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IIpoyenxko B. C.

OINUC IMIEPATUBHOI MOBU NIPOIT'PAMYBAHHS Y HASKELL

Pozenanymo suxopucmanns QyHkyionanvHoi mosu npoepamyeanns Haskell sax memamosu. Hagedeno
NnosHy @opmanvHy cneyugbikayito npocmoi iMnepamueHoi Mo8u NPOSPaAMySanHs 3 Yinumu OaHuMu, o1oy-
HOIO CMPYKMYpOI0 ma Onepamopamu: NpUc8OCHHs, 86€0eHHA, GUBCOEHHs, Yukmy i ymoeuuti. Ha ocnosi
cneyugpikayii n06y008aHo iHmepnpemamop Mosu npocPaAMY8aHHS.

KuarouoBi ciioBa: MoBa niporpaMyBaHHsI, CHHTaKCHC, JIEHOTAT, ceManThuHa (yHkiis, Haskell, cuarak-

CUYHUH aHaJi3, IHTEepIpeTaTop.

3arajbHUIl MeTO/ OIIMCY MOB IIPOIrPaMyBaHHA

[Ipu cTBOpeHHI MOBHU MpOrpaMyBaHHs HEOOXi-
HO BU3HAUYHUTH ii CHHTAKCHC i ceMaHTHKY. OCHOBHUM
3aBHAaHHIM CHHTAKCHCY € OIUC YCiX KOHCTPYKIUIH,
10 YTBOPIOIOTH €JIEMEHTH MOBH. JIJIs IIHOTO BHKO-
PHUCTOBYIOTh KOHKPETHUI CUHTaKCHC, SIKUH BUIILISAE
CUHTAKCUYHO IMPABHWIBHI MMOCIIJJOBHOCTI CUMBOJIB
angasiTy MoBu. Haitdacrime me ckiHueHHHH Habip
MPaBWJI, 10 MOPOKYIOTh HECKIHUYCHHY MHOXKHHY
BCIX KOHCTPYKIii MOBH, HAIpPUKJIA] pPO3IIUpEHA
Horanis bekyca — Haypa (bH®) [1].

Jrns omucy ceMaHTHUKH MOBH IIepeBary Bima-
I0Th a0CTPAKTHOMY CHHTAKCHCY, SIKHH y peaTbHHUX
MOBax IPOTrPaMyBaHHS KOPOTIIAH i OUIBII HAoY-
HUH, HDK KOHKpeTHHH. [lpn BUKOpHCTaHHI MOBH
Haskell [2] enemeHTH aOCTPaKTHOTO CUHTAKCUCY —
I[e MPOCTO THIIM JaHUX, AKi 33Jal0Th CTPYKTYpYy
CHHTaKCHYHUX KOHCTPYKIIiH. 3B’ 30K MK 00’ €KTa-
MH aOCTPaKTHOTO CHHTAKCHCY 1 KOHKPETHHUM CHH-
TAKCHCOM IPOTPaMHU y KOMIIUIITOpaxX pO3B’I3ye
(haza CHHTaKCUYHOTO aHai3y.

3arajnbHUNA METOJ ONMCY MOB NPOrpaMyBaHHS
MOXKHA TIOJIaTH CXEMOIO:

KOHKPETHU / ABCTPAKTHUI CUHTAK-
CUC — moBa

JEHOTATH — npunyckaroThcs

3HAYEHHS (PEAJII3ALILS) — MoBa -> neHOTAT.

Ba3zoro 11b0r0 MeTOIY € eHOTalliiiHa CEMaHTHKa,
y AKiif CEeMaHTHKy MOBa ONMUCYIOTHh Tak. CrouaTtky
(IKCYIOTH TEHOTAaTH HAWMPOCTIMIMX CHHTAKCHIHUX
00’ exTiB. [10TiM 13 KOXKHOFO CKJIaJICHOI0 CHHTAKCHY-
HOI0O KOHCTPYKI€IO TIIOB’SI3YIOTh CEMaHTHIHY
¢yHKIIO, SIKa 3a JACHOTAaTaMH KOMIIOHEHTIB KOH-
CTpyKUii oouncioe ii genorar. OCKiIbKH Iporpama
€ KOHKPETHOIO CHHTAKCHYHOIO KOHCTPYKIII€T0, TO i1
JCHOTaT MOYKHA BH3HAYHMTH, 3aCTOCYBABIIH BiJIIO-
BiJJHY CEMaHTHUHY (YHKIIif0. 3ayBa>KUMO, III0 camMa
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mporpama Tpu OOYHCIICHHI 11 JIeHOTaTa He BUKOHY-
€TBCSI.

