
� CS 373: Theory of Computation� Sariel Har-Peled and Madhusudan ParthasarathyProblem Set 9Submission instru
tions: Submit ea
h problem on a separate sheet of paper, put your nameon ea
h sheet, and write your dis
ussion se
tion time and day (e.g. Tuesday 10am) in the upperrighthand 
orner. These details may sound pi
ky, but they make the huge pile of homeworks mu
heasier to grade qui
kly and more importantly, sin
e we return them in the dis
ussion se
tions,easier for you to get them ba
k.Also, write on ea
h exer
ise the name/netid of your group members.Due: Friday, April 17, 2009 at 12:30 in Elaine Wilson o�
e (SC 3229). If the door is lo
ked, slideyour solutions under the door.Version: 1.01(Q1) High Level TM Design.[Category: Constru
tion of ma
hines, Points: 10℄A perfe
t number is a positive integer that is the sum of its proper positive divisors, that is,the sum of the positive divisors ex
luding the number itself. For example, 6 is the �rst perfe
tnumber, be
ause 1, 2, 3 are its proper positive divisors, and 6 = 1 + 2 + 3.Design a Turing Ma
hine that for a given input tape with n 
ells 
ontaining O's, marks thepositions whi
h are perfe
t numbers.Spe
i�
ally, 
ells at the non-perfe
t-numbered positions are left 
ontaining 0, 
ells at perfe
t-numbered lo
ations are left 
ontaining X. For example, 
onsider the input OOOOOOOOOO. Thisrepresents the �rst 10 numbers. So the Turing ma
hine should halt with 00000X0000 on thetape.(Q2) TM En
oding.[Category: Comprehension, Points: 10℄In this problem we demonstrate a possible en
oding of a TM using the alphabet {0, 1, ;} where
; is used as a seperator. We en
ode M =(Q,Σ,Γ, δ, q0, qacc, qrej) as a string representing |Q|,
|Σ|, |Γ|, q0, qacc, qrej and then the δ. Ea
h of the �rst �ve quantities is represented using anumbering system where n is represented by a 1 followed by n 0′s.Thus is |Q| = n, this means we have n states numbered 1 to n.If |Σ| = n , this means we have n symbols in the alphabet. We adopt the 
onvention that thesesymbols are 0 to n− 1 where ea
h 
an be represented using the numbering system mentionedabove.We use a similar s
heme for Γ with the restri
tion that the blank symbol is assigned the largestnumber.
q0, qacc and qrej are the next 3 numbers represented.
D is either 10 to mean move left or 100 to mean move right.The remaining string represents δ as follows. Ea
h transition (q, a) → (q′, b,D) is representedas the 
on
atenation of the represntation of ea
h of the 5 quantities and the reresentation of
δ is simply the 
on
atenation of the representation of ea
h transitions. We use the 
onventionthat transitions not mentioned go to the reje
t state in the en
oded ma
hine.1



Here is the representation of a mystery Turing ma
hine M , using this en
oding.
1000000;
1000;
10000;
10;
100000;
1000000;
10; 100; 100; 100; 100;
100; 1; 100; 1; 100;
100; 10; 100; 10; 100;
100; 1000; 1000; 1000; 10;
1000; 1; 100000; 10; 100;
1000; 10; 10000; 1; 10;
10000; 10; 10000; 1; 10;
10000; 100; 100000; 10; 10;
10000; 1; 100000; 10; 10(a) Draw a state diagram for this TM (omitting the reje
t state).(b) What is the language of this TM? Give a brief justi�
ation.(Q3) TM with in�nite number of tapes.[Category: Constru
tion, Points: 20℄An ITM is a spe
ial TM with one head and in�nite number of tapes (one sided tapes). Thetapes are numbered 0, 1, 2, 3, · · · . The 
ells on ea
h tape are also numbered from left to rightwith 0, 1, 2, 3, · · · . When the ma
hine starts, the head is on 
ell number 0 of tape number 0.If the head is on 
ell number i of tape number j, it 
an overwrite that 
ell and move either to
ell i + 1 or i − 1 (if i ≥ 1) of tape j or move to 
ell i of tape j + 1 or tape j − 1 (if j ≥ 1).Prove that ITM's and normal TM's are equivalent.(you should prove that every normal TM 
an be simulated using an ITM -this should be theeasy part- and every ITM 
an be simulated using a normal TM).

SEE NEXT PAGE FOR ANOTHER QUESTION!
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(Q4) What does it do?[Category: Comprehension, Points: 10℄What does the following TM do?
q5 q8 q9 q2

q1 q0 q11 q10

q15 q14 q12 q4

q17 q16 q13

0 → X, R

0 → X, R

0 → 0, L

X → X, L

$ → $, R

$ → $, R

 →, L

 → 0, L

X → 0, L

 → $, R

$ → $, R

 → 0, R

0 → 0, L

X → X, L

0 → 0, L

0 → 0, L

0 → X, R

X → X, R

$ → $, L

X → X, R

0 → 0, R

X → X, R

0 → 0, R

0 → 0, R

0 → 0, R

X → X, R

$ → $, L

 → 0, L
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