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MeTa po6oTH

* Po3pob6Ka iHTepnpeTaTtopa NiAMHOXWHU €IEMEHTIB MOBU
nporpamMyBaHHA Pascal;

« JlocniaxKeHHA 0cobMBOCTEN iMMNIEMEHTALLIT KOMMINATOPIB Ta
iHTepnpeTaTopiB 3a/IEXXHO BiJ cneundivyHMxX acneKkTiB
Lii/1IbOBOT MOBM MPOrpamMyBaHHA;

o JlocnigrKeHHsa AouiNbHOCTI BUKOPUCTAHHA (OYHKLIOHAIbHMX
MOB MNporpamMyBaHHA A19 PO3POOKU KOMMINATOPIB Ta
iHTepnpeTaTopiB.




ALGOL-noAai6bHi MOBU nporpamMyBaHHA

/o?ra"\c_-obo. use
Algol 60
Slmula ML
Scheme
Paj"a'\ smalltalk_ v
Dylan

C"‘\ Per Modula 3 j Prolog

\ #‘ﬁva \

C Python ~* Ruby




TrnoBi eTanu

BuxigHui Ko
nporpamu

|

IekcuyHMI aHania

[MoTiK TOKEHIB

CuHTaKCHUYHWUIA aHania

ACO

CemMaHTHU4HMI aHania

KoMninAauii

@iHaneHWIA Koo

|

[eHepauia iHanbHOro
koay

OnTumizoBaHuin
NPOMDKHWIA Kof

‘ OnTumizauis

&

MNpomiKHWUIA KOO

leHepauia NpoMiKHOro
Koay

Mogudikoeane AC[




ETanu BUKOHAHHA

PO3p06JIEHOr0 iHTEprpeTaTopa

BuxiogHuin ko
nporpamm

CHHTaKCHU4YHWIA aHania

ACI

CemMaHTWU4YHWA aHania

BukoHaHa nporpama «———

IHTepnpeTauis

-

ACO




I[HCTPYMEHTU PO3POOKU IHTEpnpeTaTopa

»Haskell
\ s PARSEC |




O6paHa nigMHOXMHa eleMEHTIB MOBM
Pascal

CraHpaapTHa 6ibnioTeKka:
[HCTpYKUIT: onepaTtop npoueaypu “read”,
Bu3HauyeHHA: PYHKUIT, NMPUCBOEHHA, YMOBHMM “readIn”, “write”,
3MiHHI Ta npoueaypu onepatop “if”’, UMKNU “writeln” gna pobotu 3
“while” ta “for” NOTOKaMM BBeJEHHSA-

BMBEAEHHS

TN faHUX:
LiinoumMcenbHUm, TIN
NiIUCHUX Ymcen,
6yNeBMM, CUMBOJIbHUM,
CTPiYKOBUM

Onepadii: BCi yHapHi Ta
6iHapHi onepadlii,
BM3Ha4eHi y Pascal gna
0OpaHMX TMNIB JAaHMUX.




AC/Z (Moaynb Lexic)

» pBody ::

= Program {pHeader ::

= Block {bDeclarations :: [ ], bBody ::

= VarDecl [ 1 | FuncDecl | ProcDecl

Var {vName :: , Viype :: » WWalue :: } ( }

Function {fName :: » TParams :: [ ], fResType :: , TBlock :: H ( )

= Procedure {pName :: , pParams :: [ ], pBlock :: ¥ ( )

= FormalParam {fpName :: ,» TpType ::

= Assignment {aName :: » avalue :: I _ DTBoolean
| ProcCall {pcName :: , pcParams :: [ 1} | DTInteger
| Compound [ ] | DTReal

| If {icondition :: » iIfRoute :: » iElseRoute :: 1

| while {wCondition :: » WBody :: } | DTChE?

| Repeat {rCondition :: , rBody :: [ 1} | DTString

(

(Show)

Val

Boolean

Paren

| varRef

| Funccall {fcName :: , fcParams :: | 1} | InthNum

| unop | RealNum

| BinOp {bo0p :: , boLeft :: . boRight :: } | Character
| |

Str



CMHTAKCUMYHUM aHani3 (Moay b Parser)

e OcHoBHa MeTa - nNobyzoBa abCTPaKTHOr0 CMHTAKCUMYHOIO

JepeBa Ha OCHOBi BMXiHOro KoAy rnporpamu,;

* BuKopucTtaHHsA 6i61i0TEKM Parsec Ta niaxoay “KoM6iHaTOpiB

napcepis”.

