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FpaMMaTI/IKa HJIA A3bIKA

l.<S>><P><M>FEND
2. < P>=2<L><P>

3. < P>—e¢

4. <L>=><M><0 >

5. < M >— const

6. <O >— LET VAR =< F >
7. <0 >=GOTO < M >

8. <O>=IF<T><M >
9. <O>-FORVAR=< FEF>TO< E>STEP < FE><P><M>NEXT
10. < O >= GOSUB < M >
11. <O >— RETURN

12. < O >— INPUT VAR

13. <O >— PRINT < E >
M. <T>o< E><T >

5. <T' >=»=<E >

16. <T' >—=<< E >
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<I>—e

<I>=2x< K><I>
<I>=/<K><I>
<K>= (< K><I><FE'>)
< K >— const

< K> VAR



Tpancaupyiomass rpamMMaTiKa s SI3bIKa
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< S>><P><M>FEND
LK P>=2<L>< P>

< P>=e

< L>=< M><0 >

. < M >— const[lprev]

. < M1 >— const

<O >— LET VARIMARK V AR] =< E > [> VAR

. <0 >—= GOTO < M1 > [jmp lprev]

<O > 1TF <T>< M1 > [ij lprev]

<0 >

FOR VAR [MARK V AR) [MARK V AR)|
IMARK VAR] [MARK VAR]|=<E> [>VAR|TO < E > [>tmpl]
STEP < E > [>tmp2] [I0] [VAR] [tmpl] [<] [ij I1] [jmp 12] [I1]

< P> [tmp2] [VAR] [+] [> VAR] [jmp 0] <M > NEXT [I2]

< O >— GOSUB|sub] < M1 > [jmp lprev]

< O >— RETURN/ret]
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<O >— INPUT VAR [MARK VAR] [?] [> VAR]

<O >— PRINT < E > [l]
<T>o< E><T >

<T' >—==< E > [=]

<T' >>< < E>[<]

<T' >->< E>[>]
<E>><K><I><FE >
<E>5+<K><I>[+|<F >
<E > —-—<K><I>[-|<E>
<FE >—e¢

<I>—e

<I>=x< K>[<I>
<I>—>/<K>|/]<I>
<K>= (< K><I><FE'>)

< K >— const [c]

< K>- VAR [MARK V AR] [V AR



Onucanume padoOThl IIPOrpaMMbl JIJIsI
CUHTAKCUYECKOI'0 aHAJIN3a W reHepalun

KO/JIa

Ilepes mpoBejieHHEM CHHTAKCHYECKOIO AHAJIN3a, YIOPSJIOUNBAEM CTPOKHU IPO-
IPaMMBbl 10 HOMEPY MeTKU IO Bo3pacTanuio. IIporpamma mojeaupyer padoTy aB-
TOMAaTa C Mara3uHHON NMaMsIThio. B Haua bHBIE MOMEHT BPEMEHH B Mara3uHe aBTO-
MaTa HaXOJUTCs HAYAJILHBIA HETEPMHUHAJ S, & CUNTBHIBAIOIAS TOJOBKa 0003pEBaeT

NEePBbI CUMBOJI BXOJIa, Jlajee aproMar paboTaeT 1o MmpaBuiaM:

1. Ecsin Ha BeplInMHE cTeKa HAXOJUTCsS TePMUHAJIbHBII CUMBOJI, TO IIPOBEPSIEM Ka-
KOW CUMBOJI 0003peBaeT CUUTBIBAIONIAs I'0JIOBKA. KC/iM CUMBOJI Ha CTEKe COB-
MajlaeT CO BXOJHBIM CUMBOJIOM, TO yJlaJsdeM CAMBOJI CO CTEKAa U CJABUTAEMCH HA

BXOJIHO# JierTe. VHave renepupyem ommoOKy.

2. Eciu Ha cTeke HAXOAUTCS CHMBOJ «KOMAHJ/a» (CHMBOJIBI B I'DAMMATHKE CTOSI-
e B KBaJIPATHBIX CKOOKAX), TO yOMpaeM CUMBOJI CO CTE€KA U THIIEM €ro Ha

BBIXOJIHOM JieHTe. IIpu 9ToM Ha BXOJIHO# JIeHTe He CIBUTAEMCSI.

3. Eciin Ha creke JIeXKUT HETepMUHAJI, TO 110 JIBYM CHUMBOJIAM BXOJIHOW JIEHTbI
BbIOMpPAEM 1PaBUJIO U3 I'PAMMATUKK. YJlaJsieM HeTepMUHAJI CO CTEKa U KJIaJleM
H& HEro CMMBOJIBI 1PABOil YacTH BLIOPAHHOTO TpaBu/a B 0OpATHOM IOPSsJIKE.

Ha Bxojmoit jienTe He cBUTaeMcsl.

4. ABroMaT NpUHUMAaET BXOJHOE CJIOBO TOIJa M TOJLKO TOIJa, KOTJa B XOJe pa-
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O60Tbl HE I'eHepUPYIOTCs OIIMOKU U 110C/Ie HPOUYTEHUS! CJI0BA CTEK OKa3biBAETCs

IIYCTbBIM.

[Tpu ycmoBum, 9TO aBTOMAT MPUHUMAET BXOJHOE CJIOBO, PE3yJbTaTOM pPabOTHI aB-
TOMAaTa ABJSAETCA MOCJEIOBATEILHOCTH KOMAH T MPOMEXKYTOUYHOTO BUJIa: B Hell TIpH-
CYTCTBYIOT KOMAHJIbI-METKHU, TEPEXOJbl M0 MeTKaM (yCJOBHBIE U 0Ee3yCJIOBHbBIC) U
nMeHa repeMeHHbIX. Harra jgasbHedimas 3aa4ua 3aKI09aeTCsd B TOM, 9TOOBI 3aMe-
HUTH UMEHA ITIEPEMEHHbBIX Ha HOMEPA s9€eK MaMsITH, yJIaJuTh METKHU, a HePeXo/Ibl 10
MMEHOBAHHBIM METKAM 3aMEHUTDH [EPEX0/IaMi 110 HOMEpPaM KOMAaH/I.

