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Ãðàììàòèêà äëÿ ÿçûêà

1. < S >→< P >< M > END

2. < P >→< L >< P >

3. < P >→ e

4. < L >→< M >< O >

5. < M >→ const

6. < O >→ LET VAR =< E >

7. < O >→ GOTO < M >

8. < O >→ IF < T >< M >

9. < O >→ FOR VAR =< E > TO < E > STEP < E >< P >< M > NEXT

10. < O >→ GOSUB < M >

11. < O >→ RETURN

12. < O >→ INPUT VAR

13. < O >→ PRINT < E >

14. < T >→< E >< T ′ >

15. < T ′ >→=< E >

16. < T ′ >→<< E >
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17. < T ′ >→>< E >

18. < E >→< K >< I >< E ′ >

19. < E ′ >→ + < K >< I >< E ′ >

20. < E ′ >→ − < K >< I >< E ′ >

21. < E ′ >→ e

22. < I >→ e

23. < I >→ ∗ < K >< I >

24. < I >→ / < K >< I >

25. < K >→ (< K >< I >< E ′ >)

26. < K >→ const

27. < K >→ V AR
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Òðàíñëèðóþùàÿ ãðàììàòèêà äëÿ ÿçûêà

1. < S >→< P >< M > END

2. < P >→< L >< P >

3. < P >→ e

4. < L >→< M >< O >

5. < M >→ const[lprev]

6. < M1 >→ const

7. < O >→ LET VAR[MARK_V AR] =< E > [> V AR]

8. < O >→ GOTO < M1 > [jmp lprev]

9. < O >→ IF < T >< M1 > [ij lprev]

10. < O >→

FOR VAR [MARK_V AR] [MARK_V AR]

[MARK_V AR] [MARK_V AR] =< E > [> V AR] TO < E > [> tmp1]

STEP < E > [> tmp2] [l0] [V AR] [tmp1] [<] [ij l1] [jmp l2] [l1]

< P > [tmp2] [V AR] [+] [> V AR] [jmp l0] < M > NEXT [l2]

11. < O >→ GOSUB[sub] < M1 > [jmp lprev]

12. < O >→ RETURN [ret]
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13. < O >→ INPUT V AR [MARK_V AR] [?] [> V AR]

14. < O >→ PRINT < E > [!]

15. < T >→< E >< T ′ >

16. < T ′ >→=< E > [=]

17. < T ′ >→< < E > [<]

18. < T ′ >→> < E > [>]

19. < E >→< K >< I >< E ′ >

20. < E ′ >→ + < K >< I > [+] < E ′ >

21. < E ′ >→ − < K >< I > [−] < E ′ >

22. < E ′ >→ e

23. < I >→ e

24. < I >→ ∗ < K > [∗] < I >

25. < I >→ / < K > [/] < I >

26. < K >→ (< K >< I >< E ′ >)

27. < K >→ const [c]

28. < K >→ V AR [MARK_V AR] [V AR]
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Îïèñàíèå ðàáîòû ïðîãðàììû äëÿ

ñèíòàêñè÷åñêîãî àíàëèçà è ãåíåðàöèè

êîäà

Ïåðåä ïðîâåäåíèåì ñèíòàêñè÷åñêîãî àíàëèçà óïîðÿäî÷èâàåì ñòðîêè ïðî-

ãðàììû ïî íîìåðó ìåòêè ïî âîçðàñòàíèþ. Ïðîãðàììà ìîäåëèðóåò ðàáîòó àâ-

òîìàòà ñ ìàãàçèííîé ïàìÿòüþ. Â íà÷àëüíûé ìîìåíò âðåìåíè â ìàãàçèíå àâòî-

ìàòà íàõîäèòñÿ íà÷àëüíûé íåòåðìèíàë S, à ñ÷èòûâàþùàÿ ãîëîâêà îáîçðåâàåò

ïåðâûé ñèìâîë âõîäà, äàëåå àâòîìàò ðàáîòàåò ïî ïðàâèëàì:

1. Åñëè íà âåðøèíå ñòåêà íàõîäèòñÿ òåðìèíàëüíûé ñèìâîë, òî ïðîâåðÿåì êà-

êîé ñèìâîë îáîçðåâàåò ñ÷èòûâàþùàÿ ãîëîâêà. Åñëè ñèìâîë íà ñòåêå ñîâ-

ïàäàåò ñî âõîäíûì ñèìâîëîì, òî óäàëÿåì ñèìâîë ñî ñòåêà è ñäâèãàåìñÿ íà

âõîäíîé ëåíòå. Èíà÷å ãåíåðèðóåì îøèáêó.

2. Åñëè íà ñòåêå íàõîäèòñÿ ñèìâîë ¾êîìàíäà¿ (ñèìâîëû â ãðàììàòèêå ñòîÿ-

ùèå â êâàäðàòíûõ ñêîáêàõ), òî óáèðàåì ñèìâîë ñî ñòåêà è ïèøåì åãî íà

âûõîäíîé ëåíòå. Ïðè ýòîì íà âõîäíîé ëåíòå íå ñäâèãàåìñÿ.

3. Åñëè íà ñòåêå ëåæèò íåòåðìèíàë, òî ïî äâóì ñèìâîëàì âõîäíîé ëåíòû

âûáèðàåì ïðàâèëî èç ãðàììàòèêè. Óäàëÿåì íåòåðìèíàë ñî ñòåêà è êëàäåì

íà íåãî ñèìâîëû ïðàâîé ÷àñòè âûáðàííîãî ïðàâèëà â îáðàòíîì ïîðÿäêå.

Íà âõîäíîé ëåíòå íå ñäâèãàåìñÿ.

4. Àâòîìàò ïðèíèìàåò âõîäíîå ñëîâî òîãäà è òîëüêî òîãäà, êîãäà â õîäå ðà-
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áîòû íå ãåíåðèðóþòñÿ îøèáêè è ïîñëå ïðî÷òåíèÿ ñëîâà ñòåê îêàçûâàåòñÿ

ïóñòûì.

Ïðè óñëîâèè, ÷òî àâòîìàò ïðèíèìàåò âõîäíîå ñëîâî, ðåçóëüòàòîì ðàáîòû àâ-

òîìàòà ÿâëÿåòñÿ ïîñëåäîâàòåëüíîñòü êîìàíä ïðîìåæóòî÷íîãî âèäà: â íåé ïðè-

ñóòñòâóþò êîìàíäû-ìåòêè, ïåðåõîäû ïî ìåòêàì (óñëîâíûå è áåçóñëîâíûå) è

èìåíà ïåðåìåííûõ. Íàøà äàëüíåéøàÿ çàäà÷à çàêëþ÷àåòñÿ â òîì, ÷òîáû çàìå-

íèòü èìåíà ïåðåìåííûõ íà íîìåðà ÿ÷ååê ïàìÿòè, óäàëèòü ìåòêè, à ïåðåõîäû ïî

èìåíîâàííûì ìåòêàì çàìåíèòü ïåðåõîäàìè ïî íîìåðàì êîìàíä.

Ïåðâóþ çàäà÷ó ðåøàåì ñëåäóþùèì îáðàçîì. Çàâîäèì ñ÷åò÷èê íîìåðîâ ÿ÷å-

åê, ïîêà ñïèñîê êîìàíä ñîäåðæèò èìåíà ïåðåìåííûõ âûïîëíÿåì ñëåäóþùåå. Íà-

õîäèì ïåðâîå ïî ïîðÿäêó è çàìåíÿåì åãî íà íîìåð ÿ÷åéêè, ñîãëàñíî çíà÷åíèþ

ñ÷åò÷èêà. Çàòåì, èùåì ýòó æå ïåðåìåííóþ â ñïèñêå êîìàíä è çàìåíÿåì êàæ-

äîå âõîæäåíèå ýòîé ïåðåìåííîé íà íîìåð ñîîòâåòñòâóþùåé ÿ÷åéêè (îòäåëüíî

îáðàáàòûâàåì ñëó÷àè ñ÷èòûâàíèÿ ÿ÷åéêè è çàïèñè â íåå). Ïîñëå óâåëè÷èâàåì

çíà÷åíèå ñ÷åò÷èêà íà åäèíèöó è âîçâðàùàåìñÿ ê ïîèñêó èìåí ïåðåìåííûõ.