l

KombinaTtop

|

Mapcep k




CeMaHTU4YHMM aHani3 (Moaysib Analyzer)

= Scope
{ variables :: Map. 5

functions :: Map. .
procedures :: Map. N
scopelevel :: .

parentScope ::

(Show)

= VI {viName :: s ViType :: ( )

= FI {fiName :: , TiParams :: [ ], fiResType :: b ( ) OCHOBHa MeTa —_

= PRI {priName :: » priParams :: [ 1} ( )

= PAI {paiName :: » paiType :: aHani3
abCTPaKTHOro

IdentifierAlreadyDefinedError

VariableDoesMotExistError CM HTaKCMLIHorO

FunctionDoesMotExistError
ProcedureDoesNotExistError A p A

ActualParameterError e eBa nﬂ
TypeMismatchError
FormalParameterDeclarationError BMH BneH HFI

VariableDeclarationError

FunctionDeclarationError CeMaHTMLIHMX

ProcedureDeclarationError
AssignmentError I'IOMM]'IOI{.
ProcedureCallError
IfstatementError
WhileStatementError
RepeatStatementError
VariableReferenceError
FunctionCallError
UnaryOperatorError
BinaryOperatorError

(Show)

= AnalysisError




lHTepnpeTauia (Moaynb Interpreter)

SR
{ srName ::
srLevel ::
srType ::
parameters ::
srReturnType ::
variables ::
functions ::
procedures ::
srBody ::

parentsh = Maybe ¢ OCHOBHa MeTa -
_ KiProgran | RTFunction | RiPraceds iHTepnpeTayis
e e e : e nporpami
ae—— BUKOPUCTPOBYHOUMU
. abCcTpakTe

| wrongReadProcedureArgumentError C M HTa KC M L.l H e
JlepeBo.

{ arlame ::
arLevel ::
arType ::
vars ::

{ callstack ::
currentsSR

¥

(



BukopuctaHHA 1HTepnpeTaTopa

KomaHoa 0214 BUK/IUKY iHMepnpemamopa:
<Ha3sa_suKoHyBaHo20_gauny> run <lLnax_oo_galny> --debug

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> .\pascal-interpreter-exe.exe
ERROR: Command was not provided

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> |

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> .\pascal-interpreter-exe.exe random-command
ERROR: Unknown command 'random—command’

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> |

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> .\pascal-interpreter-exe.exe run
ERROR: expecting file path to run the program

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> |

4
PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> .\pascal-interpreter-exe.exe run ./random—fi

le—path.pas

pascal-interpreter-exe.exe: ./random—file-path.pas: openFile: does not exist (No such file or directory)
PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> |




[iporpama ana obpaxyBaHHA 3a4aHOI1

KiZIbKOCTI Yncen PiboHayui

program Fibonacci;

function calculateFibonacci(position: Integer)}: Integer;
begin
if position < @ then

calculateFibonacci := -1
else if position = 8 then
calculateFibonacci := @
else if position < 3 then
calculateFibonacci := 1
else
calculateFibonacci := calculateFibonacci(position - 1) +

calculateFibonacci(position - 2);
end;

var index: Integer;
var amount: Integer;

begin
write('Please, enter the required number of Fibonacci numbers to calculate: ");
read(amount);

index := 8;
while (index <= amount) do
begin
writeln('Fibonacci number at position ', index, " - ", calculateFibonacci(index));
index := index + 1;
end;
end.



[IlpnKknagM BUKOHaAHHA NMporpamm

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> .\pascal-interpreter-exe.exe run D:\Projects
\haskell\pascal-interpreter\sources\fibonacci.pas
Interpreting source file: 'D:\Projects\haskell\pascal-interpreter\sources\fibonacci.pas’...

Please, enter the required number of Fibonacci numbers to calculate: 1@
Fibonacci number at position 8 - @

Fibonacci number at position 1

Fibonacci number at position

Fibonacci number at position

Fibonacci number at position

Fibonacci number at position

Fibonacci number at position 8

Fibonacci number at position 13

Fibonacci number at position 21

Fibonacci number at position 9 - 34

Fibonacci number at position 18 - 55

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> |

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> .\pascal-interpreter-exe.exe run D:\Projects
\haskell\pascal-interpreter\sources\fibonacci. pas
Interpreting source file: 'D:\Projects\haskell\pascal-interpreter\sources\fibonacci.pas'...