IlepByto 3ajiady pernaeM CJIeyommuM 00pa3oM. 3aBOJIUM CYETUNK HOMEPOB siue-
€K, MTOKa, CITMCOK KOMAaH/[ COJAEP>KNUT NMEHa, TePEMEHHbIX BBITIOJHsIeM cienyiomee. Ha-
XOIMM TIEPBOE 110 TIOPSIJKY W 3aMEeHsIeM ero Ha HOMep STIeiKW, COTJIACHO 3HAYEHWIO
CcYeTINKA. 3aTeM, WIIEM 3Ty Ke TMePEeMeHHYI0 B CITUCKe KOMaHJ W 3aMeHsIeM KarK-
JI0oe BXOXKJIEHUME 3TOW MepeMeHHON Ha HOMEp COOTBETCTBYIOIIEH dUeiKu (OT,B;e.HbHO
obpabaTbiBaeM CJIydar CUUThIBaHUs sueiiku u 3amucu B Hee). [locse yBemuanBaem
3HAUCHME CUETUYMKA Ha €JMHUAIY U BO3BpAIaeMCs K IIOUCKY UMEH IIepEMEHHbIX.

Ob6paboTKa UMeH METOK IPOUCXOIUT CJeyonumM obpa3oM. [Ioka crmcok KoMaH1
COJICP2KUT HeoOpaboTaHHbIE UMEHOBAaHHBIE METKH, BBITIOJIHsIEM ciietyioriee. Haxonum
HOMEp KOMAH/IbI TIepeJi KOTOPOii CTOUT MeTKa (MOJICIUTHIBAEM KOMAHJIBI HE SIBJISIIO-
IHecsT METKAME CTOSIINE TepeJl Heif), 3aTeM UINeM Mepexojibl 0 TOH MeTKe U 3a-
MEHSIEM MX [EPEXOJaMU 110 HOMEPY KOMaHIbl (KaK yCJIOBHbIE, TaK 1 Oe3yC/I0BHbIE),
[OCJIE Yero moMedaeM MEeTKy KakK 00pabOTaHHYIO W BO3BPAIIAEMCs K MTOUCKY METOK.
Korjia HeobpaboTaHHbIX METOK He OCTaHeTCs, yjiaJjsieM Bce MeTku. Jlajiee 1moxojium
10 CITUCKY KOMaHJ W UIIEeM MepPexojibl M0 NMEHOBaHHBIM MeTKaM. Eciu Takue nepe-
XOJIhI UMEIOTCsI, TO 3aMEHSIEM WX Ha COOTBETCTBYIOIINE TTEPEXObI K HOMEPY KOMaH/ bl

PaABHOMY YMCJIYy KOMaHJI. TakuM 00pa30M OPraHu3yeTcsi BhIXOJl U MTPOTPAMMBI.



Onucanne padboThl MHTEPIpPETATOPA

Unrepnperarop npejcrapisger co0oii «MaIIuHy» ¢ JIByMs CTeKaMu (JJisi BHIUUC-
JICHWi U BO3BPATOB) U BEKTOPOM sIU€EK MAaMATH. B KaxKjblii MOMEHT BPEMEHH TaK-
’Ke XpaHUTCSI HOMEp TeKyleil koMman bl OnuimeM KOMaH/Ibl, II0JIaBaeMble Ha BXO/I
uHTEepIpeTaTopy. Beskuii pa3, roBops o creke, OyjieM UMeTb B BHJY CTEK JIJIsI Bbl-

T{I/ICJIGHI/Iﬁ, €CJIM MHOE H€ YKa3aHO ABHO.

L. [!] — B3sTh UMCIIO CO CTEKa U paciedaTarTb ero.

2. [?7] — 3aupocuTh ¢ KOHCOJIM YUCIO U TIOJOKUTH €0 Ha CTEK.

3. [Xi] — monoXKuTH U0 U3 (-0l TUCHKN TaMSATH Ha CTEK.

4. [> Xi] — mOJ0KUTH TUCJIO € BEPIIHHBI CTEKA B §-yI0 sTUEHKN MaMITH.
5. [¢] —oJIOKUTH HA CTEK KOHCTAHTY C.

6. [+] — B3sTH CO cTeka 2 yucsa, MOJOKUThH HA CTEK UX CYMMY.

7. [=] — B34Tb CO cTEKA 2 YMCIIA, TTOJOKUTH HA CTEK UX PA3HOCTb.

8. [*] B3sTH cO cTeKa 2 UMciia, HOJOKKUTD HA CTEK MX [IPOU3BE/ICHUE.
9. [/] — B34TH CO cTeKa 2 UncIA, TOJOKUTEH HA CTEK WX JaCTHOE.

10. [=] — B34aTH cO cTeKa 2 Uncia, MOJOXKHUTH HA CTEK 1 TOr/a M TOJBKO TOT/IA,

KOoTr'la OHM paBHbBI U 0B I[IPOTUBHOM CJIy4dae.

11. [<] — B34TDH €O CcTeKa 2 Yncia, MOJOXKHUTh Ha CTEK 1 TOr/a W TOJBKO TOI/IA,

Kor'la I1€epBo€ 9YuCJIO ME€HbIIe BTOPOI'O 1 0B IIPOTUBHOM CJIy4Yac.
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12. [>] — B3sTb €O Ccreka 2 YuCiia, HOJOXKUTH Ha CTeK 1 TOrja U TOJBKO TOIJA,

KOIJIa [I€pBOEe YUC/I0 0oJibIiie BTOporo u () B IPOTUBHOM CJlydae.

13. [ij k] — B34Tb cO cTeKa YUCIO MEepeiiTH K KOMaHJe ¢ HOMepOM Kk, ecJii OHO He

pasHoO 0.
14. [jmp k] — nepeiitu xk KomaHjEe ¢ HOMEPOM k.
15. [sub] — MONOXKUTHL HA CTEK BO3BPATOB HOMED TEKyIIeil KoMaHIbl + 1.