MoBa misinx Bupa3iB

Po3mistHeMO 3acTOCYBaHHS 3arallbHOTO METOIY
JI0 OMHKCY MOBH IIUX BUpasiB. Lls mMoBa MicTHTH
BHpa3W, MO0 OyAYyIOThCS 3 IJIMX 4YHCEJ], 3HAKIB
apu(METHYHUX OIEpaIliil JofaBaHHA +, BiIHIMaH-
HSl -, MHOJKEHHS *, I[IJT0Y4MCI0BOTO JIJIEHHS /, BU3HA-
yeHHs ocTadi % Ta KPyIIUX JyKOK. [T KOHKpeTHHUit
CcUHTaKcHC y posmupenii BH® 3amaeTbcst cMHTAK-
CHYHUMH TpaBWIAMH, IO MICTSITh KOHCTPYKIIi:
BUpa3y expr, TOAaHKy term, MHOXKHUKA factor 1 1i-
JIoro uncna decimal, 1 Ma€ BUTTIS:

expr = term, {addOp, term},

addOp =“+"|* ’;

term = factor , {mulOp, factor};

mulOp = *"| /| *%’;

factor =decimal | *(’ , expr , *)’;

decimal = digit, {digit};

digit="0"| ‘1’| 2’| 3’| 4’| 5’| 6’| 7’| ‘8’| 9,

VY CHHTaKCHYHHX MTPaBUIIaX YK€ BPAXOBAHO Ipi-
OPHUTETH oreparin +, - 1 *, /, % Ta IXHIO JIiBy acolli-
ATUBHICTb.

AOCTpaKTHUI CHHTaKCHUC BH3HAYAETHCS THIIA-
Mmu: onepaii Op Ta Bupasu Expr.

data Op = Plus | Minus | Times | Div | Mod
deriving (Show, Eq)

data Expr = BinOp Op Expr Expr | Const
Integer deriving (Show, Eq)

O0nacTro IeHOTATIB € THI [nteger. 3HaUCHHS 3a/1a-
€ThCs! (PYHKIIEI0 eEXpr, sSiIKa BUKOPUCTOBYE JOTOMDKHY
dyHK1IIFO applyBo. IXHi THIN it 03HAYEHHS MAFOTh BHJI:

eExpr :: Expr -> Integer

eExpr (Constv) = v

eExpr (BinOp bo el e2) = applyBo bo (eExpr
el) (eExpre2)
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applyBo :: Op -> Integer -> Integer -> Integer

applyBo Plus vi v2 =vI +v2

applyBo Minus vI v2 = vl - v2

applyBo Times vI v2 = vl *v2

applyBo Div vl v2 = if v2 /= 0 then div vI v2
else error «DivOnZero»

applyBo Mod vI v2 =ifv2 /= 0then mod vi
v2 else error «ModOnZeroy

Hampuknan, abcTpakTHIM CHHTaKCHCOM IIiIOTO
Bupasy 5 + 4 * 3 € Bupas tuny Expr

exl :: Expr

ex] = BinOp Plus (Const 5) (BinOp Times
(Const 4) (Const 3))

Moro neHotar 06umMCIIOEThCS (GyHKIIiEI0 eExpr:

eExprexl = 17

VY Haskell moxHa e(eKTHBHO peanizyBaTH CHH-
TaKCUYHHI aHANI3 BHpPA3y, BUKOPUCTABIIH, HAIpH-
KJ1a/J1, 0101i0TeKy CHHTAaKCUYHUX aHAIi3aTOPiB parsec.
3a mocwinanHasM https://github.com/ProtsenkoV'S/
IngExpr.git MOXHa 3aBaHTaKUTU MPOCTHH MPOEKT
IngExpr y Haskell. [Tpoekt omnucye MOBY BHpas3iB,
30KpeMa CHHTAKCUYHHIA aHamizatop parseExpr st,
SIKUH 32 PSIIKOM St, TII0 MICTUTH IIUTHI BUpa3, Oymye
Hforo abCTpaKTHUM CHHTaKCHUC — 00’ €KT Tumy Expr.

