MAD 3512 - THEORY OF ALGORITHMS FLORIDA INT'L UNIV.
TEST #2- SP2020. - - TIME: 75 min.
Answer all 6 questions. No calculators, formula sheets or cell-phones are allowed,
Provide all reasoning and show all working. An unjustified answer will receive little
or no credit. Begin each of the 6 questions on 6 separate pages.

(16) 1.(a) Find an NFA, M, which is equivalent to the RLG G given below.
G:—B B—0IB B— IC, C—11, C—1 C—1D,
C—E D—IB D—) E—0C E—O0I
(b) Find an RLG, G, which is equivalent to the NFA in Problem 2(a) below.

(16) 2.(a) Find a regular expression for the
language accepted by the NFA M
shown on the right.

(b) Define what is the busy-beaver

function, f(n).

16) 3.(a) Define the initial functions and the operation called primitive recursion.
p P
(b) Show that f{x,y) = 2x+4y+3 is a primitive recursive function by finding
primitive recursive functions g and 4 such that /' = prec(g,h).

16) 4.(a) What is the difference between a total function & a u-recursive function on N.
( H

(b) Let fix)= Ceiling function of [(x’+3)?]. Show that fis a u-recursive function.

[You may use the fact that PRED, MONUS, ADD, MULT & SIGN are primitive

recursive if needed in #4, but you are not allowed to do so in Question #3.]

i/x'/R /i/ L
(18) 5.(a) What is the difference between a 4 u/ij/'[_ L_;/, /L
\ayj

Turing-decidable language and a
Turing semi-decidable language.

(b) Show what happens at each step if W R/Z
() 1 and (ii) A are the inputs /(R W

for the TM, M, shown on the right. ( ? :@ .
Li/if/R

L

(c) What is the function computed by M
in monadic (base 1) notation?

(18) 6. Determine which of the following languages are regular and which are not.
(@) Li={a'b": k (mod 3) <(n?-2) (mod 3)} (b)L,= {bkc": k > n>+4}.
[{f you say that it is regular, you must find a regular expression for it; if you
say it is non-regular, you must give a complete proof-]




M2 3512 = Theory of Alyorns  Flonda Znkmatind ey
3 of f & ~ 7 7 7 —
SolFrors L Tesl # 2
T ———————— ——

i (( M

— ,,

Drig 2020

# /(0

() = C,Cadb, 2 »c2 D>aB b B54C Bk E>N,

Oy(M) : k’*&— (’? 1 K3 f?%/?z >*
sty / <z )
= (dB4Y\ (At e rdPD)[ dac + (dab) (4 b (dhc +de™h)]

2¢) /g(n> = WAXI i NG - of 15 fhal a 7r i Sy con

;4 dvce whEn <lzyled on Hp Blink Fape. Here Hy s Ty
cel vFall TMs wed 7 stales and 77%79'6 _;'57/7,44/5@% So ol wobud halts
when stzried zn oy blawk T”'}g/& ,

+3 . 7716 7z7}7?// 7{?}% Piows are ¢ 1) #he constan? o, (1) the zero AoncFon
zZ(x) =0, ) i Cuccessor 74‘/74/72»4 SEO =+, and (Gv) P /7;~5?/’?e£>7[/;/'e
Functions Dyp(K,--,%)= ¢ If 1cksn, and 2 A h=0
ﬁ/'m/z‘} Ve 1800 il om s Tl & erelson Tal /’fO/W 5 a Fonction £:N g/;\"
howm The %jiﬂc/?bﬁs Ué; ,’ﬁvgﬂ 3?' h ng/f\/ é/ fw:}%-’/y f(_)’_;‘)o): fOf)
and Hx,st)) = A(X,9, FKX};{)) . Here X = Xy, XD

| 3(6) 7/\/@ will Hod /yr/'m/f?z/v’ﬁ serirsive finchons jo%ﬁ such Hhat
f=prec(3.h). We have Fb,0) = 2X+4e)+3 = ’)(fsjjm‘”\\
and 74[)(5 5’(9’)) 2 &% +4(’§%‘D +3 = ZX+4Y+34 4 =-%?X,y)‘+4{r;§.r P! (X 2 i)z}




b= SeScSese ]_?,3 . Ao we ’L/U/"'// @;%ré:;/ as /Q’EC[?;}/,- A/)

where 3,:NoN & B WSW. Now gli) = 543, 50 9)= 2443

gl = 3 and j('gdy)); 9 (9#) = AFH)r3 = RYI3 42 = )tz
gy = 3= Susese0 4 h = Sesely,. 7.2 prec /J~¢_yaj,¢p/ §28501,,)
7hus.. # = prec (/prﬁc ($Se5:8:0, S2Se L 2}’ , e SeSeSe ,I3/.3> -