16. [ret] — B3aTH €O CTeKa BO3BPATOB HOMED KOMAH[IbI M MEPEHTH K KOMAHJE C

HOMEPOM OOJIBIIIUM Ha €JIMHUILY.

Pabora wHTepriperaropa NnpoucxojuT ciejyoium obpazom. Ha kaxjom 1are Oe-
percs KOMaHjia ¢ TeKYIIUM HOMEPOM M BbINOJIHSIETCS COIJIACHO YKa3aHHOMY BBbIIIIE.
Bo Bcex caydasix kpome 13,14 u 16 yBejimuanBaemM HOMEp TEKYIeil KOMaH bl Ha €1~
nuiy. Pabora 3aBepinaercst, Korja HOMEP TEKyIeil KOMaHJIbl CTAHOBUTCS OOJIbINE

KOoJIn49eCcTBa KOMaH/I.
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IIpumep

input — BAokHOT = B

Daitn  [paska ®opmat Bug Cnpaeka

|5 INPUT X

10 INPUT Y
15 LET Z = ¥

20 FOR I=0 TO Y STEP 1
25 LET Z = Z

30 NEXT

40 PRINT Z

1000 END

Puc. 1: Ucxoaubiit kox nporpammbl Ha MINI-BASIC

L CAON\Qt5.4.00Ot\Tools\QtCreator\bin\gtcreator_process_stub.exe =~ =

Puc. 2: CrenepupoBaHHBIN KO/ 110 JTaHHONW TPOTrPAMME
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i CAONQL5.4.0\Qt\Tools\QtCreator\bin\gtcreator_process_stub.exe — =

Puc. 3: Pesyabrar paboThl iporpaMMbl
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Wcexomublit Koa mporpaMMbl

#ifndef FAUTOMATA_H
#define FAUTOMATA H
#include <vector>

#include <lexeme.h>
#include <iostream>
using namespace std;

class FAutomata

{
vector <Lexeme> result;
Lexeme currentLexeme ;
istreamé& in;
bool (FAutomata::* current)();
bool q0();
bool ql1();
bool q2();
bool q3();
bool q4();
bool q5();
bool q6();
bool q7();
public:
FAutomata(istream& in);
“FAutomata () ;
void start();
vector<Lexeme> getResult(){return result;}
}

#endif // FAUTOMATA H

#include "fautomata.h"
#include <math.h>

FAutomata:: FAutomata(istream& i):in(i), current(&q0)

{
}

FAutomata::~ FAutomata ()

{

}
vector<string > KWord;

bool isSpecial(char c)

{

string templ = "4+—x/"(>=";

string target;

target4+= c;

return templ.find first of(target)!=—-1;
}

void FAutomata::start()

{
KWord. clear () ;
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bool

{

KWord . push_back ("LET");
KWord. push _back ("TO");
KWord . push_back ("GOTO") ;
KWord. push back ("FOR");
KWord . push_back ("STEP");
KWord. push back ("IF");
KWord. push back ("GOSUB") ;
KWord . push_back ("NEXT");
KWord. push back ("RETURN") ;
KWord . push_back ("END") ;
KWord. push back ("PRINT");
KWord . push_back ("INPUT");
bool cnt = true;

while (cnt)

{

cnt = (this —>xcurrent) ();

FAutomata :: q0()

char ¢ = in.get();

if (¢ = "\n")

{
result.push back(Lexeme(EOL));

}

if (isspace(c))

{
return true;

}

if (¢ = '+")

{
result.push back(Lexeme(OP_ PLUS));
return true;

}

if (¢ = '-")

{
result.push_back(Lexeme(OP_MINUS));
return true;

}

if (¢ = "x")

{
result . push_back(Lexeme(OP_MUL));
return true;

3

if (¢ = "/")

{
result . push_back(Lexeme(OP_DIV));
return true;

3

if (¢ = """)

{
result . push_back(Lexeme(OP_EXP));
return true;

}

if (¢ = "(")

{
result.push_ back(Lexeme(L_BRACKET));
return true;

}

if (¢c=")")

{
result.push_back(Lexeme(R_BRACKET)) ;
return true;

}

if (¢ = <)

14




}

bool

{

result.push back(Lexeme(L T));

return true;

}
if (¢ = '>")
{
result.push back(Lexeme(G T));
return true;
}
if (¢ = '=")
{
result.push_back(Lexeme(E_Q));
return true;
}
if (isdigit(c))
{
currentLexeme . setType (NUMBER) ;
currentLexeme . setValue(c—'0");
current = &ql;
return true;
}
if (isalpha(c))
{
c = toupper(c);
string temp = "GLTFSINREP";
string s;
s+=c;
if (—1==temp.find first of(s))
{
currentLexeme .setType (VAR);
currentLexeme.setName(s);
current = &q4;
return true;
}
else
{
currentLexeme .setName(s);
current = &q5;
return true;
}
}
if (¢ = ".")
{
currentLexeme . setType (NUMBER) ;
currentLexeme.setValue(0);
current = &q2;
return true;
3
if (¢ == EOF)
{
return false;
}

throw "Unexpected input";

FAutomata ::ql()

char ¢ = in.get();

float temp = currentLexeme.getValue();
if (isdigit(c))

{

currentLexeme.setValue (tempx10+c—"0");
return true;

}

if (¢ = "'.")

