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Aula 161

Análise Sintáctica

Compiladores, Aula Nº 16
João M. P. Cardoso

Aula 162

Analisador Sintáctico 
Descendente

� Mecanismo Central
� Autómato Pushdown, que implementa

� Parser Shift-reduce
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Aula 163

Autómato Push-Down

� Constituído por 
� Pilha Pushdown (pode conter terminais e não-

terminais)
� Controlo por um autómata de estados finitos

� Pode realizar uma de três acções:
� Shift:

• Desloca símbolo corrente da entrada para a pilha
� Reduce:

• Se o(s) símbolo(s) no topo da pilha “casa(m)” 
RHS de alguma das produções da gramática

• Pop (retirar) esses símbolos da pilha
• Push não-terminal do LHS para a pilha

� Aceita a entrada como pertencendo à linguagem

Aula 164

* ( + num )numnum

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Pilha

String de entrada

Exemplo: Parser Shift-Reduce
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Aula 165

* ( + num )numnum

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Exemplo: Parser Shift-Reduce

Aula 166

SH
IF

T

* ( + num )numnum

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Exemplo: Parser Shift-Reduce
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Aula 167

SH
IF

T

* ( + num )num

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Exemplo: Parser Shift-Reduce

Aula 168

* ( + num )num

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

R
E

D
U

C
E

Exemplo: Parser Shift-Reduce
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Aula 169

* ( + num )num

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

R
E

D
U

C
E

Expr

Exemplo: Parser Shift-Reduce

Aula 1610

* ( + num )num

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

SH
IF

T

Exemplo: Parser Shift-Reduce
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Aula 1611

( + num )num

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

SH
IF

T

*

Exemplo: Parser Shift-Reduce

Aula 1612

( + num )num

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

R
E

D
U

C
E

*

Exemplo: Parser Shift-Reduce
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Aula 1613

( + num )num

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T
Exemplo: Parser Shift-Reduce

Aula 1614

+ num )num

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

Exemplo: Parser Shift-Reduce
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Aula 1615

+ num )num

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

Exemplo: Parser Shift-Reduce

Aula 1616

+ num )

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

Exemplo: Parser Shift-Reduce
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Aula 1617

+ num )

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

R
E

D
U

C
E

Expr

Exemplo: Parser Shift-Reduce

Aula 1618

+ num )

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

Expr

Exemplo: Parser Shift-Reduce
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Aula 1619

num )

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

Expr

+

Exemplo: Parser Shift-Reduce

Aula 1620

num )

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

Expr

Op

R
E

D
U

C
E

+

Exemplo: Parser Shift-Reduce



11

Aula 1621

num )

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

Expr

Op

+

Exemplo: Parser Shift-Reduce

Aula 1622

)

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

Expr

num

Op

+

Exemplo: Parser Shift-Reduce
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Aula 1623

)

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

Expr

Op

+

Expr
R

E
D

U
C

E

num

Exemplo: Parser Shift-Reduce

Aula 1624

)

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num +

R
E

D
U

C
E

num

Expr

Expr

Op

Expr
Expr

Exemplo: Parser Shift-Reduce
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Aula 1625

)

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

Expr

Op

+

Expr

num

Expr

Exemplo: Parser Shift-Reduce

Aula 1626

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*SH
IF

T

(

num

Expr

Op

+

Expr

num

Expr

)

Exemplo: Parser Shift-Reduce
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Aula 1627

R
E

D
U

C
E

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*

(

num

Expr

Op

+

Expr

num

Expr

)
Expr

Exemplo: Parser Shift-Reduce

Aula 1628

R
E

D
U

C
E

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*

(

num

Expr

Op

+

Expr

num

Expr

)Expr

Expr

Exemplo: Parser Shift-Reduce
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Aula 1629

A
C

C
E

P
T

!

num

Expr → Expr Op Expr
Expr → (Expr)
Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Expr

Op

*

(

num

Expr

Op

+

Expr

num

Expr

)Expr

Expr

Exemplo: Parser Shift-Reduce

Aula 1630

Conflitos que podem Ocorrer

� Conflito Reduce/Reduce
� O topo da pilha pode “casar” com RHS de 

produções múltiplas
� Qual a produção a utilizar na redução?