Îáðàáîòêà èìåí ìåòîê ïðîèñõîäèò ñëåäóþùèì îáðàçîì. Ïîêà ñïèñîê êîìàíä

ñîäåðæèò íåîáðàáîòàííûå èìåíîâàííûå ìåòêè, âûïîëíÿåì ñëåäóþùåå. Íàõîäèì

íîìåð êîìàíäû ïåðåä êîòîðîé ñòîèò ìåòêà (ïîäñ÷èòûâàåì êîìàíäû íå ÿâëÿþ-

ùèåñÿ ìåòêàìè ñòîÿùèå ïåðåä íåé), çàòåì èùåì ïåðåõîäû ïî òîé ìåòêå è çà-

ìåíÿåì èõ ïåðåõîäàìè ïî íîìåðó êîìàíäû (êàê óñëîâíûå, òàê è áåçóñëîâíûå),

ïîñëå ÷åãî ïîìå÷àåì ìåòêó êàê îáðàáîòàííóþ è âîçâðàùàåìñÿ ê ïîèñêó ìåòîê.

Êîãäà íåîáðàáîòàííûõ ìåòîê íå îñòàíåòñÿ, óäàëÿåì âñå ìåòêè. Äàëåå ïîõîäèì

ïî ñïèñêó êîìàíä è èùåì ïåðåõîäû ïî èìåíîâàííûì ìåòêàì. Åñëè òàêèå ïåðå-

õîäû èìåþòñÿ, òî çàìåíÿåì èõ íà ñîîòâåòñòâóþùèå ïåðåõîäû ê íîìåðó êîìàíäû

ðàâíîìó ÷èñëó êîìàíä. Òàêèì îáðàçîì îðãàíèçóåòñÿ âûõîä è ïðîãðàììû.

8



Îïèñàíèå ðàáîòû èíòåðïðåòàòîðà

Èíòåðïðåòàòîð ïðåäñòàâëÿåò ñîáîé ¾ìàøèíó¿ ñ äâóìÿ ñòåêàìè (äëÿ âû÷èñ-

ëåíèé è âîçâðàòîâ) è âåêòîðîì ÿ÷ååê ïàìÿòè. Â êàæäûé ìîìåíò âðåìåíè òàê-

æå õðàíèòñÿ íîìåð òåêóùåé êîìàíäû. Îïèøåì êîìàíäû, ïîäàâàåìûå íà âõîä

èíòåðïðåòàòîðó. Âñÿêèé ðàç, ãîâîðÿ î ñòåêå, áóäåì èìåòü â âèäó ñòåê äëÿ âû-

÷èñëåíèé, åñëè èíîå íå óêàçàíî ÿâíî.

1. [!] � âçÿòü ÷èñëî ñî ñòåêà è ðàñïå÷àòàòü åãî.

2. [?] � çàïðîñèòü ñ êîíñîëè ÷èñëî è ïîëîæèòü åãî íà ñòåê.

3. [Xi] � ïîëîæèòü ÷èñëî èç i-îé ÿ÷åéêè ïàìÿòè íà ñòåê.

4. [> Xi] � ïîëîæèòü ÷èñëî ñ âåðøèíû ñòåêà â i-óþ ÿ÷åéêè ïàìÿòè.

5. [c] �ïîëîæèòü íà ñòåê êîíñòàíòó c.

6. [+] � âçÿòü ñî ñòåêà 2 ÷èñëà, ïîëîæèòü íà ñòåê èõ ñóììó.

7. [−] � âçÿòü ñî ñòåêà 2 ÷èñëà, ïîëîæèòü íà ñòåê èõ ðàçíîñòü.

8. [∗] � âçÿòü ñî ñòåêà 2 ÷èñëà, ïîëîæèòü íà ñòåê èõ ïðîèçâåäåíèå.

9. [/] � âçÿòü ñî ñòåêà 2 ÷èñëà, ïîëîæèòü íà ñòåê èõ ÷àñòíîå.

10. [=] � âçÿòü ñî ñòåêà 2 ÷èñëà, ïîëîæèòü íà ñòåê 1 òîãäà è òîëüêî òîãäà,

êîãäà îíè ðàâíû è 0 â ïðîòèâíîì ñëó÷àå.

11. [<] � âçÿòü ñî ñòåêà 2 ÷èñëà, ïîëîæèòü íà ñòåê 1 òîãäà è òîëüêî òîãäà,

êîãäà ïåðâîå ÷èñëî ìåíüøå âòîðîãî è 0 â ïðîòèâíîì ñëó÷àå.
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12. [>] � âçÿòü ñî ñòåêà 2 ÷èñëà, ïîëîæèòü íà ñòåê 1 òîãäà è òîëüêî òîãäà,

êîãäà ïåðâîå ÷èñëî áîëüøå âòîðîãî è 0 â ïðîòèâíîì ñëó÷àå.

13. [ij k] � âçÿòü ñî ñòåêà ÷èñëî ïåðåéòè ê êîìàíäå ñ íîìåðîì k, åñëè îíî íå

ðàâíî 0.

14. [jmp k] � ïåðåéòè ê êîìàíäå ñ íîìåðîì k.

15. [sub] � ïîëîæèòü íà ñòåê âîçâðàòîâ íîìåð òåêóùåé êîìàíäû +1.

16. [ret] � âçÿòü ñî ñòåêà âîçâðàòîâ íîìåð êîìàíäû è ïåðåéòè ê êîìàíäå ñ

íîìåðîì áîëüøèì íà åäèíèöó.

Ðàáîòà èíòåðïðåòàòîðà ïðîèñõîäèò ñëåäóþùèì îáðàçîì. Íà êàæäîì øàãå áå-

ðåòñÿ êîìàíäà ñ òåêóùèì íîìåðîì è âûïîëíÿåòñÿ ñîãëàñíî óêàçàííîìó âûøå.

Âî âñåõ ñëó÷àÿõ êðîìå 13,14 è 16 óâåëè÷èâàåì íîìåð òåêóùåé êîìàíäû íà åäè-

íèöó. Ðàáîòà çàâåðøàåòñÿ, êîãäà íîìåð òåêóùåé êîìàíäû ñòàíîâèòñÿ áîëüøå

êîëè÷åñòâà êîìàíä.
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Èñõîäíûé êîä ïðîãðàììû

#i f n d e f FAUTOMATA_H

#d e f i n e FAUTOMATA_H

#i n c l u d e <vec to r>

#i n c l u d e <lexeme . h>

#i n c l u d e <ios t r eam>

u s i n g namespace s t d ;

c l a s s FAutomata

{

vec to r<Lexeme> r e s u l t ;

Lexeme cur rentLexeme ;

i s t r e am& i n ;

boo l ( FAutomata : : ∗ c u r r e n t ) ( ) ;

boo l q0 ( ) ;

boo l q1 ( ) ;

boo l q2 ( ) ;

boo l q3 ( ) ;

boo l q4 ( ) ;

boo l q5 ( ) ;

boo l q6 ( ) ;

boo l q7 ( ) ;

p u b l i c :

FAutomata ( i s t r e am& i n ) ;

~FAutomata ( ) ;

v o i d s t a r t ( ) ;

v e c to r<Lexeme> ge tRe s u l t ( ) { r e t u r n r e s u l t ; }

} ;

#e n d i f // FAUTOMATA_H

#i n c l u d e " fautomata . h"

#i n c l u d e <math . h>

FAutomata : : FAutomata ( i s t r e am& i ) : i n ( i ) , c u r r e n t (&q0 )

{

}

FAutomata : : ~ FAutomata ( )

{

}

vec to r<s t r i n g > KWord ;

boo l i s S p e c i a l ( cha r c )

{

s t r i n g templ = "+−∗/^()<>=" ;

s t r i n g t a r g e t ;

t a r g e t+= c ;

r e t u r n templ . f i n d_ f i r s t_o f ( t a r g e t ) !=−1;

