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V� 1 â�
 Ça�ÄªÐÏ�

Ãºd��(arithmetic expression)õ� Ä»���>� &ñ
½©d��(regular

expression)�̀¦ &ñ
_�ô�Ç��.

Ça��+ 1 ·ú��� Ï@ Σ �©�_� &ñ
½©d��õ� Õª��s	כ ³ðr����H |9�½+Ë�Ér ��6£§õ�

°ú ��

1. ∅��H &ñ
½©d��s��¦ /BN|9�½+Ë�̀¦ ³ðr�ô�Ç��.

2. ǫ��H &ñ
½©d��s��¦ {ǫ}�̀¦ ³ðr�ô�Ç��.

3. y�� a ∈ Σ��H &ñ
½©d��s��¦ {a}\�¦ ³ðr�ô�Ç��.

4. rõ� s�� &ñ
½©d��s��¦ y��y�� Rõ� S |9�½+Ë�̀¦ ³ðr�ô�Ç�����, (r + s),

(rs), (r∗)��H &ñ
½©d��s��¦ y��y�� R ∪ S, RS, R∗ |9�½+Ë�̀¦ ³ðr�ô�Ç��.

&ñ
½©d�� r_� ���#Q L(r)�Ér rs� ³ðr����H |9�½+Ës���.

&ñ
½©d�� aü< /åJ�� a��H "f�Ð ���Ér �¦̀�	כ ����?/��, °ú �Ér +þAI�e���̀¦ Ä»_�

���. 7£¤ L(a) = {a}s��¦ L(ǫ) = {ǫ}s���.

2



'

&

$

%

&ñ
½©d��\�"f���íß�_�í�H"f\�¦ ∗ ·+�Ð &ñ
���� ú́§�Ér F�c ñ\�¦Òqt|ÄÌ½+ÉÃº e��

��. 7£¤ ((1(0∗)) + 0) = 10∗ + 0s��¦ s� &ñ
½©d���Ér {0, 1, 10, 100, . . .}�̀¦

�����·p��. ¢̧ô�Ç ��6£§õ� °ú �Ér ���íß�_� ZO�gË:�̀¦ &h�6 x½+É Ãº e����.

• + ���íß��Ér ½+Ë|9�½+Ë�̀¦ ����?/Ù¼�Ð, �§8̈�ZO�gË:õ� ���½+ËZO�gË:s� $í
wn�

ô�Ç��. 7£¤ r + s = s + rs��¦ (r + s) + t = r + (s + t)s���.

• · ���íß��Ér ]X�½+Ë�̀¦ ����?/Ù¼�Ð, �§8̈�ZO�gË:�Ér $í
wn��t� ·ú§�¦ ���½+ËZO�

gË:�Ér $í
wn�ô�Ç��. 7£¤ (rs)t = r(st)s���.

• +ü< · ��s�\� ì�rC�ZO�gË:s� $í
wn�ô�Ç��. 7£¤ r(s + t) = rs + rts��¦

(r + s)t = rt + sts���.

Ça��+ 2 &ñ
½©d��Ü¼�Ð ³ðr�÷&��H ���#Q\�¦ &ñ
½©���#Q���¦ ÂÒ�Ér��.

UdV� 1 &ñ
½©d��

(00)∗(11)∗1

�Ér ���Ãº >h_� 0 ��6£§\� f.ËÃº >h_� 1s� ���̧��H Û¼àÔa�A_� |9�½+Ë�̀¦ ³ð

r�ô�Ç��.
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UdV� 2 {0n1m : (n + m)�Ér ���Ãº}\�¦ ����?/��H &ñ
½©d���̀¦ ½̈���.

&ñ
½©d��_� ���íß� +��H “¢̧��H”_� _�p�s�Ù¼�Ð, &ñ
½©d���̀¦ ½̈½+É M: #��Q

�â
Äº�Ð ��¾º#Q"f Òqty�����H ��s	כ a%~��. 0s� ���Ãº >h ���̧�¦ 1s� ���

Ãº >h ���̧��Ht� 0s� f.ËÃº >h ���̧�¦ 1s� f.ËÃº >h ��ü<�� ÷&Ù¼�Ð, ²ú�

�Ér (00)∗(11)∗ + 0(00)∗1(11)∗s���.

·ú¡Ü¼�Ð \V]j\�"f ·ú��� Ï@\� @/ô�Ç Z>����Ér ���/åLs� \O�Ü¼���

Σ = {0, 1}s���.

UdV� 3 1s� ô�Ç >h ¢̧��H ¿º >h e����H Û¼àÔa�A_� |9�½+Ë�̀¦ ³ðr����H &ñ
½©

d���̀¦ ½̈���.

1s� ô�Ç >h e����H Û¼àÔa�A_� |9�½+Ë�Ér 0∗10∗s��¦, 1s� ¿º >h e����H Û¼àÔa�A

_� |9�½+Ë�Ér 0∗10∗10∗s�Ù¼�Ð Ñüt�̀¦ ½+Ëu���� 0∗10∗(ǫ + 10∗)s���.

UdV� 4 U�́s��� 3_� C�Ãº��� Û¼àÔa�A_� |9�½+Ë�̀¦ ³ðr����H &ñ
½©d���̀¦ ½̈

���. U�́s��� 3��� Û¼àÔa�A�̀¦ ³ðr����H &ñ
½©d��s�

(0 + 1)(0 + 1)(0 + 1)s�Ù¼�Ð ²ú��Ér ((0 + 1)(0 + 1)(0 + 1))∗s���.

(0 + 1)(0 + 1)(0 + 1)�̀¦ ×�¦#�"f (0 + 1)3Ü¼�Ð æ¼l��Ð ô�Ç��.
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UdV� 5 11�̀¦ ÂÒì�rÛ¼àÔa�AÜ¼�Ð °ú���H Û¼àÔa�A_� |9�½+Ë�̀¦ ³ðr����H &ñ
½©

d���Ér (0 + 1)∗11(0 + 1)∗s���.

UdV� 6 111s� �ÃÌ ô�Ç ��� ��������H Û¼àÔa�A_� |9�½+Ë�̀¦ ³ðr����H &ñ
½©

d���̀¦ ½̈���.

UdV� 7 11�̀¦ ÂÒì�rÛ¼àÔa�AÜ¼�Ð °ú�t� ·ú§��H Û¼àÔa�A_� |9�½+Ë�̀¦ ³ðr����H

&ñ
½©d���̀¦ ½̈���.

UdV� 8 Σ = {a, b, c}{9� M:, 'Í	 /åJ���� ��r� ������t� ·ú§��H Û¼àÔa�A_�

|9�½+Ë�̀¦ ³ðr����H &ñ
½©d���̀¦ ½̈���.

���#Q\�¦ ³ð�&³���H ~½Ód��\���H &ñ
½©d��, �̧�Ð����, ë�HZO� 1pxs� e����.

Ça��+ 3 ���#Q_� ³ð�&³ ~½Ód�� A, B�� L(A) = L(B)\�¦ ëß�7á¤����, Aü<

B��H 1lx1px(equivalent)���.
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V� 2 â�
 ËÂø5� �ï�×����

(��ÉÓ'���H {9�ìøÍ&h�Ü¼�Ð ×�æ�©�%�o��©�u�, Bj�̧o�, {9�Ø�¦§4��©�u��Ð ½̈$í
÷&

#Q e����. ·ú¡Ü¼�Ð (��ÉÓ'�_� s��:r&h���� �̧4Sq[þt�̀¦ C�Äº>� ÷&��HX<, Õª ×�æ

\�"f ���©� çß�éß�ô�Ç ��s	כ Ä»ô�Ç �̧�Ð����s���. Ä»ô�Ç �̧�Ð������H ×�æ�©�

%�o��©�u�\� K�{©����H Ä»ô�Ç]j#Ql�ü< {9�§4��©�u���� {9�§4�_�{9�Ü¼�Ð ½̈$í


�)a��. Ä»ô�Ç �̧�Ð����_� :£¤fç
�Ér Bj�̧o�\�¦ ��t��¦ e��t� ·ú§����H ��s	כ

��. {9�§4�_�{9��Ér ñß�[þt�Ð ��¾º#Qt��¦ y�� ñß��Ér ���_� /åJ��\�¦ ��|9� Ãº

e����. {9�§4�_�{9�\���H K�×¼(head)�� e��#Q"f K�×¼�� ��o�v���H ñß�\� e��

��H /åJ��\�¦ {9��̀¦ Ãº e����. Ä»ô�Ç]j#Ql���H �©�I�[þt�Ð ½̈$í
�)a��. Õª

aË> 1\�¦ �Ð��.
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1 0 1 1 0

ÕªaË> 1:

�íl�\� K�×¼��H {9�§4�_�{9�_� �±p¢,aAá¤ ñß��̀¦ ��o�v��¦, Ä»ô�Ç]j#Ql���H �í

l� �©�I�\� Z�~#� e����. y�� éß�>�\�"f �&³F� �©�I�ü< _�{9�_� /åJ��\� _�K�

"f ��6£§ �©�I��� ���&ñ
÷&�¦, K�×¼��H ô�Ç ñß� �̧�ÉrAá¤Ü¼�Ð ���'��ô�Ç��.