[Ipocre 3’emHaHHsA [OBOX YHCTHX (QYHKIIN
parseExpr 1 eExpr Oynye iHTEpHnpeTaTtop MOBH
[IJIMX BUPA3iB interpret

interpret :: String -> String

interpret st = let e = parseExpr st

in show § eExpr e

MoBa 3MiHu cTany

PosnisiHeMo iMriepaTiBHY MOBY TIPOTpaMyBaHHS
LS, mo mae mini ckamsipui mani. Ilporpama B 1miif
MOBI OyAy€TbCS 13 JIOKaJbHHUX IUIMX 3MIHHHX Ta
oreparopis, o0 0OpoOIAIOTh JaHi (3MIHHI H KOH-
CTaHTH). 3aCTOCOBYIOTh MPOCTI 1 CKIamHI (CTPyK-
TypHi) OIepaTopy: MPUCBOEHHS V .= eX, BBEJCHHS
read v, BuBeneHHs Write ex, ymoBuwmii if ex then sz,
iy While ex do st, 6ok {intvi,..,vn, stl; ...;stk},
ne v, V1, ..., vn — 3MiHHI, ex — BUpas3, st, stl, ...,
stk — oneparopu. Y BuUpa3zaX BUKOPHCTOBYIOTh KOH-
CTaHTH, 3MIHHI U omneparii +, -, *, /, %.

Jani HaBeICHO NPHUKIAN MPOCTOi MPOrpaMu
MoBoro LS:

rint b, e, out,

read b; read e, out:= 0;
if (b) if(e)

{inti; i:=0; out := 1;

while (e-i) {out := out*b, i :=i+1} };
write out

/

IIporpama BBOAWMTH 1Ba Il 3HaYeHHs D 1 €.
SIKII10 BOHU JOATHI, TO B 3MIHHIH out 00YNCIIOETh-

Csl 3HAYCHHA D y cremeni €, B IHIIUX BHIAgKax il
sgaueHHs € 0. 3HaueHHs ouf B KIHII BUBOIUTHCS.

CuHrakcuc

KoHKpeTHHI CHHTaKCUC KOHCTPYKIIIH MOBU —
nporpamMu  program, OIeparopa stmt, O3HAYCHHS
3MIHHUX defin, BUpa3y expr, JOJaHKa term, MHOX-
HUKa factor, onepauiil nogaBanHsa addOp, onepauiit
MHOXeHHsT mulOp, 3MIHHOI identifier 1 1iJIOTO
decimal — onIMCYIOTh TAKMMHU CHHTAKCUYHUMH ITpa-
BUJIAMHU:

program = stmt ;

stmt = ‘while’, ‘(“, expr, 9)’, stmt;

| f°, (7, expr, ), stmt;

| ‘read’, identifier,

| ‘write’, expr;

| identifier, “:=", expr;

| {°, [defin], stmt, {;°, stmt}, }’;
defin = ‘int’identifier, { *,’, identifier}, *; *;
expr = term, {addOp , term} ;

term = factor, {mulOp , factor} ;

factor = decimal | (", expr, °)’| identifier,

addOp = ‘+’| * ’;

mulOp = “*"| /’| “%’;

identifier = letter, { ( digit | letter ) };

kpim ‘int” ‘if” ‘while’ ‘read” ‘write’
decimal = digit, { digit };

letter = “A"| ... | 2’| ‘a’ z’;

digit="0"| 17| 2°| 37| ‘4’| 5| ‘6| ‘7’| ‘8| °9;

AOCTpaKTHUI CHHTAKCUC BH3HAYAETHCSI THUIIA-
MU: Tporpamu Program, oneparopa Stmt, onepartii
Op Ta Bupazy Expr.

data Op = Plus | Minus | Times | Div | Mod
deriving (Show, Eq)
data Expr = Var String
| Const Integer
| BiunOp Op Expr Expr deriving

