epsilon-NFA: Formulation (2) Derive ECLOSE(qO).

An e-NFA is a 5-tuple

M:(Q7 zv 57 Qo F)

we define the epsilon closure (or e-closure ) as a function

ECLOSE : Q » P(Q)

For any state g€ Q

ECLOSE(Q) ={q}u |J ECLOSE(p)




epsilon-NFA: Formulation (3) _
b An e-NFA is a 5-tuple

5:(QxX*)>P(Q)
We may define § recursively, using ¢!

5(g.€)
d(q, xa)

Language of a epsilon-NFA

L(M) = { f }




epsilon-NFA: Processing Strings

How an epsilon-NFA determines if input 5.6 should be processed

5(qo,€) =

e Read 5:

3(q0,5) =

e Read .:

8(q075) =

e Read 6:

S(qoa 56) =



epsilon-NFA to DFA: Extended Subset Construction

de0..9 | se{+,-} | .
{q1} {g2}
{q1,04} {g1,q} | @ {Q2,03,05}
{q1} {g,qs} | @ {q2}
{q2} {@3,05} | @ )
{Q: 35,05} || {s,05} | @ %
{Gs,05} {505 | @ %



epsilon-NFA to DFA: Extended Subset Construction

Yy

ECLOSE(Qo)

{S|ScQuASNFy+2}
{S|ScOQua(@weweX* = S=5y(qo,w)) }
U{ ECLOSE(S) | se SAs' edn(s,a) }

y

de0..9

{q, a1} {g1,q4}
{q1,q4} {q1,q4} {q2, 3,05}
{q:} {q1,q4} {Q2}
()

{g:} {03,095}
{%,8,0) || {93,05}
{@,05} {a,05}




Minimizing DFA: Algorithm

ALGORITHM: MinimizeDFAStates
INPUT: DFA M=(Q, X, §, q, F)
OUTPUT: M’ s.t. minimum |Q| and equivalent behaviour as M
PROCEDURE:
refined partition so far */

} /+ last rLLAncd partition #*/

for(p € P):
find the maximal S ¢ p s.t. splittable(p, S)
if S #J then
T = T U {5, =5}
else
:= T U {p}

splittable(p, S) holds iff there is c € X s.t.
1. Scp(orequivalently: p- S + @)
2. Transitions via c lead all s € S to states in same partition p1 (p1 + p).



of States

e.g., Q = {s0, sl, s2, s3}

- Smallest number of partitions

- Largest number of partitions

- Partitions somewhere in-between

- Analogy from Software Testing: Equivalent Classes



Minimizing DFA: Example (1)

()
~(~()
QOO




Minimizing DFA: Example (2)




Minimizing DFA: Example (3)




