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Q1.

Why is it not possible to create a Turing machine that solves the Halting problem?

(Total 1 mark)

Q2.

To define a Turing machine the finite alphabet of symbols that it can use needs to be
specified and there needs to be a tape.

State two other components of a Turing machine.

(Total 2 marks)

Q3.

Explain what a Universal Turing Machi

XAM PAPERS PRACTICE

(Total 2 marks)

Q4.

Why can a Universal Turing Machine be considered to be more powerful than any
computer that you can purchase?

(Total 1 mark)

Qs.

A Turing machine has been designed to recognise palindromic binary numbers, ie
numbers such as 101 and 0110 that read the same from left to right as from right to left.

The machine has states Sg, S, S, Sco, Sci, Si, Sy and Sy,
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Sg is the start state and Sy and Sy are the stop states.

The machine stores data on a single tape which is infinitely long in one direction. The

machine’s alphabet is 0, 1 and [, where [ is the symbol used to indicate a blank cell on
the tape. The machine will enter state Sy if the value represented on the tape is a
palindromic binary number, otherwise it will enter state Sy,

The transition rules for this Turing machine can be expressed as a transition function .
Rules are written in the form:
O(Current State, Input Symbol) = (Next State, Output Symbol, Movement)

So, for example, the rule:
0(Se, 0) = (So , O, —)
means:

the machine is currently in state Sg AND the input symbol read from
the tape is 0

THEN the machine should change to state
tape and move the read/writ

nk symbol (L) to the
right

The machine’s transition function, 9, is

3 (Se, 0) = (S,
0 (S, 1) = (S,

(SL! D, (_)
8 (SCOI 1) = (SNl 1! (_)

8 (SB! D) . ( Y D _)) 8 (SCO1 D) = (SY, I:l! _))
XAM :RARERS @ RACGTICE

0 (S0 1) = (S0, 1, ) 0 (Sci, 1) = (S, O, <)

8 (So, ) = (Scor O, ) 0 (Scr, M) =(5v, O, )

6 (811 O) = (Sll 01 _)) 6 (SLi O) = (SL’ 0’ (_)

6 (811 1) = (Sll 11 _)) 6 (SLi 1) = (SL’ 1’ (_)

8 (811 I:l) = (SCIl D, (_) 8 (SL1 I:l) = (SB, Da _))

(@) This Turing machine is carrying out a computation. The machine starts in state Sg

with the string 101 on the tape. All other cells contain the blank symbol, [J (not
shown). The read/write head is located at the left hand symbol of the string and is
indicated with an upward arrow.

Trace the computation of the Turing machine, using the transition function 9.

Show the contents of the tape, the current position of the read/write head and the
current state as the input symbols are processed.
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The initial configuration of the machine has been completed for you in step 1.
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(b) The three rules shown below are transition function.

0 (So,.0) = (So,
0 (So, 1) = (So,
0 (So, ) = (S, O, <)

Explain what effect these t
read/write head and the

rules, taken together, have on the tape, the
of the Turing machine.

XAM PAPERS PRACTICE

(2
(Total 7 marks)

Q6.

(@ Two important components of a Turing machine are the transition function and the
tape.

Five components of a typical modern computer system are listed below:

1. DVD-ROM
2. Compiler
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3. Main Memory
4. Processor
5. Program

Complete the table by writing into it the numbers of the modern computer system
components from the list above that would fulfil the role most similar to the transition
function and the tape in a Turing machine.

Number (1-5) of modern

Turing machine computer system
component component with most
similar role

Transition function

Tape

)

(b)  Explain the relationship between the Turing machine, as a model of computation,
and an algorithm.

D

(c) ATuring machine has b

XAMERBERS PRACTICE

The machine stores data on a single tape which is infinitely long in one direction.

designed to complete a task.

The machine’s alphabet is O, 1, #, 00, where O is the symbol used to indicate a
blank cell on the tape.

