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•• //   //��**�� ÁÁ �� 33 �� //   11��33��
^ *UDPiWLFD�,QGHSHQGHQWH�GR�&RQWH[WR�� $XWyPDWR�GH�3LOKD�`�

$$OOJJRRUULLWWPPRR��
*  ����9���6 � 5���6���� 3  ���^S`���È � 9�ª 6���G � S���6���^�`���

 
G : para cada a ± È, juntar G(q, a, a)  = {(q, ε)}�

para cada A α, juntar G(q, ε, A) = {(q, α)}�

2 $XWyPDWR�REWLGR�WHP�D�IRUPD��
 

D��D���H � a ± È H� $���D � [A α] ± R

8P�Vy�(VWDGR��� VHP�(VWDGRV�)LQDLV���DFHLWDomR�SRU�3LOKD�9D]LD��
� XPD�7UDQVLomR�SRU�6tPEROR�7HUPLQDO��� XPD�7UDQVLomR�SRU�3URGXomR��
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([HPSOR� Consideremos a Linguagem { 0n 1n | n � 0 } 

 e a Gramática Independente do Contexto, 

 G = ( {S}, {0, 1}, { S �6��_�H }, S )�

A partir desta *UDPiWLFD e de acordo com o Algoritmo da 
página anterior construímos o $XWyPDWR�GH�3LOKD:

3  ���^S`��^����`��^������6`��G� S��6��^`���
 

onde G(p, ε, S)  = {(p, 0S1), (p, ε)} 
 G(p, 0, 0)  = {(p, ε)} 
 G(p, 1, 1)  = {(p, ε)} 
 

ε, S / 0S1 
 ε, S / ε

0, 0 / ε
1, 1 / ε

_6_ ��_5_� ������ ���WUDQVLo}HV�
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$QDOLVHPRV�D�FRUUHVSRQGrQFLD�HQWUH�RV�UHFRQKHFLPHQWRV�GH�XPD�SDODYUD�SHOD�*UDPiWLFD�RULJLQDO�H�SHOR�$XWyPDWR�FRQVWUXtGR��
 

6o �6��_�
ε, S / 0S1 

 ε, S / ε
0, 0 / ε
1, 1 / ε

Simulação para Z = 000111:

S Á (p, 000111, S) �

Á 0S1 (p, �00111, �S1) �
(p, 00111, S1) �

Á 00S11  (p, �0111, �S11) �
(p, 0111, S11) �

Á 000S111 (p, �111, �S111) �
(p, 111, S111) �

Á 000ε111 (p, �11, �11) �
(p, �1, �1) �
(p, �, �) �

Á 000111 (p, ε)
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•• //   11��33�� ÁÁ �� ** �� //   //��**��
^ $XWyPDWR�GH�3LOKD� *UDPiWLFD�,QGHSHQGHQWH�GR�&RQWH[WR�` 

$$OOJJRRUULLWWPPRR��
3  ���4���È � *� G� T� � =� � ^�`���� *  ���9��6 � 5���6����

V = { [pXq] | � p, q ∈ Q, � X ∈ Γ } ª { 6 }

5 = { 6 >T0Z0p] | � p ∈ Q } ª
{ >S;Sk+1@ D >S1Y1p2] [p2Y2p3] ... [pkYkpk+1] |

� a ∈ È ª {ε}, 
 � p2, p3, ..., pk+1 ± Q,  
 � (p1, Y1Y2...Yk) ± G(p, a, X) } 
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([HPSOR� Consideremos a Linguagem { 0n 1n | n � 0 } 

 e o Autómato de Pilha, 

 P = ({q0, q1, q2}, {����`��^������=�`��G� T�� =�� ^�`��
 

onde: (q0,0,Z0) = {(q0,0Z0)} 

 (q0,0,0)  = {(q0,00)} 

 (q0,1,0)  = {(q1, )} 

 (q0, ,Z0) = {(q2, )} 

 (q1,1,0)  = {(q1, )} 

 (q1, ,Z0) = {(q2, )} 

 

0, Z0 / 0Z0

0, 0 / 00 1, 0 / ε 1, 0 / ε

ε, Z0 / ε ε, Z0 / ε

A partir deste $XWyPDWR vamos construir  
uma *UDPiWLFD�,QGHSHQGHQWH�GR�&RQWH[WR,
de acordo com o Algoritmo da página anterior. 
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&RQVWUXomR�GD�*UDPiWLFD�*  ���9��6 � 5���6����
2V�6tPERORV�7HUPLQDLV���6 = { 0, 1 }�

$ FRQVWUXomR�GDV�9DULiYHLV���
V = { [pXq] | � p, q ∈ Q, � X ∈ Γ } ª { 6 }

_9_� _[pXq]_ � �� �_4_ l _*_ l _4_����� ��l �l � ���� ����

[q0Z0q0]

[q0Z0q1]

[q0Z0q2]

[q1Z0q0]

[q1Z0q1]

[q1Z0q2]

[q2Z0q0]

[q2Z0q1]

[q2Z0q2]

[q00q0]

[q00q1]

[q00q2]

[q10q0]

[q10q1]

[q10q2]

[q20q0]

[q20q1]

[q20q2]

[q01q0]

[q01q1]

[q01q2]

[q11q0]

[q11q1]

[q11q2]

[q21q0]

[q21q1]

[q21q2]

S
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$ FRQVWUXomR�GDV�3URGXo}HV���5 = { S >T0Z0p] | � p ∈ Q } ª ... 
 