(Show, Eq)
data Stmt = Assign String Expr
| Read String
| Write Expr
| If Expr Stmt
| While Expr Stmt

| Block [String] [Stmt] deriving (Show, Eq)
type Program = Stmt

JlenoraTun

Jns ommcy cemaHTuku MoBU LS — neHoraris
BHpa3iB 1 ONepaTopiB — BUKOPUCTOBYIOTh POOOUHIA
ctad Work — KOpTexX 13 TPbOX KOMIIOHEHT (inp, mem,
out): inp — coucok winux [Integer] 3amae BXigHi
naHi (¢aiin BBeeHHs), Mem — criucok nap [(String,
Integer)], sikuii 3B’s3y€ 3 17IeHTU(HIKATOPOM 3MiHHOT
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(String) 1i motoune 3HaueHHst (Integer), out — cnu-
COK WinuX [Integer] 3anae pe3yabTyrodi AaHi ((aiin
BHBEJICHHS).
type Work = ([Integer], [ (String,Integer)], [Integer])
13 poGourm cranoM Work npairoroTh Taki (QyHKIT:
getValue:: String -> Work -> Integer
getValue s = \(_,mem, ) -> case lookup s mem of
Justv->v
Nothing -> error «getValuey
getValue s (inp, mem, out) — BUOHpAE 3i CHUCKY
map Mem MOTOYHE 3HAYCHHS 3MIHHOI §, SKIIO Bil-
MOBIHOI TapH HEMAa€, TO TCHEPYETHCS MOMILUIKA
“getValue”
updValue :: String -> Integer -> Work -> Work
updValue s v = \(inp,mem,out) -> (inp, update
mem s v, out)
where update :: [(String, Integer)] -> String ->
Integer -> [(String, Integer)]
update [] = error «updValuey
update ((x, ):sx) sl vl | x==sl = (x,vl): sx
update (x:sx) s1 vl = x:(update sx sl vi)
updValue s v (inp, mem, out) — 3MiHIOE POOOUHIA
CTaH, BCTAHOBIIIOIOYH Y CITUCKY ITap MEM — IIOTOYHE
3HA4YEHHS 3MIHHOI § PiBHUM V. SIKIIO BiAMOBiTHOI
Tapy HeMae, TO TeHEePYEThCs TOMUIIKA “‘updValue”.
writeValue :: Integer -> Work -> Work
writeValue v = \(inp, mem, out) -> (inp, mem,
out ++ [v])
writeValue v (inp, mem, out) — 3MiHIOE pOOOYHIA
CTaH, JI0IAl0YH B KiHEIlb PE3YJBTYIOUOTO CIHCKY out
ije 3HaYeHHs V.
extMemory :: [String] -> Work -> Work
extMemory vs = \(inp,mem,out) -> (inp,[(v,0) | v
<-vs] ++ mem,out)
extMemory vs (inp, mem, out) — 3MiHIO€ PO0OO-
Y CTaH, JOJA0YM Ha MOYATOK CIHCKY Iap Mem
BCI T 3MIHHI 31 CIIUCKY VS. 3 KOKHOKO 3MIHHOIO
3B’SI3YETHCsI TOYATKOBE 3HAUCHHS (.
dropMemory :: Int -> Work -> Work
dropMemory t = \(inp,mem,out) -> (inp, drop t
mem,out)
dropMemory t (inp, mem, out) — 3MiHIO€ POOO-
YU CTaH, BIJIYYalOuM 31 CIUCKY Map mem t Tep-
mux map. Oyukuii extMemory 1 dropMemory nipa-
IIOIOTH 31 CIICKOM MEeM sK 31 CTEKOM: IiepIla — Ha
MOYaTKy BUKOHAHHS OJOKY A0ja€ 3MiHHI B Mem, a
Jpyra — Mo 3aKiHYEHHIO OJIOKY BIITyYae iX.
readInput :: Work -> Integer
readlnput = \(inp, , ) -> if null inp then error
«readlInputy else head inp
readlnput (inp, mem, out) — TIOBepTae MepIIe
3HAYEHHS 3 CIIUCKY INP; SKIIO CIIHCOK MOPOKHIM, TO
TeHepYEThCs TOMUIKa ‘‘readlnput”
dropInput :: Work -> Work
dropInput =\(inp,mem,out) -> (tail inp,mem,out)

droplnput (inp, mem, out) — 3MiHIOE POOOYHIA
CTaH, BUJIy4alo4u MepLIUii eeMeHT CruckKy inp. 1i
BUKOPUCTOBYIOTh, SIK TPAaBHJIO, ICHS (YHKIIT
readlnput.