The transition rules for this Turing machine can be expressed as a transition
function ¢. Rules are written in the form:

o(Current State, Input Symbol) = (Next State, Output Symbol, Movement)
So, for the example, the rule:
d(Sg, 0) = (Sk, #, <)
means:

IE the machine is currently in state sz AND the input symbol read

from the tape is a blank symbol (0)
THEN the machine should change to state s, write a # to the tape
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and move the read/write head one cell to the left

The machine's transition function, d, is defined by:

J(Ss,0) = (Ss,0,—) ASum = Gk )
5(81! O) = (Slv 0! _))
5(851 1) = (SB1 1, _))
5(8 D) — (S 4 (_) 5(81! 1) = (Slv 1, _))
i " 88, 0) = (Se 1 ¢)
é(SFv #) = (SFI #, (_) _
Sk 0) = (So# —) o8n ) = St )
5(SR, O) = (SR! 0, (_)
OSr, 1) = (Su# —) 5Sn1) = (Sm 1 <)
8Se, D) = (Se 0, —) " o
5(80! #) = (SOl #1 _)) 5(SE, #) = (SE! D, _))
5(801 O) = (SO! 01 _)) 5(SE! O) = (SHv 01 _))
0(So, 1) = (So, 1, —) 0(Se,1) = (Sw 1, ™)
5(30, D) = (SR, 0, (_) 5(SE, D) = (SH, O, —))

This Turing machine is carrying o e machine starts in state Sg

with the string 10 on the tape. All other cells contai

shown). The read/write head is pa  |e
tape, as indicated by the arrow:

e blank symbol, OO0 (not
nd end of the string on the

After eight steps of the ¢ utation have been completed, the tape contents, state

and position of the read/write head are:
XAM PARERS RRACTICE
T State

Trace the computation of the Turing machine, from step nine onwards, using the
transition function d. Show the contents of the tape, the current position of the
read/write head and the current state as the input symbols are processed. Step
eight has been repeated at the start of the trace.

8. 1|#|#]|0 Sk 16.
1 State State

9 17.
State State

10. 18.
State State
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11. 19.

State State
12. - 20.

State State
13. 21.

State State
14. 22.

State State
15.

State

(6)

(d)  Explain the purpose of the Turing machine that you have traced the execution of.

1)
(Total 10 marks)

Q7.
The diagram below shows a Fij State Automaton (FSA). The FSA has input alphabet
{a, b, c} and six states, S;, S,, S3, S4, Ss and Sq.
s A L A A M~ Eil"l,ﬂl.i"lll'l'lll"'lrl-

(@ Complete the empty cells in the part of the transition table shown below for the
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FSAin the diagram.

Current State S| S1|S1|S2|S,|S,|S;3|S3| S5

Input Symbol al|lb|c al|lb|c

Next State S, | Se | S| Ss | S3 | Se

(1)
(b)  Give the name of the state that the FSA will end up in when processing the string
abcb.

D

(c) Describe the purpose of state Se.

(€

(d) The FSAin the diagram-above a i nsist of:
. a letter a
. followed by zero or more occurrences of the
. ending with a second letter :

For any FSA, itis possible to write
language (set of strings) as the FS

Write a regular expression guage that is accepted by the

FSA above.

XAM PAPERS PRACHCE |,

(e) The Turing Machine is a more powerful abstract model of computation than the
FSA.

Explain why the Turing Machine model can be used to recognise a greater range of
languages than an FSA could.

(1)
(Total 6 marks)

Q8.
A Turing machine has been designed to recognise palindromic binary numbers, ie
numbers such as 101 and 0110 that read the same from left to right as from right to left.

The machine has states Sg, Sy, Si, Sco; Sei, Si, Sy and Sy.
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Sg is the start state and S, and Sy, are the stop states.

The machine stores data on a single tape which is infinitely long in one direction. The
machine’s alphabet is 0, 1 and o, where o is the symbol used to indicate a blank cell on
the tape. The machine will enter state Sy if the value represented on the tape is a
palindromic binary number, otherwise it will enter state S,

The transition rules for this Turing machine can be expressed as a transition function &.
Rules are written in the form:

d(Current State, Input Symbol) = (Next State, Output Symbol, Movement)
So, for example, the rule:
8 (SB! 0) = (SO » O, _))

means:

IF the machine is currently in state S; AND the input symbol read from the
tapeis 0

THEN the machine should change to
and move the read / write head one cell to the ri

k symbol (o) to the tape

The machine’s transition function, 0, is

8 (SBv 0) = (SO! o, _))
0 (Se, 1) =(S:, o,
0 (Se, o) = (Sy, o,

S, 0,<)
Sy, 1<)
0 (Sco, 0) = (Sy, 0,—)

& (So, 0) = (So, 0, —) 8 (Sc, 0) = (S, 0, <)
XANERAPERS ZRACTICE

8 (S, 0)=(S,, 0, —) 5 (S, 0)=(S., 0, <)

0(S,1)=(S.1,-) O (S, 1)=(S., 1,+)

0 (Si, 0) = (Sey, O, <) 0 (S, 0) = (Sg 0,—)

(@)  This Turing machine is carrying out a computation. The machine starts in state Sg
with the string 101 on the tape. All other cells contain the blank symbol, o (not

shown).