{
current = &q2;

return true;
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}
c=toupper(c);
if (¢ = 'E")
{
current = &q3;

return true;

3
if (¢ == EOF)
{
if (currentLexeme .getType ()!=UNDEFINED)
{
result.push_back(currentlLexeme);
}
return false;
}
else
{
result.push_back(currentLexeme);
in.putback(c);
current = &q0;
currentLexeme = Lexeme();
return true;
}
}
bool FAutomata::q2()
{
char ¢ = in.get():
float temp = currentLexeme.getValue();
static int pos = O0;
if (isdigit(c))
{
pos++;
float m = c-"'0";
for(int i=0; i<pos;++i)
{
m/=10;
¥
currentLexeme.setValue (temp+m);
return true;
}
c=toupper(c);
if (¢ = 'E")
{
current = &q3;
pos = O0;
return true;
3
if (¢ == EOF)
{
if (currentLexeme .getType ()!=UNDEFINED)
{
result.push back(currentlLexeme);
}
return false;
}
else
{
pos = 0;
result.push back(currentlLexeme);
currentLexeme = Lexeme();
in.putback(c);
current = &qO0;
return true;
3
}

bool FAutomata::q3()
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}

bool

{

char ¢ = in.get();
static int pw = 0;
static int sgn = 1;
if (¢ = '=")
{
sgnx=—1;
return true;
}
if (isdigit(c))
{
pw=pwx*10+c—"'0";
return true;
}
if (¢ ==EOF)
{
if (currentLexeme .getType ()!=UNDEFINED)
{
pW=pwx*sgn ;
float temp = currentLexeme.getValue();
temp = temp * pow(10,pw);
currentLexeme.setValue (temp);
result.push back(currentlLexeme);

}

return false;

else

pw=pwx*sgn ;
float temp = currentLexeme.getValue();
temp = temp * pow(10, pw);

pw = 0;

sgn = 1;

currentLexeme.setValue (temp);
result.push back(currentlLexeme);
currentLexeme = Lexeme();
in.putback(c);

current = &qO0;

return true;

FAutomata ::q4()

char ¢ = in.get();

if (isdigit(c))

{
currentLexeme .setName(currentLexeme .getName()+c);
return true;

}

if (¢ = "\n")

{
result.push back(currentlLexeme);
currentLexeme = Lexeme();
current = &q0;
result.push back(Lexeme(EOL));
return true;

}

if (isspace(c))

{
result.push back(currentlLexeme);
currentLexeme = Lexeme();
current = &qO0;
return true;

}

if (isSpecial(c))

{
result.push back(currentlLexeme);
currentLexeme = Lexeme();

current = &qO0;
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in.putback(c);

return true;

if (c=—EOF)

result.push back(currentlLexeme);
currentLexeme = Lexeme();
current = &q0;

return false;

}

throw "Unexpected input";

bool FAutomata::q5()

{

bool

{

char ¢ = in.get();

if (isdigit(c))

{
currentLexeme .setName(currentLexeme.getName()+c);
currentLexeme .setType (VAR);
current = &q4;

return true;

if (isSpecial(c))

currentLexeme.setType (VAR);
result.push_back(currentLexeme);
currentLexeme = Lexeme();
current = &qO0;
in.putback(c);
return true;

}

if (¢ = "\n")

{
currentlLexeme.setType (VAR);
result.push back(currentlLexeme);
currentLexeme = Lexeme();
current = &qO0;
result.push_back(Lexeme(EOL)) ;
return true;

}

if(isspace(c))

{
currentLexeme .setType (VAR);
result.push back(currentlLexeme);
currentLexeme = Lexeme();
current = &q0;
return true;

}

if (<=EOF)

{
currentLexeme.setType (VAR);
result.push back(currentlLexeme);
currentLexeme = Lexeme();
return false;

}

if (isalpha(c))

{
¢ = toupper(c);
string temp = currentLexeme.getName()+c;
currentLexeme .setName (temp);
current = &q6;
return true;

}

throw "Unexpected input";

FAutomata:: q6()
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char ¢ = in.get();

c = toupper(c);

string temp = currentLexeme.getName()+c;
if (isalpha(c))

{

currentLexeme .setName(temp);

return true;

}
else
{
for(int i=0; i<KWord.size ();++i)
{
if (KWord[i] == currentLexeme.getName())
{
currentLexeme .setType(LexemeType (LET+i));
result.push back(currentlLexeme);
currentLexeme = Lexeme();
current = &q0;
return true;
}
}
if (currentLexeme.getName ()=="REM")
{
currentLexeme = Lexeme();
current = &q7;
return true;
}
}
throw "Unexpected input";
}
bool FAutomata::q7()
{
char ¢ =in.get();
if (c=EOF)
{
return false;
}
if (c='\n")
{
result.push back(Lexeme(EOL));
current = &qO0;
}
return true;
}

#ifndef LEXEME_H
#define LEXEME H
#include <string>

using namespace std;
enum LexemeType
{
OP_PLUS,
OP_MINUS,
OP_MUL,
OP_DIV,
OP_EXP,
L_BRACKET,
R_BRACKET,
E_Q,
L T,
G T,
NUMBER,
LET,
TO,
GOTO,
FOR,
STEP,
IF,
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GOSUB,
NEXT,
RETURN,
END,
PRINT,
INPUT,
VAR,

EOL,
LABEL,
LABEL_USE,
UNDEFINED

class Lexeme

{
LexemeType type;
float value;
string name;
public:
Lexeme () ;
Lexeme (LexemeType t);
Lexeme(float value);
“Lexeme () ;
LexemeType getType() const;
void setType(LexemeType);
float getValue() const;
void setValue(float);
string getName();
void setName(string);
bool operator — (const Lexeme& other) const;
}

#endif // LEXEME H

#include "lexeme.h"

Lexeme:: Lexeme(LexemeType t):type(t),name("")

Lexeme :: Lexeme(float v):type (NUMBER)  value(v) ,name("")

Lexeme :: Lexeme () : type (UNDEFINED) ,name("")

}
Lexeme:: ™~ Lexeme ()
{
}
LexemeType Lexeme::getType() const
{
return type;
}
float Lexeme:: getValue() const
{
return value;
}
void Lexeme::setType(LexemeType t)
{
type = t;
}
void Lexeme::setValue(float v)
{
value = v;
}
bool Lexeme:: operator — (const Lexeme& other) const
{
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return (this—>type = other.type);
}
string Lexeme::getName()
{
return this —>name;
}

void Lexeme::