}

v o i d FAutomata : : s t a r t ( )

{

KWord . c l e a r ( ) ;

13



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" ) ;

boo l cnt = t r u e ;

wh i l e ( cnt )

{

cnt = ( t h i s −>∗c u r r e n t ) ( ) ;

}

}

boo l FAutomata : : q0 ( )

{

cha r c = i n . ge t ( ) ;

i f ( c == ' \n ' )

{

r e s u l t . push_back ( Lexeme (EOL) ) ;

}

i f ( i s s p a c e ( c ) )

{

r e t u r n t r u e ;

}

i f ( c == '+' )

{

r e s u l t . push_back ( Lexeme (OP_PLUS) ) ;

r e t u r n t r u e ;

}

i f ( c == '− ' )

{

r e s u l t . push_back ( Lexeme (OP_MINUS) ) ;

r e t u r n t r u e ;

}

i f ( c == '∗ ' )

{

r e s u l t . push_back ( Lexeme (OP_MUL) ) ;

r e t u r n t r u e ;

}

i f ( c == ' / ' )

{

r e s u l t . push_back ( Lexeme (OP_DIV) ) ;

r e t u r n t r u e ;

}

i f ( c == '^ ' )

{

r e s u l t . push_back ( Lexeme (OP_EXP) ) ;

r e t u r n t r u e ;

}

i f ( c == ' ( ' )

{

r e s u l t . push_back ( Lexeme (L_BRACKET) ) ;

r e t u r n t r u e ;

}

i f ( c == ' ) ' )

{

r e s u l t . push_back ( Lexeme (R_BRACKET) ) ;

r e t u r n t r u e ;

}

i f ( c == '< ' )
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{

r e s u l t . push_back ( Lexeme (L_T) ) ;

r e t u r n t r u e ;

}

i f ( c == '> ' )

{

r e s u l t . push_back ( Lexeme (G_T) ) ;

r e t u r n t r u e ;

}

i f ( c == '=' )

{

r e s u l t . push_back ( Lexeme (E_Q) ) ;

r e t u r n t r u e ;

}

i f ( i s d i g i t ( c ) )

{

cur rentLexeme . setType (NUMBER) ;

cur rentLexeme . s e tVa l u e ( c− ' 0 ' ) ;

c u r r e n t = &q1 ;

r e t u r n t r u e ;

}

i f ( i s a l p h a ( c ) )

{

c = touppe r ( c ) ;

s t r i n g temp = "GLTFSINREP" ;

s t r i n g s ;

s+=c ;

i f (−1==temp . f i n d_ f i r s t_o f ( s ) )

{

cur rentLexeme . setType (VAR) ;

cur rentLexeme . setName ( s ) ;

c u r r e n t = &q4 ;

r e t u r n t r u e ;

}

e l s e

{

cur rentLexeme . setName ( s ) ;

c u r r e n t = &q5 ;

r e t u r n t r u e ;

}

}

i f ( c == ' . ' )

{

cur rentLexeme . setType (NUMBER) ;

cur rentLexeme . s e tVa l u e (0 ) ;

c u r r e n t = &q2 ;

r e t u r n t r u e ;

}

i f ( c == EOF)

{

r e t u r n f a l s e ;

}

throw "Unexpected i n pu t " ;

}

boo l FAutomata : : q1 ( )

{

cha r c = i n . ge t ( ) ;

f l o a t temp = cur rentLexeme . ge tVa lue ( ) ;

i f ( i s d i g i t ( c ) )

{

cur rentLexeme . s e tVa l u e ( temp∗10+c− ' 0 ' ) ;

r e t u r n t r u e ;

}

i f ( c == ' . ' )

{

c u r r e n t = &q2 ;

r e t u r n t r u e ;
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}

c=touppe r ( c ) ;

i f ( c == 'E ' )

{

c u r r e n t = &q3 ;

r e t u r n t r u e ;

}

i f ( c == EOF)

{

i f ( cu r rentLexeme . getType ( ) !=UNDEFINED)

{

r e s u l t . push_back ( cur rentLexeme ) ;

}

r e t u r n f a l s e ;

}

e l s e

{

r e s u l t . push_back ( cur rentLexeme ) ;

i n . putback ( c ) ;

c u r r e n t = &q0 ;

cur rentLexeme = Lexeme ( ) ;

r e t u r n t r u e ;

}

}

boo l FAutomata : : q2 ( )

{

cha r c = i n . ge t ( ) ;

f l o a t temp = cur rentLexeme . ge tVa lue ( ) ;

s t a t i c i n t pos = 0 ;

i f ( i s d i g i t ( c ) )

{

pos++;

f l o a t m = c− ' 0 ' ;

f o r ( i n t i =0; i<pos;++ i )

{

m/=10;

}

cur rentLexeme . s e tVa l u e ( temp+m) ;

r e t u r n t r u e ;

}

c=touppe r ( c ) ;

i f ( c == 'E ' )

{

c u r r e n t = &q3 ;

pos = 0 ;

r e t u r n t r u e ;

}

i f ( c == EOF)

{

i f ( cu r rentLexeme . getType ( ) !=UNDEFINED)

{

r e s u l t . push_back ( cur rentLexeme ) ;

}

r e t u r n f a l s e ;

}

e l s e

{

pos = 0 ;

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

i n . putback ( c ) ;

c u r r e n t = &q0 ;

r e t u r n t r u e ;

}

}

boo l FAutomata : : q3 ( )
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{

cha r c = i n . ge t ( ) ;

s t a t i c i n t pw = 0 ;

s t a t i c i n t sgn = 1 ;

i f ( c == '− ' )

{

sgn∗=−1;

r e t u r n t r u e ;

}

i f ( i s d i g i t ( c ) )

{

pw=pw∗10+c− ' 0 ' ;

r e t u r n t r u e ;

}

i f ( c ==EOF)

{

i f ( cu r rentLexeme . getType ( ) !=UNDEFINED)

{

pw=pw∗ sgn ;

f l o a t temp = cur rentLexeme . ge tVa lue ( ) ;

temp = temp ∗ pow (10 ,pw) ;

cur rentLexeme . s e tVa l u e ( temp ) ;

r e s u l t . push_back ( cur rentLexeme ) ;

}

r e t u r n f a l s e ;

}

e l s e

{

pw=pw∗ sgn ;

f l o a t temp = cur rentLexeme . ge tVa lue ( ) ;

temp = temp ∗ pow (10 ,pw) ;

pw = 0 ;

sgn = 1 ;

cur rentLexeme . s e tVa l u e ( temp ) ;

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

i n . putback ( c ) ;

c u r r e n t = &q0 ;

r e t u r n t r u e ;

}

}

boo l FAutomata : : q4 ( )

{

cha r c = i n . ge t ( ) ;

i f ( i s d i g i t ( c ) )

{

cur rentLexeme . setName ( cur rentLexeme . getName ( )+c ) ;

r e t u r n t r u e ;

}

i f ( c == ' \n ' )

{

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

c u r r e n t = &q0 ;

r e s u l t . push_back ( Lexeme (EOL) ) ;

r e t u r n t r u e ;

}

i f ( i s s p a c e ( c ) )

{

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

c u r r e n t = &q0 ;

r e t u r n t r u e ;

}

i f ( i s S p e c i a l ( c ) )

{

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

c u r r e n t = &q0 ;
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i n . putback ( c ) ;

r e t u r n t r u e ;

}

i f ( c==EOF)

{

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

c u r r e n t = &q0 ;

r e t u r n f a l s e ;

}

throw "Unexpected i n pu t " ;

}

boo l FAutomata : : q5 ( )

{

cha r c = i n . ge t ( ) ;

i f ( i s d i g i t ( c ) )

{

cur rentLexeme . setName ( cur rentLexeme . getName ( )+c ) ;

cur rentLexeme . setType (VAR) ;

c u r r e n t = &q4 ;

r e t u r n t r u e ;

}

i f ( i s S p e c i a l ( c ) )

{

cur rentLexeme . setType (VAR) ;

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

c u r r e n t = &q0 ;

i n . putback ( c ) ;

r e t u r n t r u e ;