CemanTuyHi GpyHkuii

JleHoraramu BupasiB Ta oreparopiB MoBu LS e,
BiJINOBiTHO, (DYHKLIT 3MiHM POOOYOro CTaHy THUIY:
Work -> Integer i Work -> Work, nenoratom mpo-
rpamu — GyHKuUisa Tany: [Integer] -> [Integer].

eExpr :: Expr -> Work -> Integer

eExpr (Var s) = \w -> getValue s w

eExpr (Constv) =\ ->v

eExpr (BinOp op el e2) =\w -> applyBo op
(eExpr el w) (eExpr e2 w)

iStmt :: Stmt -> Work -> Work

iStmt (Assign var e) = \w -> updValue var
(eExpr e w) w

iStmt (If e s) = \w -> if eExpr e w > 0 then
iStmt s w else w

iStmt wh@(While e s) = \w -> if eExprew > 0
then iStmt wh (iStmt s w) else w

iStmt (Block vs sts) = \w -> let wl =
extMemory vs w

w2 = foldl (flip iStmt) wl sts

in dropMemory (length vs) w2
iStmt (Read var) = \w -> let v = readlnput w

in updValue var v (dropInput w)

iStmt (Write e) = \w -> writeValue (eExpr e w) w

iProgram :: Program -> [Integer] -> [Integer]

iProgram prog ix = let w = (ix, [],[])
(_,_,ox) = iStmt prog w
in ox

CemanTtnuni ¢yHkuii eExpr, iStmt i iProgram
OOYHCITIOIOTh BIAMOBIIHO JIEHOTATH KOHCTPYKIIIN
Expr, Stmt 1 Program.

Ha mowaTky BHKOHaHHS MpOTpaMH MepIia KOM-
MOHEHTa pobodoro crany Work MiCTUTh CIHCOK
BXIJIHUX JIaHUX, a JIpyTa 1 TPETS KOMIIOHEHTa — T10-
pokHi criuck. [1o 3aKiHYEHHIO BUKOHAHHS [TPOTpa-
MM 3HAQUEHHS TPEThOI KOMIIOHEHTH — 11 Pe3yJIbTar.

CHUHTaKCHYHUI aHAJTi3

Haskell mae nekinbka 0i6mioTek, 110 OYIyHOTh
CHHTAKCHYHI aHaJI3aTOPH, OAHA 3 HUX — Oi0mioTeka
parsec. bibnioreka parsec Hajae MOXIIUBICTh e(ek-
THUBHO peajli3yBaTy CHHTAKCHYHHI aHaii3 MmoBu LS.

import Text. ParserCombinators. Parsec. Language

import qualified Text. ParserCombinators.
Parsec.Token as P

import Text. ParserCombinators.Parsec

import qualified Text. ParserCombinators.
Parsec.Expr as E
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lexDef :: P.LanguageDef()
lexDef = emptyDef { identStart = letter
, identLetter = alphaNum
, reservedNames = [«inty,
wready, »writey, »ify, »whiley |
, reservedOpNames =
[« 0/ 9,0 %o, » 0, 9-»] ]}

JlekcuuHa OCHOBA B OIIBIIOCTI MOB IPOTpaMy-
BaHHA CX0Ka. TOMy JJIsl CTBOPEHHS JICKCHIHUX aHa-
J3aTOPIB CIIOYATKY OMKCYIOTh JISKCHYHY OCHOBY
MOBHM — 3amuc Ty LanguageDef, KAl MICTHTb
iH(poOpManio Tpo KOMEHTapi, ineHTu(ikaropH, 3a-
pe3epBoBaHi cioBa TOmo. YacTo s IOTO BHKO-
pPHUCTOBYIOTh (yHKLIIO emptyDef, sKka pO3IIHUPIOE
3araJibHy MiHIMaJbHY JIEKCHYHY OCHOBY HEOOXIi-
HUMH SJICMEHTAMHU.