The read / write head is located at the left hand symbol of the string and is indicated
with an upward arrow.

Trace the computation of the Turing machine, using the transition function 9.

Show the contents of the tape, the current position of the read/write head and the
current state as the input symbols are processed.

The initial configuration of the machine has been completed for you in step 1.
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L1101 Sg| 7
i) St — State
2 8
State State
3 9
State State
4 10.
State State
5 11.
State State
6.
5
(b)  The three rules shown below are transition function.
Explain what effect these three rules, takentoge ave on the tape, the read /
write head and the state of the Tu
So, 1)
So,0) = (Sco, 0,¢)
XAMTFPAPERS PRACTICE-
2

(c) AUniversal Turing machine (UTM) is a special type of Turing machine that can be
considered to act like an interpreter.

Explain how a UTM can be considered to be an interpreter.
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)

(Total 9 marks)

Qo.

A particular Turing machine has states Sg, Sy, S1, Sk and S+. Si is the start state and St is
the stop state. The machine stores data on a single tape which is infinitely long in one
direction. The machine’s alphabet is 0, 1, #, x, y and o where o is the symbol used to
indicate a blank cell on the tape.

The transition rules for this Turing machine can be expressed as a transition function &.
Rules are written in the form:

O(Current State, Input Symbol) = (Next State, Output Symbol, Movement)

So, for example, the rule:

0(Se, 1) = (Su Yy, )
means:

IF the machine is currently in state Sz AND the input symbol read from the tape is 1

THEN the machine should change to
write head one cell to the right

he tape and move the read/

The machine’s transition function, 9, is ¢

0 (SB1 0) = (SO! X, _)) _))

0(Se 1) = (Suy,—) —)

6 (SBv #) = (STI #v _)) _))
0 (S1, D) <)

6 (SOI O) = (SOI 0, _))

0 (SO! 1) = (SO! 1 _)) ¢ (SR’ O) = (SRI O (_)

B34S #) = . (Sos # - = ﬂ A

HMEBAPERS FRACTICE

O(Sry) = (Ss 1 _’)

Figure 1 shows an unlabelled finite state transition diagram for this machine. Some of the
state transition arrows represent more than one of the machine’s transition rules. For
example, the arrow labeled € represents the three rules: 8 (S, 0) = (So, 0, —), d (So.

1) = (So, 1, —)and 8 (So, #) = (So, #, —).

Figure 1
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(@ () Which states are represented by the labels @ and @ in Figure 1?

€

(i)  Which of the machine’s transition rule(s) is / are represented by the arrow
labelled @ in Figure 1?

€

(i) Which of the machine’s transition rule(s) Is /
labelled @ in Figure

i he machine's transition rule, 6, is repeatedﬁere so that you can answer part E;; Eout

having to turn back in the question paper booklet.

0(Se, 0) = (S0 x, ) 0(S,00 = (5,0 )
0(Se, 1) = (Suy,—) 0(Sp,1) = (Su,1,-)
6 (SB! #) = (STl #l _)) 6 (811 #) = (Sl; #’ _))
0(Sy o) = (Sel, <)
6 (801 0) = (SOl O, _))
6 (Sov 1) = (SO! 1! _)) 6 (SR1 0) = (SR’ O’ (_)
6 (SOr #) = (SOI #l _)) 6 (SR1 1) = (SRv 11 (_)
¢ (801 D) = (SR1 01 (_) 0 (SR1 #) = (SR’ #’ (_)
O(Sr ) = (Sg 0, )
0 (SR1 y) = (SB1 1’ _))

(b)  This Turing machine is carrying out a computation. The machine starts in state Sg
with the string 01# on the tape. All other cells contain the blank symbol, o (not
shown).

Trace the computation of the Turing machine, using the transition function 8. Show

the contents of the tape, the current position of the read / write head and the current
state as the input symbols are processed. The first three steps and final state have
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been completed for you.