Ça��+ 4 ���&ñ
 Ä»ô�Ç �̧�Ð���� M�Ér ��$Á	 ��t� ¹�èכ (Q, Σ, δ, q0, F )�Ð

½̈$í
�)a��. #�l�\�"f

1. Q��H �©�I�[þt_� Ä»ô�Ç |9�½+Ës��¦

2. Σ��H ·ú��� Ï@s��¦
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3. ���s��<ÊÃº δ��H Q× Σ\�"f Q�Ð_� �<ÊÃºs��¦

4. q0 ∈ Q��H �íl��©�I�s��¦

5. F ⊆ Q��H þj7áx�©�I�[þt_� |9�½+Ës���.

���&ñ
 Ä»ô�Ç �̧�Ð����(deterministic finite automata)\�¦ ×�¦#�"f DFA

�Ð ÂÒØÔl��Ð ���.

���s� �<ÊÃº δ\�¦ SX��©��#� Q× Σ∗\�"f Q�Ð_� �<ÊÃº δ∗\�¦ ��6£§õ� °ú s�

&ñ
_�ô�Ç��.

• δ∗(q, ǫ) = q

• �̧��H w ∈ Σ∗ü< a ∈ Σ\� @/�#�, δ∗(q, wa) = δ(δ∗(q, w), a)

Û¼àÔa�A w ∈ Σ∗\� @/�#� δ∗(q0, w)s� DFA M_� þj7áx�©�I�s����,

Ms� w\�¦ ~ÃÎ��[þt������¦ ú́�ô�Ç��. M_� ���#Q L(M)�Ér Ms� ~ÃÎ��[þts�

��H �̧��H Û¼àÔa�A_� |9�½+Ës���. 7£¤

L(M) = {w ∈ Σ∗ : δ∗(q0, w) ∈ F}.

8



'

&

$

%

DFA_� �©�S!�(configuration)�Ér �&³F� �©�I�ü< {9�§4� Û¼àÔa�A_� {9�t� ·ú§

�Ér ÂÒì�rÜ¼�Ð ���&ñ
�)a��. {9�§4� Û¼àÔa�As� w{9� M:, DFA_� r���� �©�S!��Ér

(q0, w) s��¦, 7áx«Ñ �©�S!��Ér #Q�"� q ∈ Q\� @/�#� (q, ǫ) s���.

ô�Ç ���_� ���s�\� _�K�"f DFA M_� �©�S!�s� ����o���H õ�&ñ
�̀¦ ⊢MÜ¼�Ð

³ðr�ô�Ç��. 7£¤ �&³F� �©�S!�s� (q, 10110)s��¦ δ(q, 1) = q′s����,

(q, 10110) ⊢M (q′, 0110)

s���. DFA Ms� "î
SX�ô�Ç �â
Äº ⊢M @/��� ⊢\�¦ ��6 x½+É Ãº e����. 0��� s�

�©�_� ���s�\�¦ ⊢∗�Ð ³ðr�ô�Ç��.

UdV� 9 M = ({q0, q1}, {0, 1}, δ, q0, {q0}) s��¦, δ��H ��6£§õ� °ú ��.

0 1

q0 q0 q1

q1 q1 q0

L(M)�Ér ���Ãº >h_� 1�̀¦ ����� Û¼àÔa�A_� |9�½+Ës���.
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Ä»ô�Ç �̧�Ð����\�¦ s�K��l� ~1��̧2�¤ FAÕªaË>Ü¼�Ð �����·p��. �©�I���H

&ñ
&h�Ü¼�Ð, ���s� δ(p, a) = q��H �©�I� p\�"f q�Ð ����H ��6\� a�� ·¡�Ér çß�

���Ü¼�Ð, þj7áx�©�I���H s�×�æ"é¶Ü¼�Ð, �íl��©�I���H �o¶ú�³ð�Ð ³ðr�ô�Ç��.

\V]j 9_� DFA\�¦ ÕªaË>Ü¼�Ð ����?/��� ÕªaË> 2ü< °ú ��.

q q0 1

1

1

00

ÕªaË> 2:

{9�ìøÍ&h�Ü¼�Ð ��6£§ ¿º éß�>�\� _�K� DFA\�¦ ëß���H��.

1. �&³F���t� {9��Ér ÂÒì�r\�"f #Q�"� &ñ
�Ð\�¦ l�%3�K��� ���Ht�\�¦ &ñ
�

�¦ s� &ñ
�Ð\�¦ �©�I��Ð ³ðr�ô�Ç��.

2. Dh�Ðî�r /åJ��\�¦ {9�%3��̀¦ M: l�%3�K��� ���H &ñ
�Ð�� #Qb�G>� ��7��H

t�\�¦ �Ð�¦ ���s��<ÊÃº\�¦ &ñ
ô�Ç��.
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s� ×�æ\�"f ×�æ¹כô�Ç ��Ér	כ l�%3�K��� ���H &ñ
�Ð\�¦ &ñ
���H �.���s	כ \V

]j 9\�"f��H 1_� >hÃº�� ���Ãº���t� f.ËÃº���t�\�¦ l�%3�K��� ô�Ç��. ����

"f �©�I� q0�Ér 1_� >hÃº�� ���Ãº, q1�Ér 1_� >hÃº�� f.ËÃºe���̀¦ �����·p��.

UdV� 10 L = {w : N0(w) mod 2 > N1(w) mod 2}�̀¦ ~ÃÎ��[þts���H

DFA\�¦ ½̈���. #�l�\�"f Na(w)��H w\� e����H a_� >hÃº\�¦ �����·p��.

7£¤, s� DFA��H 0_� >hÃº��H f.ËÃºs��¦ 1_� >hÃº��H ���Ãº��� Û¼àÔa�A�̀¦

~ÃÎ��[þt#��� �)a��.

s� �â
Äº N0(w) mod 2ü< N1(w) mod 2\�¦ l�%3����� �)a��. ÕªaË> 3.
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ÕªaË> 3:

UdV� 11 0101�̀¦ ÂÒì�rÛ¼àÔa�AÜ¼�Ð °ú���H Û¼àÔa�A�̀¦ ~ÃÎ��[þts���H DFA

\�¦ ½̈���.

s� ë�H]j\�"f��H 0101_� #Q¿º ×�æ\�"f �&³F���t� {9��Ér ÂÒì�r�̀¦ l�%3�K���

ô�Ç��. ����"f 0101_� #Q¿º\�¦ �©�I��Ð ³ðr����H DFA\�¦ ëß�[þt��� �)a��.

(ÕªaË> 4) s�]j ���s��<ÊÃº\�¦ &ñ
ô�Ç��. \V\�¦ [þt���, �&³F���t� {9��Ér #Q¿º

�� 0s��¦, Õª ��6£§\� 1�̀¦ {9�Ü¼��� {9��Ér #Q¿º�� 01s� ÷&�¦, 0�̀¦ {9�Ü¼
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��� {9��Ér ÂÒì�rs� 00s� ÷&��HX< 0101_� #Q¿º\� K�{©�÷&��H ��Ér	כ 0s���.

