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Introduction to the Theory of Computation

can do.

What’s a computer?  a computation?

Ans1:  What current machines are, and what they
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What problems are computers capable of solving?
(Computability)

How easy/hard is a problem?
(Complexity)

What resources are needed to solve a problem?

(Computational Models)
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WHY SHOULD YOU TAKE THIS COURSE?**>##?

1.  It’s fun stuff.

mJn�o�p#qJrNp"s"t#uvqNqLw�uyxNz{z{xJuy|
} qJw	~�� xNu�qJrN��uyqJ|N|$� n�o�|N�Jt�� oH� p"q�x$~�p#n�z{xJp"xN�5.  Its essential for compilers (CSE 131A)

4.  It will stretch your brain.

computer scientist.
3.  It will give you knowledge essential to a 

computation.
2.  It will give you new insights into computers/
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A computational model:  Finite Automata
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A finite automaton models  a computer with
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What are Finite Automata (FA) good for?

 Recognize patterns in strings

         e.g.  keywords, constants in prog. languages

Ex. integers, reals, ...

 Used in editors like EMACS, tools like 

string of symbols tokens of languageÅ1Æ�Ç6È�É�ÊÌË�Í Å1Æ1ÇWÈ�ÉÎÊ Ë Í
Control systems, household devices

Ex. control of refrigerator light, automatic door,...

Perl
 a scripting language

 Used in first phase of compilers, lexical analysis

,
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But first, a break for some definitions....

Alphabet     :Σ

String over    :Σ

ÐEÑ�Ò¢Ó©Ô ÑNÔ ÕYÖ�×²ÖJÕNØJÓN×²Ò^Ù(ÚNØ$Û ×
ÐEÑ�Ò¢Ó©Ô ÑNÔ ÕSÖL×²ÖJÜEÝ�Ö$Ñ�Þ²ÖLØNÓJ×²Ò^Ù(ÚNØ$Û ×

Empty string ε

Concatenation of strings: ß Ô à²ÖEÑ(á¢ÐEÑ�â�Ò½ã�á²Òáåä á¢äæáε ε çJè�é!è�êìëîí¢ï{ð�ñWêìòóí¢ôóõ;öæð?è�ñ)êìë÷í¢ïîòóí¢ôóõ;öèùø êÌëîí¢ï÷ëîí¢ï
Language over     :Σ Ð$Ñ�Ò¢×²ÖJÕNØJÓN×²Õ©ú"Ô Ñ�ûJ×¢ØJà²ÖEú Σ
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= {A, B, C, ...Z}Σ
� � �� � �Q = { q  , q  , q  , q  , q    , q    }

Formal Defintion of Finite Automaton

is a 5-tuple ( Q, Σ , δ , q  , F)n
where,

1. Q is a finite set of states
2.  Σ is a finite set called the alphabet
3. δ : Q x Σ Q the transition function
4. q  in Q, the start staten
5.  F Q, set of accept (final) states

Previous ex:

The language accepted by fa M is L(M).
We say that M accepts L(M).  

L(M) = F = {q   }
�

δ (q,a)  = startq0

finite automaton M A

�

Σ , δ , q  , F)n(Q,

��� δ � u�� �N¡�� � ����� u�� � � �Jt"n�u(� � � � ����� o�s � ��� �"! ³�·æ° � Á�Á ³J°²¶ À$#�%1.  r0 = q n � ·J¶ ¿�Á ¶
·æ° � Á�Á ³N°�¶ À$#�%
We say M accepts w if there is a sequence of

M =  
w = w1 w2 w3 ... wn , a string over Σ

Formal Definition of Computation on FA

 if some fa accepts it.regular language is A

� � uyo.� | � o'& � ³ ¾)( · ¼#¾+¿ °²°´³�µ5¶E·J¶ ¿ ¶
³ %

states r0, r1, ..., rn in Q, such that
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Some examples of FA

1.  Q = { q0, q1} Σ  = {a,b} q0 start  F = {q1}

δ given by a     b

q0
q1

q0 q1
q1   q0

2.  M = ( {q1,q2}, {0,1},   , q1, {q2})
δ given by

q0

q1
q2

0 1

q1    q2
q1    q2

�,+.-0/�1)/ 2�3 µ /�4�5 %

State diagram?    L(M) = 

Change accept state of 2? 6

More examples of FA

3. Q = { q0, q1, q2} Σ

q0

q1

q2
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�
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L(M) = 

4.  Construct a fa to accept the language over

798 ¿ ¶ ¼#¾�» � ¼ · ¾ ³�³ ( ³ ( ¿": �<; ¶ ¼#¾ µ ; ¶$·J¶ Á�¼#¾)=�¼#¾ � Á,( ³ Á ¶ � ¿ °²°´³�µH¶?>Á ³º¹´³N°�¶A@
B ¿DC ³¢·J¶ ¿ ¶"³�· � »E»²¿ ¶ � C ³�³�µ�¶ Áy¿ ° C � » ¶ 8 ¿ ¶ ¼#¾�» �"/
5.  L = {w | w does not contain 3 b’sas a substring}

�
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�� �
= {0,1,2}

2
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{a,b} which contains an even number of b’s.  

@FE
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Regular Operations on Languages

A, B languages

A    B = { x | x in A or x in B}

A B = {xy | x in A and y in B}

A *

G�H.I.JLK"INM
G,O�K"I.O�P�QSR�I.Q?P�Q�JLK"INM

 = {x1 x2 ... xk | k 0 and each xi in A}
GST�Q?P�U
M

VXW�Y
If A1 and A2 are regular, then A1 A2 is regular.Z�[ R\P Y^]`_^W PFT"aAPcb _ Q W P�Q<P�OAOdRfe0Q?T ]`_Fg)] hiW PFT�b h�g P"OAO�R\e�Q?T ] h�j
k RlINR\R [ aAP ] Q W P�Q<P�OAO�R\e0Q?T ]`_ ] h0j

b J$TlO�K�I)T�Q,U\H.OAQ?R [ amU
K"nob _ P"I [ b hqp�r T�JsntH.u$P"Q,JSINv p K�Q W)w
J axR�JsQ W R�UzyxK"H.u [ P"OAO�R\e�Q g b{T W K"H.u [ P�O|O�R\e�Q j} P�I�~SQ [ KiQ W R�noK"INRzP�amQ?R�UzQ W RzK�Q W R�U w INR\R [ Q?K [ KcT�JSn�H.usQ?P"INR\K�HNT�u r)j

� R�y�T�QSP�Q?Rly�JSusu p RzPce)P"JsU0K�a�K"u [ T�Q?P�QSRfT j @½@

1 20
q  =  (q  , q  )

( (r1,r2), a )  =  (   (r1, a),     (r2, a))δδ
1 2δ

Q = {(r1, r2) | r1 in Q1 and r2 in Q2} = Q1  X  Q2

/

Proof: Regular languages are closed under union

Let M1 = (Q1,   ,    ,  q1, F1)
Let M2 = (Q2,   ,    ,  q2, F2)

Σ
Σ

δ
δ

1

2

Construct M = (Q,   ,   ,  q  , F)Σ δ
0 to recognize 

A1      A2 as follows.

F  =  { (r1,r2) |  r1 in F1 or r2 in F2}
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