}

i f ( c == ' \n ' )

{

cur rentLexeme . setType (VAR) ;

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

c u r r e n t = &q0 ;

r e s u l t . push_back ( Lexeme (EOL) ) ;

r e t u r n t r u e ;

}

i f ( i s s p a c e ( c ) )

{

cur rentLexeme . setType (VAR) ;

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

c u r r e n t = &q0 ;

r e t u r n t r u e ;

}

i f ( c==EOF)

{

cur rentLexeme . setType (VAR) ;

r e s u l t . push_back ( cur rentLexeme ) ;

cur rentLexeme = Lexeme ( ) ;

r e t u r n f a l s e ;

}

i f ( i s a l p h a ( c ) )

{

c = touppe r ( c ) ;

s t r i n g temp = cur rentLexeme . getName ( )+c ;

cur rentLexeme . setName ( temp ) ;

c u r r e n t = &q6 ;

r e t u r n t r u e ;

}

throw "Unexpected i n pu t " ;

}

boo l FAutomata : : q6 ( )

{
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cha r c = i n . ge t ( ) ;

c = touppe r ( c ) ;

s t r i n g temp = cur rentLexeme . getName ( )+c ;

i f ( i s a l p h a ( c ) )

{

cur rentLexeme . setName ( temp ) ;

r e t u r n t r u e ;

}

e l s e

{

f o r ( i n t i =0; i<KWord . s i z e ( ) ;++ i )

{

i f (KWord [ i ] == cur rentLexeme . getName ( ) )

{

cur rentLexeme . setType ( LexemeType (LET+i ) ) ;

r e s u l t . push_back ( cur rentLexeme ) ;

cu r rentLexeme = Lexeme ( ) ;

c u r r e n t = &q0 ;

r e t u r n t r u e ;

}

}

i f ( cu r rentLexeme . getName ( )=="REM" )

{

cur rentLexeme = Lexeme ( ) ;

c u r r e n t = &q7 ;

r e t u r n t r u e ;

}

}

throw "Unexpected i n pu t " ;

}

boo l FAutomata : : q7 ( )

{

cha r c =i n . ge t ( ) ;

i f ( c==EOF)

{

r e t u r n f a l s e ;

}

i f ( c==' \n ' )

{

r e s u l t . push_back ( Lexeme (EOL) ) ;

c u r r e n t = &q0 ;

}

r e t u r n t r u e ;

}

#i f n d e f LEXEME_H

#d e f i n e LEXEME_H

#i n c l u d e <s t r i n g >

u s i n g namespace s t d ;

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

} ;

c l a s s Lexeme

{

LexemeType type ;

f l o a t v a l u e ;

s t r i n g name ;

p u b l i c :

Lexeme ( ) ;

Lexeme ( LexemeType t ) ;

Lexeme ( f l o a t v a l u e ) ;

~Lexeme ( ) ;

LexemeType getType ( ) c on s t ;

v o i d setType ( LexemeType ) ;

f l o a t ge tVa lue ( ) c on s t ;

v o i d s e tVa l u e ( f l o a t ) ;

s t r i n g getName ( ) ;

v o i d setName ( s t r i n g ) ;

boo l o p e r a t o r == ( c on s t Lexeme& othe r ) c on s t ;

} ;

#e n d i f // LEXEME_H

#i n c l u d e " lexeme . h"

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

{

}

Lexeme : : Lexeme ( f l o a t v ) : t ype (NUMBER) , v a l u e ( v ) , name ( "" )

{

}

Lexeme : : Lexeme ( ) : t ype (UNDEFINED) , name( "" )

{

}

Lexeme : : ~ Lexeme ( )

{

}

LexemeType Lexeme : : getType ( ) c on s t

{

r e t u r n t ype ;

}

f l o a t Lexeme : : ge tVa lue ( ) c on s t

{

r e t u r n v a l u e ;

}

v o i d Lexeme : : setType ( LexemeType t )

{

type = t ;

}

v o i d Lexeme : : s e tVa l u e ( f l o a t v )

{

v a l u e = v ;

}

boo l Lexeme : : o p e r a t o r == ( c on s t Lexeme& othe r ) c on s t

{
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r e t u r n ( t h i s−>type == othe r . t ype ) ;

}

s t r i n g Lexeme : : getName ( )

{

r e t u r n t h i s−>name ;

}

v o i d Lexeme : : setName ( s t r i n g s )

{

t h i s−>name = s ;

}

#i f n d e f LEXEMENAMESSINGLETON_H

#d e f i n e LEXEMENAMESSINGLETON_H

#i n c l u d e <vec to r>

#in c l u d e<ios t r eam>

u s i n g namespace s t d ;

c l a s s LexemeNamesSingleton

{

p r i v a t e :

s t a t i c LexemeNamesSingleton∗ i n s t a n c e ;

v ec to r<s t r i n g > lexemeTypeNames ;

LexemeNamesSingleton ( ) ;

p u b l i c :

s t a t i c LexemeNamesSingleton∗ g e t I n s t a n c e ( )

{

i f ( ! i n s t a n c e )

i n s t a n c e = new LexemeNamesSingleton ( ) ;

r e t u r n i n s t a n c e ;

}

vec to r<s t r i n g > getLexemeNames ( )

{

r e t u r n lexemeTypeNames ;

}

} ;

#e n d i f // LEXEMENAMESSINGLETON_H

#i n c l u d e " l e x emenames s i ng l e t on . h"

LexemeNamesSingleton∗ LexemeNamesSingleton : : i n s t a n c e = NULL ;

LexemeNamesSingleton : : LexemeNamesSingleton ( )

{

lexemeTypeNames . push_back ( "OP_PLUS" ) ;

lexemeTypeNames . push_back ( "OP_MINUS" ) ;

lexemeTypeNames . push_back ( "OP_MUL" ) ;

lexemeTypeNames . push_back ( "OP_DIV" ) ;

lexemeTypeNames . push_back ( "OP_EXP" ) ;

lexemeTypeNames . push_back ( "L_BRACKET" ) ;

lexemeTypeNames . push_back ( "R_BRACKET" ) ;

lexemeTypeNames . push_back ( "E_Q" ) ;

lexemeTypeNames . push_back ( "L_T" ) ;

lexemeTypeNames . push_back ( "G_T" ) ;

lexemeTypeNames . push_back ( "NUMBER" ) ;

lexemeTypeNames . push_back ( "LET" ) ;

lexemeTypeNames . push_back ( "TO" ) ;

lexemeTypeNames . push_back ( "GOTO" ) ;

lexemeTypeNames . push_back ( "FOR" ) ;

lexemeTypeNames . push_back ( "STEP" ) ;

lexemeTypeNames . push_back ( " IF " ) ;

lexemeTypeNames . push_back ( "GOSUB" ) ;

lexemeTypeNames . push_back ( "NEXT" ) ;

lexemeTypeNames . push_back ( "RETURN" ) ;

lexemeTypeNames . push_back ( "END" ) ;

lexemeTypeNames . push_back ( "PRINT" ) ;

lexemeTypeNames . push_back ( "INPUT" ) ;
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lexemeTypeNames . push_back ( "VAR" ) ;

lexemeTypeNames . push_back ( "EOL" ) ;

lexemeTypeNames . push_back ( "LABEL" ) ;

lexemeTypeNames . push_back ( "LABEL_USE" ) ;

lexemeTypeNames . push_back ( "UNDEFINED" ) ;

}

#i f n d e f SAUTOMATA_H

#d e f i n e SAUTOMATA_H

#i n c l u d e <ios t r eam>

#in c l u d e<lexeme . h>

#i n c l u d e <stack>

#i n c l u d e <vec to r>

#i n c l u d e " l e x emenames s i ng l e t on . h"

u s i n g namespace s t d ;

s t r u c t Symbol

{

s t r i n g name ;

Lexeme lexeme ;

Symbol ( s t r i n g k )

{

name = k ;

lexeme = Lexeme (UNDEFINED) ;

}

Symbol ( Lexeme l )

{

name = l . getName ( ) ;

lexeme = l ;

}

Symbol ( s t r i n g k , LexemeType l )