{

setName(string s)

this —>name = s;

#ifndef LEXEMENAMESSINGLETON H
#define LEXEMENAMESSINGLETON_H
#include <vector>

#include <iostream>

using namespace std;

class LexemeNamesSingleton
private

static LexemeNamesSingleton* instance;
vector<string > lexemeTypeNames;

LexemeNamesSingleton () ;

public:
static LexemeNamesSingletonx getlnstance ()
{
if (linstance)
instance = new LexemeNamesSingleton ();
return instance;
}
vector<string > getLexemeNames ()
{
return lexemeTypeNames;
}

i

#endif // LEXEMENAMESSINGLETON_H

#include "lexemenamessingleton.h"

LexemeNamesSingleton* LexemeNamesSingleton::instance = NULL;

LexemeNamesSingleton :: LexemeNamesSingleton ()

{

lexemeTypeNames .
lexemeTypeNames .
lexemeTypeNames.
lexemeTypeNames .
lexemeTypeNames.
lexemeTypeNames .
.push back("R_BRACKET");
.push_back("E_Q");

lexemeTypeNames

lexemeTypeNames

lexemeTypeNames .
lexemeTypeNames.
lexemeTypeNames .
lexemeTypeNames.
lexemeTypeNames .
lexemeTypeNames .
lexemeTypeNames.
lexemeTypeNames .
lexemeTypeNames.
lexemeTypeNames .
lexemeTypeNames.
lexemeTypeNames.
lexemeTypeNames .
lexemeTypeNames.

lexemeTypeNames .

push _back ("OP_PLUS");
push_back ("OP_MINUS");
push back("OP_MUL") ;
push _back ("OP_DIV");
push back("OP_EXP");
push _back ("L_BRACKET");

push _back("L_T");
push back("G T");
push _back ("NUMBER") ;
push back ("LET");
push _back ("TO");
push _back ("GOTO") ;
push back ("FOR");
push _back ("STEP") ;
push back("IF");
push _back ("GOSUB") ;
push back ("NEXT") ;
push back ("RETURN") ;
push _back ("END");
push _back ("PRINT");
push _back ("INPUT");




lexemeTypeNames . push_back ("VAR");
lexemeTypeNames.push back("EOL");
lexemeTypeNames . push_back ("LABEL");
lexemeTypeNames.push back("LABEL USE");
lexemeTypeNames . push_back ("UNDEFINED") ;

#ifndef SAUTOMATA H
#define SAUTOMATA_H

#include <iostream>
#include <lexeme .h>
#include <stack>
#include <vector>

#include "lexemenamessingleton h"

using namespace std;

struct Symbol

{

string name;
Lexeme lexeme;

Symbol (string k)

{
name = k;
lexeme = Lexeme (UNDEFINED) ;
}
Symbol (Lexeme 1)
{
name = | .getName();
lexeme = | ;
}

Symbol (string k, LexemeType I|)

{
name = k;

lexeme = Lexeme(l);

Symbol (LexemeType type)

{
name = "UNDEFINED";
lexeme = Lexeme(type);
}
bool isTerminal () const
{
return lexeme.getType ()!=UNDEFINED;
}
bool operator =— (const Symbol& other) const
{

if (other.isTerminal ()&&this —>isTerminal ())
{

return this—>

lexeme . getType ()==other.lexeme.getType();

}
else
{
if (lother.isTerminal()&&!this—>isTerminal())
{
return this —>name==other.name;
}
else
if (other.isSpecial ()&&this—>isSpecial())
{
return this —>name==other.name;
}
return false;
}
}
bool isSpecial () const
{
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if (this —>name. size ()==0)
return false;
return this >name.at(0) = '[;

¥

class sautomata

{

stack <Symbol> st;

int currentindex;
public:

sautomata () ;

vector<Symbol> Start(vector<Lexeme>);
i

#endif // SAUTOMATA H

#include "sautomata.h"
sautomata ::sautomata ()
{
currentlndex = 0;
}
vector<Symbol> sautomata:: Start(vector<Lexeme> input)
{
vector<Symbol> res;
stack<string> vars;
int tempVarCounter = 0;
int tempLabelCounter = 0;
st.push(Symbol("S"));
while (true)
{
if (st.size()==0)
{
if (currentlndex=—input.size())
return res;
else
{
vector<string > lexemeNames =
LexemeNamesSingleton:: getlnstance ()—>
getLexemeNames () ;
throw "Expected end of input but found "

+lexemeNames[input[currentindex]. getType()];

}
}
if (currentindex>=input.size())
{
throw "Unexpected end of input";
}

Symbol S = st.top();
if (S.isSpecial())

{
if (S.name == "[MARK_VAR]")
{
if (currentindex >0)
{
Lexeme prev = input[currentlndex —1];
if (prev.getType() = VAR)
{
vars . push(prev.getName());
st.pop();:
continue ;
}
else
{

throw "Expected variable, but found "
+LexemeNamesSingleton :: getlnstance ()—>
getLexemeNames () [prev.getType()]:

}
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else
{
throw "Expected variable, but found none";
}
}
else if (S.name =— "[VAR]")
{
S.name = "["+vars.top ()+"]";
res . push_back(S);
st.pop();
vars_pop()
continue ;
}
else if (S.name — "[>VAR]")
{
S.name = "[>"4vars.top ()+"]";
res . push_back(S);
st.pop();
vars . pop()
continue ;
}
else if (S.name = "[lprev]"
[|S.name == "[ij lprev]"||S.name=="[jmp Iprev]")
{
if (currentindex >0)
{
Lexeme prev = input[currentlndex —1];
if (prev.getType() = NUMBER)
{
string prefix ="[";
if (S.name =— "[ij lIprev]")
{
prefix = "[ij ";
}
else if(S.name =— "[jmp Iprev]")
{
prefix = "[jmp ";
}