Please, enter the required number of Fibonacci numbers to calculate: 13abc

InterpretationError—[type = WrongReadProcedureArgumentError, message = Wrong input! Can't read value of type 'Integer' f
rom the input: "13abec"]

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> |




[lpyKknag BUKOHAHHA nNporpamu B
DO3LLIMPEHOMY PEKMMI

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> .\pascal-interpreter-exe.exe run D:\Projects\haskell\pascal-interpreter\sources\fibonacci.pas -
Interpreting source file: 'D:\Projects\haskell\pascal-interpreter\sources\fibonacci.pas'...

Parsing program.. .
Program {pHeader = Identifier {idValue = "Fibonacci"}, pBody = Block {bDeclarations = [FuncDecl (Function {fName = Identifier {idValue = "calculateFibonacci"}, fParams = [FormalParam {fpName = Identifier {idVa
lue = "position"}, fpType = DTInteger}], fResType = DTInteger, fBlock = Block {bDeclarations = [], bBody = Compound [If {iCondition = BinOp {boOp = Lt, bolLeft = VarRef (Identifier {idValue = "position"}), boRi
ght = Val (IntNum 0)}, iIfRoute = Assignment {aName = Identifier {idValue = "calculateFibonacci"}, aValue = UnOp UnaryMinus (Val (IntNum 1))}, iElseRoute = Just (If {iCondition = BinOp {boOp = Eql, bolLeft = Va
rRef (Identifier {idValue = "position"}), boRight = Val (IntNum B)}, iIfRoute = Assignment {aName = Identifier {idValue = “calculateFibonacci"}, aVvalue = Val (IntNum 8)}, iElseRoute = Just (If {iCondition = Bi
nOp {boOp = Lt, bolLeft = VarRef (Identifier {idValue = "position"}), boRight = Val (IntNum 3)}, iIfRoute = Assignment {aName = Identifier {idValue "calculateFibonacci"}, aValue = Val (IntNum 1)}, iElseRoute
= Just (Assignment {aName = Identifier {idValue = "calculateFibonacci"}, aValue = BinOp {boOp = Plus, boLeft = FuncCall {fcName = Identifier {idValue = "calculateFibonacci"}, fcParams = [BinOp {boOp = Minus, b
oLeft = VarRef (Identifier {idValue "position"}), boRight = Val (IntNum 1)}1}, boRight = FuncCall {fcName = Identifier {idValue = "calculateFibonacci"}, fcParams = [BinOp {boOp = Minus, bolLeft = VarRef (Iden
tifier {idValue = "position"}), boRight = Val (IntNum 2)}1}}})})})}1}}),VarDecl [Var {vName = Identifier {idValue index"}, vType = DTInteger, vValue = Nothing}],VarDecl [Var {vName = Identifier {idValue = "
amount"}, vType = DTInteger, vValue = Nothing}]], bBody = Compound [ProcCall {pcName = Identifier {idValue = "write"}, pcParams = [Val (Str "Please, enter the required number of Fibonacci numbers to calculat
")1},ProcCall {pcName = Identifier {idValue = "read"}, pcParams = [VarRef (Identifier {idValue = "amount"})]},Assignment {aName = Identifier {idValue = "index"}, aValue = Val (IntNum 8)} While {wCondition = P
aren (BinOp {boOp = Lte, bolLeft = VarRef (Identifier {idValue = "index"}), boRight = VarRef (Identifier {idvalue = "amount"})}), wBody = Compound [ProcCall {pcName = Identifier {idvValue = "writeln"}, pcParams
= [val (Str "Fibonacci number at position "), VarRef (Identifier {idValue = "index"}),Val (Str " - ") FuncCall {fcName = Identifier {idValue = "calculateFibonacci"}, fcParams = [VarRef (Identifier {idValue = "i
ndex"})1}1},Assignment {aName = Identifier {idValue = "index"}, aValue = BinOp {boOp = Plus, bolLeft = VarRef (Identifier {idvalue = "index"}), boRight = val (IntNum 1)}}13}1}}

Analyzing parsed program...