#:4- (q)/ Sonchion £r Wl N is a Pt/ é{({z’f;}gm A L s detined fr
cach XelN "4 M- TECUTSI VE farcton LM SN s any -4/’5 /{i
ﬁ}ﬁ; 7.5@,7 vl ,-;‘cln Zauv be zzé/z’f?ﬁiz/ Frzen 7Zfe‘ /12 75;/7%,;5/5”_; é/ a
Finite_number of applications o conpositins, cortesion prdict,
primiTe NS and i1 30T000 200 Fotal #iritsws,  The
6/1%/@%6 iy Al total -74%4;7:,7}5/75% bave ns resteictbon 1 Hs wety
7%, Y4 can be depned M’a//e Y 7ECU YSTVE #‘;mﬁbm‘* Are 7@{07"}7%7%/
Ju the wa ¥ 7%(3;/ are defined bt e y be undehned 2t ssmex .

é’-[l) ng VL,// %/lu% V4 7%755)/ vfr/m///:/e—rfz’o‘zm”'/'z/f; 72’1!7(7547/1

g’, //\’7:;7//\/ S'W”/; ﬁz;fj 7_8.-: /L{[_j, o] Lt 7(%, 7> = Xr3 47

Then (uy) [0&3)= 9 =0] = [GiaYe! = 405, So /= pz,0)
= [moNus e (SeseseMULT. (5,0 T, N MULT 1" 1,1, 0 ]

-#5 : /) /ﬁ?y%\yf’ /s 7;///0/’ - déc/:/ﬁ% ;/ %‘/@‘Vd:’éf/? 74}%[ e TM M,
,'5&46//; ]Z/# ?V/j hatl?s on W in g azzz?*a/?/'?/ 5’722% » /?/ we ]/ and
M halfs on @ ma non- ﬂcz?f»/‘mi) W Wl whife

L Js. 7%7/)97 SEm) - Jec’/'ﬂ’z/?é/é A we can Fend e M M, .smé
;7%4?7' /‘/; /7;#/7% Il G0N carckE f/ﬂj/ /‘/ i C—Z é’m{l Mz ézz’/%’s' 6l
w ;5/2_ A 707 - ﬁwg:ip/’i//y 57§z/ff lr ~7£4/A‘ Te /%/{/7[/ // 44.;‘;“2 ,
The f/ //Wme 7% %ﬂf w/}ﬁn 7&0754 J /"/,; Apes r0l éﬂ’l/&
T2 halt snd say NO — My car i/ 7o tat It M/%JZ[

has Ao say ves' [ wel . Of coure, if @@L, M, Camnid
S ay YES,




- B) (A1) |- (A xo> = ¢B x> =<, 12 0>
F—‘(E (11> =B, 117> =B 111 J—SE winy = (G it

= CF, 17011 > haks
Zh, D B> |~E wls =<, 2 115> > hatf's

5’(‘{:) 7[[D> = Z )f[/) = 5_ ﬁ/‘?{.’//(ji( éﬁ'ﬂ&;dﬁéé ]Z/;ZZ 7'/’(2\:, ) A//() =ZXP2

#é(ﬁ) Yz 0 = A(ww’a)< 0%z = /Cma;/g) ”

= é)(Mc’/S)
N=1 = kmad3) < |22 = 2(md3) = k= ool /mod3)
7=z = A(mmfa)\ 22 & 3 (ﬂwt;) k= 0or/ pmf/g)

@zm)(zé/) (Qm)(ag@ é@é/) (w&z)//mf) L6.(684)" )

(2.4 T%u/g/ %9{/9/”/’.25/[/7’ ’l/U///L ) 4/5&;///%; L, Se [,/ J< ?;zyué?r

é(4) 516/7”—56 Lz was M//f %/J we can fond & A-Fec
NFhA M zxwﬂ /\/3“7%72: Such '?'Zoz J/W)» L. Snce
A48 > N °F £, If e fake k= NS and n=N  Han we
would have 857 el, é@zam(z ,é >(Mi% 4. Since v
fkes N+#1 stales 4 process | ol '/;‘w/ sre éé/’fc’iﬂé& Hezcd
fr%fs N / '
8/:Z / 7?79&71/7[’1)/6’ a //7) Ay <Az7¢d// ée/zm %/7%\/2/

—3 33- s, »\,_,_&Q),\_?\_‘Aﬁ@\%_m >7\ @
2 | Ins Inusti NN
A/ am) /ﬁ we —-’//';fz‘/f 7/;/5 /2‘»0/P ﬁu‘/‘a/” wE /"'// SEE 7?1}47
M ALty /s /"’)5‘" Ll Pe w-iy = NN B

N 7-5 % (‘VJ) + 4 becaus e (/V > = /4\/¥’< fél
> /V?%7 5///:./:&’ ATV

So 7%/5 &mﬂ/?ﬁ/u,/é Yt 74155 /24 o(i/\//> Z; .;4154,4;/{

L, 15 9] a 727// 7 ////)/uﬂ/c? END