S.name = prefix+"l_"+
std::to_string((int)prev.getValue())+"]";
res . push _back(S);

st.pop();
continue ;
}
else
{

throw "Expected lable, but found "

+LexemeNamesSingleton :: getlnstance ()—>

getLexemeNames () [prev.getType()]:

}
}
else
{
throw "Expected lable, but found none";
}
}
else if (S.name — "[c]")
{
if (currentindex >0)
{
Lexeme prev = input[currentlndex —1];
if (prev.getType() = NUMBER)
{
S.name = "["+

std::to_string(prev.getValue())+"]";
res.push back(S);
st.pop();

continue ;
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else

throw "Expected constant, but found "
+LexemeNamesSingleton :: getlnstance ()—>

getLexemeNames () [prev.getType()]:

}
}
else
{
throw "Expected constant, but found none";
}
}
else
{
res . push_back(S);
st.pop();
continue ;
}
}
if (S.isTerminal())
{
if (Symbol(input[currentlndex])=S)
{
st.pop();
currentindex++;
}
else
{

vector<string > lexemeNames =
LexemeNamesSingleton:: getlnstance ()—>
getLexemeNames () ;
throw string ("Expected ") +
lexemeNames[S.lexeme.getType ()]+
" but found "+

lexemeNames|[input[currentindex].getType()];

}
}
else
{
st.pop();
if (S=Symbol("S"))
{
st.push(Symbol(Lexeme(END)));
st.push(Symbol("M"));
st.push(Symbol("P"));
}
else if (S=Symbol("P"))
{
if (currentindex+1<input.size ()
&&input[currentindex+1].getType ()!=END
&&input[currentindex +1].getType () !=NEXT)
{
st.push(Symbol("P"));
st.push(Symbol("L"));
}
}
else if (S=Symbol("L"))
{
st.push(Symbol("O"));
st.push(Symbol("M"));
}
else if (S==Symbol("™M"))
{
st.push(Symbol("[lprev]" LABEL));
st.push(Symbol (Lexeme (NUMBER))) ;
}

else if (S=Symbol ("M1"))
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st.push(Symbol(Lexeme (NUMBER))) ;

}

else if (S==Symbol("0"))

{
LexemeType x = input[currentlindex]. getType();
switch (x) {
case LET:

st.push(Symbol ("[>VAR]" VAR));
st.push(Symbol ("E"));
st.push(Symbol(Lexeme(E Q)));
st.push (Symbol ("[MARK_VAR]"));
st.push (VAR);
st.push(LET);
break ;
case GOTO:
st.push(Symbol("[jmp Iprev]",
LABEL_USE));
st.push(Symbol("M1"));
st . push (GOTO) ;
break;
case IF:
st.push(Symbol("[ij Iprev]",
LABEL USE));
st.push(Symbol("M1"));
st.push(Symbol ("T"));
t.push(IF);
break;
case FOR:
st.push(Symbol("[I_t"+
to string(tempLabelCounter+2)+"]",
LABEL)) ;
st.push (NEXT) ;
st.push(Symbol("M"));
st.push(Symbol("[jmp | t"+

n

to string(tempLabelCounter)+"]",

LABEL_USE));
st.push(Symbol ("[>VAR]" ,VAR));
st push(Symbol ("[+]"));
st.push(Symbol (" [VAR]" VAR));
st.push(Symbol (" [tmp"+

to_string(tempVarCounter+1)+"]" ,VAR)) ;
st.push(Symbol("P"));
st.push(Symbol("[I_t"+
to string(tempLabelCounter+1)+"]",
LABEL));
st.push(Symbol("[jmp |_t"+
to string(tempLabelCounter+2)+"]",

LABEL_USE));
st.push(Symbol("[ij | t"+

to_string(tempLabelCounter+1)+"]",

LABEL USE));
st.push(Symbol("[<]")):
st.push(Symbol (" [tmp"+

to string(tempVarCounter)+"]" ,VAR));
st.push(Symbol (" [VAR]" VAR));
st.push(Symbol("[I t"+

to_string(tempLabelCounter)+"]",

LABEL)) ;
st.push(Symbol ("[>tmp"+

to_string(tempVarCounter+1)+"]" ,VAR)) ;
st.push(Symbol("E"));
st.push(STEP);
st.push(Symbol ("[>tmp"+

to string(tempVarCounter)+"]" ,VAR));
st.push(Symbol("E"));
st.push(TO);
st.push(Symbol ("[>VAR]" ,VAR));
st.push(Symbol("E"));
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st.push(E_Q);
st.push(Symbol("[MARK VAR]"));
st.push(Symbol (" [MARK_VAR]"));
st.push(Symbol("[MARK VAR]"));
st.push(Symbol (" [MARK_VAR]"));
st.push(VAR);
st.push(FOR);
tempVarCounter+=2;
templLabelCounter+=3;
break ;
case GOSUB:
st.push (Symbol("[jmp Iprev]" LABEL_USE));
st.push(Symbol("M1"));
st.push(Symbol("[sub]"));
st . push (GOSUB) ;
break;
case RETURN:
st.push(Symbol("[ret]"));
st . push (RETURN) ;
break ;
case INPUT:
st.push(Symbol ("[>VAR]" VAR));
st.push(Symbol("[?]1"));
st.push(Symbol ("[MARK VAR]"));
st.push (VAR);
st.push(INPUT);
break ;
case PRINT:
st.push(Symbol("[!]"));
st.push(Symbol ("E"));
st.push(PRINT);
break ;
default:

throw "Unexpected start of operation";

}
}
else if (S=Symbol ("T"))
{
st.push(Symbol("T1"));
st.push(Symbol("E"));
}
else if (S==Symbol("T1"))
{
LexemeType x = input[currentlndex]. getType();
switch (x) {
case E_Q:
st.push(Symbol("[=]"));
st.push(Symbol ("E"));
st.push(E_Q);
break;
case L_T:
st.push(Symbol ("[<]"));
st.push(Symbol ("E"));
st.push(L_T);
break;
case G_T:
st.push(Symbol("[>]"));
st.push(Symbol ("E"));
st.push(G_T);
break;
default:
throw "Unexpected test symbol";
}
}
else if (S=Symbol ("E"))
{

st.push(Symbol ("Ex"));
st.push(Symbol("1"));
st.push(Symbol ("K"));
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}
else if (S=Symbol ("Ex"))

