. L={abc*|0<i<j<k}

» FSOC suppose L, is context free
» Let p be the pumping length.

» Select s = aPbPcP Mmultiple symbols
» sclyandalso |s| >p SV andlor b
» Partition s = uvxyz . 2
€ vy » Do v,y have no as? UV )(32 \S
AT » wuxz has more a than b or ¢ e le/
SIW » Do v,y have no bs? out Ot or
‘\"1?" > Are anyai?l v,y? uvixy’z
ﬂ s\\"\w\ » Else uxz has lost ¢s not bs




[3={ww | we{ab}"}

» FSOC suppose L3 is context free

» lLet p be the pu ppm length.

> Select s = b bP
> sclg and also |s| > p

» Partition s = uvxyz

£y e e e UXz is o' b o Sh
AP o % )



CompSci 162

Spring 2023 Lecture 13:
Closures of Languages

Regular and Context Free



Regular Languages: Closed under Union

If L1 and L, are regular, sois L3 = L[1 U L,

we will build an
» Take NFAs N; and N, / l\)
» C(Create a new start state NFH {:or S

» < transition this to N;.start and N,.start



5

Regular Languages: Closed under Concatenation

If L1 and L, are regular, so is
= {W1W2  wy € L1, wy € LQ}

» Take NFAs N; and N>

» N;'s accept states stop being accept states
» N;'s accept states gain € to N,.start

» [,.start = N;.start



6 Regular Languages: Closed under Kleene Star
If L, is regular, so is Ls = L]

» Take NFAs N\,

» (Create a new start state
» This is an accept state

» < transition this to Ny.start

» For each a € N;.accept
» Add ¢ to Nj.start
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Regular Languages: Closed under Complement
If L, is regular, sois Lg = L;

» [, has a DFA D,
» Invert all accept/non-accept states of D,



: Regular Languages: Closed under Intersection

D D,: DfAs
It L; and L; are regular, sois L7 = L1 N L, B L L

Build DFA |, shaes| x | Dy sheie]
states

‘(éﬁ’ ga_cla is 5' eD, oS¢ Dz)

“ .“? @) §(box

Guepr i (o) . Pig [Doﬂ,i—
2% oo L= Luln accy