L1011 |# Sg| 9
1 State State
2= | 1| # Sy | 10
} State State
3 x| 1| # Sp| 1L
4 State State
4. 12.
State State
5. 13.
State State
6. 14
State State
7. 15.
State State
8. 16. St
State State
(6)
()™ ¥ Describe the'purpose ofsthe'symbels x and ylinithis Turing: maching’s
alphabet.
1)
(i)  What does the Turing machine do?
(1)

Q10.

(Total 11 marks)

A particular Turing machine has states S;, S,, S; and S,. S, is the start state and S, is the
stop state. The machine uses one tape which is infinitely long in one direction to store
data. The machine’s alphabet is 1, o. The symbol o is used to indicate a blank cell on the

Page 13 of 18



tape.

The transition rules for this Turing machine can be expressed as a transition function &.
Rules are written in the form:

O(Current State, Input Symbol) = (Next State, Output Symbol, Movement)

So, for example, the rule:

0(51,1)=(S:. —
means:.

IF the machine is currently in state S; AND the input symbol read from the tape is 1
THEN the machine should remain in state S,, write a 1 to the tape and move the read/write head
one cell to the right

The machine’s transition function, 8, is defined by:
6 (Slf 1) = (Sl,l, —>)

0 (S1, 0) = (Sz.ce)

0 (S, 1)=(S:.. )

0 (Sz 1) = (Sae

(@ The Turing machine is carrying out a computation.
with the string 1111.0nthe t
read/write head is position

e machine starts in state S,
the blank symbol, o. The
ated by the arrow.

1 (1|1

-------- Current State:

XAam THI""I:I'(.‘.'.'I <ACTI

Trace the computation of the Turing machine, using the transition function 8. Show
the contents of the tape, the current position of the read / write head and the current
state as the input symbols are processed.

__________ Current State:

__________ Current State:

__________ Current State:

L1 L1 L]

__________ Current State:
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__________ Current State:

__________ Current State:

__________ Current State:

L1 L1 L1 L]

(6)

(b)  Explain what this Turing machine does.

€

(c) Explain what a Universal Turing

e e e

(Total 9 marks)

Q11.

A particular Turing machine has states S,, S, and Ss.

S, is the start state and S; is the stop state.

The machine uses one tape which is infinitely long in one direction to store data.

The machine’s alphabet is 0, 1, 0, e and o, where o is the symbol used to indicate a blank
cell on the tape.

The transition rules for this Turing machine can be expressed as a transition function &.
Rules are written in the form:

O(Current State, Input Symbol) = (Next State, Output Symbol, Movement)
So, for example, the rule:

0 (851, 0)=(S, 0, —)
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means

IF the machine is currently in state S, AND the input symbol read from the tape is 0
THEN the machine should remain in state S,, write a 0 to the tape and move the read/write head
one cell to the right

The machine’s transition function, 9, is defined by:
0 (S4,0) = (S, 0,—)
0(S,1)=(S.1,—)

0 (S, 0)=(S; e, —)
0 (S, 0)=(S.0,—)
0(S,1)=(S.1,—)
0 (S, 0)=(S, 0, —)

The diagram below shows a partially labelled finite state transition diagram for this
machine.

Some labels are missing and have bee rs such as 0 Each state
transition arrow is labelled with the inpu symbol and the direction of
movement, in that order. For example ( s thatif the input symbol is o, an e is
written to the tape and the read/write h to ell.

(0,0, 2)

7 ) a
\/ (1,1, ) \/

(@) Four labels are missing from the diagram above.

Write the missing labels in the table below.

Number Correct Label

0
e
©
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(4]

)

(b)  The Turing machine is carrying out a computation using one tape which is infinitely
long in one direction. The machine starts in state S, with the string 01100 on the
tape.

All other cells contain the blank symbol, o. The read/write head is positioned at the
leftmost zero, as indicated by the arrow.

1111010 CurrentState:lS1

Trace the computation of the Turing machine, using the transition function 8. Show
the contents of the tape, the current position of the read/write head and the current

state as the input symbols are processed.
Current State: |

Current State: |
Current State: |

Current State:

XAM PAPERS PRACTI ]

Current State: |

(c) Whatis the purpose of the algorithm represented by this Turing machine?

B

11

4

€

(d)  Explain the importance of the theory of Turing machines to the subject of
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computation.

(2
(Total 9 marks)

o=
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