
Name: Page 2 of 8

In the following problems, we will be always working on the alphabet X : {0,1},

1. State whether each of the following statements is true, or falsel. Provide a justification for
your answer. Formal proofs are not required.

(a) (7 points) If .L is a context-free language, tben L"L is a context-free language. 
,

Tnrde, The Sft ,t cilttu/rt jrc lparyJuS i s cl"seil

lu/or @ruCa7tehQrtiow'

(b) (7 points) Consider the gragrmar G = ({S},{o,b},fi,5), where ft has the rules'

^9-+a,SSlSblalb

5
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0-

Then G generates the string abb unambiguously,

Faku. Ttrrv a'e tun f** fT eas -frr a[J in 6
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lbut not bothl
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(c) (8 points) The language {ambncndm lm,n2 0} over I - {a,b,c,d} is not context free.

Fn[se. tler. is ^ CF 6 (* +Lts /on5*5u,

Q=({s'-r}, {a,l.r,d!, R.sJ '.utlcqe R

is g-+ esdtl
T4 Ltcle

(d) (8 points) Suppose .L is a context-free language generated by the context-free grammar

G. Let S be the start variaHe of G. Now we modify G by adding the rule ,5 -+ -9,9. Then
this modified grammar, denoted by G/, generates the language L' I {wp I w e L}'

False flut is a at&*ar'4anY(e 
'

6= (fsj. {ol , R,s) uh'ne 'e is

S-+a
Thnn L(.G)= [aJ= f
G' lot tl'e rYales

$+ ssf a 
:

So LL6') -- Lt I i "'J 
+ L'
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2. Consider the following language over E = {4,6}.

L: {w I r.u has an odd length, and the first, middle and last syrnbols of tu are identical}.

(a) (15 points) Give a CFG that generates tr. Formal proof of correctness is not required, but
you should justify your construction, / - \t'o t IBtrrlr I\+ e\e I "- -rf '- ;

\ -- -/.

A) CAc I e

B+CBclA
C - EIL

ExpLanatiarc, Tfu
---

t,f [ynfL V3)

stn'rXffio7 tle

frrfvL
0.s;ns,& tr 6s, ls'I

u)L*ru /S,f = /s-l lllr 4P Ya-ri'a/tes A'B P

fluro.Mtu 
strlf s of ile daru S, QS' , $ I I

',wsf&r*b. -fhe', u'tk offd & or J b tle

t@, sr/es of A w B'

(lr, T w(e s+ C ^ 
ordora/' dry*oUn'\ 

on

'filnfit'^ 
ohe A2nsi/o(s &' I e L or *f ')
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(b) (15 points) Give a PDA that accepts tr. Formal proof of correctness is not required, but
you should justify your construction.

z,e+z Z,z+€

(T
\J

7e)
4t

alot' PDA

Stntrts an/

@

tAa,t ile m7**

a,tfi- tk srrue

/^1,:,4 / fy"t 'J

tle numkrS '-f

df^tuU on wleilerr

O
z, z+

ExP[nnnrton '

st{in8

cbchs

e^/s

tfte
sb" ht and lrt '4/s('

{tu stacb: b 6Aeck- tha't

sy tJo/s [s]tuee4

N"l' tLe a"d'

-f L" state 6,

yne oon Sidzrs

tl,rs

a.rY

x"s t7t'ional '

a, l€ L

sgulo/ anl tle h7'nainX

ef/n(",

*lrl
ffi +lere aj ry * -- ,-;-

0f '/wt )
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3.(20points)ShowthatthelanguageL:{aibtckll:max(i,k)}overX:{o,b,c}isnot
context-free.

suyprse L ^ 
pnfux( - ,free. sr'nce 4,t 4T i(inirc,

; f h tle unstant 4rv tle /Wi'g lemna

bnside irc stn ff d Ll cr e L

F6 tle /ryi1J [eruYlft' thste- 441st S|/':US

4/, 1), w) (, !,, 's/' d lf cf = 'lh)*(!'