 1  10 0

 0  0 0,1

 1

 1

0 01 010 0101ε

ÕªaË> 4:

UdV� 12 0101�̀¦ ÂÒì�rÛ¼àÔa�AÜ¼�Ð °ú�t� ·ú§��H Û¼àÔa�A�̀¦ ~ÃÎ��[þts���H

DFA\�¦ ½̈���.

ÕªaË> 4_� DFA\�"f þj7áx�©�I�ü< Õª ü@_� �©�I�\�¦ ú́���Ë̈��� �)a��. (s�

ü< °ú s� #�|9�½+Ë�̀¦ ³ðr����H ë�H]j�� &ñ
½©d��\�"f��H #Q�9�°?��HX<,

DFA\�"f��H /'î�r �¦̀�	כ ÅÒ3lq���.)

UdV� 13 Û¼àÔa�A\�"f ���5Åq(run)s�êøÍ °ú �Ér /åJ���Ðëß� ½̈$í
�)a (�8 s�
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�©� Zþtwn= Ãº \O���H) ÂÒì�rÛ¼àÔa�A�̀¦ ú́�ô�Ç��. \V\�¦ [þt���, 0110001�Ér U�́

s��� 2��� 1_� ���5Åqõ� U�́s��� 3��� 0_� ���5Åq�̀¦ ��t��¦ e����. U�́s���

2��� ���5Åq�̀¦ °ú�t� ·ú§��H Û¼àÔa�A�̀¦ ~ÃÎ��[þts���H DFA\�¦ ½̈���. 7£¤ Û¼

àÔa�As� U�́s��� 2��� ���5Åq�Ér °ú�t� ·ú§���� ��¦ U�́s��� 1s��� 3s��©����

���5Åq�Ér ��|9� Ãº e����.

s� ë�H]j\�"f��H ���©� þj��H_� ���5Åq�̀¦ l�%3�K��� ��¦ Õª ×�æ\�"f U�́s�

�� 3s����� ���5Åq�̀¦ l�%3����� �)a��.

UdV� 14 010�̀¦ ÂÒì�rÛ¼àÔa�AÜ¼�Ð ��t��¦, 100�̀¦ ÂÒì�rÛ¼àÔa�AÜ¼�Ð °ú�

t� ·ú§��H Û¼àÔa�A�̀¦ ~ÃÎ��[þts���H DFA\�¦ ½̈���.

s� ë�H]j��H ���çß� #Q§>���. 010s��� 100s� ÂÒì�rÛ¼àÔa�AÜ¼�Ð e����Ht� \O�

��Ht�\�¦ ·ú�l� 0AK�"f��H ·ú¡_� \V]j\�"f%�!3� 010õ� 100_� #Q¿º\�¦ l�

%3�K��� ô�Ç��. 1lxr�\� �&³F� 100�̀¦ {9��¦ e������� s����\� 010s� e��%3���H

t� \O�%3���Ht�\�¦ ·ú��¦ e��#Q�� ô�Ç��. ìøÍ@/�Ð �&³F� 010�̀¦ {9��¦ e���̀¦ M:

s����\� 100s� e��%3���Ht�\�¦ l�%3�½+É ¹��Hכ��9 \O���. �=������ 100s� e��

%3������ s� Û¼àÔa�A�Ér ~ÃÎ��[þt#�t�t� ·ú§l� M:ë�Hs���.
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δ�� ÂÒì�r�<ÊÃº{9� M:�̧ DFA�Ð �̂¦ Ãº e����. s� �â
Äº 0A_� &ñ
_�\� _�ô�Ç

DFA�Ð ��Ë̈�9���, Dh�Ðî�r �©�I� q′ 6∈ F�̀¦ �̧{9��#�

• &ñ
_�÷&t� ·ú§�Ér �̧��H ���s���H q′Ü¼�Ð ���̧2�¤ ��¦,

• �̧��H a ∈ Σ\� @/�#� δ(q′, a) = q′s� ÷&�̧2�¤ ô�Ç��.

q′õ� °ú s� ô�Ç ��� [þt#Q����� ��4R ���̀¦ Ãº \O���H �©�I�\�¦º¡¤�Ér �©�I�(dead

state)���¦ ÂÒ�Ér��. \V]j 12\�"f �©�I� 0101�̧ º¡¤�Ér �©�I�s���.

V� 3 â�
 j�Úr
Ça� ËÂø5� �ï�×����

q����&ñ
 Ä»ô�Ç �̧�Ð����(nondeterministic finite automata)\�¦ ×�¦#�"f

NFA�Ð ÂÒØÔl��Ð ���. NFA��H ��6£§ ¿º ��t� ���\�"f DFA\�¦ {9�ìøÍ�o

ô�Ç �.���s	כ

1. y�� �©�I�ü< /åJ���� ÅÒ#Q&���̀¦ M:, ��6£§ �©�I��� \O����� ��� s��©�

{9� Ãº e����.
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2. y�� �©�I�\�"f /BNÛ¼àÔa�A ǫ\� _�ô�Ç ���s��� e���̀¦ Ãº e����.

Ça��+ 5 q����&ñ
 Ä»ô�Ç �̧�Ð���� M�Ér ��$Á	 ��t� ¹�èכ

(Q, Σ, ∆, q0, F )�Ð ½̈$í
�)a��. #�l�\�"f Q, Σ, q0, F��H DFA\�"fü< °ú 

s� &ñ
_��)a��. ∆��H Q× (Σ ∪ {ǫ})×Q_� ÂÒì�r|9�½+Ë��� ���s� �'a>��Ð,

¢̧��H Q× (Σ ∪ {ǫ})\�"f 2Q�Ð_� ���s� �<ÊÃº�Ð &ñ
_�½+É Ãº e����.

NFA\�¦ &ñ
_�½+É M:��H ∆\�¦ DFA_� ���s� �<ÊÃº\�"f {9�ìøÍ�o�)a ���s� �'a

>��Ð ��������H ��s	כ �����Û¼�QÄº��, [O�"î
\�"f��H ∆\�¦ ���s� �<ÊÃº�Ð

�Ð��H ��s	כ ¼#�o��Ù¼�Ð s�Êê\���H ∆\�¦ 2QÜ¼�Ð_� �<ÊÃº�Ð çß�ÅÒô�Ç��.

¢̧ô�Ç [O�"î
_� ¼#�_�\�¦ 0AK�"f ∆\�¦ 2Q × (Σ ∪ {ǫ})\�"f_� �<ÊÃº�Ð ��6£§

õ� °ú s� SX��©�ô�Ç��. P ⊆ Qü< a ∈ Σ ∪ {ǫ}\� @/�#�

∆(P, a) =
⋃

q∈P

∆(q, a).

e��_�_� �©�I� q\� @/�#�, E(q)\�¦ q\�"fÂÒ'� {9�§4� /åJ��\�¦ {9�t� ·ú§�¦

(ǫ ��6\�s� ·¡�Ér çß�����̀¦ ����) �̧²ú�½+É Ãº e����H �©�I�_� |9�½+Ës����¦ �

��. E�̧ %i�r� SX��©��#�, �©�I� |9�½+Ë P\� @/�#� E(P ) =
⋃

q∈P E(q).

16
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∆\�¦ SX��©��#� Q× Σ∗\�"f 2QÜ¼�Ð_� �<ÊÃº ∆∗\�¦ ��6£§õ� °ú s� &ñ
_�

ô�Ç��.

• ∆∗(q, ǫ) = E(q)

• �̧��H w ∈ Σ∗ü< a ∈ Σ\� @/�#�, ∆∗(q, wa) = E(∆(∆∗(q, w), a))

Û¼àÔa�A w ∈ Σ∗\� @/�#� ∆∗(q0, w)s� NFA M_� þj7áx�©�I�\�¦ &h�#Q

�̧ ��� �í�<Ê����, Ms� w\�¦ ~ÃÎ��[þt������¦ ú́�ô�Ç��. M_� ���#Q

L(M)�Ér Ms� ~ÃÎ��[þts���H �̧��H Û¼àÔa�A_� |9�½+Ës���. 7£¤

L(M) = {w ∈ Σ∗ : ∆∗(q0, w) ∩ F 6= ∅}.

