
MAD 3512 - THEORY OF ALGORITHMS FLORIDA INT'L UNIV.

TEST #2 - Sprinq 2009

Answer all 6 questions. Provide all reasonin
An unjustified answer will receive little or

question on a separate page.

TIME: 75 min.

and show all working.
0 credi t. Begin each

(15) 1.

(15) 2.

(18) 3 (a)

(16) 4(a)

(16) 5 (a)

(20) 6.

Find an NFA which is equivalent to th

~

RLG given below.
G: S-A, S-10B, A-01A, A-1C B-OD,

B-010, C-A, C-D, D-10, D-01.

Convert the NFA shown below on the ight in Qu. #3 into an

equivalent RLG.

If B, AuB, and ACuBcare all regular languages
that A must be regular? (Justify your answe

l
If C and D are both non-regular languages, does it
that C.D must be non-regular? (Justify your nswer)
[You may use any result that was proved in cl ss for

Let L be the language
accepted by the NFA shown on
the right. Find NFAs which
accept
(a) U (b) (U)R.

0

b

always follow

always follow

Probl em #4 ]

~

(a)

(b)

(b)

Find a regular expression for the

language accepted by the NFA shown
on the right.

Write down what the Halting

Problem says and define what is a
primitive Recursive function.

1/C5jR

Determine which of the following languages ar
not.

regular and which are

(b ) L2 = { ~k . C n: k > n 2 - 1 }

[If you say that it is regular, you must fin~ a regular expression
for it; if you say it is non-regular, you must g~ve a complete proof.]

".

(b)

(b)

Define what is a Turing computable
function with domain D.

Show what happens at each step if

10110 is the input for the TM, M
shown on the right.

Find the language accepted by M.(c)

(a) Ll={ak.bn: k=n2-1(mod 3)}



I (a)

::L(a)

(~1AD 3.5'/2 - 7/7 eOt~)L~.f:~~.t!l!j~.~!1)7YZ5

:)'0 /'u Ii () 17S 7:5 k s~ t 11 z ...

0 \;4 IS]
(," r11, 8} ..-:r-~' I 0 ("A ~

-7 i/~}'~ . ~ {!3~ ~.
, . ~

(/) c,?, ~ 1'35, ~)V I

I ~0,

~@)-+-~I~

If A (' .'
c:;:@) ~

c; I 7
''DFA fc;r L

---+-

;:: 10r /c:k1. It/l t I vin iI/.~===.~ .

*!lnJ_- :2q09 -

. . 6 . D
f~VJ---r'-{~~9~

~ t I ' / .

~.. I

"~
/or LC

.. () 6

~- ( '@Ig~
.~ ..

11~o Il
.~ C',I '~ T J

~O @P
FA +Or (LC)K

0
~

7-~-@)\

~ jrO- .~ @~o

. ~ A~~ -O~~
o!~~A' I d/\ ~ o.-

.. j , ~

3 (b) /-la/lint /?Oh/t?M; I:; it~Ye c£ /IVJ /-11 suci fJ7t:.lt -lor crY)
l/

crrl:l/'/rary T/1;V1 one/ an C1'Tf//rc?7j'17ul C-J; II tV{;/! halJ
OYJc(H) # c{w) I;; C)/1 4n ac(:ep!/p1C/ sh? 'e ;f N l1a/! s 0.:1 c-t-) ern!) / .. J) /

(Jf/) c(/vt) #- ctv) /1'1 CI 7J cJi') . C~CC.I'" fry s IcJt e / II i1 does' Tl0I /;a/I or> c<-).

A !rim/llve rreCUlsn/f! htnc-/;;;/0 /'s tt 'unci/ail) wh;c.AC:~1I1 ie
obfalneJ/k)iY? fIz-e in/tal ~nc-/;dl1.s' 6 ?:( hnile nun1ber 0/

~ fJ)/; Cd hh1 S' 0 I c:Co?"7 tiS/1 /() 11J a Y7 &:1 ).1r ; m IIf /1/ere c u 'j"S-/017S' ,

2 (b)
-7 E3. 8-aA A-dA A->C .4 dI } ) I

C 6/3 C '-76£ 2) .J;> b)) .:b,, c C E -7 OtlJ ;:::-7/ I
;; J J



3 (a) I1v ) s j~ C7FA
c

r;::;,\ -:: /j)"\
. .. .)

~V~
{' ~ /- ~

EfYl'7lnale ]); HI .j(
-~0'iJ' '~

Y1. .~-~~~~"" .~
"'-" 4. - b \

~ - c ,- ~.~
b

)
",-" ~' -~'--

Sf=Vl-!?g b

Hz ' 7.-03"'
.

->-. -~'~
,. c~(/§)

~ ~/~~ g
'

C.~' ~!?~
'.., '--.,..." ". =}> "

,*'

,

f.
', 0 cJ<b~16

1

q:-I:: c;"

(}
fr

,;f,,'W("a e C: 1'13 \, .~:- q.6 (<:,q6)- !' h; 6~---/~,
) '!;f. * 1« -' \!::!-J -- . ~

i(f! := r; Y'z, ~ f 1;r; 1;) , 1/
~- .~ '~

L(H) = (oz§~d q~)f{r;+q;,),(-,,~}6 + {i{/r;6.(()6~d{)6~+!6V

f' j'I/P7In a Ie A '

/.j. (a) /Ve l<f/ltJi-'i/thai
If = (A u B) - (6.17(/1cu 8(J) ,

(b)