lexDef — ommncye NeKCHYHY OCHOBY, SIKa HE II0-
MyCKa€e HISKUX KOMEHTAapiB, 3a7a€ CIIMCKU 3ape-
3epBOBAHUX CJIB 1 omeparopiB. [neHTH(IKaTOpH
MMOYMHAIOTHCS 3 OyKBHU (identStart = letter) 1 MiCTATb
naire Oykeu 1 tnudpu (identLetter = alphaNum).

lexer :: P.TokenParser ()

lexer = PmakelokenParser lexDef

Oyukuis PmakeTokenParser, BAKOPUCTOBYIOUH
JEKCUYHY OCHOBY lexDef, Oymye 3ammc THITY
P.TokenParser, sxuii MICTUTD 29 JTEKCHYHUX aHaI-
3aTOpiB, IO iX MOYKHA BUKOPUCTOBYBATH IPH 100y~
JOBi iHIIUX aHamizaropiB. KoxHuil i3 jgekcHuHMX
aHaJli3aTOpiB BUOMPAETHCSI BIJMOBITHUM CEJIEKTO-
pom. Hanpuknan: P.decimal lexer — anamnizarop, 1110
PO3ITi3HAE JOJIATHE IiJIe YHACIIO B JIECATKOBIN CHCTe-
Mi 1 moBepTrae #oro 3HaueHHs; Preserved lexer
“while” — aHanizarop, IO PO3Ii3HAE 3ape3ePBOBAHE
cioo While, mepesipstroun, 1110 CJI0BO HE € MOYATKOM
MIpaBWIILHOTO ieHTH(iKaropa; Pidentifier lexer —
aHaJi3aTop, SIKMH PO3Mi3HAE MPABIILHUHN i1eHTH (-
KaTop, aJie He OIyCKae 3ape3epBOBaHi CIIOBA.

CuHTaKCHUHMIN aHAaJIi3 BUPA3iB peati3yloTh Taki
(byHKIIIT:

factorL :: Parser Expr

factorL = Pparens lexer expr

<|> (P.decimal lexer >>= return. Const)
<|> (P.identifier lexer >>= return. Var)
factorL — anamizaTtop, IO PO3Ii3HA€ MPOCTUI
BHPa3-MHOKHUK factor, SKAA MOXe OyTH: BHPa3oM
y Jdy’KKax, 9ucyioM abo 3MiHHOIO (izeHTH(dIKaTOp).
table :: E.OperatorTable Char () Expr
table = [ [op «*» Times E.AssocLefft,
op «/» Div E.AssocLeft, op «%» Mod
E.AssocLeft]
, [op «+» Plus E.AssocLeft, op «-»
Minus E.AssocLeft]
]
where op s fassoc = E.Infix (binOp s f)
assoc