� Conflito Shift/Reduce
� Pilha pode “casar” com RHS da produção
� Mas esse pode não ser o “casamento” 

correcto
� Pode ser necessário deslocar a entrada e 

encontrar mais tarde uma redução diferente
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Aula 1631

Expr → Expr Op Expr
Expr → (Expr)

Expr → - Expr

Expr → num
Op → +
Op → -
Op → *

Conflitos

� Gramática Original � Nova Gramática

Expr → Expr Op Expr
Expr → Expr - Expr
Expr → (Expr)

Expr → Expr -
Expr → num
Op → +
Op → -

Op → *

Aula 1632

- numnum

Conflitos
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *
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Aula 1633

- numnum

SH
IF

T
Conflitos

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Aula 1634

- num

SH
IF

T

num

Conflitos
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *
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Aula 1635

- num

SH
IF

T

Expr

R
E

D
U

C
E

num

Conflitos
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Aula 1636

- num

SH
IF

T

Expr

num

Conflitos
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *
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Aula 1637

num

SH
IF

T

Expr

num

-

Conflitos
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Aula 1638

num

Expr

num

-

Opções:
Reduce
Reduce
Shift

Conflito shift/reduce/reduce
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *
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Aula 1639

num

Expr

num

-

R
E

D
U

C
E

Conflito shift/reduce/reduce
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

O que acontece 
ao escolher-
se: Reduce

Aula 1640

num

Expr

num -

SH
IF

T

Expr

Conflito shift/reduce/reduce
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

O que acontece 
ao escolher-
se: Reduce
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Aula 1641

Expr

num -

SH
IF

T

Expr

num

Conflito shift/reduce/reduce
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

O que acontece 
ao escolher-
se: Reduce

Aula 1642

Expr

num -

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

O que acontece 
ao escolher-
se: Reduce

R
E

D
U

C
E

Expr

Expr

num

Conflito shift/reduce/reduce
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Aula 1643

Expr

num -

F
A

IL
S!

Expr

Expr

num

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

O que acontece 
ao escolher-
se: Reduce

Conflito shift/reduce/reduce

Aula 1644

num

Expr

num

-

Qualquer uma
destas opções
resulta:

Reduce
Shift

Conflito shift/reduce/reduce
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *



23

Aula 1645

num

Expr

num

-

O que acontece 
ao escolher-se:

Reduce

Conflito shift/reduce/reduce
Expr → Expr Op Expr

Expr → Expr - Expr
Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Aula 1646

num

Expr

num

Op

-

R
E

D
U

C
E

Conflito shift/reduce/reduce

O que acontece 
ao escolher-se:

Reduce

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *
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Aula 1647

Expr

num

Op

-

SH
IF

T

num

O que acontece 
ao escolher-se:

Reduce

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Conflito shift/reduce/reduce

Aula 1648

Expr

num

Op

-

R
E

D
U

C
E

Expr

num

O que acontece 
ao escolher-se:

Reduce

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Conflito shift/reduce/reduce
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Aula 1649

Expr

num

Op

-

R
E

D
U

C
E

Expr

num

Expr

Conflito shift/reduce/reduce

O que acontece 
ao escolher-se:

Reduce

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Aula 1650

Expr

num

Op

-

A
C

C
E

P
T

Expr

num

Expr

Conflito shift/reduce/reduce

O que acontece 
ao escolher-se:

Reduce

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *
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Aula 1651

num

Expr

num

-

SH
IF

T
Conflitos

O que acontece 
ao escolher-se:

Shift

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Aula 1652

Expr

num

-

SH
IF

T

num

O que acontece 
ao escolher-se:

Shift

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Conflitos
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Aula 1653

Expr

num

-

R
E

D
U

C
E

Expr

num

Conflitos

O que acontece 
ao escolher-se:

Shift

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Aula 1654

Expr

num -

R
E

D
U

C
E

Expr

num

Expr

Conflitos

O que acontece 
ao escolher-se:

Shift

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *
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Aula 1655

Expr

num -

A
C

C
E

P
T

Expr

num

Expr

Conflitos

O que acontece 
ao escolher-se:

Shift

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Aula 1656

num

Expr

num

-

Este conflito
Shift/Reduce reflecte
ambiguidade na
gramática

Conflito Shift/Reduce/Reduce

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *
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Aula 1657

num

Expr

num

-

Eliminar alterando a 
gramática

Conflito Shift/Reduce/Reduce

Este conflito
Shift/Reduce reflecte
ambiguidade na
gramática

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Aula 1658

Conflito Shift/Reduce/Reduce

num

Expr

num

-

Expr → Expr Op Expr
Expr → Expr - Expr

Expr → (Expr)
Expr → Expr -

Expr → num
Op → +
Op → -
Op → *

Este conflito
Shift/Reduce pode
ser eliminado com 
Lookahead de um 
símbolo


