CompSci 334, Spring 2026 1/13/26 1/15/26 1/20/26

Section: Finite Automata

Deterministic Finite Accepter (or
Automata)

A DFA=(Q,X,d,q0,F)

input tape

a a b b| a b %

tape headT head moves —

current state

Q) is finite set of states

>, is tape (input) alphabet
go 1s initial state

F C Q is set of final states.
0:QxX—Q

where



Example: DFA that accepts even
binary numbers.

Transition Diagram:

diagram on next page

M=(Q,2,0,q0,F) = C% %a(%\%, ?5%@, §/ 1)
545

Tabular Format
01

90 4, 4
ql @( 5{0

Example of a move: §(q0,1)= Q{o
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DFA for even binary numbers (allowing leading zeros)

o]

1
A :
(w)—

DFA for even binary numbers, not allowing leading zeros, and
showing a trap state (q4).

You do not have to show trap states in this course.



Algorithm for DFA.:

Start in start state with input on tape
q = current state

s = current symbol on tape
while (s != blank) do

q = 0(q,s)
s = next symbol to the right on tape

if g€F then accept

Example of a trace: 11010 Did in JFLAP
gy JFLAP : (evenBinaryNumbers.jff) = O pd .
File Input Test View Convert Help IE'I

" Editor Simulate: 10110 |

. Step '_ Reset Freeze Thaw Trace Remove
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1y

3)

Pictorial Example of a trace for 100:

1 0 0
qo\
ql

1 0 0
q0
q <

2)

4)

0 0
qo\
ql

0 0

q0
ql




Definition:

0*(q,\) = q
0*(q, wa) = (6" (q, w), a)

Definition The language accepted by a
DFA M=(Q,X,0,q,F) is set of all
strings on X accepted by M. Formally,

L(M)={w € £* | 6*(qo, w) € F)



Trap State
Example: L(M) %A N 20 E
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Example:

L = {w € ¥* | w has an even number
of a’s and an even number of b’s}

-‘Q“

odd a's, odd b;s

|euen a's, evenhb's




Example: DFA that accepts even
binary numbers that have an even
number of 1’s.

odd numbernf1s|

Note this has leading zeros, how
would you do it without the
leading zeros?



Definition A language L is regular iff
there exists DFA M s.t. L=L(M).

Stopped here!



Chapter 2.2

Nondeterministic Finite Automata (or
Accepter)

Definition
An NFA=(Q,X,d,q0,F)

where

Q) is finite set of states

>; is tape (input) alphabet
go 1s initial state

F C Q is set of final states.

5:Qx (DU {A\))—s 2@
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Example

7‘\

et
Note: In this example (g, a) ) %Zg
;0\0&% %4b )mw? %
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Example

P
L={(ab)" | n > 0} U {a"b | n > 0}
AN @ @

7&
‘

Ababel. Lﬁ& |
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Definition ¢; € 6"(¢g;, w) if and only if
there is a walk from ¢; to ¢; labeled w.

Example From previous example:

(a0, ab)=T ¢y, 55565

0% (qp, aba)= é Té%

Definition: For an NFA M,
L(M)={w € X* | §*(qo, w) N F" # 0}
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2.3 NFA vs. DFA: Which i1s more
powerful?

Example:

e ——@

Convert NFA to DFA:

¥y IFLAP : <untitled2>

File Input Test View Convert Help
Editor | NFAto DFA

Y i E‘Z’,f | Complete | Donez |
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Theorem Given an NFA

MN:(QN, Z, 5]\7, qo, FN)? then there
exists a DFA MDZ(QD, Z, 5D7 q0, FD)
such that L(My) = L(Mp).

Proof:
We need to define Mp based on M.

Qr\/
QD =

?@562 )ﬂ% CQ it h %GF’%
5D: Qp X2 =7 Qp
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Algorithm to construct Mp

1. start state is {qy} U closure(q) &
2. While can add an edge by

(a) Choose a state A={q;,q;, ...q}
with missing edge for a € X

(b) Compute B =
0"(qi,a) U o™ (gj,a)U... U0 (qk,a)
(c) Add state B if it doesn’t exist
(d) add edge from A to B with label
a
3. Identify final states

4.if A € L(M)) then make the start
state final.
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Example:

ool

— q

Convert NFA to DFA:

by IFLAP : {(exampleNFAj#H)

File Input Test View Convert Help

(Editor | NFAtoDFA |

TSRS [come] o]
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Properties and Proving - Problem 1

Consider the property
Replace one_a with b or Rlawb for

short. If LL is a regular, prove
Rlawb(L) is regular.

al.

The property Rlawb applied to a
language L replaces one a in each
string with a 0. If a string does not
have an a, then the string is not in

Rlawb(L).

Example 1: Consider L={aaab, bbaa}
Rlawb(L)= ?b@& ﬂ\b/ aba b, Mtbb) bbba, bba@

Example 2: Consider > = {a,b}, L =
{w € ¥* | w has an even number of a’s
and an even number of b’s}

X M nusrbu
Rlawb(L)=/,,¢cZ |w ni2an g0 At
aw ( )Q‘§?ig\d\ O(A/ade( N Ul e{ /9{/§§
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See handout on January 15 on our calendar page on how to write this up as a proof.

STOPPED HERE
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Properties and Proving - Problem 2

Consider the property
Truncate_all_preceeding_b’s or
TruncPreb for short. If L is a regular,
prove TruncPreb(L) is regular.

The property TruncPreb applied to a
language L removes all preceeding b’s
in each string. If a string does not

have an preceeding b, then the string

is the same in TruncPreb(L).
Example 1: Consider L={aaab, bbaa}

TruncPreb(L)= %a mO\E/ GK&%

Example 2: Consider L =
{(bba)™ | n > 0}

TruncPreb(L):% OL( W%y\ ) r\ZOg
Proof:
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|2 reanlar = "3 DFA M s L) =L
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Minimizing Number of states in DFA
Why?
Algorithm

e Identify states that are
indistinguishable

These states form a new state

Definition Two states p and q are
indistinquishable if for all w € >*

0 (q,w) € F = 0"(p,w) € F

5*(/%,10) ZF =0 (gw) g F

Definition Two states p and q are
distinquishable if 3 w € ¥* s.t.

0" (q,w) € F = 0*(p,w) € F OR
0%(q,w) ¢ F'= 0%(p,w) € F
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Same problem on JFLAP

lo,1,2,3,4,586.7.8




Build the minimal state DFA from the tree
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