{

name = k ;

lexeme = Lexeme ( l ) ;

}

Symbol ( LexemeType type )

{

name = "UNDEFINED" ;

lexeme = Lexeme ( type ) ;

}

boo l i sT e rm i n a l ( ) c on s t

{

r e t u r n l exeme . getType ( ) !=UNDEFINED;

}

boo l o p e r a t o r == ( c on s t Symbol& o the r ) c on s t

{

i f ( o t h e r . i sT e rm i n a l ( )&&t h i s−>i sTe rm i n a l ( ) )

{

r e t u r n t h i s−>

lexeme . getType ( )==othe r . lexeme . getType ( ) ;

}

e l s e

{

i f ( ! o t h e r . i sT e rm i n a l ( )&&! t h i s−>i sTe rm i n a l ( ) )

{

r e t u r n t h i s−>name==othe r . name ;

}

e l s e

i f ( o t h e r . i s S p e c i a l ( )&&t h i s−>i s S p e c i a l ( ) )

{

r e t u r n t h i s−>name==othe r . name ;

}

r e t u r n f a l s e ;

}

}

boo l i s S p e c i a l ( ) c on s t

{

22



i f ( t h i s−>name . s i z e ( )==0)

r e t u r n f a l s e ;

r e t u r n t h i s−>name . at (0 ) == ' [ ' ;

}

} ;

c l a s s sautomata

{

s tack<Symbol> s t ;

i n t c u r r e n t I n d e x ;

p u b l i c :

sautomata ( ) ;

v ec to r<Symbol> S t a r t ( v ec to r<Lexeme>) ;

} ;

#e n d i f // SAUTOMATA_H

#i n c l u d e " sautomata . h"

sautomata : : sautomata ( )

{

c u r r e n t I n d e x = 0 ;

}

vec to r<Symbol> sautomata : : S t a r t ( v ec to r<Lexeme> inpu t )

{

vec to r<Symbol> r e s ;

s tack<s t r i n g > va r s ;

i n t tempVarCounter = 0 ;

i n t tempLabe lCounter = 0 ;

s t . push ( Symbol ( "S" ) ) ;

wh i l e ( t r u e )

{

i f ( s t . s i z e ( )==0)

{

i f ( c u r r e n t I n d e x==inpu t . s i z e ( ) )

r e t u r n r e s ;

e l s e

{

vec to r<s t r i n g > lexemeNames =

LexemeNamesSingleton : : g e t I n s t a n c e ( )−>

getLexemeNames ( ) ;

throw "Expected end o f i n pu t but found "

+lexemeNames [ i n pu t [ c u r r e n t I n d e x ] . getType ( ) ] ;

}

}

i f ( c u r r e n t I n d e x>=inpu t . s i z e ( ) )

{

throw "Unexpected end o f i n pu t " ;

}

Symbol S = s t . top ( ) ;

i f (S . i s S p e c i a l ( ) )

{

i f (S . name == " [MARK_VAR] " )

{

i f ( c u r r e n t I n d e x >0)

{

Lexeme prev = i npu t [ c u r r e n t I n d e x −1];

i f ( p r ev . getType ( ) == VAR)

{

v a r s . push ( p rev . getName ( ) ) ;

s t . pop ( ) ;

c o n t i n u e ;

}

e l s e

{

throw "Expected v a r i a b l e , but found "

+LexemeNamesSingleton : : g e t I n s t a n c e ( )−>

getLexemeNames ( ) [ p r ev . getType ( ) ] ;

}
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}

e l s e

{

throw "Expected v a r i a b l e , but found none" ;

}

}

e l s e i f (S . name == " [VAR] " )

{

S . name = " [ "+va r s . top ( )+" ] " ;

r e s . push_back (S) ;

s t . pop ( ) ;

v a r s . pop ( ) ;

c o n t i n u e ;

}

e l s e i f (S . name == "[>VAR] " )

{

S . name = "[>"+va r s . top ( )+" ] " ;

r e s . push_back (S) ;

s t . pop ( ) ;

v a r s . pop ( ) ;

c o n t i n u e ;

}

e l s e i f (S . name == " [ l p r e v ] "

| | S . name == " [ i j l p r e v ] " | | S . name==" [ jmp l p r e v ] " )

{

i f ( c u r r e n t I n d e x >0)

{

Lexeme prev = i npu t [ c u r r e n t I n d e x −1];

i f ( p r ev . getType ( ) == NUMBER)

{

s t r i n g p r e f i x =" [ " ;

i f (S . name == " [ i j l p r e v ] " )

{

p r e f i x = " [ i j " ;

}

e l s e i f (S . name == " [ jmp l p r e v ] " )

{

p r e f i x = " [ jmp " ;

}

S . name = p r e f i x+"l_"+

s td : : t o_s t r i n g ( ( i n t ) p r ev . ge tVa lue ( ) )+" ] " ;

r e s . push_back (S) ;

s t . pop ( ) ;

c o n t i n u e ;

}

e l s e

{

throw "Expected l a b l e , but found "

+LexemeNamesSingleton : : g e t I n s t a n c e ( )−>

getLexemeNames ( ) [ p r ev . getType ( ) ] ;

}

}

e l s e

{

throw "Expected l a b l e , but found none" ;

}

}

e l s e i f (S . name == " [ c ] " )

{

i f ( c u r r e n t I n d e x >0)

{

Lexeme prev = i npu t [ c u r r e n t I n d e x −1];

i f ( p r ev . getType ( ) == NUMBER)

{

S . name = " [ "+

s td : : t o_s t r i n g ( p rev . ge tVa lue ( ) )+" ] " ;

r e s . push_back (S) ;

s t . pop ( ) ;

c o n t i n u e ;
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}

e l s e

{

throw "Expected cons tant , but found "

+LexemeNamesSingleton : : g e t I n s t a n c e ( )−>

getLexemeNames ( ) [ p r ev . getType ( ) ] ;

}

}

e l s e

{

throw "Expected cons tant , but found none" ;

}

}

e l s e

{

r e s . push_back (S) ;

s t . pop ( ) ;

c o n t i n u e ;

}

}

i f (S . i sT e rm i n a l ( ) )

{

i f ( Symbol ( i n pu t [ c u r r e n t I n d e x ] )==S)

{

s t . pop ( ) ;

c u r r e n t I n d e x++;

}

e l s e

{

vec to r<s t r i n g > lexemeNames =

LexemeNamesSingleton : : g e t I n s t a n c e ( )−>

getLexemeNames ( ) ;

throw s t r i n g ( " Expected " ) +

lexemeNames [ S . lexeme . getType ( ) ]+

" but found "+

lexemeNames [ i n pu t [ c u r r e n t I n d e x ] . getType ( ) ] ;

}

}

e l s e

{

s t . pop ( ) ;

i f (S==Symbol ( "S" ) )

{

s t . push ( Symbol ( Lexeme (END) ) ) ;

s t . push ( Symbol ( "M" ) ) ;

s t . push ( Symbol ( "P" ) ) ;

}

e l s e i f (S==Symbol ( "P" ) )

{

i f ( c u r r e n t I n d e x+1<inpu t . s i z e ( )

&&inpu t [ c u r r e n t I n d e x +1] . getType ( ) !=END

&&inpu t [ c u r r e n t I n d e x +1] . getType ( ) !=NEXT)

{

s t . push ( Symbol ( "P" ) ) ;

s t . push ( Symbol ( "L" ) ) ;

}

}

e l s e i f (S==Symbol ( "L" ) )

{

s t . push ( Symbol ( "O" ) ) ;

s t . push ( Symbol ( "M" ) ) ;

}

e l s e i f (S==Symbol ( "M" ) )

{

s t . push ( Symbol ( " [ l p r e v ] " ,LABEL) ) ;

s t . push ( Symbol ( Lexeme (NUMBER) ) ) ;

}

e l s e i f (S==Symbol ( "M1" ) )
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{

s t . push ( Symbol ( Lexeme (NUMBER) ) ) ;

}

e l s e i f (S==Symbol ( "O" ) )

