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Figure 1: A finite automaton M; (on left) and a finite automaton M, (on right).

1. Define Appa = { < B,w > | B is a DFA that accepts input string w},

INCLppa = { < B,C > | B,C are DFAs and L(B) C L(C) }.

Recall that DFA stands for “deterministic finite automaton”. Answer the following ques-
tions (for M; and M, given in the above figure) and give reasons for your asnwers.

(a) Is < Mi,baab > € Apra ? NO~ M\ JO(“ V\QJ“‘ QCC(F)L AQ&A.

(b) Is < M, abba > € Appa ? \/M, }\/]l 5»661,.47[1' Qééﬁ/

@ s< Mo >eamt Yo M, Gmf_ﬂ(j GG

(@ Ts < Maaaba > € Appa? Ny MZ e WJ awﬁz caba
(@) Is < aga > € Appa ? No. ((\cormd[ ?/\y)w}- Fostn "}\

© 1< Mty > etCLona? N o, bha € [ (M) - L(Mg)

(g) Is < My, M; > € INCLppa ? YQI L(,J\l/]z ) g ﬁ (,M\> .
‘om*
(h) Is < My, My > € INCLppa ? Y(,Jf LCMZ) C L(MZ)
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2. Give an implementation-level description of a deterministic one tape Turing machine
M that decides the language over the alphabet ¥ = {b,c} consisting of all strings whose
length is a power of two. That is, M decides the language:

Apower = { w € X" | the length of w is a power of two }.

Note: The first few powers of two are: 1, 2, 4, 8, 16, 32, 64, 128, ......
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3. (a) Consider the language

A ={ < M > | M is a Turing machine, and,
no string of L(M) contains string 00010 as a substring }.

Is the language A decidable or undecidable? Justify your answer.

A I uAn w/o/c\é/c., [wo ’KJarf;Jy/a AW s (Df\a e _Pu/y,\‘c/’é/l)[)
/)/-\ ir & AQA*+ffv1¢q/ Stamatie p/olgmly q,\/ w\a/{c]ﬁ/qé/g é7 @'Cg'f 7%00/0/1'1,
;;) l()c_o)k(,L ATM —)Lo' A 4,(‘“/7/79“ TM Q O)LC/’/W Al ’_ﬂ’(,\ (M\r)z([bw,dl OJ[CI’/U_fQ\/ A’TM:
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Mo?[aa <M:.W>GATM ;"Ti/f(x L CMw) =)
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B={<M> | M isa Turing machine and there exists a DFA C such that L(M) C L(C) }.

Recall that DFA stands for “deterministic finite automaton”. Is the language B
decidable or undecidable? Justify your answer.
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4. (a) (3 marks) Consider the function f : IN — IN defined by f(n) = (2~ n) — 1. (Here
IN = {1,2,3,...} is the set of positive integers.) Answer the following questions and

give reasons for your answers.

i. Is f onto? NO' 2 '\{ Adh R ;M“J& Qj\ Q\,h, //lul«,éelﬂ.
ii. Is f one-to-one? Y(‘L\” ZX _ ( - Z)‘ - ( /IAV/;CJ X = y
. Is f a correspondence? NO éQCﬁl«Jl ;)[ ;S /1,371 O/I)lG.

(b) (3 marks) Are the following sets countable? For each case circle the correct answer
— no explanation needed. If you circle both YES and NO, it is considered a wrong

answer.
o The set {0,1}*. @ NO

e The set of all subsets of {0, 1}*. YES @

o The set of all finite subsets of {0,1}*. NO

(c) (4 marks) Let T = { (i,k) | i,k € N }. Show that T is countable.
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5. Let ¥ = {b,c} and define

ODDmy ={ <M > | M isa deterministic Turing machine and
L(M) consists of all strings over ¥ having odd length }

Without using Rice’s theorem show that ODDry is undecidable.
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