S → [q0Z0q0]

S → [q0Z0q1]

S → [q0Z0q2]

_4_� ��SURGXo}HV�

5 = { ... ª { [pXpk+1] D >S1Y1p2] [p2Y2p3] ... [pkYkpk+1] | 
 � a ∈ È ª {ε}, 
 � p2, p3, ..., pk+1 ± Q,  
 � (p1, Y1Y2...Yk) ± G(p, a, X) } 
�

3HOD�WUDQVLomR� �T����=��  �^�T���=��`��
 

[q0Z0q0] → 0[q00q0][q0Z0q0]
[q0Z0q0] → 0[q00q1][q1Z0q0]
[q0Z0q0] → 0[q00q2][q2Z0q0]

[q0Z0q1] → 0[q00q0][q0Z0q1]
[q0Z0q1] → 0[q00q1][q1Z0q1]
[q0Z0q1] → 0[q00q2][q2Z0q1]
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[q0Z0q2] → 0[q00q0][q0Z0q2]
[q0Z0q2] → 0[q00q1][q1Z0q2]
[q0Z0q2] → 0[q00q2][q2Z0q2]

H PDLV�_4_�l _4_� ���l �  ���SURGXo}HV�

3HOD�WUDQVLomR� �T������� �^�T�����`��
 
[q00q0] → 0[q00q0][q00q0]
[q00q0] → 0[q00q1][q10q0]
[q00q0] → 0[q00q2][q20q0]

[q00q1] → 0[q00q0][q00q1]
[q00q1] → 0[q00q1][q10q1]
[q00q1] → 0[q00q2][q20q1]

[q00q2] → 0[q00q0][q00q2]
[q00q2] → 0[q00q1][q10q2]
[q00q2] → 0[q00q2][q20q2]

H PDLV�_4_�l _4_� ���l �  ���SURGXo}HV�

3HOD�WUDQVLomR� �T������� �^�T�� �`��
 
[q00q1] → 1

3HOD�WUDQVLomR� �T�� �=��  �^�T�� �`��
 
[q0Z0q2] →
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3HOD�WUDQVLomR� �T������� �^�T�� �`��
 
[q10q1] → 1

3HOD�WUDQVLomR� �T�� �=��  �^�T�� �`��
 
[q1Z0q2] →

7RWDO���������������������������� ����SURGXo}HV�

$QiOLVH�GD�*UDPiWLFD�REWLGD���
Comecemos por simplificar os nomes das Variáveis:�

A

B

C

D

E

F

G

H

I

J

K

L

M

N

P

Q

R

T

[q01q0]

[q01q1]

[q01q2]

[q11q0]

[q11q1]

[q11q2]

[q21q0]

[q21q1]

[q21q2]

S
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S → A
S → B
S → C

A → 0JA 

A → 0KD 

A → 0LG 
B → 0JB 

B → 0KE 

B → 0LH 
C → 0JC 

C → 0KF 

C → 0LI 

J → 0JJ 

J → 0KM 

J → 0LQ 
K → 0JK 

K → 0KN 

K → 0LR 
L → 0JL 

L → 0KP 

L → 0LT 

K → 1
C →
N → 1
F →

como 9 das 28 Variáveis iniciais não ocorrem em 
 nenhuma das Produções,  podem ser já eliminadas. 
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6LPSOLILFDomR�GD�*UDPiWLFD��
�
Partindo das Produções, 
 

K → 1
C →
N → 1
F →

e eliminando as Produções que não contêm K, C, N e F nos seus lados 
direitos, verificamos que apenas as Variáveis K, C, N e F são 
Geradoras.
Eliminando todas as outras, restam apenas: 
 

S → C
C → 0KF 

K → 0KN 
 
K → 1
C →
N → 1
F →

Eliminando a Produção Unitária obtemos,  
 

C → 0KF | 
K → 0KN | 1 
N → 1
F →



3UiWLFDV��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

7HRULD�GD�&RPSXWDomR������������ 5RViOLD�5RGULJXHV����������������������

$QDOLVHPRV�HVWD�*UDPiWLFD��
 

C → 0KF | 
K → 0KN | 1 
N → 1
F →

Pelo reconhecimento, por exemplo, da palavra 000111,

&

� .� )�
 

� .� 1�

� .� 1� � 

� ��
 

verificamos que: 
 