¢̧��H ���s�õ�&ñ
�̀¦ ��6 x�#� L(M)�̀¦ ��6£§õ� °ú s� &ñ
_�½+É Ãº e����.

L(M) = {w ∈ Σ∗ : (q0, w) ⊢∗M (q, ǫ), q ∈ F}.

{9�ìøÍ&h�Ü¼�Ð NFA��H DFA�Ð�� �s̀��� ~1�>� ���#Q\�¦ ³ð�&³½+É Ãº e����.

UdV� 15 &ñ
½©d�� (010 + 01)∗�� ³ðr����H ���#Q\�¦ ~ÃÎ��[þts���H NFA

\�¦ ½̈���.
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ÕªaË> 5. {9�§4� Û¼àÔa�As� 010{9� M:,

• ∆∗(q1, 0) = {q2},

• ∆∗(q1, 01) = {q3, q1},

• ∆∗(q1, 010) = {q1, q2}

s��¦, #�l�\� þj7áx�©�I� q1s� �í�<Ê÷&#Q e��Ü¼Ù¼�Ð s� NFA��H 010�̀¦

~ÃÎ��[þt�����. s��¦̀�	כ ���s� õ�&ñ
Ü¼�Ð ����?/��� ��6£§õ� °ú ��.

(q1, 010) ⊢ (q2, 10) ⊢ (q3, 0) ⊢ (q1, ǫ)

7£¤ (q1, 010) ⊢∗ (q1, ǫ)s��¦ q1s� þj7áx�©�I�s�Ù¼�Ð s� NFA��H 010�̀¦ ~ÃÎ

��[þt�����.
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1

0

0 ε

q

qq

1

2 3

ÕªaË> 5:

UdV� 16 =åQ\�"f ¿º ���P: /åJ���� 1��� Û¼àÔa�A�̀¦ ~ÃÎ��[þts���H NFA\�¦

½̈���. s� NFA��H q1\�  QÓüt���� =åQ\�"f ¿º ���P: /åJ��\�¦ ÆÒ8£¤�#�

Õª /åJ���� 1s���� q2�Ð s�1lxô�Ç��. q3��H s� ÆÒ8£¤s� ú́���¤��Ht� SX����ô�Ç

��.

ÕªaË> 6. {9�§4� Û¼àÔa�As� 011{9� M:,
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• ∆∗(q1, 0) = {q1},

• ∆∗(q1, 01) = {q1, q2},

• ∆∗(q1, 011) = {q1, q2, q3}

s�Ù¼�Ð, s� NFA��H 011�̀¦ ~ÃÎ��[þt�����. {9�§4�Û¼ß¼a�As� 100{9� M:,

• ∆∗(q1, 1) = {q1, q2},

• ∆∗(q1, 10) = {q1, q3},

• ∆∗(q1, 100) = {q1}

s�Ù¼�Ð, s� NFA��H 100�̀¦ ~ÃÎ��[þts�t� ·ú§��H��.

 1 0,1

0,1

q qq2 31

ÕªaË> 6:
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NFA_� þj7áx�©�I���H ô�Ç >h���¦ ��&ñ
½+É Ãº e����. NFA_� Q\� ¿º >h s�

�©�_� þj7áx�©�I��� e��Ü¼���, Dh�Ðî�r �©�I� qfëß��̀¦ þj7áx�©�I��Ð ��¦ �̧

��H q ∈ F\� @/K� ���s� (q, ǫ, qf )\�¦ �8K�ï�r��.

�= q����&ñ
$í
(nondeterminism)s� ?��¹ô�Çכ��9 �&³F� ��6 x÷&��H n�t�_O�

(��ÉÓ'���H ¢-a���y� ���&ñ
&h�Ü¼�Ð ¹¡§f�������. ¢̧ p�A�\� q����&ñ
&h�Ü¼�Ð ���

1lx÷&��H (��ÉÓ'�\�¦ ëß�[þt ��0px$í
�Ér &h���. (�&³F� quantum computer,

DNA computing 1pxs� r��̧÷&�¦ e��t�ëß�) Õª!3�\��̧ Ô�¦½̈��¦, ��6£§

õ� °ú �Ér s�Ä»�Ð q����&ñ
$í
�Ér ×�æ¹כô�Ç %i�½+É�̀¦ ô�Ç��.

• q����&ñ
$í
�̀¦ s�6 x���� �̧�Ð����\�¦ ~1�>� ëß�[þt Ãº e����. #Q�"� ���#Q

\�¦ ~ÃÎ��[þts���H NFA\�¦ ëß�×¼��H ��s	כ {9�ìøÍ&h�Ü¼�Ð DFA\�¦ ëß�×¼��H

����Ð	כ ~1���.

• ë�H]j_� [j>�ü< ë�H]j\�¦ ÉÒ��H �̧½̈_� [j>�\�¦ Òqty��K��Ð��. ë�H]j_�

[j>���H Äºo�_� ë�H]jK���� 0px§4�õ� �'a>�\O�s� �����\� ÅÒ#Q4Re����H

�.���s	כ s�\� q�K� n�t�_O� (��ÉÓ'� 1px�Ér Äºo��� ��t��¦ e����H ë�H

]jK�����̧½̈s���. �&³F� Äºo��� ��t��¦ e����H ë�H]jK�����̧½̈��H ���
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&ñ
&h�Ü¼�Ð ¹¡§f��s�t�ëß�, ë�H]j_� [j>�\���H q����&ñ
$í
s� s�p� �>rF�

ô�Ç��. ����"f ë�H]j_� [j>�\�¦ s�K��l� 0AK�"f��H q����&ñ
$í
s���

��H >h¥Æ�s� ¹כ��9���.

V� 4 â�
 ËÂø5� �ï�×�����+ �â �� Å]�

DFA�� ~ÃÎ��[þts���H ���#Q 7áxÀÓü< NFA�� ~ÃÎ��[þts���H ���#Q 7áxÀÓ�� °ú 

6£§�̀¦ �Ðs��¦�� ô�Ç��. DFA��H NFA_� {9�7áxs�Ù¼�Ð DFA_� ���#Q 7áxÀÓ

��H NFA_� ���#Q 7áxÀÓ_� ÂÒì�r|9�½+Ës���. s�]j ìøÍ@/_� �â
Äº\�¦ 7£x"î
�

��.

Ça�h� 1 e��_�_� NFA\� @/�#� s�ü< 1lx1pxô�Ç DFA�� �>rF�ô�Ç��.

¤� ÃZ�. N = (QN , Σ, ∆, q0, FN )�̀¦ e��_�_� NFA���¦ ���. s�]j Nõ�

1lx1pxô�Ç DFA D = (QD, Σ, δ, q′, FD)\�¦ ëß�[þt�¦�� ô�Ç��. 7£x"î
_� Ùþ�d��

�Ér #QÖ¼ r�&h�\�"f NFA_� �&³F� �©�I�[þt_� |9�½+Ë�̀¦ DFA_� ���_� �©�

I��Ð çß�ÅÒ���H �.���s	כ 7£¤ DFA D_� �©�I���H QN_� "4�|9�½+Ë_� "é¶�ès�

22
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��.

DFA D_� �íl� �©�I� q′��H E(q0)s���. D_� �©�I� P ⊆ QNü< /åJ��

a ∈ Σ\� @/�#�, D_� ���s� �<ÊÃº��H δ(P, a) = E(∆(P, a))s���.s�\�¦

s�6 x�#� ��6£§õ� °ú s� DFA D\�¦ ½̈ô�Ç��.

QD ← {E(q0)}

mark E(q0)

while ∃ marked state P ∈ QD do

unmark P

for each a ∈ Σ do

R← E(∆(P, a))

if R is not in QD then

add R as marked state to QD fi

δ(P, a)← R

od

od
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��t�}��Ü¼�Ð, D_� �©�I� P�� FN_� "é¶�è\�¦ &h�#Q�̧ ��� �í�<Ê����

P��H FD_� "é¶�ès���.

s�]j NFA Nõ� DFA D�� 1lx1px�<Ê�̀¦ �Ðs���. {9�§4� Û¼àÔa�A_� U�́s�\�

@/ô�Ç )±ú�ZO�Ü¼�Ð

∆∗(q0, w) = δ∗(E(q0), w) (1)

e���̀¦ 7£x"î
ô�Ç��.