l,N tl s?, I u { ( =o, en/ 11fw'03€ L' V'"0'

Mout 0 rf u ?,' 
I antatns tuso +!Ft t rynhk'

8oJ, 1)= C Ji " ii 'l , t!* 
4y'u'4'dr'U rtrutains

la as s$ftnn6' 'o 1'U'4'0t'U ( L ;

0 P,N. u lt'/ { Jo'l' alr'tat'n 'nb oile tWre of

s$rt6o/ So a't bdst \ne 4 n ' L ' c is h$t contnnuf

LU LftL u and tr ' 
tuYains i

@ i,f lt is L ' dPn 4P"Dr't fu'Yains f

l', , W (wze Stan f 6'ts or c's ' 'S

a1'lut'I € L i



@ o,*, Ut Otrtans J,

01ru U a*ta*nS

tA"an f /k S'

4/.e /Ut

lu,'t luot A or C .

/ n's or c's , lut

up{dL

d anntrad'ct'orL .

Tlwn

less

In

So

earh sGS€ ,

L is '11'('t antstt - f'& '
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4. (20points) GivenanarbitraryDFAM:(Q,D,d,qo,F),designaPDAP=(Q',E,!,d',5'o,F')
such that lQ'l S g and P recognizes exactly L(M) (i.e. the language recognized bv M).

D-/n' g Y;'r f' E/) uleref :Lx'4., 1) 0,lJorl-/

&'= {frl ,?,',{} y:R, F'=tfr;J.
trr qt c 4\
d L bo, c., Y'/

J'( t,' , a , B) =

3'(9,1, , e, z) =

{ (8, ,H}
f (3:, t(6,q)J V aeL V teCI

{cBi,€)J v $e r
Exflutntion. P 3iv,14,(6'tes lU 4 u'stn! tle st^ck

h[*Ptrac|"!tl,eStaklnx,sinulltery' ary stnnf Spc,ficorlg, ftx de @taw$
frzc€s 

stnl

4fi ,fushps ?" il,tu the stdck, and J',e/t 
'Lb [we'

g, I lur, 'ifr s+^J' 4n sfu're 6" ' anil LwYs c{o

tl'te (fl lb r,ut n$ ' 4Y 720/ s a sb*lol ' fW out :vrrent

st& ry ll-l' anil Tust't tle ft7'/u) state 4 ln b

tlre sto''pt fwtt'ehn'fv ' ul*n /U is ift a Sta'te

q,tn f , 
" 

; can a[so i'fiP tb v6ate f ; ,rh;cl ('s

6ccEt;n5- T kk accVtance a'u;il /^'" ptx 

-t
A no<'tt Sgnb"( iS S€en '
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5. (10 points) BONUS QUESTION
A language is pref,r-closed if the prefix of any string in the language is also in the language.
Show that every infinite prefix-closed context free language contains an infiriite regular subset.
Hint: Use the pumping lemma.

S(tpse L rs n'nfiLite ) fref*'cLe/ anl hilWt-f*,

brt f be tie Constant \'rt tle /m/ty [em'aaI/a

Srncu /
86 tAe

ts <ttfintg ., tlgrv O{,ists rc/, l(l >P.

+J, E, sf. rf,= 4l|','uz ?

errd, (/ui"'t Ui z € l, V

fiow, 0If lill'zo, d,'u,

4Pe We' 1rui€L' V

{ (rt);[ l.,oJ g L is inftnite

o 0,N. lvl=o ' So lvl>o '

6ui,,ryit = il'w?'z eL'

!re{i/- 6bsd, 4'uPU' e L '

Stnce

Tl,*
and

Lis

Lu*''{"1;zoJel
is 4rtfirure ftgu/ar,

n

f//.n/itL7 /e^^", lf1srv &{ist Stn'6s 4rL,?), il.,

lu*Ulsf , luulro
l').0.

sinq. L 7's f@ix-cbsed,

t >,0 C /eor b,
rlahd fe-Qa la r .a)

Tlfr*s,