A {currentScope = Scope {variables = fromList [("amount" VI {viName = "amount", viType = DTInteger}),("index" VI {viName = "index", viType = DTInteger})], functions = fromList [("calculateFibonacci" FI {fiName
= "calculateFibonacci", fiParams = [PAI {paiName "position", paiType = DTInteger}], fiResType = DTInteger})], procedures = fromList [("read" PRI {priName = "read", priParams = []}),("readln" PRI {priName =
"readln", priParams = []1}),("write" PRI {priName rite", priParams = []}), ("writeln" PRI {priName = "writeln", priParams = []})], scopelLevel = 1, parentScope = Nothing}, globalScope = Scope {variables = fro
mList [("amount" VI {viName = "amount", viType = DTInteger}),("index" VI {viName = "index", viType = DTInteger})], functions = fromList [("calculateFibonacci" FI {fiName "calculateFibonacci", fiParams [PAT
{paiName "position", paiType = DTInteger}], fiResType = DTInteger})], procedures = fromList [("read" PRI {priName = "read", priParams = []}),("readln" PRI {priName = "readln", priParams = []}), ("write" PRI

{priName 'write", priParams riteln" PRI {priName = "writeln", priParams [1})], scopelLevel = 1, parentScope = Nothing}}

Interpreting program...
Program output:

Please, enter the required number of Fibonacci numbers to calculate: 10
Fibonacci number position
Fibonacci number position
Fibonacci number position
Fibonacci number position
Fibonacci number position
Fibonacci number position
Fibonacci number position
Fibonacci number position
Fibonacci number position
Fibonacci number position
Fibonacci number position

Final interpreter state:
I {callStack = [AR {arName = "Fibonacci", arlLevel = 1, arType = RTProgram, vars = fromList [("amount” VI {viName = "amount", viType = DTInteger, viValue = Just (IntNum 18)}), ("index" VI {viName = "index", viTy
pe = DTInteger, viValue = Just (IntNum 11)})1}], currentSR = SR { srName = Fibonacci, srlevel = 1, srType = RTProgram, parameters = Nothing, srReturnType = Nothing, variables = fromList [("amount" VI {viName =
"amount", viType = DTInteger, viValue = Nothing}),("index" VI {viName ndex", viType = DTInteger, viValue = Nothing})], functions = fromList [("calculateFibonacci",SR { srName = calculateFibonacci, srLevel
2, srType = RTFunction, parameters = Just [PAI {paiName = "position", paiType = DTInteger}], srReturnType = Just DTInteger, variables = fromList [], functions = fromList [], procedures = fromList [], srBody
Compound [If {iCondition = BinOp {boOp = Lt, bolLeft = VarRef (Identifier {idValue = "position"}), boRight = Val (IntNum 8)}, iIfRoute = Assignment {aName = Identifier {idValue = "calculateFibonacci"}, aValu
e = UnOp UnaryMinus (Val (IntNum 1))}, iElseRoute = Just (If {iCondition = BinOp {boOp = Eql, boleft = VarRef (Identifier {idValue = "position"}), boRight = Val (IntNum @)}, iIfRoute = Assignment {aName = Iden
tifier {idValue = "calculateFibonacci"}, aValue = Val (IntNum @)}, iElseRoute = Just (If {iCondition = BinOp {boOp = Lt, bolLeft = VarRef (Identifier {idValue = "position"}), boRight = Val (IntNum 3)}, iIfRoute
= Assignment {aName = Identifier {idValue = "caleculateFibonacci"}, aValue = Val (IntNum 1)}, iElseRoute = Just (Assignment {aName = Identifier {idValue = "caleulateFibonacci"}, aValue = BinOp {boOp = Plus, bo




[iporpama Ana obpaxyBaHHA 3a4aHOT

KiZiIbKOCTI Yyncen PiboHayyi 3 NOMUIKOLIO

program Fibonacci;

function calculateFibonacci(position: Integer}: Integer;

begin
if position < @ then
calculateFibonacci := -1
else if position = @ then
calculateFibonacci := @
else if position < 3 then
calculateFibonacci := 1
else
calculateFibonacci := calculateFibonacci(position - 1) +

calculateFibonacci(position - 2);
end;

var index: Boolean;
var amount: Integer;

begin
write('Please, enter the required number of Fibonacci numbers to calculate: ");
read(amount);

index := @;
while (index <= amount) do

begin
writeln('Fibonacci number at position *, index, ", talculateFibonacci(index));
index := index + 1;

end;

end.



Pe3y/ibTaT BUKOHAHHA NporpamMu

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> .\pascal-interpreter-exe.exe run D:\Projects
\haskell\pascal-interpreter\sources\fibonacci.pas

Interpreting source file: 'D:\Projects\haskell\pascal-interpreter\sources\fibonacci.pas'...