1. |w| = 0{9� M:, ∆∗(q0, ǫ) = E(q0) s��¦ δ∗(E(q0), ǫ) = E(q0)s�Ù¼

�Ð (1)�� $í
wn�ô�Ç��.

2. |w| < k{9� M:, (1)�� $í
wn�ô�Ç���¦ ��&ñ
���.

3. |w| = k ≥ 1{9� M:, w = ua (u ∈ Σ∗, a ∈ Σ) ���¦ ���. &ñ
_�\� _�

K� NFA N\�"f��H ∆∗(q0, w) = E(∆(∆∗(q0, u), a))s��¦, DFA

D\�"f��H

δ∗(E(q0), w) = δ(δ∗(E(q0), u), a) = E(∆(δ∗(E(q0), u), a) s���.

)±ú�ZO� ��&ñ
\� _�K� ∆∗(q0, u) = δ∗(E(q0), u)s�Ù¼�Ð (1)�� $í
wn�

ô�Ç��.
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����"f ∆∗(q0, w)�� FN_� "é¶�è\�¦ &h�#Q�̧ ��� �í�<Ê���H �â
Äº\�ëß�

δ∗(E(q0), w) ∈ FDs���. 7£¤ L(N) = L(D). 2

UdV� 17 \V]j 16_� NFAü< 1lx1pxô�Ç DFA\�¦ ½̈���.

ÕªaË> 7. s� DFA\�¦ f��]X� ½̈�l� 0AK�"f��H DFA�� {9��Ér s���� ¿º /åJ

��\�¦ l�%3�K��� ô�Ç��. s���� ¿º /åJ����H 00, 01, 10, 11 ×�æ ���s�Ù¼�Ð

s�[þt�̀¦ �©�I��Ð ����?/��� �)a��. ÕªaË> 7\�"f �©�I� {1}s� 00, {1, 2}��

01, {1, 3}s� 10, {1, 2, 3}s� 11s� �)a��.
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0

1

0

1

1
0

0

1,21

1,2,3
1

1,3

ÕªaË> 7:

UdV� 18 \V]j 15_� NFAü< 1lx1pxô�Ç DFA\�¦ ½̈���.

ÕªaË> 8. s� DFA\�"f /BN|9�½+Ë�̀¦ ����?/��H �©�I���H (�½Ó�©�) º¡¤�Ér �©�I�

s���.
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 1

 0

2

0,1

0 0

 1
 1 0 1

1 1,3 1,2

ÕªaË> 8:
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V� 5 â�
 Ça�ÄªÐÏ�ø� ËÂø5� �ï�×����

·ú¡ �©�\�"f DFA_� ���#Q 7áxÀÓü< NFA_� ���#Q 7áxÀÓ�� °ú 6£§�̀¦ �Ð��¤��H

X<, s�]j s� ���#Q 7áxÀÓ�� &ñ
½©���#Q 7áxÀÓe���̀¦ �Ðs��¦�� ô�Ç��.

Ça�h� 2 r�̀¦ &ñ
½©d��s����¦ ����, L(r)�̀¦ ~ÃÎ��[þts���H NFA�� �>rF�ô�Ç

��.

¤� ÃZ�. &ñ
½©d���Ér &ñ
_� 1\� _�K� ½̈$í
÷&Ù¼�Ð y�� �â
Äº\� @/�#� 1lx1px

ô�Ç NFA�� e��6£§�̀¦ �Ðs���� �)a��. s� õ�&ñ
\�"f ëß�[þt#Qt���H NFA��H �½Ó

�©� ��6£§ �̧|	��̀¦ ëß�7á¤ô�Ç��.

• þj7áx�©�I���H ���s���.

• �íl��©�I��Ð [þt#Q����H ���s�ü< þj7áx�©�I�\�"f ������H ���s��� \O�

��.

&ñ
½©d�� ∅, ǫ, a ∈ Σü< 1lx1pxô�Ç NFA��H ÕªaË> 9õ� °ú ��. &ñ
½©d�� r, sü< 1lx

1pxô�Ç NFA\�¦ y��y�� R, S ���¦ ���� (r + s), (rs), (r∗)ü< 1lx1pxô�Ç NFA

��H ÕªaË> 10, 11, 12õ� °ú ��. 2
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aε

ÕªaË> 9:

ε

ε

ε

ε

ÕªaË> 10:
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ÕªaË> 11:

ε

ε

ε ε

ÕªaË> 12:
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UdV� 19 &ñ
½©d�� (0 + 11)∗ü< 1lx1pxô�Ç NFA\�¦ ½̈���. ÕªaË> 13.

ε ε
ε

ε ε

ε

ε

ε

1 1

0

ÕªaË> 13:

Ça�h� 3 DFA M_� ���#Q L(M)\� @/�#�, L(M)�̀¦ ³ðr����H &ñ
½©d��

s� e����.
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¤� ÃZ�. M = ({q1, . . . , qn}, Σ, δ, q1, F )���¦ ���. Rk
ij\�¦ ks��_� (��� ñ

\�¦ �����) �©�I�ëß��̀¦ t������"f M�̀¦ qi\�"f qj�Ð ���s�r�v���H Û¼àÔa�A

_� |9�½+Ës����¦ ���. �̧��H �©�I���H ns��s�Ù¼�Ð, Rn
ij��H qi\�"f qj�Ð

���s�r�v���H �̧��H Û¼àÔa�A_� |9�½+Ës���. ����"f

L(M) =
⋃

qj∈F

Rn
1j.

Rk
ij��H ��6£§õ� °ú s� F�)&h�Ü¼�Ð ½̈K�|9� Ãº e����.

R0
ij =







{a : δ(qi, a) = qj} if i 6= j

{a : δ(qi, a) = qj} ∪ {ǫ} if i = j

Rk
ij = Rk−1

ij ∪Rk−1
ik (Rk−1

kk )∗Rk−1
kj (2)

d�� 2_� _�p���H ks��_� �©�I�\�¦ t������"f qi\�"f qj�Ð ��l� 0AK�"f��H

1. k − 1s��_� �©�I�\�¦ t������"f qi\�"f qj�Ð ����Ht�
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2. y�� �â
Äº\� k − 1s��_� �©�I�\�¦ t������"f, qi\�"f qk�Ð ���¦ qk\�

"f qk�Ð 0��� s��©� í�H8̈���¦ qk\�"f qj�Ð ����� �)a����H �.���s	כ

d�� 2\�"f Rk
ij��H ∗, ·,∪ ���íß�\� _�K� ³ðr�÷&Ù¼�Ð &ñ
_� 1\� _�K� Rk

ij

|9�½+Ë�̀¦ ³ðr����H &ñ
½©d��s� e��6£§�̀¦ k\� @/ô�Ç )±ú�ZO�Ü¼�Ð 7£x"î
½+É Ãº

e����. L(M)�Ér y�� qj ∈ F\� @/�#� Rn
1j_� ½+Ë|9�½+Ës�Ù¼�Ð, s�\� @/ô�Ç

&ñ
½©d���̧ %i�r� �>rF�ô�Ç��. 2

UdV� 20 \V]j 18_� DFA Mõ� 1lx1pxô�Ç &ñ
½©d���̀¦ ½̈���. M\�"f

q1 = {1}, q2 = {2}, q3 = {1, 3}, q4 = {1, 2} ���¦ ���. ∅�Ér º¡¤�Ér �©�

I�s�Ù¼�Ð �¦�9�t� ·ú§���̧ �)a��. s�Êê_� ���>h\�"f ��6£§ d���̀¦ s�6 x

ô�Ç��.

