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2. Finite Automaton (1):
(Text 2.1~2.3.4)

2.1. Preliminaries

o Deterministic Finite Automata (DFA) iIs a formal
model of ‘machines with finite states.’

— EX: Problem for a transporter

e On the left side of ariver, a transporter M has wolf W, goat G,
and cabbage C.

 |f M is not present, W eats G, and G eats C.
e On aboat, M can only carry one of W, G, and C.
e How can M carry all of them to the right side of the river?
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2.1. Preliminaries

e DFA= ‘A machine with some states’

— Problem for a transporter
o States: the set of objects on the left side of the river

e Inputs: the thing what M carries by the boat
— Initial state is {M,C,G,W}, Final state is {®}
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2.1. Preliminaries

« A state transition diagram of the problem
for a transporter

Initial
State
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2.1. Preliminaries

« A state transition diagram of the problem
for a transporter
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2.1. Preliminaries

« A state transition diagram of the problem for a transporter

Accepting
state
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2.1. Preliminaries

« A state transition diagram of the problem for a transporter

« A ‘Solution’ is given by any path
from the initial state to the
accepting state

e There are infinite solutions

e We can guarantee the followings
theoretically (turn = # of riding)
1. There iIs a solution of 7 turns.
2. No solutions less than 7 turns.
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2.2. Formal definition of a DFA

o Definition of a DFA
1. Q: afinite set of states
2. 2 afinite set of input symbols

3. O :atransition function

— Input is (state, symbol), which means the current state and given
Input
— Output is a state, which means the next state

4. q€Q: initial state (or start state)
5. FEQ: accepting state (or final state)

— DFA A'is defined by a 5-tuple A=(Q, 2, J,q9,F)
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2.2. Formal definition of a DFA

Ex:Words over ‘0,1’ contain substring 10

0 1 0,1

1

Jo

q,: After reading 1Q

. First consecutive 0s
q,: After reading 1

— The Ianzguage above Is accepted by the following DFA

A=(Q, 2,8 ,q,,F):

— Q={0o0,,0,} e o
~  1={0,1} 0]do |92 |9
— O isgiven by the right table |1 d; [d; | O,
- F={0g,}

— Formal definitions are required when

—  Writing a formal document, like a paper,

—  They will be dealt machinery.

e S0
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2.2. Formal definition of a DFA

— 0:Qx2-Q

That can be extended naturally as follows
AN
- 0:Qx 2*—Q

@ §/:(q,8)=qforanquQ —

@ c/?\(q, a) = 6(q/,\a) forany a€ 2
@ J(q,w)=38(d6(q, W), a) forw=wae 2+

 The language L(A) accepted by the DFA A'is
defined by

L(A) = {w| O(qyw)EF}

20/36



22. REEERA—FIF ORIV ERE
151 - F0,175\67°JZD$E%§IJ‘C~\ XFI10xET IXFF

@

- LtEOEZEEZETAEDFAA=(Q, S, F.q,F)lE:

- Q={0,0,,9}

_ orepo1y o |G |G
— SlFEDE 0 1% 9% |G
-  F={q,} 110, d; d,

1. A710100 [Sx9 BENMEHFI: X
6(0y,0100) = 5(5(qp,010),0) = 5(5(5(y, 01),0,0) = 5(5(5(5(q,,0),1), 0), 0)
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2.2. Formal definition of a DFA

Ex:Words over ‘0,1’ contain substring 10

0 1 0,1

— The language above is accepted by DFA A=(Q, 2, 0 ,q,,F):

- Q={0,91,05}

- 2 =_{O’_1} _ Qo |9 [%

: igg{ven by the right table 0 la, |9, |,
. [dr |

1. Transition for the input 0100: A
6(0,,0100) = 6(5(a,,010),0) = 6(6(5(0,,01),0,0) = 5(5(5(6(ay, 0),1),0),0)
=06(5(6(6(0,0).1),0),0) = 6(6(5(9,,1),0),0) = 6(5(0,,0),0) = 6(0,,0) =, € F

2. Transition for the input 0011:
5(dp, 0011) = 5(5(d, 001),2) = 5(5(5(a, 00), 1), 1) = 5(5(5(5(ay,0),0), 9, )
=06(6(6(6(0,,0),0),1),1) =6(5(6(0,,0),1).1) =6(5(05, D). 1) =5(q,. 1) =G € F - 52736
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2.3. Nondeterministic Finite Automaton

Ex: Words contains '00’ or 11’ as a substring

Natural idea of the automaton for the language (?):

% Transition for an input is not determined uniquely
=>Nondeterministic Finite Automaton (NFA)
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2.3. Nondeterministic Finite Automaton

Ex: Nondeterministic Finite Automaton that accepts
words contains '00’ or '11’ as a substring

Transitions for the input 10101
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2.3. Nondeterministic Finite Automaton

Ex: Nondeterministic Finite Automaton that accepts
words contains '00’ or '11’ as a substring

Transitions for an input 10110
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2.3. Nondeterministic Finite Automaton

 Nondeterministic Finite Automaton differs from
DFA on the following points:

The transition can be many states for an input
Next ‘state’ Is the set of all possible states

The NFA accepts the input if the set of all possible states
after reading the input contains at least one accepting
state
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2.3. IFREHERRA—FTLY

o FEREMERA—FIFOEANER
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2.3. Nondeterministic Finite Automaton

e Formal definition of a NFA
NFA A=(Q, Z, § ,q,,F)
— Q, 2 ,9,,F are the same as DFA

0:0Qx 2—29
v It accepts if the set of states for the input has an

Intersection with the accepting states F
0,1

0,1

Ex: A=({00,d1,02,03,04},
{0,1}, J,00.{02.04}}

0,1
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2.3. IFREHERRA—FTLY

5l: A=({00,91,05,05,94,{0,1}, J,00.{0,,0,}}
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2.3. Nondeterministic Finite Automaton

Ex: A=({00,91,0,,05,94},{0,1}, J,00,{0,,q.}}

6|0 1

o [{do:d1} |{To.03}
d; ({02} @

Go |{92} {a.}
Oz | @ {0.}
dy |{0a} {0.}

As a function from [state,input] to
[set of states]

The natural extension c/S\ of the transition function & can be
defined similarly.
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« NFAAMDEEB(KYIEFEICIZINFAAIZKST
HEINSHEE) LA) &1E, A=(Q, 2, J,q,,F) XL
«ﬁzd)é:jl:i%éfné

L(A) ={w| d‘(qow)nF¢¢}

T

Cf. DFADIBEIE L(A) = { w| F(g,w)EF} TH1=.
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2.3. Nondeterministic Finite Automaton

 The language L(A) accepted by the NFA
A=(Q, 2, 0 ,q,,F) is defined as follows:
L(A) = {w| & (g,w) N F = @}

C.f. In the case of DFA, L(A) = {w| 3 (g,w)EF}.
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