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Set theory

Complement in 5*:

L=¥-L
associative:
[AuB)uC=Au(Bul),
(AnB)nC—=An(BNC),
(AB)C' = A(BC).
commutacive:
A_B=BuUA
AnB=BnA
& null set

null set 0 is the idenciry for . and annihilator for ser concatenarion

AUuB=Aand A0=04=9

ularity

& Important

& Important

hﬁh[q_. €l =q X
d(q, za) = 8(3(g, x), a)

a subset A © £* is regular if and only if there exists a DFA M such chae £{M} = L

& Important

All finite languages are regular, bue nor all regular languages are finite

examples

Show I is regular where I = {z  #%3 = 0L z = €}, with % = {0, 1}

ser (e]- Is an |<|ennry for ser concarenarion {s)A = A{;} =A

Ser union and intersection are distriburive over ser concarenation

AU(BNC) = (AUBIN{AUC)
AN(BUC)=(ANBIU{ANC)

Set concatenation distributes over union

A(B..C)= ABUAC
(AU B)C = AC L BC

product construction

Assumne that A, B are regular, there are automata
My = (Q1, 2,058, Fy) My = (Qn, 83,8, 1)

Thus

M; = (Q3, 5, 83, 53, F3)

where Qg = Q1 X Qa, 35 = (81,82), Fs = Fy x Fy, and &((p, 9). 2) = (&1(p, z), d2(q, z))
with L{M}) = A and L(M3) = B, then AN B is regular.

&) Lemma 4.1
3((p.q), ®) = (dilp, @), 6(q, @) ¥ € E°

Complemencser: @ ~ F < Q

‘T'rivial machine £(M;) = {}. £{M.) = X*, L{M;) = {€}

# De Morgan laws

AUB=ANB

&) Theorem 4.2
L(Ms) = L(M;) 1 L(My)

Lis regular
Ly M Ly is regular

Ly U Ly is regular

Three states, qo, g1, 2. where gq denotes the string mod 3 s 0, gy denotes the string mod 3 is 1, and gz denotes the
sering mod 3 is 2.

Y € {0,1} = digy, x) =0 < #z =0mod 3, d(gy,x) =g < #z =1mod3,5(gy.2) =g +— #x=2mod3
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where (13.1)

Q=0Qi=
#((p). a) = [3(p, a)]

& =g

F'={lp||p< F}

& Lemma 13.5

If p = g, then d(p, a) = d(g. a}
cquivalenely, if [pl = [g]. then [6(p, a)] = [d(g, a)]

& Lemma 13.6

pEF «— |p e F'

& Lemma 13.7

¥ & 5%, §([p). ) = b(p, )|

& Theorem 13.8

L{M =) — L{M)

& algorithm

1. Table of all pairs {p. ¢}

2. Mark all pairs {p,q} ifpe Frgg FWqe FApéF

3. If there exists unmarked pair {p, g}, such that {8(p, e}, 8(g. @)} is marked, then mark {p, g}
4. pag > {p.g}is not marked



&) transition function atomic patterns are:

A:PQ) x ¥ = P(Q) * L(a) = {a}
* L(e) = {e}
() =0

* L(#) = Z: matched by any symbols

A(A,a) = Alp,
@a= U Apa « L(@) = ©*: macched by any string

peA(ds)
=JApa). compound patterns are formed by combining binary operators and unary operators.
peA
& redundancy
§llbset construction
S + o L
&) acceptance a"=ad’,anNf=a+j
N accepts ¢ € B° if
A(s,z)NF #0 if @ and B are patterns, then so are & + 8,a N B,e*, 0, @, a
Define L(N) = {z € E* | N accepts z} &) The following holds for x matches:
& Theorem 4.3 L(e+ ) = L(a) U L(J3)

Every DFA (Q, £, 6, 5, F) is equvalent to an NFA (@, 5, A, {s}, F) where A(p,a) = {d(p,a] L(ang) = L(a) N L(8)

ot -, L(af) = L(e)L(8) = {yz | y € L(a) A z € L(8)}

Y = L(a)® 1. = Lia)
Forany z,y € 8" A A C Q, L(a*) = L(a)’ U L{a)' U L{e)

. o L(a™) = L(a)”
Afs,ay) = A(A(s,x),y)

L 6.2
¢ Lemma &) Theorem 7.1

A commutes with set union:

I = L(#") = L(@)

A(L,J Anz) = LiJA(A"m) Singleton set {z} = L(x)

Finite set: P = L(a
Let N = (Qn, &, Ay, Sn, Fi) be arbitrary NFA. Let M be DFA M = (Qus, 5, a7, 8a5, Far) whet e {1, @2, .. &} (z1+ 22+ + Tm)

Qu = P(Qn)
dy(A,a) = Ax(4,a)
sp = Sy & Theorem 9

Fiy={Ac Qx| AnFy#0}

at(B+y) = (@+f+y (01)
a+ g = B+a (9.2)
& Lemma 6.3 a+o = a (9.3)
. a+a = a (9.4)
Forany ACQnxAzZEX a(ﬁ"l) = (aﬂ)'y (9.5)
e = ac=a (9.6)
du(A, ) = Ay(4,2) a(f+y) = aftay (9.7)
(@+B)y = ay+8y  (98)
da = ap=9¢ (9.9)
&) Theorem 6.4 €+a’ = o (9.10)
€+ a’ = a (9.11)
The automata M and N accept the same sets. B+ay<y = a’B<q (9.12)
B+tya<y = fa’ <y (9.13)
@) = alBa)  (9.14)
(e*f)a* = (a+p)* (9.15)
a'(fa’)” = (a+f)°  (9.16)
(e+a) = a (9.17)
aa® = o'« (9.18)



