KOHTpaKTax,
KOJIM KOHTPAKT POOUTH TPAH3aKI[IO, HE 3Mi-
HIOIOYM cBoro crany. Came L BpasiUBICTb
Oyna BHKOpHUCTaHa y Bigomomy 3iomMi DAO
[11].

[Tpuknax mpobiemMu Takoro poay Mo-
’Ha MOOAYNUTH B HACTYITHOMY KOJi:

contract Example {

mapping (address=>uint) balances;

function add() {
balances[sender.address] += msg.valuel
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}

function withdraw(uint amount) {
if (balances[sender_address] > amount) {
sender.address.send(amount);
balances[sender.address] -= amount;

¥
}

Tyt y ¢ynkuii withdraw, meron send
BUKIHKAETbCA g0 Moaudikamnii  balanc-
es[sender.address]. Ockinbku send — e dax-
TUYHO BHKJIUK (DYHKIIi MpHiOMY IUIaTeka B
IHIIIOMY KOHTPAKTI, TO 1HIIHIA KOHTPAKT MOXe
BUKIMKaTH (QyHKIifo Withdraw me pas, mo
TOTO SIK TIOBEPHE KEPYBaHHS, 1 OTPHUMATH IIIC
OJIMH TpaHcdep Ha CBOIO ajpecy.

Cucrema mpaBuil JUIsl 3HAWJIEHHS ITi€l
BPA3JIMBOCTI MOX€E BUTJISIIATH TaK:

StateVars(statements, history) -> {

statements . (seq(head,tail) ->
IfStatement(expr,ifTrue,ifFalse) ->
Stat-
eVars(seq(ifTrue,tail)) &&
Stat-
eVars(seq(ifFalse,tail)) head

|
StateVars(tail, StateVars(head) + history)

)

Assignment(left,expr) -> StateVars(left)

MethodCall(account,'send,params)
if (resolve(account).type == address &&
history.isEmpty)
-> Violation("reentrance-bug")
|
MethodCall(obj,metod,params) ->
letv=re-
solve(obj).resolce(method).statements
StateVars(tail,StateVars(v) + history)

Tyt nponyuieHi aetani, siki HE BIUIU-
BAIOTh Ha aJTOPUTM, TaKi K BKa3aHHS Ha0O-
py 3miHHuX. {10 cucremy nmpaBui MU MaeMo
BUKJIIMKATH 10 KOXHOTro merony. ToOTo, MU
MIPOBOAMMO PEKYPCUBHMM CIYCK 3a MOCHIIO0-
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BHICTIO BHpa3iB, BBeeMO B NiStOry MHOXUHY
1 KOJIM TIOTPAIUIIEMO Ha BUKIUK MeToay Send,
NepeBipseMo, 110 MHOXHHA 3MiH HE € Tyc-
TOIO.

SIKIIO MM 3yCTPiJM BHKJIMK 00’€KTa B
nporpami, To A0Aa€EMO 10 MHOXHHU 3MiH KO-
ro ciif (Tpekc).

BucnoBku

Otxe, B JaHiid poOOTI MpeAcTaBiIeHa CHUC-
Tema TermWare-3 Ha OCHOBI IMILIEMEHTAII]
KOHTEKCTHOTO 4HCIIeHHs TepMiB. Lle mo3Bo-
JISi€ 3aCTOCYBAaTH METOJU TEPENUCYBATbHUX
IpaBWJI JO BEJIUKHX CHCTEM 1 I10JaBaTH
3B’S3KHM MK PI3HUMH YaCTHHAMHU CHUCTEMHU Y
SIBHOMY BHIJISIIII 32 JOMOMOTOK PO3B’SI3aHHS
iMEH (pe30JIBIHTY).

[TomanpIn KpoKH, 110 MIIAHYETHCS 3/1HC-
HUTH B IIbOMY HANPSMKY, II€:

- ajanTaiis 3acToCyBaHHS [erm-
Ware-3 y npukiagHuX IpoeKTax;

- IHTerpamis 3 aHaji3aTopaMd MOB
nporpamyBaHHs Java Tta C, TakuM YHUHOM,
mo0 iCHyBaJla MOMJIMBICTB Mirpamii cucTem
Ha ocHOBI TermWare-2 Ha HOBY muiaTgopmy;

- IMIUIEMEeHTAaIlis BiJOOpaXKEeHHs
cucremu tuniB Scala Ha TermWare-3 3 TuM
100 OTpUMaTH TUIOOE3NeuHe BOYIOBYBAHHS
B Scala;

- no0ynoBa Ta aHami3 eQEeKTUBHHUX
IMIUIEMEHTallili 6a30BUX Omepartiil.
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