{

LexemeType x = i npu t [ c u r r e n t I n d e x ] . getType ( ) ;

sw i t c h ( x ) {

ca s e LET :

s t . push ( Symbol ( "[>VAR] " ,VAR) ) ;

s t . push ( Symbol ( "E" ) ) ;

s t . push ( Symbol ( Lexeme (E_Q) ) ) ;

s t . push ( Symbol ( " [MARK_VAR] " ) ) ;

s t . push (VAR) ;

s t . push (LET) ;

b r eak ;

ca s e GOTO:

s t . push ( Symbol ( " [ jmp l p r e v ] " ,

LABEL_USE) ) ;

s t . push ( Symbol ( "M1" ) ) ;

s t . push (GOTO) ;

b r eak ;

ca s e IF :

s t . push ( Symbol ( " [ i j l p r e v ] " ,

LABEL_USE) ) ;

s t . push ( Symbol ( "M1" ) ) ;

s t . push ( Symbol ( "T" ) ) ;

s t . push ( IF ) ;

b r eak ;

ca s e FOR:

s t . push ( Symbol ( " [ l_t "+

to_s t r i n g ( tempLabe lCounter+2)+" ] " ,

LABEL) ) ;

s t . push (NEXT) ;

s t . push ( Symbol ( "M" ) ) ;

s t . push ( Symbol ( " [ jmp l_t "+

to_s t r i n g ( tempLabe lCounter )+" ] " ,

LABEL_USE) ) ;

s t . push ( Symbol ( "[>VAR] " ,VAR) ) ;

s t . push ( Symbol ( " [+] " ) ) ;

s t . push ( Symbol ( " [VAR] " ,VAR) ) ;

s t . push ( Symbol ( " [ tmp"+

to_s t r i n g ( tempVarCounter+1)+" ] " ,VAR) ) ;

s t . push ( Symbol ( "P" ) ) ;

s t . push ( Symbol ( " [ l_t "+

to_s t r i n g ( tempLabe lCounter+1)+" ] " ,

LABEL) ) ;

s t . push ( Symbol ( " [ jmp l_t "+

to_s t r i n g ( tempLabe lCounter+2)+" ] " ,

LABEL_USE) ) ;

s t . push ( Symbol ( " [ i j l_t "+

to_s t r i n g ( tempLabe lCounter+1)+" ] " ,

LABEL_USE) ) ;

s t . push ( Symbol ( " [<]" ) ) ;

s t . push ( Symbol ( " [ tmp"+

to_s t r i n g ( tempVarCounter )+" ] " ,VAR) ) ;

s t . push ( Symbol ( " [VAR] " ,VAR) ) ;

s t . push ( Symbol ( " [ l_t "+

to_s t r i n g ( tempLabe lCounter )+" ] " ,

LABEL) ) ;

s t . push ( Symbol ( "[>tmp"+

to_s t r i n g ( tempVarCounter+1)+" ] " ,VAR) ) ;

s t . push ( Symbol ( "E" ) ) ;

s t . push (STEP) ;

s t . push ( Symbol ( "[>tmp"+

to_s t r i n g ( tempVarCounter )+" ] " ,VAR) ) ;

s t . push ( Symbol ( "E" ) ) ;

s t . push (TO) ;

s t . push ( Symbol ( "[>VAR] " ,VAR) ) ;

s t . push ( Symbol ( "E" ) ) ;
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s t . push (E_Q) ;

s t . push ( Symbol ( " [MARK_VAR] " ) ) ;

s t . push ( Symbol ( " [MARK_VAR] " ) ) ;

s t . push ( Symbol ( " [MARK_VAR] " ) ) ;

s t . push ( Symbol ( " [MARK_VAR] " ) ) ;

s t . push (VAR) ;

s t . push (FOR) ;

tempVarCounter+=2;

tempLabe lCounter+=3;

b r eak ;

ca s e GOSUB:

s t . push ( Symbol ( " [ jmp l p r e v ] " ,LABEL_USE) ) ;

s t . push ( Symbol ( "M1" ) ) ;

s t . push ( Symbol ( " [ sub ] " ) ) ;

s t . push (GOSUB) ;

b r eak ;

ca s e RETURN:

s t . push ( Symbol ( " [ r e t ] " ) ) ;

s t . push (RETURN) ;

b r eak ;

ca s e INPUT :

s t . push ( Symbol ( "[>VAR] " ,VAR) ) ;

s t . push ( Symbol ( " [ ? ] " ) ) ;

s t . push ( Symbol ( " [MARK_VAR] " ) ) ;

s t . push (VAR) ;

s t . push (INPUT) ;

b r eak ;

ca s e PRINT :

s t . push ( Symbol ( " [ ! ] " ) ) ;

s t . push ( Symbol ( "E" ) ) ;

s t . push (PRINT) ;

b r eak ;

d e f a u l t :

throw "Unexpected s t a r t o f o p e r a t i o n " ;

}

}

e l s e i f (S==Symbol ( "T" ) )

{

s t . push ( Symbol ( "T1" ) ) ;

s t . push ( Symbol ( "E" ) ) ;

}

e l s e i f (S==Symbol ( "T1" ) )

{

LexemeType x = i npu t [ c u r r e n t I n d e x ] . getType ( ) ;

sw i t c h ( x ) {

ca s e E_Q:

s t . push ( Symbol ( " [=] " ) ) ;

s t . push ( Symbol ( "E" ) ) ;

s t . push (E_Q) ;

b r eak ;

ca s e L_T:

s t . push ( Symbol ( " [<]" ) ) ;

s t . push ( Symbol ( "E" ) ) ;

s t . push (L_T) ;

b r eak ;

ca s e G_T:

s t . push ( Symbol ( " [>]" ) ) ;

s t . push ( Symbol ( "E" ) ) ;

s t . push (G_T) ;

b r eak ;

d e f a u l t :

throw "Unexpected t e s t symbol " ;

}

}

e l s e i f (S==Symbol ( "E" ) )

{

s t . push ( Symbol ( "E∗" ) ) ;

s t . push ( Symbol ( " I " ) ) ;

s t . push ( Symbol ( "K" ) ) ;
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}

e l s e i f (S==Symbol ( "E∗" ) )

{

LexemeType x = i npu t [ c u r r e n t I n d e x ] . getType ( ) ;

i f ( x == OP_PLUS)

{

s t . push ( Symbol ( "E∗" ) ) ;

s t . push ( Symbol ( " [+] " ) ) ;

s t . push ( Symbol ( " I " ) ) ;

s t . push ( Symbol ( "K" ) ) ;

s t . push (OP_PLUS) ;

}

e l s e i f ( x == OP_MINUS)

{

s t . push ( Symbol ( "E∗" ) ) ;

s t . push ( Symbol ( " [−] " ) ) ;

s t . push ( Symbol ( " I " ) ) ;

s t . push ( Symbol ( "K" ) ) ;

s t . push (OP_MINUS) ;

}

}

e l s e i f (S==Symbol ( " I " ) )

{

LexemeType x = i npu t [ c u r r e n t I n d e x ] . getType ( ) ;

i f ( x == OP_MUL)

{

s t . push ( Symbol ( " I " ) ) ;

s t . push ( Symbol ( " [ ∗ ] " ) ) ;

s t . push ( Symbol ( "K" ) ) ;

s t . push (OP_MUL) ;

}

e l s e i f ( x == OP_DIV)

{

s t . push ( Symbol ( " I " ) ) ;

s t . push ( Symbol ( " [ / ] " ) ) ;

s t . push ( Symbol ( "K" ) ) ;

s t . push (OP_DIV) ;

}

}

e l s e i f (S==Symbol ( "K" ) )

{

LexemeType x = i npu t [ c u r r e n t I n d e x ] . getType ( ) ;

i f ( x == L_BRACKET)

{

s t . push (R_BRACKET) ;

s t . push ( Symbol ( "E∗" ) ) ;

s t . push ( Symbol ( " I " ) ) ;

s t . push ( Symbol ( "K" ) ) ;

s t . push (L_BRACKET) ;

}

e l s e i f ( x == NUMBER)

{

s t . push ( Symbol ( " [ c ] " ) ) ;

s t . push (NUMBER) ;