(st)∗s = (ǫ + st + stst + · · ·)s

= s + sts + ststs + · · ·

= s(ǫ + ts + tsts + · · ·)

= s(ts)∗
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|9�½+Ë Rk
ij\�¦ ����?/��H &ñ
½©d���̀¦ rk

ij���¦ ��� (7£¤ Rk
ij = L(rk

ij)).

d�� 2\� _�K�, ½̈���H &ñ
½©d���Ér

r = r4
11 + r4

13 + r4
14

s���. r4
11 = ǫe���̀¦ ~1�>� ·ú� Ãº e����.

r4
13 = r3

13 + r3
14(r

3
44)

∗r3
43

= 01 + 010(ǫ + 010 + 10)∗(01 + 1)

= 01 + 010((01 + 1)0)∗(01 + 1)

= 01 + 01(001 + 01)∗(001 + 01)

= 01(001 + 01)∗

��ðøÍ��t��Ð r4
14 = 010(010 + 10)∗ s���. ����"f

r = ǫ + 01(001 + 01)∗ + 010(010 + 10)∗

= ǫ + (010 + 01)∗01 + (010 + 01)∗010

= (010 + 01)∗
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V� 6 â�
 Ça�Äª¥U>#a�+ Å]���


Ça�h� 4 &ñ
½©���#Q 7áxÀÓ��H ��6£§ ���íß�\� @/�#� {��)� e����: (1) ½+Ë|9�

½+Ë, (2) ]X�½+Ë, (3) Kleene Y�L, (4) #�|9�½+Ë, (5) �§|9�½+Ë.

¤� ÃZ�. &ñ
½©d��_� &ñ
_�\� _�K� &ñ
½©���#Q��H ½+Ë|9�½+Ë, ]X�½+Ë, Kleene Y�L\�

@/K� {��)� e����.

(4) &ñ
½©���#Q L�̀¦ ~ÃÎ��[þts���H DFA\�¦ (Q, Σ, δ, q, F )���¦ ���. Õª�Q

��� DFA (Q, Σ, δ, q, Q− F )�� #�|9�½+Ë L = Σ∗ − L�̀¦ ~ÃÎ��[þt�����.

(5) ��6£§ d��\� _�K� �§|9�½+Ë\� @/�#� {��)� e����.

L1 ∩ L2 = L1 ∪ L2

2

&ñ
½©���#Q\� @/�#� #��Q ��t� |9�ë�H�̀¦ ~��|9� Ãº e����. ��6£§_� |9�ë�H\�

@/�#� ²ú����H ~½ÓZO�(·ú��¦o�7£§)s� e����.
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UdV� 21 (�¿¢4́%K�V�) &ñ
½©���#Q Lõ� Û¼àÔa�A w�� ÅÒ#Q&���̀¦ M:, w��

L\� 5Åq���Ht� ���&ñ
���.

Ls� &ñ
½©d��Ü¼�Ð ÅÒ#Qt���� Õªü< 1lx1pxô�Ç Ä»ô�Ç �̧�Ð�����Ð ��õ�H Êê,

w\�¦ {9�#Q"f ~ÃÎ��[þts���Ht� ���&ñ
ô�Ç��.

UdV� 22 Ä»ô�Ç �̧�Ð���� Ms� ÅÒ#Q&���̀¦ M:, L(M) = ∅ ���t� ���&ñ
�

��.

M�̀¦ DFA�Ð ��õ�H Êê, �íl��©�I�\�"f þj7áx�©�I��Ð ����H �â
�Ð�� e����H

t� U�·s� Äº��� �ÃÐÒ�o(depth-first search)s��� �-q� Äº��� �ÃÐ

Ò�o(breadth-first search)\�¦ s�6 x�#� SX����ô�Ç��.

UdV� 23 ¿º &ñ
½©���#Q L1, L2�� ÅÒ#Q&���̀¦ M:, L1 = L2 ���t� ���&ñ
�

��.

L1 = L2\�¦ 7£x"î
�l� 0AK�"f��H L1 ⊆ L2ü< L2 ⊆ L1�̀¦ �Ðs���� �)a��.

L1 ⊆ L2��H L1 ∩ L2 = ∅õ� °ú Ü¼Ù¼�Ð, L1 ∩ L2\�¦ ~ÃÎ��[þts���H DFA

M�̀¦ ëß���H Êê L(M) = ∅ ���t� SX����ô�Ç��.
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#Q�"� ���#Q�� &ñ
½©���#Q�� ��_���̀¦ �Ðs�l� 0AK�"f��H ��6£§ &ñ
o�\�¦ ��6 x

ô�Ç��.

Ça�h� 5 (�\�è« Ça�h�) L�̀¦ Áºô�Ç &ñ
½©���#Q���¦ ����, ��6£§�̀¦ ëß�7á¤�

��H �ª�_� &ñ
Ãº t�� �>rF�ô�Ç��. U�́s��� t s��©���� e��_�_� Û¼àÔa�A

w ∈ L��H w = xyz�Ð ³ð�&³÷& 9 #�l�"f

1. |xy| ≤ t,

2. |y| ≥ 1,

3. �̧��H i ≥ 0\� @/�#� xyiz ∈ L s���.

¤� ÃZ�. Ls� &ñ
½©���#Qs�Ù¼�Ð L�̀¦ ~ÃÎ��[þts���H DFA

M = (Q, Σ, δ, q0, F )�� �>rF�ô�Ç��. M_� �©�I�_� Ì�	Ãº\�¦ t�� ���.

w = a1a2 · · ·an (n ≥ t)\� @/�#� δ∗(q0, a1 · · ·ai) = qi���¦ ���.

M�Ér t >h_� �©�I�ëß��̀¦ ��t�Ù¼�Ð, %�6£§ t + 1 >h_� �©�I�

q0, q1, . . . , qt�� ���ÂÒ ��\�¦ Ãº��H \O���. 7£¤ qj = qk��� ¿º Ãº j, k

(0 ≤ j < k ≤ t)�� �>rF�ô�Ç��.
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q
a

...

a a

aa

nk+1

kj+1

1 ja
q q

... ...

0 j n

ÕªaË> 14:

x = a1 · · ·aj , y = aj+1 · · ·ak, z = ak+1 · · ·ans����¦ ����, |xy| ≤ ts�

�¦ |y| ≥ 1s���. w ∈ Ls�Ù¼�Ð qn ∈ Fs���. ����"f �̧��H i ≥ 0\� @/K�

"f δ∗(q0, xyiz) = qns�Ù¼�Ð xyiz ∈ Ls���. 7£¤ L\� 5Åqô�Ç Ø�æì�ry� |��

Û¼àÔa�A�Ér [j ÂÒì�rÜ¼�Ð ��Ðüt Ãº e����HX<, ×�æçß� ÂÒì�r��� y\�¦ Y>� ��� *3�áÔ

|9� ���Ht� Õª ���õ���H %i�r� L\� 5Åqô�Ç����H _�p��Ð *3�áÔ &ñ
o�����H 6 x

#Q\�¦ ��6 xô�Ç��. 2

*3�áÔ &ñ
o�\�¦ &h�6 x�#� ���#Q Ls� &ñ
½©���#Q�� ��_���̀¦ �Ðs��¦�� ½+É M:

��H )ÀÓZO��̀¦ ��6 xô�Ç��. 7£¤ Ls� &ñ
½©���#Q���¦ ��&ñ
��¦, *3�áÔ &ñ
o�
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\� �̧í�HH�d�̀¦ �Ðs���� �)a��. *3�áÔ &ñ
o� ×�æ tü< xyz��H ‘�>rF�ô�Ç��’��H �̧

|	��̀¦ °ú��¦, wü< i��H ‘�̧��H’_� �̧|	��̀¦ ��t�Ù¼�Ð ��6£§õ� °ú s� 7£x"î
�̀¦

���>hô�Ç��. (tü< xyz��H �>rF�ô�Ç����H ��z�́ëß� ·ú��¦ z�́]j °ú̀�כ¦ �̧ØÔÙ¼�Ð

#Q�"� °úכ\� @/K�"f��Ht� 7£x"î
½+É Ãº e��#Q�� ÷&�¦, wü< i��H �̧��H °úכ\�

@/K�"f $í
wn��Ù¼�Ð 7£x"î
\� ���©� Ä»o�ô�Ç °ú̀�כ¦ ���×þ����� �)a��.)