binOp s f'= PreservedOp lexer s >>
return (Syntax.BinOp f)
table — TaONWIA CHHTAKCHYHHMX aHAI3aToOpiB
ycix GiHapHUX Omepalliil, 10 BUKOPUCTOBYIOTHCS Y
Bupazax MoBu LS. Koxuuii enemeHT Tabmumi — 1e
CIIUCOK aHalli3aTopiB omeparlii OJHOrO MPiOPUTETY.
3 KOKHUM AaHaJi3aTOPOM BKa3ye€THCS acOIliaTHB-
HIiCTh omeparii (eci JiBoacouiaTuBHi E.AssocLeft).
EneMenTr TaOnuili BHOPSIIKOBaHI 3TiJTHO 31 3MCH-
HICHHSIM IPiOPHUTETY.
exprL :: Parser Expr
exprL = E.buildExpressionParser table factorL
Koxnuii BUpa3 y MOBI OyAyeTbCs 13 MPOCTHX
BUPA3iB-MHOKHHKIB Ta O1HApHUX OTEparliil 3riHo 3
iXHIMH MPIOPUTETaMHU Ta acoIliaTUBHICTIO. DyHK-
uito buildExpressionParser Oylye CUHTaKCHUYHHUA
aHaJTi3aTop BUPA3iB JUIS MPOCTHX BUPA3IB, IO PO3-
MI3HAIOTHCS aHANI3aTOpOM factorL, 3 omeparisiMu,
SIK1 pO3MI3HAIOTh aHAI3aTOPH TabIuIl table.
Hactynni ¢yskuii OynyioTs aHamizaTopu, II0
PO3ITI3HAIOTE OIEPATOPH i IPOTpaMy:
definL :: Parser [String]
definl. = Preserved lexer «inty *>
P.commaSepl lexer (Pidentifier lexer)
<* Psymbol lexer «;»
definl — ananizaTop, KOTpHH po3mi3Hae 00 sBY
3MIHHUX Ha T0YaTKy OJOKY (KOHCTpPYKIIisl BUIY int
vl,..,vn;).
stmtL :: Parser Stmt
stmtL =
(Preserved lexer «whiley >> While <$>
Pparens lexer exprL <*> stmtL)
<|> (Preserved lexer «ify >> If <$> P.
parens lexer exprL <*> stmtL)
<|> (Preserved lexer «ready >> Read <$>
Pidentifier lexer)
<|> (Preserved lexer «writey>> Write <$>
exprL)
<|> (Pidentifier lexer >>=
(\var -> P.symbol lexer «:=» >> Assign
var <$> exprL))
<|> (P.braces lexer (Block <$3> (option []
definl)
<*> PsemiSepl lexer stmtL))
stmtl. — aHami3atop, IO PO3MI3HAE OJWH 13
mectH omeparopis MoBu: ukiay While ex do st,
ymoBHHH if ex then st, BBenenns read v, BUBEICHHS
Write ex, IPUCBOEHHS V ;= eX a0o O1oK {int vl1,..,vn;
stl; ...;stk}, dopmyroum sk pesynbTar — OIHE 3
MOJIJIMBUX 3HaueHb Ty Stmt. IIpu npomy BHKO-
PHCTOBY€ETBCS JICKITbKa pa3 KoMOiHaTop BUOOPY (<|>).
programlL :: Parser Program
programlL = PwhiteSpace lexer *> stmtL <* eof
AHanizarop programl BUKOHY€ CHHTaKCHYHHH
aHaJIi3 mporpaMu, BPaxoBYIOUH, IO IPOTrpaMa MOXKe
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MaTH IPOMIXKH JI0 1 TICJIS OTiepaTopa, sKHif 11 cKia-
J1a€, 1 HiYoro OiibIIe.
parseLSL :: String -> Program
parseLSL s = case parse programL «» s of
Left -> error «Syntaxy
Right stmt -> stmt
parseLSL s — peanidye CHHTaKCHYHHWHA aHAIII3
mporpamu MoBHU LS y psizky s, moBepraroum stmt —
a0CTpaKTHUW CHHTAKCHUC TIPOTpaMu, 3agaHoi B
psizKy, a0 reHepye MOBITOMIICHHS PO CHHTAKCHY-
HY IOMUIKY “‘Syntax”.

InTepnperartop

Onuc iMnepatuBHOI MOBU IporpamyBaHHs LS,

o BukopucroBye Moy Haskell, MicTuTh:

® KOHKPCTHUH CHHTAaKCUC, SKHH ONHUCYIOTH 12
CUHTAKCUYHHX TPaBHI y po3mmpeniii BHD;

e a0crpaktHUil cuHTakcuc — tanu Op, Expr, Stmt
i Program,

® JICHOTaTH MOBHU, OCHOBY SIKHX CKIIQJAIOTh THII
Work, mo onucye poOouuii CTaH NporpaMu MOBH
LS, 1 6a3oBi (yHKIIi, M0 MPaIOOTh 13 HUM
(getValue, updValue, writeValue, extMemory,
dropMemory, readValue, dropValue). [lenoratu
MOBH — 1ie GyHKuii Tty Work -> Integer nis
Expr, Work -> Work nna Stmt 1 [Integer] ->
[Integer] nns Program;

e ceMaHTW4HI (yHKIii, mo OyaylTh JICHOTATH:
eExpr, iStmt 1 iProgram.

3ayBa)xuMo, 1o Bci GyHKIT — 6a30Bi, 10 mpa-
LIOIOTH 13 pobounMm crtaHoM Work, nenoraru i ce-
MaHTHYHI — € YUCTUMH.