}

e l s e i f ( x == VAR)

{

s t . push ( Symbol ( " [VAR] " ,VAR) ) ;

s t . push ( Symbol ( " [MARK_VAR] " ) ) ;

s t . push (VAR) ;

}

e l s e throw "Unexpected s t a r t o f e x p r e s s i o n " ;

}

}

}

}

#i n c l u d e <ios t r eam>
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#i n c l u d e <fst ream>

#i n c l u d e <fautomata . h>

#i n c l u d e <sautomata . h>

#i n c l u d e <a lgo r i t hm>

#in c l u d e<stackmach ine . h>

u s i n g namespace s t d ;

boo l o p e r a t o r < ( c on s t vec to r<Lexeme>& v , c on s t vec to r<Lexeme>& v1 )

{

i f ( v . s i z e ( ) ==0|| v1 . s i z e ( )==0)

throw "Unexpected i n pu t " ;

i f ( (∗ v . beg i n ( ) ) . getType ( ) != NUMBER | | ( ∗ v1 . beg i n ( ) ) . getType ( ) != NUMBER)

throw "Unexpected i n pu t " ;

r e t u r n (∗ v . beg i n ( ) ) . ge tVa lue ( )<(∗v1 . beg i n ( ) ) . ge tVa lue ( ) ;

}

s t r i n g getVarName ( s t r i n g name)

{

name = name . s u b s t r (1 , name . l e n g t h ( )−2) ;

i f ( name . at (0 ) == '> ' )

{

name = name . s u b s t r (1 , name . l e n g t h ( )−1) ;

}

r e t u r n name ;

}

s t r i n g g e tLabe l ( s t r i n g l a b e l )

{

i f ( l a b e l . a t (1 )==' l ' )

{

r e t u r n l a b e l . s u b s t r (3 , l a b e l . l e n g t h ( )−4) ;

}

i f ( l a b e l . a t (1 ) == ' j ' )

{

r e t u r n l a b e l . s u b s t r (7 , l a b e l . l e n g t h ( )−8) ;

}

i f ( l a b e l . a t (1 ) == ' i ' )

{

r e t u r n l a b e l . s u b s t r (6 , l a b e l . l e n g t h ( )−7) ;

}

r e t u r n l a b e l ;

}

i n t main ( )

{

i f s t r e am i n ( "c : / i n pu t . t x t " , s t d : : i f s t r e am : : i n ) ;

FAutomata a ( i n ) ;

t r y

{

a . s t a r t ( ) ;

v e c to r<Lexeme> r e s = a . g e tR e s u l t ( ) ;

v e c to r<Lexeme> copy ;

f o r ( vec to r<Lexeme >: : i t e r a t o r i = r e s . beg i n ( ) ; i != r e s . end ( ) ;++ i )

{

i f ( (∗ i ) . getType ( )==OP_MINUS)

{

i f ( ( i == r e s . beg i n ( ) ) | |

( (∗ ( i −1) ) . getType ( ) !=R_BRACKET && (∗ ( i −1) ) . getType ( ) != NUMBER) )

{

i f ( ( i +1) == r e s . end ( ) )

{

copy . push_back (∗ i ) ;

}

e l s e i f ( (∗ ( i +1) ) . getType ( )== NUMBER)

{

(∗ ( i +1) ) . s e tVa l u e (−(∗( i +1) ) . ge tVa lue ( ) ) ;

}
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e l s e

copy . push_back (∗ i ) ;

}

e l s e

copy . push_back (∗ i ) ;

}

e l s e

copy . push_back (∗ i ) ;

}

vec to r<vec to r<Lexeme>> l i n e s ;

v e c to r<Lexeme> l i n e ;

f o r ( vec to r<Lexeme >: : i t e r a t o r i = copy . beg in ( ) ; i !=copy . end ( ) ;++ i )

{

i f ( (∗ i ) . getType ( )==EOL)

{

l i n e s . push_back ( l i n e ) ;

l i n e = vec to r<Lexeme>() ;

}

e l s e

{

l i n e . push_back ((∗ i ) ) ;

}

}

i f ( l i n e . s i z e ( ) !=0)

{

l i n e s . push_back ( l i n e ) ;

}

s o r t ( l i n e s . beg i n ( ) , l i n e s . end ( ) ) ;

r e s = vec to r<Lexeme>() ;

f o r ( vec to r<vec to r<Lexeme>>:: i t e r a t o r i = l i n e s . beg i n ( ) ; i != l i n e s . end ( ) ; i++)

{

vec to r<Lexeme> v = (∗ i ) ;

f o r ( v ec to r<Lexeme >: : i t e r a t o r j = v . beg i n ( ) ; j !=v . end ( ) ; j++)

{

r e s . push_back ((∗ j ) ) ;

}

}

sautomata sa ;

v ec to r<Symbol> out = sa . S t a r t ( r e s ) ;

i n t c u r r e n t I n d e x = 0 ;

boo l e x i t = f a l s e ;

wh i l e ( ! e x i t )

{

e x i t = t r u e ;

f o r ( v ec to r<Symbol >: : i t e r a t o r i = out . beg i n ( ) ; i !=out . end ( ) ;++ i )

{

i f ( (∗ i ) . l exeme . getType ( )==VAR)

{

e x i t = f a l s e ;

s t r i n g name = (∗ i ) . name ;

i f ( name . at (1 )=='> ' )

{

(∗ i ) . name = "[>X"+to_s t r i n g ( c u r r e n t I n d e x )+" ] " ;

}

e l s e

{

(∗ i ) . name = " [X"+ to_s t r i n g ( c u r r e n t I n d e x )+" ] " ;

}

(∗ i ) . l exeme . setType (UNDEFINED) ;

name = getVarName (name) ;

f o r ( v ec to r<Symbol >: : i t e r a t o r j = i +1; j != out . end ( ) ; j++)

{

i f ( (∗ j ) . l exeme . getType ( )==VAR)

{

s t r i n g temp = (∗ j ) . name ;

temp = getVarName ( temp ) ;

i f ( temp == name)

{

i f ( (∗ j ) . name . at (1 )=='> ' )
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{

(∗ j ) . name = "[>X"+to_s t r i n g ( c u r r e n t I n d e x )+" ] " ;

}

e l s e

{

(∗ j ) . name = " [X"+ to_s t r i n g ( c u r r e n t I n d e x )+" ] " ;

}

(∗ j ) . l exeme . setType (UNDEFINED) ;

}

}

}

c u r r e n t I n d e x = cu r r e n t I n d e x +1;

b r eak ;

}

}

}

e x i t = f a l s e ;

wh i l e ( ! e x i t )

{

e x i t = t r u e ;

i n t coun t e r = 0 ;

f o r ( v ec to r<Symbol >: : i t e r a t o r i = out . beg i n ( ) ; i !=out . end ( ) ;++ i )

{

i f ( (∗ i ) . l exeme . getType ( )==LABEL)

{

e x i t = f a l s e ;

s t r i n g l a b e l = (∗ i ) . name ;

l a b e l = ge tLabe l ( l a b e l ) ;

f o r ( v ec to r<Symbol >: : i t e r a t o r j = out . beg i n ( ) ; j != out . end ( ) ; j++)

{

i f ( (∗ j ) . l exeme . getType ( )== LABEL_USE)

{

s t r i n g temp = (∗ j ) . name ;

temp = ge tLabe l ( temp ) ;

i f ( temp == l a b e l )

{

i f ( (∗ j ) . name [ 1 ] == ' j ' )

{

(∗ j ) . name = " [ jmp "+to_s t r i n g ( coun t e r )+" ] " ;

(∗ j ) . l exeme . setType (UNDEFINED) ;

}

e l s e i f ( (∗ j ) . name [ 1 ] == ' i ' )

{

(∗ j ) . name = " [ i j "+to_s t r i n g ( coun t e r )+" ] " ;

(∗ j ) . l exeme . setType (UNDEFINED) ;

}

e l s e

{

throw "Unexpected command : "+(∗ j ) . name ;

}

}

}

}

}

e l s e

{

coun t e r++;

}

}

b r eak ;