1/ c c .
Iv()(.-v Slv)ce 8 (/[ru/ II u B Cl/e -r-etJ'tdtt'l/" /

. V /

;; /1o~llJ' /vt1-1 tXe CICSUfc; 7£u'7ern mC<.i

Bn (ACuB/) Nill be 7"fJti!a/, A-nt! S'irlle tf10B

15 a/50 f;;L~l{r (AUB).- (8/7f1Cv,~()) MI/iYa/so

Closure lhe()rt?i'Y7C:da/~. S"o Ij 7Yltist lie c<

lake C =- !C::1.nz:12~:,oJ and 1J;= ,gr- c ,

4re bc.')fh '77o/1.-r:rular la':Jilaft?s. A/s,
C ; lJ = f a ~ .: >" ';fC.:,] ~ f 4~: k *,n~J ;2 fa: k ~ n 75 .
- " . f ,'I 7]2 I "2. / 172

}L,,f.) :::::>La)--" J. ~ a-: n>-l J :2,4 : n ~-1. '

S'C? C~, lJ ~ ~ a j.~: k -:?-2J '= q q (r:/lf); 5 (,"> (, 1; do e 5>' ?1 0 f

hc;lve It be -?1tJ71-rec1i-d-lar. {lI6"'u };E:!rCfiA.!crT a5'5htJGtJ())-t'I"~

"

~B
}t? '/JtC/ aY .r;/IJ€

~fj u/ar /?lY ?l.'l€' ,

/ he'i1 (? aru/1J

,nl1J

, , ~ 1\ {' 0 - ( if' 9 5"' 2. j 'i' G J
~

f z. 3 ¥ s- f 7 (
t. x Irq.' L.' ..()'=:' a; a/a J CIJ .' , J" ) tl ) a / t1 ) Cl/ '.. = t a / Cl/ a / a / ell/ a) " . , J

r: !No(!>prOf/eel fe; be riOt?, r'J /11 class-. Iflso ,:/ )) ,../m re,j'/ 1!,€/n C tfh'it!t! be r~.



5"'(c/l) A IU 1'1 /{J C=C'!/vlP ~,tfa /;/~-£01t: /;011
Ii ' ., I .0

-June::!/;}i') hI'" wl}j{.~!t tIle Cdn ;:,,1<:1

(c)

/f,{ c/o f/1-1C1II! 1) ,. S a 11)"

c-ll 7 Ivl /t.-! .5'uc;;' tita t /~r tJ ~ A
/

(CZtil fJ) /~ ('tp J f.j !!-i<JJ') /5; ~ half-ed fOfYI/u!czfIOIl ~J/~ 'JpC!vi}(fi)

<11 / .{0 II rJ > 1- <13 i ()~ if 0) I- ( J ~ I ~ I 0) J- (B 7 0 i V! 0)

I-- (VI O/OO.Q) /-<Dj ()iOO()~> 1-- (F; O/()OOi> holfs.

L (/vi) -:::: f) Q¥ +)! ()'f + !. (pj) f 0* + i (r?O*P
-7f .Jf* \ -

=: 2 /! + J(r?l) ~ Q 1- _D)

[b)

{;(a) L/ :::: fak6i1 ; k= n~/ (moi3)J, If n=o (-mC7d3))IJ.~k-=. ()':..j

= 2 (rYlCJ{l~). if n3c 1 (-moth) k::: !~l~ o(moh),. and if l/::: z(mtPcI?)/ /) / . /,. . 2 I

( . f' f 2 ., ,J

}The;1 k =- 2. -I=-' () (mOC13). 5'{) Li;: ~ . !:/'? ,',?/ ~ ~ 0 u
[ ?P L 3f-l-I "

{ 3p .3<J-t2 . II I

a () : f} 'I ~c)J u a b : /~Cj~' {. rrenc-e a r7J t~/a:r

-&1reSSIt-?i~ fr;y ~I will 6e (g~lq ~lq(~~~)* + (qqq)~ (!!l~J+!:

T (q Cl q) tr (H Q r f,J, /-kYLee L( is a r7J'u/", Y /a Y"':f'

ef,J S<'jj7()se i 2 «'as rfJu/al. Then we Cd 'I ;:nd an;Vf-CA I1z

such thai L(lv/2)=-L2. Lei IV ~ fie nUn76.e/" cJl sfaleJ' II., Hz.
Y ,

51 r1c.€ !/v~ IV GL 2 / Hz will a c.Lt:?~i 1/1/'::.:Iv' . II-Is{) -c;'/}/Jce Ii ja)(?J

IV.;! s'kl-es- ~J troce:,-s; l7~e eN rar! 0 1 i/2Ij; sfrir?9'/ ~, aa?f-
. . 7 'f(Z IV I I I

a nee fr?~t::k. 0/ b c 711UJ'i haVe ' IO~ as S/JiJtdl1 /;e/c;w f
z . CJ , .

bN -- J ;:: I .
~- j ~_.~ - t ~ IV-t-j

'

. G e .
~ p b b ~ . ' ~\

-+l0~' rJ)-?- - - '. -+-0--"7'- ~ ~~-'-~
c.J'-1-z~. c:J
VjV":.j.i ~ 1-1. ':! fN~//

IVt) <Iv

.

!

.

;'1

.
,' we r I

.
't! e i/uJ' /°o;";)?l~/L'~ / ,t

te t:tJ.fil see 2 1t{o~~' Hi.,. --Ii
f . /If '- l . J IV-i- J -N N.t:'

a c c? 1c; Ihe S VIn..f b, C. c~ c' , = b, c v

13 uf N;: f (IV+:)) 2--/) b-ecaus-e j' ~ f s c~ lit /"s . i77edns'
", ;.;2.. '. . I Ii/./ (J im41 h. c;N9 4- L2 . !3.:.d !hIs CCJ /CA'Cll'cl.s- file ~ac.'

thai L (1'12)"- L2. !lent'e L2 cdli1d be 7'f:lU/41
EN2J


