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1. [20marks] For each of the following languages, indicate the most regrdtihe
classes belw into which it falls

(@)
(b)
(©)
(d)
(e)
(f)

Example:

finite

regular
contet-free
Turing-decidable
Turing-acceptable

Noneof the abwoe.

L ={a"b" : n=0} Thecorrect answer is (c) sindeis context-free, but is not regular.

DfuuRv :uv O{0}"}

i) fuuRv : u v O{0, 1}

i) {fw O {a} :|w|iscongruentto1lor 13mod 23}
iv)The complement of { a" b" :
v)The complement of { a" b" c":

vijulvei1® Jul=k-1,uv O{0, 1}"}

vii) {stringsin{a, b}~ which do not have aa, ab, ba or bb as a substring }

viii) { w : w isthe unary notation for 10 }

_ixxadb) e(ad by

x) {""D" : D isaDFA which acceptsthe language ¢}
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For each of the following languages, indicate the most resteiotf the classes
belav into which it falls

(@) finite

(b) regular

(c) contet-free

(d) Turing-decidable
(e) Turing-acceptable

()  Noneof the abwe.

xi)fw O {(,),,,a} :wrepresents a correspondance system with a match }
xii) fw O {(,),,, a, b} :w represents a correspondance system with a match }
xiii) {""M"": M halts on every string }

xiv) { M, a) : TM M prints the symbol a when started on a blank tape
after computing for at most one billion steps }

xv) {""M" : M writes a nonblank symbol when started on a blank tape }
_ xvi){(M, w) : TM M moves its head to the left on input w }

xvii) {""M" : thereis some string on which M halts }
__ xviii){(M,a) : TM M has at |least one transition on the symbol a }
_ xix){(M1, My, w) : both M; and M, accept input w}

xxX) { M, w) : TM M does not halt on input w }



CSC 320- Page 3 of 10

2.(a) [4]Give a OFA that accepts

L, ={w O {a, b} : the number ofi's

in wis odd.}. (c) [7] Prove that Ly n L, is context-free by
applying the construction we learned in class
(which is the same as the one in the text).

Start state:

Final states:

Start state:

State | Symbol| N« State Final states:

State Sym.| Pop State Push

(b) [4] Give a DA that accepts
L, ={a"b™ =n< m<2n}.

Use different state names from (a).

Start state:

Final states:

State | Sym.| Pop Stat Push

112}
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3. [5] Indicate on the parse tree a valid choiceupy, X, y and z for the pumping theorem
for context-free languages.
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4. [10]What languagesver = ={a , b} do the following TM’s accept?
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5. [10]LetL={w O{a b} :w=aPba’ba whereq= pandr < p}.

A CSC 320 student is trying to pm that this language is not cortdree, and one of the cases

is this onew=a a &'/ ba®a' a“>' b a* wherev=al andy=a'. The student writes:
“Pump zero times and the string is notibecause there is less @ the first block than in the
second oné. T he TA being draconian with respect to part marks for incorrect or incomplete
solutions gves the student zero for this answésive a arrect proof for this case.
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6. Suppos¢he head instructions for a TM are numbered as follows:

112 (3|4, 5|] 6| 7| 8/ 9
R{#]| (|)|qgla|O0]1],

The string’M"" is:

(901,a0010,901,a0000), (01,a0100,g10,a0000), ¢10,a0111,9g10,a0000),
(910,a1000,910,a0000), 10,a0101,g11,a0101), ¢10,a0110,9g00,a0000),
(911,a0101,911,a0101)

(@ [4]WhatisM? Start state of M:

State | Symbol| Nsd state| Head Instruction

(b) [6] Is the questionDoes M from part (a) halt on input ”M”? decidable or not?You can
assume that the probler@iven M, does M halt when started on a blank tape? is not
decidable in formulating your answer.



(@)

(b)

(©)
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Arthur Dent, using space age technology not yedlable on earth, desloped an algo-
rithm which determines if a TNM4 halts or not when started on a blank tape. Then, later
he discoered that the meaning to life, the ueise, and eerything is 42 and hence, 42 is
an important input.

[5] Given a TM M5, prove that Arthur can determine ¥, halts or not on the input 42
using the program he alreadyvel®ped which determines if a TN, halts or not when
started on a blank tape. If you create & A#M in your proof, gve its machine schema.

[5] Suppose there is a program which is faster than Agliut’it answers the question of
whether a TMM,, halts on input 42. Explain moArthur can use this algorithm to deter
mine if some TMM3; halts when started on a blank tape. If you createaaTrid in your
proof, give its machine schema.

[5] We proved in dass that that the problem of determining if a TM M halts when started
on a blank tape is not decidable. Is it part (a) or part (b) which can be usededhatat
is also undecidable to determine if a TWihalts on input 427?



8.

(@)

(b)

()
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The problem 3-COLOURABLE ta#is as input a grap® on n vertices andm
edges. It returng ueif the vertices ofs can be coloured using three colours so that
if two vertices are adjacent there coloured with different colours, afalse other-
wise.

[5] Prove that 3-COLOURABLE is in NP.

[5] Explain hav you could sole 3COLOURABLE using an algorithm which
solves 3-SA (each clause has at most 3 literals).

[5] Does your work for parts (a)-(b) v® that 3-COLOURABLE is NP-complete
given that 3-SA is NP-complete? Ihot, what would you hee © do to pove it?
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Use this page if you need extra space. Clearly indicate the question you are answering.

The End.