Bukopucrasmm uncty ¢ynkiito parseLSL, mo
peatizye CHHTaKCHYHHM aHali3 MOBH TPOTpamy-
BaHHS LS, MoxHa mnoOymyBatu iHTEpHpeTarop
(To0OTO peanizariro) MmoBu LS:

interpret :: String -> [Integer] -> [Integer]

interpret st ix = let pr = parseLSL st

den = iProgram pr
in den ix

CuHTaKCHYHUN aHamizatop parseLSL BHUKOHY€E
CHHTAKCHYIHHUI aHaNi3 TIPOTPaMH B PSIKY S?, OyAyrOoun
ii abcTpakTHHit cuHTaKcUC pr. CeMaHTUYHA (yHKIIiS
iProgram Gynye 3a mporpamoro pr ii meHorar den.
Oyukirist den 3aCTOCOBYETHCS 70 BXIJHUX JAHHX iX,
THTEpPIPETYOYH (BUKOHYFOUH ) TOYATKOBY IPOTpamy St.

InTeprperarop interpret —uncta (hyHKIIsL, aNe SKIIO0
Ha KpOIll CHHTAaKCHYHOIO aHajizy abo 3acTOCyBaHHS
JICHOTaTy BHHHKA€ TIOMUJIKA, TO O0YMCIICHHS IIepepHBa-
€ThCS1, TCHEPYIOYH BI/IIOBIIHE TTOBIIOMIICHHS.

3a mocunanuaM https:/github.com/ProtsenkoVS/
IngState.git MOXHa 3aBaHTaXXUTH MPOEKT IngState,
KA MICTHTh HOBHMIH OIHUC IMIEPATUBHOI MOBHU
nporpamyBanHs SPL y Haskell, 30kpema pi3ni Bapi-
AQHTU CUHTAKCUYHOTO aHaJIi3y 1 CeMaHTHYHUX (DyHK-
i, [Ipoekt 3a0e3neuye poOOTy 3 IHTEPIPETATOPOM
y pexxumi REPL, BBenieHHs mporpamu 3 ¢aidity, 00po0-
JICHHS TIepEepHUBaHb 1 3pyYHHUN BHOIp pI3HUX BapiaH-
TiB CHHTAKCHYHOTO aHAJIi3y 1 CeMAaHTUYHUX (DYHKITIH.
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DESCRIPTION OF THE IMPERATIVE PROGRAMMING
LANGUAGE IN HASKELL

When creating a programming language, it is necessary to determine its syntax and semantics. The main
task of syntax is to describe all constructions that are elements of the language. For this purpose, a specific
syntax highlights syntactically correct sequences of characters of the language alphabet. Most often it is a
finite set of rules that generate an infinite set of all construction languages, such as the extended Backus-
Naur (BNF) form.

To describe the semantics of the language, the preference is given to the abstract syntax, which in real
programming languages is shorter and more obvious than specific. The relationship between abstract syn-
tax objects and the syntax of the program in compilers solves the parsing phase.
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Denotational semantics is used to describe semantics. Initially, it records the denotations of the simplest
syntactic objects. Then, with each compound syntactic construction, a semantic function is associated,
which by denotations of components of a design calculates its value — denotation. Since the program is a
specific syntactic construction, its denotation is possible to determine using the appropriate semantic func-
tion. Note that the program itself is not executed when calculating its denotation.

The denotative description of a programming language includes the abstract syntax of its constructions,
denotations — the meanings of constructions and semantic functions that reflect elements of abstract syntax
(language constructions) in their denotations (meanings).

The use of the functional programming language Haskell as a metalanguage is considered. The Haskell
type system is a good tool for constructing abstract syntax. The various possibilities for describing pure
functions, which are often the denotations of programming language constructs, are the basis for the effec-
tive use of Haskell to describe denotational semantics.

The paper provides a formal specification of a simple imperative programming language with integer
data, block structure, and the traditional set of operators: assignment, input, output, loop and conditional.

The ability of Haskell to effectively implement parsing, which solves the problem of linking a particular
syntax with the abstract, allows to expand the formal specification of the language to its implementation:
a pure function — the interpreter.

The work contains all the functions and data types that make up the interpreter of a simple imperative
programming language.

Keywords: programming language, syntax, denotation, semantic function, Haskell, parsing, interpreter.

(o ®

Creative Commons Attribution 4.0 International License (CC BY 4.0)

Mamepian naoitiwos 08.06.2021