{

LexemeType x = input[currentlindex]. getType();

if ( x == OP_PLUS)

{
st.push(Symbol ("Ex"));
st.push(Symbol("[+]")):
st.push(Symbol("I"));
st.push(Symbol ("K"));
st.push(OP_PLUS);

}

else if (x == OP_MINUS)

{
st.push(Symbol ("Ex"));
st.push(Symbol("[-]"));
st.push(Symbol("I1"));
st.push(Symbol ("K"));
st.push (OP_MINUS) ;

}

}
else if (S=Symbol("I1"))
{

LexemeType x = input[currentlndex]. getType();

if ( x == OP_MUL)

{
st.push(Symbol("I1"));
st.push(Symbol("[x]"));
st.push(Symbol ("K"));
st.push(OP_MUL);

}

else if (x == OP_DIV)

{
st.push(Symbol("I1"));
st.push(Symbol("[/]1")):
st.push(Symbol ("K"));
st.push(OP_DIV);

}

}
else if (S==Symbol ("K"))
{

LexemeType x = input[currentlndex]. getType();

if ( x == L BRACKET)

{
st.push (R_BRACKET) ;
st.push(Symbol ("Ex"));
st.push(Symbol("I1"));
st.push(Symbol ("K"));
st . push (L_BRACKET) H

}

else if(x == NUMBER)

{
st.push(Symbol("[c]"));
st . push (NUMBER) ;

}

else if (x == VAR)

{
st.push(Symbol("[VAR]" VAR));
st.push(Symbol ("[MARK VAR]"));
st.push (VAR);

}

else throw "Unexpected start of expression";

}

#include <iostream>
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#include <fstream>
#include <fautomata.h>
#include <sautomata.h>
#include <algorithm>
#include <stackmachine .h>

using namespace std;

bool operator < (const vector<Lexeme>& v, const vector<lLexeme>& vl)
{
if (v.size()==0]||vl.size ()==0)
throw "Unexpected input";
if ((*xv.begin()).getType() != NUMBER ||(*vl.begin()).getType() '= NUMBER)
throw "Unexpected input";
return (xv.begin()).getValue()<(xvl.begin()).getValue();

}
string getVarName (string name)
{
name = name.substr(1l, name.length ()—2);
if (name.at (0) = '>")
{
name = name.substr (1, ,name.length()—1);
}
return name;
}
string getlLabel (string label)
{
if (label.at(1)="1")
{
return label .substr(3,label . length()—4);
}
if (label.at(1) = "j')
{
return label .substr (7, label.length()—8);
}
if (label.at(l1) = 'i")
{
return label.substr(6, label.length()—-7);
}
return label;
}

int main ()

{

ifstream in("c:/input.txt" 6 std::ifstream::in);
FAutomata a(in);
try
{
a.start ();
vector<Lexeme> res = a.getResult();

vector<Lexeme> copy;

for(vector<Lexeme >::iterator i = res.begin();il=res.end();++i)
{
if ((xi).getType()==OP_ MINUS)
{
if ((i = res.begin())]]|
((*(i—1)).getType()!=R BRACKET && (*(i—1)).getType()!= NUMBER))
{
if ((i+1) = res.end())
{
copy.push back(*i);
}
else if ((x(i+1)).getType ()= NUMBER)
{
(x(i+1)).setValue(—(*(i+1)).getValue());
}
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else

copy.push back(*i);

}
else
copy . push_back(xi);
}
else
copy .push_back(x*i);
}
vector<vector<lLexeme>> lines;
vector<Lexeme> line;
for (vector<lLexeme>::iterator i = copy.begin();il=copy.end();++i)
{
if ((xi).getType()=—EOL)
{
lines.push back(line);
line = vector<Lexeme>();
}
else
{
line.push back((*i));
}
}
if (line.size()!=0)
{
lines.push back(line);
}
sort(lines.begin(),lines.end());
res = vector<Lexeme>();
for (vector<vector<Lexeme>>::iterator i = lines.begin();i!=lines.end();i++)
{
vector<Lexeme> v = (xi);

for (vector<lLexeme>::iterator j = v.begin(); j!=v.end(); j++)
{
res.push back((*j)):

}

sautomata sa;

vector<Symbol> out = sa.Start(res);
int currentlndex = 0;

bool exit = false;

while (!exit)

{
exit = true;
for (vector<Symbol >::iterator i = out.begin(); i!=out.end();++i)
{
if ((xi).lexeme.getType ()=—=VAR)
{
exit = false;
string name = (*i).name;
if (name. at(1)=">")
{
(i) .name = "[>X"+to string(currentindex)+"]";
}
else
{
(#i).name = "[X"+ to string(currentindex)+"]";
}
(*i).lexeme.setType (UNDEFINED) ;
name = getVarName(name);
for (vector<Symbol >::iterator j = i+1; j!= out.end();j++)
{