1. �©�@/~½Ó(adversary)s� t\�¦ ���×þ�ô�Ç��.

2. U�́s��� t s��©���� w ∈ L\�¦ ���×þ�ô�Ç��.

3. �©�@/~½Ós� w\�¦ |xy| ≤ t, |y| ≥ 1 �̧|	��̀¦ ëß�7á¤r�v���H x, y, z�Ð ��

è�H��.

4. i\�¦ ���×þ��#� xyiz�� L\� 5Åq�t� ·ú§6£§�̀¦ �Ð�����.

s� õ�&ñ
 ×�æ\�"f ���©� ×�æ¹כô�Ç ��Ér	כ 2 éß�>��Ð"f w\�¦ ���×þ�½+É M:, 3 éß�

>�\�"f �©�@/~½Ós� x, y, z\�¦ ���×þ�½+É #�t��� &h�#Qt��̧2�¤ �#��� ô�Ç��.

UdV� 24 L = {0n1n : n ≥ 0}�Ér &ñ
½©���#Q�� ��_���̀¦ 7£x"î
���.

Ls� &ñ
½©���#Q���¦ ��&ñ
���. Õª�Q��� &ñ
o� 5\�¦ ëß�7á¤���H �ª�_� &ñ
Ãº

t�� �>rF�ô�Ç��. Û¼àÔa�A w = 0t1t ∈ L�̀¦ �¦�9���. |xy| ≤ ts�Ù¼�Ð y��H
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0k (1 ≤ k ≤ t) s�#Q�� ô�Ç��. Õª�Q��� i = 0{9� M: 0t−k1t�Ér L\� 5Åq�

t� ·ú§Ü¼Ù¼�Ð &ñ
o� 5\� �̧í�H�)a��.

UdV� 25 L = {uu : u ∈ {0, 1}∗}��H &ñ
½©���#Q�� ��_���̀¦ 7£x"î
���.

UdV� 26 L = {an2

: n ≥ 1}��H &ñ
½©���#Q�� ��_���̀¦ 7£x"î
���.

UdV� 27 L = {0m1n : m 6= n}�Ér &ñ
½©���#Q�� ��_���̀¦ 7£x"î
���.

Ls� &ñ
½©���#Q���¦ ��&ñ
����, &ñ
o� 5\�¦ ëß�7á¤���H t�� �>rF�ô�Ç��. s�

�â
Äº w = 0t1t+1�̀¦ ���×þ�����, �©�@/~½Ó�Ér y = 00\�¦ ���×þ��#� &ñ


o� 5�� ëß�7á¤÷&Ù¼�Ð 7£x"î
\� z�́J��>� �)a��. ����"f �©�@/~½Ós� #Q�"�

y = 0k\�¦ ���×þ����Ht� *3�áÔ|9� ����Ð��� 1_� >hÃºü< °ú ��t��̧2�¤ w\�¦

ú̧����� �)a��. 7£¤ w = 0t!1(t+1)!�̀¦ ���×þ�ô�Ç��. |xy| ≤ ts�Ù¼�Ð y = 0k

(1 ≤ k ≤ t) s�#Q�� ô�Ç��. Õª�Q���

i =
tt!

k
+ 1

{9� M:, xyiz = 0t!0k(i−1)1(t+1)! = 0(t+1)!1(t+1)!s�Ù¼�Ð L\� 5Åq�t� ·ú§

��H��.
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�Ð�� çß�éß�ô�Ç 7£x"î
�Ér ��6£§õ� °ú ��. Ls� &ñ
½©���#Q���¦ ��&ñ
���. Õª

�Q��� L ∩ L(0∗1∗)��H &ñ
½©���#Qs���. Õª���X< s� ���#Q��

{0n1n : n ≥ 0}s�Ù¼�Ð �̧í�Hs���.

V� 7 â�
 ËÂø5� �ï�×�����+ £� £� 

Ä»ô�Ç �̧�Ð������H �7Ho��r�Ð [O�>�\� F�g#3�0A�>� ��6 x�)a��.

UdV� 28 J�o�w� �����l�(parity checker)��H 0, 1�Ð ½̈$í
�)a Û¼àÔa�A�̀¦

{9�#Q"f 1_� >hÃº\�¦ ��������H �r�Ðs���. ���Ãº(f.ËÃº) J�o�w� �����l�

��H 1_� >hÃº�� ���Ãº(f.ËÃº){9� M: ~ÃÎ��[þts���H �r�Ðs���. \V]j 9_�

DFA��H ���Ãº J�o�w� �����l�\�¦ �����·p��. s� DFA\� @/ô�Ç �×¼J?#Q

½̈�&³�Ér [Ka]\�¦ �ÃÐ�¦���.

UdV� 29 õ��� ô�Ç 4�xt�\� 200"é¶ ~ÃÎ��H ��1lxóøÍB�l��� e����HX<, s���Ér	כ

100"é¶s��� 50"é¶ 1lx����̀¦ ~ÃÎ��"f 200"é¶s� ÷&��� õ��� ô�Ç 4�xt�\�¦ ?/�Ð

�·p��. 100"é¶ 1lx����̀¦ a�Ð, 50"é¶ 1lx����̀¦ b�Ð ³ðr�½+É M:, s� ��1lxóøÍB�
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l�_� ]j#Ql�\�¦ [O�>����.

ÕªaË> 15. s� ÕªaË>\�"f 150"é¶ ~ÃÎ�Ér �©�I�\�"f 100"é¶s� ÅÒ#Qt���H �â
Äº

�� \O�6£§\� Ä»_����. (7£¤ ���s��<ÊÃº�� ÂÒì�r�<ÊÃºs���.) s� ]j#Ql���H

&ñ
SX��>� 200"é¶s� ÅÒ#Q&���̀¦ M:ëß� ���1lxô�Ç��. ��Û¼2£§�7H�̀¦ ?/#QÅÒl�

0AK�"f��H ]j#Ql��� �8 4�¤ú̧�K�4R�� �)a��.

 bb b
0

 a

 a

 a

100 200
 b

50 150

ÕªaË> 15:

&ñ
½©d���̀¦ Ä»ô�Ç �̧�Ð�����Ð ���8̈����H �̧�	כ #��Q /BM\� 6£x6 x�)a��.

UdV� 30 Pascal ���#Q\�"f ���Ãº s�2£§�Ér ô�Ç >h_� %ò
ë�H�� +'\� %ò
ë�H��
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¢̧��H Õüw��\�¦ ìøÍ4�¤&h�Ü¼�Ð ·¡��� �,s�Ù¼�Ð	כ

(letter)(letter + digit)∗

�Ð ³ðr�½+É Ãº e����. #�l�\�"f letter��H A + B + · · ·+ Z\�¦ ����?/�¦

digit�Ér 0 + 1 + · · ·+ 9\�¦ �����·p��. FORTRAN ���#Q\�"f ���Ãº s�2£§

�Ér Pascal ���#Qü< ��ðøÍ��t�s��� U�́s��� þj@/ 6s�Ù¼�Ð

(letter)(ǫ + letter + digit)5

Ü¼�Ð ³ðr�½+É Ãº e����. (����{9��Q��H 0A_� &ñ
½©d���̀¦ Ä»ô�Ç �̧�Ð�����Ð

��Ë̈#Q"f áÔ�ÐÕªÏþ��̀¦ {9��̀¦ M: ���Ãº s�2£§�̀¦ ���d��ô�Ç��.