F Á* ε
N Á* 1 
K Á* { 0n 1n+1 | n � 0 } 
C Á* { 0n 1n | n � 0 } 
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Recuperando os nomes originais da construção das Variáveis, �
[q1Z0q2] Á* H
[q10q1] Á* �
[q00q1] Á* { �Q �Q�� | n � 0 } 

[q0Z0q2] Á* { �Q �Q | n � 0 } 

 

verificamos que, efectivamente, cada Variável da forma >S$T@ gera as 
palavras Z ∈ ∑*, tais que �S��Z� $���
 �T��H� H�, ou seja: 
 

>S$T@�Á
 Z x �S��Z� $���
 �T��H� H�

[q1Z0q2] Á* H �T�� H� =�� �
 �T�� H� H�
[q10q1] Á* � �T�� ������� �
 �T�� H� H�
[q00q1] Á* { �Q �Q�� | n � 0 } �T�� �Q �Q��� �����
 �T�� H� H�
[q0Z0q2] Á* { �Q �Q | n � 0 } �T�� �Q �Q� =�� �
 �T�� H� H�
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$QDOLVHPRV�D�FRUUHVSRQGrQFLD�HQWUH�RV�UHFRQKHFLPHQWRV�GH�XPD�SDODYUD�SHOR�$XWyPDWR�RULJLQDO�H�SHOD�*UDPiWLFD�FRQVWUXtGD��
 

0, Z0 / 0Z0

0, 0 / 00 1, 0 / ε 1, 0 / ε

ε, Z0 / ε ε, Z0 / ε

[q0Z0q2] → 0 [q00q1] [q1Z0q2] | 
[q00q1] → 0 [q00q1] [q10q1] | 1 

[q10q1] → 1
[q1Z0q2] →

Para a palavra 000111,

[q0Z0q2]Á �[q00q1][q1Z0q2] (q0,�00111,Z0) �

Á 0�[q00q1][q10q1][q1Z0q2] (q0,�0111,0Z0) �

Á 00� [q00q1][q10q1][q10q1][q1Z0q2] (q0,�111,00Z0) �

Á 000� [q10q1][q10q1][q1Z0q2] (q0,�11,000Z0) �

Á 0001� [q10q1][q1Z0q2] (q1,�1,00Z0) �

Á 00011� [q1Z0q2] (q1,�,0Z0) �

Á 000111 (q1, ,Z0) �

Á 000111 (q2, , )
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e FODUR�TXH�R�DQWHULRU�FRQMXQWR�GH�3URGXo}HV�SRGH�VHU�HVFULWR��
 

C → 0K | 
K → 0K1 | 1 

�
R TXH�p�HTXLYDOHQWH�j�FRQKHFLGD�*UDPiWLFD���

S → 0S1 | 

^̂ $$ JJHHUUDDoommRR GGHHVVWWDD **UUDDPPiiWWLLFFDD pp QQDDWWXXUUDDOOPPHHQQWWHH PPXXLLWWRR PPDDLLVV VVLLPPSSOOHHVV
VVHH SSDDUUWWLLUUPPRRVV GGRR $$XXWWyyPPDDWWRR QQmmRR��GGHHWWHHUUPPLLQQLLVVWWDD�� `̀

([HPSOR� Consideremos a Linguagem { 0n 1n | n � 0 } 

 e o Autómato de Pilha, 

 P = ({p}, {����`��^������=�`��G� S��=�� ^�`��
 

onde: G(p, ε, Z0) = {(p, 0Z01), (p, ε)} 
 G(p, 0, 0)  = {(p, ε)} 
 G(p, 1, 1)  = {(p, ε)} 
 

ε, Z0 / 0 Z01
ε, Z0 / ε
0, 0 / ε
1, 1 / ε



3UiWLFDV��������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 

7HRULD�GD�&RPSXWDomR������������ 5RViOLD�5RGULJXHV����������������������

$V�9DULiYHLV���
V = { [pZ0p] , [p0p] , [p1p] , S } �

$V�3URGXo}HV��
 
S → [pZ0p] 

3HOD�WUDQVLomR�G�S��H� =��  �^�S���=������S��H�`���
SRU��S���=����± G�S��H� =����

 
[pZ0p] → [p0p] [pZ0p] [p1p] 
 
H SRU��S��H� ± G�S��H� =����

 
[pZ0p] → ε 

3HOD�WUDQVLomR�G�S�������� �^�S��H�`��
 
[p0p] → 0

3HOD�WUDQVLomR�G�S�������� �^�S��H�`��
 
[p1p] → 1

44XXHH pp FFOODDUUDDPPHHQQWWHH HHTTXXLLYYDDOOHHQQWWHH DD��
S → 0S1 | 