if ((x]j).lexeme.getType ()=—=VAR)
{
string temp = (*]).name;
temp = getVarName(temp);
if (temp == name)
{
if ((*j).name.at(1)=">")
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(*j).name = "[>X"+to string(currentindex)+"]";
}
else
{
(*j).name = "[X"4+ to string(currentindex)+"]";
}
(*]j).lexeme.setType (UNDEFINED) ;
}
}
}
currentlndex = currentindex+1;
break;
}
}
}
exit = false;
while (!exit)
{
exit = true;
int counter = 0;
for (vector<Symbol >::iterator i = out.begin(); il=out.end();++i)
{
if ((xi).lexeme.getType()=—LABEL)
{
exit = false;
string label = (xi).name;
label = getLabel(label);
for (vector<Symbol >::iterator j = out.begin(); j!= out.end();j++)
{
if ((xj). lexeme.getType ()= LABEL USE)
{
string temp = (*]).name;
temp = getLabel (temp);
if (temp =— label)
{
if ((xj).name[1] == ")
{
(*j).name = "[jmp "+to_string(counter)+"]";
(*]j).lexeme .setType (UNDEFINED) ;
}
else if((xj).name[l] == "i")
{
(*xj).name = "[ij "+to_string(counter)+"]";
(*]j).lexeme .setType (UNDEFINED) ;
}
else
{
throw "Unexpected command: "+4(*j).name;
}
}
}
}
}
else
{
counter++;
}
}
break ;
}
vector<Symbol >::iterator i = out.begin();
while (i!=out.end())
{
if((xi).lexeme.getType() == LABEL)
{
out.erase(i);
i = out.begin();
}
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else

{
i++;
}
}
for (vector<Symbol>::iterator i = out.begin(); i!=out.end();++i)
{
if ((xi).lexeme . getType ()=—LABEL_USE)
{
if ((xi).name[1] = 'j ")
{
(i) .name = "[jmp "+to_string(out.size ())+"]";
(*i).lexeme.setType (UNDEFINED) ;
3
else if((xi).name[l] == "i")
{
(i) .name = "[ij "4to_string(out.size())+"]";
(*i).lexeme.setType (UNDEFINED) ;
}
else
{
throw "Unexpected command: "+4(xi).name;
}
}
}
int num = 0;
for(vector<Symbol >::iterator i = out.begin();il=out.end();++i)
{
cout<Knum<<" : "< (*i) . name<<endl;
num-+-+;
}

StackMachine st;

st.start(out);

}
catch (const charxe)
{
cout<<"Error:"<<e<<endl;
}
catch(std:: string str)
{
cout<<str<<endl;
}

return O;

#ifndef STACKMACHINE H
#define STACKMACHINE H
#include <stack>
#include <vector>
#include <iostream>
#include <string >
#include <math . h>
#include <sautomata.h>

using namespace std;

class StackMachine
{
stack<double> operationStack;
stack<long> callStack;
vector<double> memory;
long currentPosition;
void addCells();
double getStackValue();
public:
StackMachine () ;

void start(vector<Symbol> commands);

32




i

#endif // STACKMACHINE H

#include "stackmachine. h"

#include <algorithm>

StackMachine :: StackMachine () : currentPosition (0)

{

bool eq(double x1, double x2)

{
return fabs(x1—x2)<pow(10,—6);

void StackMachine:: start(vector<Symbol> commands)

{
while (currentPosition <commands. size ())
{
string command = commands[currentPosition].name;
command = command.substr(1,command.length ()—2);

if (command.empty())

throw "lllegal empty command";
if (command.length ()>=3&&command[0]== "> "&&command[1]=="X") //[> xi]
{
string indexString = command.substr (2,command. length () —2);
int index = stoi(indexString);
while (index>=memory.size ())
{
addCells () ;
}
memory[index] = getStackValue();
currentPosition++4;
continue ;
}
if (command.length ()>=2&&command [0] =— 'X")
{
string indexString = command.substr (1,command.length ()—1);
int index = stoi(indexString);
while (index>=memory.size ())
{
addCells () ;
}
operationStack .push(memory[index]) ;
currentPosition++4;
continue ;
}
if (command="1")
{
cout<<getStackValue ()<<endl;
currentPosition++;
continue ;
}
if (command="7")
{
double x;
cin>>x;
operationStack . push(x);
currentPosition++;
continue ;
}
if (command="4")
{

double x1 = getStackValue();
double x2 = getStackValue();
operationStack . push(x2+x1);
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currentPosition++;

continue ;

}

if (command="-")

{
double x1 = getStackValue();
double x2 = getStackValue();
operationStack . push(x2—x1);
currentPosition++;
continue ;

}

if (command="x")

{
double x1 = getStackValue();
double x2 = getStackValue();
operationStack . push(x2xx1);
currentPosition++4;
continue ;

}

if (command="/")

{
double x1 = getStackValue();
double x2 = getStackValue();
operationStack . push(x2/x1);
currentPosition++4;
continue ;

}

if (command="=")

{
double x1 = getStackValue();
double x2 = getStackValue();
operationStack . push(eq(x2,x1)?71:0);
currentPosition++;
continue ;

}

if (command="<")

{
double x1 = getStackValue();
double x2 = getStackValue();
operationStack .push(x2<x171:0);
currentPosition++4;
continue ;

}

if (command=">")

{
double x1 = getStackValue();
double x2 = getStackValue();
operationStack .push(x2>x171:0);
currentPosition++4;
continue ;

}

if (command.length ()>=5&&command[0]== "] '&&command[1l]=="'m’'&&command[2]=="p ")

{
string indexString = command.substr (4 ,command. length () —4);
int index = stoi(indexString);
currentPosition = index;
continue ;

}

if (command.length ()>=4&&command[0]== "1 '&&command[l]=="j")

{
string indexString = command.substr (3,command. length ()—3);
int index = stoi(indexString);
if (getStackValue())
{

currentPosition = index;

}
else
{

currentPosition++;
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}

continue ;
}
if (command=—="sub")
{
callStack .push(currentPosition+1);
currentPosition++;
continue ;
}
if (command=—="ret")
{
if (callStack .empty())
{
throw "Call stack is empty";
}
currentPosition = callStack.top()+1;
callStack .pop();
continue ;
}
{
double constant = stod(command);
operationStack . push(constant);
currentPosition++;
continue ;
}

double StackMachine:: getStackValue ()

{
if (operationStack.empty())
throw "Operation stack is empty";
double x = operationStack.top();
operationStack.pop();
return x;
}

void StackMachine:: addCells ()

{
for(int 1=0;i<100;++i)
{
memory . push_back (0);
}
}
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