UdV� 31 Unix_� egrep "î
§î
#Q��H ��6£§õ� °ú �Ér +þAI��Ð ��6 x�)a��.

egrep ′exp′ file

#�l�\�"f exp��H &ñ
½©d��s��¦ file�Ér ��{9�_� s�2£§s���. Unix\�"f &ñ


½©d�� r + s, rs, r∗, r+, r + ǫ��H y��y�� r|s, rs, r*, r+, r?�Ð ³ðr��)a��.

s� "î
§î
#Q��H file_� ×�¦[þt�̀¦ 	�YV�Ð {9�Ü¼���"f y�� ×�¦\� exp\� 5Åqô�Ç
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Û¼àÔa�As� �í�<Ê÷&#Q e��Ü¼��� Õª ×�¦�̀¦ Ø�¦§4�ô�Ç��. \V\�¦ [þt���

egrep ′(aa|bb) +′ file

\�"f files� ababab, aaaa, ccbbaacc [j ×�¦�Ð ½̈$í
÷&#Q e��Ü¼��� s�

"î
§î
#Q��H aaaaü< ccbbaacc\�¦ Ø�¦§4�ô�Ç��. s� �â
Äº exp\� 5Åqô�Ç Û¼àÔ

a�A w�� y�� ×�¦_� ÂÒì�rÛ¼àÔa�As� |̈c Ãº e��Ü¼Ù¼�Ð, w ·ú¡\� #Q�"� �s���H	כ

t� ·¡�̀¦ Ãº e���̧2�¤ &ñ
½©d�� Σ∗exp\�¦ �¦�9�#��� ô�Ç��. egrep�Ér

Σ∗exp\�¦ NFA�Ð ��õ�H Êê y�� ×�¦�̀¦ {9����� þj7áx�©�I�\� �̧²ú����� Õª

×�¦�̀¦ Ø�¦§4�ô�Ç��.

V� 8 â�
 ËÂø5� �ï�×�����+ i¦�¿�ª

DFA\�¦ s�6 x�#� �7Ho��r�Ð\�¦ [O�>�½+É M:, ��0pxô�Ç ô�Ç DFA_� �©�I� >h

Ãº\�¦ &h�>� ���H ��s	כ ¹כ��9���. �:r ]X�\�"f��H &ñ
½©���#Q Ls� ÅÒ#Q&��

�̀¦ M: L�̀¦ ~ÃÎ��[þts���H, �©�I�_� >hÃº�� þj�è��� DFA\�¦ ¹1Ô��H ~½ÓZO��̀¦

l�Õütô�Ç��.
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���$� L�̀¦ ~ÃÎ��[þts���H e��_�_� DFA M = (Q, Σ, δ, q0, F )\�¦ ëß���H��.

Óüt�:r �íl��©�I�\�"f �̧²ú�½+É Ãº \O���H �©�I�[þt�Ér ~1�>� ]j��½+É Ãº e����.

����"f M_� �̧��H �©�I�[þt�Ér �íl��©�I�\�"f �̧²ú�½+É Ãº e�����¦ ��&ñ
ô�Ç

��.

UdV� 32 ÕªaË> 16_� DFA\�¦ �¦�9���.

45

'

&

$

%

q q q

q q q

21 3

4 5 6

1

1
1

1
1

1

0
0

0

0

0

0

ÕªaË> 16:

s�]j M_� #Q�"� �©�I�[þt�̀¦ ���_� �©�I��Ð Óü��̀¦ Ãº e����Ht� ¹1Ô�¦�� ô�Ç

��. s�\�¦ 0AK� M_� �©�I�[þt p, q ∈ Q\� @/�#� ��6£§_� �'a>�\�¦ &ñ
_�

ô�Ç��.
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�̧��H Û¼àÔa�A x ∈ Σ∗\� @/�#� δ∗(p, x) ∈ F��� �â
Äº\�ëß�

δ∗(q, x) ∈ F{9� M: p ∼ q���¦ &ñ
_�ô�Ç��.

7£¤ pü< q s�Êê\� #Q�"� Û¼àÔa�As� �̧��Ht� ���²DG ¿º �â
Äº �� Ms� ~ÃÎ��

[þts���Ht� ¿º �â
Äº �� Ms� ~ÃÎ��[þts�t� ·ú§l� M:ë�H\� pü< q��H ô�Ç �©�I�

�Ð Óü��̀¦ Ãº e������H �.���s	כ ÕªaË> 16\�"f q2 ∼ q5e���̀¦ ~1�>� SX����½+É Ãº

e����.

���$� ∼�Ér &ñ
_�\� _�K�"f ìøÍ��&h�s��¦ @/g�A&h�s��¦ s�'��&h�s�Ù¼�Ð 1lx

u��'a>�s���. ����"f M_� �©�I�[þts� ∼\� _�K� 1lxu�ÀÓ[þt�Ð ì�r½+É÷&�¦

ô�Ç 1lxu�ÀÓ\� 5Åqô�Ç �©�I�[þt�̀¦ ô�Ç �©�I��Ð Óü�Ü¼�9�¦ ô�Ç��.

∼_� 1lxu�ÀÓ[þt�̀¦ éß�>�&h�Ü¼�Ð ½̈�l� 0AK� ∼n�̀¦ &ñ
_�ô�Ç��. U�́s��� n

s����� �̧��H Û¼àÔa�A x\� @/�#� δ∗(p, x) ∈ F��� �â
Äº\�ëß�

δ∗(q, x) ∈ F{9� M: p ∼n qs���. s�]j ∼0_� 1lxu�ÀÓ[þt, ∼1_� 1lxu�ÀÓ[þt

�̀¦ 	�YV�Ð ½̈����� ∼n_� 1lxu�ÀÓ[þtõ� ∼n+1_� 1lxu�ÀÓ[þts� 1lx{9��

��� s���s	כ (∼õ� ∼n_� &ñ
_�\� _�K�) ∼_� 1lxu�ÀÓ[þts� �)a��.
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∼0_� 1lxu�ÀÓ��H Fü< Q− Fe���̀¦ ~1�>� ·ú� Ãº e����. ∼n_� 1lxu�ÀÓ[þts�

ÅÒ#Q&���̀¦ M: ∼n+1_� 1lxu�ÀÓ[þt�Ér ��6£§ d��\� _�K� ½̈½+É Ãº e����.

p ∼n qs��¦ �̧��H a ∈ Σ\� @/�#� δ(p, a) ∼n δ(q, a){9� �â
Äº

\�ëß� p ∼n+1 qs���.

∼_� 1lxu�ÀÓ[þts� ½̈K�t����, M = (Q, Σ, δ, q0, F )Ü¼�ÐÂÒ'� Dh�Ðî�r

DFA M = (Q′, Σ, δ′, q′0, F
′)�̀¦ ëß�[þt Ãº e����.

• Q′�Ér ∼_� 1lxu�ÀÓ[þt_� |9�½+Ës���.

• M\�"f δ(p, a) = qs���� M ′\�"f δ′([p], a) = [q]s���.

• �íl��©�I� q′�Ér [q0]s���.

• q ∈ Fs���� [q] ∈ Fs���.

UdV� 33 ÕªaË> 16_� DFA\� @/�#� ∼_� 1lxu�ÀÓ\�¦ éß�>�&h�Ü¼�Ð ½̈�

��� ��6£§õ� °ú ��.

∼0 : {q1, q2, q4, q5}, {q3, q6}

∼1 : {q1, q4}, {q2, q5}, {q3}, {q6}
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∼2 : {q1, q4}, {q2, q5}, {q3}, {q6}

∼_� 1lxu�ÀÓ��H W1 >hs��¦, ����"f W1 >h_� �©�I�\�¦ ����� DFA\�¦ ëß�[þt

Ãº e����. s�XO�>� ëß�[þt#Q��� DFA�� ÕªaË> 7_� DFAs���.

Ça�h� 6 (Myhill-Nerode) &ñ
½©���#Q L�̀¦ ~ÃÎ��[þts���H þj�è >h_� �©�

I�\�¦ ����� DFA��H Ä»{9����.

Myhill-Nerode_� &ñ
o�\�¦ s�6 x�#� 0A\�"f ëß�[þt#Q��� M ′s� þj�è >h

_� �©�I�\�¦ ����� DFAe���̀¦ 7£x"î
½+É Ãº e���� [HU]. Õª�QÙ¼�Ð &ñ
½©���#Q

L�̀¦ ~ÃÎ��[þts���H þj�è �©�I� DFA\�¦ ½̈�l� 0AK�"f��H L�̀¦ ~ÃÎ��[þts�

��H e��_�_� DFA M�̀¦ ëß���H Êê MÜ¼�ÐÂÒ'� ∼�̀¦ s�6 x�#� þj�è >h_�

�©�I�\�¦ ����� DFA M ′�̀¦ ëß�[þt��� �)a��.
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