AnalysisError-[type = AssignmentError, message = Wrong expression type in assignment statement!, source = AnalysisError-
[type = TypeMismatchError, message = Expression: Val (IntNum ©) has wrong type! Expected one of these types: ["DTBoolean
"]. Actual type: DTInteger]]

PS D:\Projects\haskell\pascal-interpreter\.stack-work\install\fb26c89a\bin> |




MO IMBOCT1 PO3LUMPEHHA
IHTepnpeTaTopa

- [ligTpMMKa CKnageHux TUniB AaHUX:. MacuBiB, MHOXMH, 3anunCiB;

. /logaBaHHA onepauini Haj CKNaJeHUMU TMMaMKU AaHMX: NepeBipKa
Ha HaNEXHICTb eNleMeHTa 0 MHOXXMHU, YNTAHHSA Ta OHOBJIEHHS
e/lIeMeHTiB MacmBy, onepauii 418 poboTH 3 NOSISIMM 3anuciB;

-  MoXAMBiCcTb Nepeaadi napameTpiB MYHKLiM Ta npoueayp 3a
NOCUIAHHAM;

- Po3wupeHHs ctaHaapTHOT 6i61i0TEKM: AoAaBaHHA MaTeMaTUYHMX
YHKLiM Ta npoueayp A/19 pob0TH 3 NOTOKaMKU BBEJEHHS -

BMBEAEHHS. 18




Pe3ynbtatn poboTu

e Po3pob6aeHo iHTepnpeTaTop NiAMHOXUHU €1EMEHTIB MOBU
Pascal aocTaTHbOT ANA BUKOHAHHA 3HAYHOT KiZIbKOCTIi
Nporpam;

e OnuMcaHo nepeBaru Ta HeJ0iKM po3pobieHOro
iHTeprnpeTaTopa, a TAKOX MOX/IMBOCTI ANA MOro
DO3LLUMPEHHS Ta MOKPALLLEHHS;

 [IpoaHanizoBaHO NMPUHLUMMNMU PO3POOKKU KOMMINATOPIB Ta
iHTepnpeTaTopiB B 3a/1€XHOCTIi Big cneymndivyHmx
0C06/IMBOCTEMN LiSIbOBOT MOBM NPOrpamyBaHHA (Y BUNAAKY
NOTOYHO1 po60TH - MOBM Pascal).




BucHoBKM (1)

e 0Cco6MBOCTi MOBM NpoOrpamMyBaHHA, A/ AKOT PpO3p0b6/IAETLCA
KOMNINATOP YK iHTEepnpeTaTop, BN/MBaOTb HA KiNIbKICTb
eTaniB KoMninAyii YM iHTepnpeTauii, a TakoX Ha ix
iMN1IeMEeHTaLito;

e BMKOpUCTaAHHA MPOMIXKHMUX CTPYKTYP AaHMX A9 BUKOHAHHSA
KOXHOIo 3 etaniB KoMNinAuil YM iHTepnpeTauii 403BOJIA€E
3pOOUTU KOXKEH eTan He3aNIeXHUM Bi iHLIKX;

BUKoOpMCTaHHA TEXHIKM KOMbiHaUiT napcepiB (AKa
peasiizoBaHa Yy 6ib6nioTeui Parsec) cnpollye po3pooKy
CUHTAKCUYHMX aHas1i3aTOPiB Ta 403BOJIAE ONUCYBATH X Y
BUrNAAl, AYXKE CXOXXOMY Ha OMNMUC CUHTAKCUCY Y POpMi
bekyca-Haypa,;




BUCHOBKM (2)

* BuKopuctaHHA PYHKUiOHAaNbHMX, CTaTUYHO i CTPOro
TMNi30BaHMX MOB NMporpamyBaHHA (Takux Ak Haskell) ans
PO3POOKM KOMMINATOPIB Ta iHTEPNpeTaTopiB € AOUiNIbHMUM,
OCKiJIbKM [03BOJIAE IErKO NPeAcTaB/IATU CKa4H1 CTPYKTYpH
AaHuXx (Taki ak AC/Jl) Ta CUHTaKCUYHiI CTPYKTYPHU MOBM
(HanpuKnag, BMpasu Ta IHCTPYKLUIiT), AeKN1apaTUBHO
onuvcyBaTu onepauii Hag HUMMU, a TaKOXX BUKOHYBATK aHasli3
Ta NepeBipKYy TUMIB, WO CNPOLLYE BiACTEXEHHA Ta YCYHEHHHA
MOMMUJIOK Mpu po3poobLi.




/1aKyto 3a yBary!
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