}

vec to r<Symbol >: : i t e r a t o r i = out . beg i n ( ) ;

wh i l e ( i !=out . end ( ) )

{

i f ( (∗ i ) . l exeme . getType ( ) == LABEL)

{

out . e r a s e ( i ) ;

i = out . beg i n ( ) ;

}
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e l s e

{

i ++;

}

}

f o r ( vec to r<Symbol >: : i t e r a t o r i = out . beg i n ( ) ; i !=out . end ( ) ;++ i )

{

i f ( (∗ i ) . l exeme . getType ( )==LABEL_USE)

{

i f ( (∗ i ) . name [ 1 ] == ' j ' )

{

(∗ i ) . name = " [ jmp "+to_s t r i n g ( out . s i z e ( ) )+" ] " ;

(∗ i ) . l exeme . setType (UNDEFINED) ;

}

e l s e i f ( (∗ i ) . name [ 1 ] == ' i ' )

{

(∗ i ) . name = " [ i j "+to_s t r i n g ( out . s i z e ( ) )+" ] " ;

(∗ i ) . l exeme . setType (UNDEFINED) ;

}

e l s e

{

throw "Unexpected command : "+(∗ i ) . name ;

}

}

}

i n t num = 0 ;

f o r ( vec to r<Symbol >: : i t e r a t o r i = out . beg i n ( ) ; i !=out . end ( ) ;++ i )

{

cout<<num<<" : "<<(∗ i ) . name<<end l ;

num++;

}

StackMachine s t ;

s t . s t a r t ( out ) ;

}

c a t ch ( c on s t cha r∗e )

{

cout<<" E r r o r : "<<e<<end l ;

}

c a t ch ( s t d : : s t r i n g s t r )

{

cout<<s t r <<end l ;

}

r e t u r n 0 ;

}

#i f n d e f STACKMACHINE_H

#d e f i n e STACKMACHINE_H

#in c l u d e<stack>

#in c l u d e<vec to r>

#i n c l u d e <ios t r eam>

#in c l u d e<s t r i n g >

#in c l u d e<math . h>

#in c l u d e<sautomata . h>

u s i n g namespace s t d ;

c l a s s StackMachine

{

s tack<doub le> ope r a t i o nS t a c k ;

s tack<l ong> c a l l S t a c k ;

v ec to r<doub le> memory ;

l o n g c u r r e n t P o s i t i o n ;

v o i d a ddCe l l s ( ) ;

doub l e ge tS tackVa lue ( ) ;

p u b l i c :

StackMachine ( ) ;

v o i d s t a r t ( v ec to r<Symbol> commands ) ;
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} ;

#e n d i f // STACKMACHINE_H

#i n c l u d e " s tackmach ine . h"

#i n c l u d e <a lgo r i t hm>

StackMachine : : StackMachine ( ) : c u r r e n t P o s i t i o n (0 )

{

}

boo l eq ( doub l e x1 , doub l e x2 )

{

r e t u r n f a b s ( x1−x2 )<pow(10 ,−6) ;

}

v o i d StackMachine : : s t a r t ( v ec to r<Symbol> commands )

{

wh i l e ( c u r r e n tP o s i t i o n <commands . s i z e ( ) )

{

s t r i n g command = commands [ c u r r e n t P o s i t i o n ] . name ;

command = command . s u b s t r (1 , command . l e n g t h ( )−2) ;

i f ( command . empty ( ) )

throw " I l l e g a l empty command" ;

i f ( command . l e n g t h ( )>=3&&command[0]== '> '&&command[1]== 'X ' ) //[> x i ]

{

s t r i n g i n d e x S t r i n g = command . s u b s t r (2 , command . l e n g t h ( )−2) ;

i n t i n d e x = s t o i ( i n d e x S t r i n g ) ;

wh i l e ( index>=memory . s i z e ( ) )

{

a ddCe l l s ( ) ;

}

memory [ i nd e x ] = ge tS tackVa lue ( ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command . l e n g t h ( )>=2&&command [ 0 ] == 'X ' )

{

s t r i n g i n d e x S t r i n g = command . s u b s t r (1 , command . l e n g t h ( )−1) ;

i n t i n d e x = s t o i ( i n d e x S t r i n g ) ;

wh i l e ( index>=memory . s i z e ( ) )

{

a ddCe l l s ( ) ;

}

op e r a t i o nS t a c k . push (memory [ i nd e x ] ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command==" ! " )

{

cout<<getS tackVa lue ( )<<end l ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command=="?" )

{

doub l e x ;

c in>>x ;

op e r a t i o nS t a c k . push ( x ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command=="+" )

{

doub l e x1 = getS tackVa lue ( ) ;

doub l e x2 = getS tackVa lue ( ) ;

o p e r a t i o nS t a c k . push ( x2+x1 ) ;
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c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command=="−" )

{

doub l e x1 = getS tackVa lue ( ) ;

doub l e x2 = getS tackVa lue ( ) ;

o p e r a t i o nS t a c k . push ( x2−x1 ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command=="∗" )

{

doub l e x1 = getS tackVa lue ( ) ;

doub l e x2 = getS tackVa lue ( ) ;

o p e r a t i o nS t a c k . push ( x2∗x1 ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command=="/" )

{

doub l e x1 = getS tackVa lue ( ) ;

doub l e x2 = getS tackVa lue ( ) ;

o p e r a t i o nS t a c k . push ( x2/x1 ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command=="=" )

{

doub l e x1 = getS tackVa lue ( ) ;

doub l e x2 = getS tackVa lue ( ) ;

o p e r a t i o nS t a c k . push ( eq ( x2 , x1 ) ? 1 : 0 ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command=="<" )

{

doub l e x1 = getS tackVa lue ( ) ;

doub l e x2 = getS tackVa lue ( ) ;

o p e r a t i o nS t a c k . push ( x2<x1 ?1 : 0 ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command==">" )

{

doub l e x1 = getS tackVa lue ( ) ;

doub l e x2 = getS tackVa lue ( ) ;

o p e r a t i o nS t a c k . push ( x2>x1 ?1 : 0 ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command . l e n g t h ( )>=5&&command[0]== ' j '&&command[1]== 'm'&&command[2]== ' p ' )

{

s t r i n g i n d e x S t r i n g = command . s u b s t r (4 , command . l e n g t h ( )−4) ;

i n t i n d e x = s t o i ( i n d e x S t r i n g ) ;

c u r r e n t P o s i t i o n = index ;

c o n t i n u e ;

}

i f ( command . l e n g t h ( )>=4&&command[0]== ' i '&&command[1]== ' j ' )

{

s t r i n g i n d e x S t r i n g = command . s u b s t r (3 , command . l e n g t h ( )−3) ;

i n t i n d e x = s t o i ( i n d e x S t r i n g ) ;

i f ( ge tS tackVa lue ( ) )

{

c u r r e n t P o s i t i o n = index ;

}

e l s e

{

c u r r e n t P o s i t i o n++;
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}

c o n t i n u e ;

}

i f ( command=="sub" )

{

c a l l S t a c k . push ( c u r r e n t P o s i t i o n +1) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

i f ( command==" r e t " )

{

i f ( c a l l S t a c k . empty ( ) )

{

throw " C a l l s t a c k i s empty" ;

}

c u r r e n t P o s i t i o n = c a l l S t a c k . top ( ) +1;

c a l l S t a c k . pop ( ) ;

c o n t i n u e ;

}

{

doub l e con s t an t = s tod (command) ;

o p e r a t i o nS t a c k . push ( con s t an t ) ;

c u r r e n t P o s i t i o n++;

c o n t i n u e ;

}

}

}

doub l e StackMachine : : g e tS tackVa lue ( )

{

i f ( o p e r a t i o nS t a c k . empty ( ) )

throw "Opera t i on s t a c k i s empty" ;

doub l e x = ope r a t i o nS t a c k . top ( ) ;

o p e r a t i o nS t a c k . pop ( ) ;

r e t u r n x ;

}

v o i d StackMachine : : a d dCe l l s ( )

{

f o r ( i n t i =0; i <100;++ i )

{

memory . push_back (0 ) ;

}

}
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