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1 Digital Electronics
You are to design a sequencer with the following properties.
e There are four inputs: reset, sg, s1, Sa.
e There are three outputs: tg, t1, to.
You may assume that there is a clock.
Once the system is reset, the signals sg, s1, s3 may be asserted in any order.
However, the ¢; may be asserted only if all of the s;, j < ¢ have been asserted since
the last reset. You may assume that once an s; is asserted it remains so until the
reset is applied.
(a) Draw a state diagram for the system. [6 marks]

(b) Provide a state transition table for the system. [4 marks]

(¢) Provide equations for next state control and outputs for an implementation.
[6 marks]

(d) Suppose that the s; did not remain asserted until system reset. How would
you modify the implementation? [4 marks]
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2 Foundations of Programming

The administrator of a playgroup maintains a database containing the names, ages
and heights of children. A Java program is required which will sort the children
into ascending order of height.

An early test version of the program begins thus:

public class ChildProg
{ public static void main(String[] args)
{ Child[] p = (new Child("George", 4, 1.06f);
(new Child("Betty", 2, 0.93f);

sort (p);
}

private static void sort(Child[] p)
{.
while (... p[i-1].compare(p[i]))
{.

Supply a suitable class Child. In addition to appropriate data fields and an
appropriate constructor, this class should contain a compare() method (for use
as implied in the sort() method above) and a toString() method. There is no
need to write any further code for the methods main() and sort().  [10 marks]

The program is then modified so that the sort() method and the compare()
method are each given a second formal parameter. When the modified sort()
method is called, the second actual argument specifies whether sorting is to be in
alphabetical order of name, ascending order of age or ascending order of height.

The modified program will require a new heading for the sort() method and a
rewritten compare () method in class Child. Supply this new heading and the new
compare () method in full. Supply any other necessary new code too and explain its
purpose. There is again no need to write any further code for the methods main ()
and sort (). [10 marks]
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3 Compiler Construction

(a) Give a diagram showing the phases of a typical compilation system for a

(b)

language like C which produces a directly executable fully-linked binary file
as output. For each phase, describe in a paragraph what it does (mentioning
possible implementation techniques) and give a brief overview of the data-
structures used for its input and output indicating whether they would
normally reside in a file or in memory. (Do not specify details of any files
used to automate the writing of any of the above phases.) [16 marks]

Indicate how a typical Java implementation might differ and explain what is
meant by just-in-time compilation. [4 marks|

4 Introduction to Security

(a) (i) Explain the collision resistance requirement for the hash function used in

a digital signature scheme. [4 marks]

(ii) Show how the DES block cipher can be used to build a 64-bit hash
function. Is the result collision resistant? [4 marks]

A sequence of plaintext blocks Pi,..., Py is encrypted using DES into a
sequence of ciphertext blocks. Where an IV is used, it is numbered Cy. Owing
to a transmission error, one bit in ciphertext block C35 changes its value, and
as a consequence, the receiver obtains after decryption a corrupted plaintext
block sequence Pj, ..., Pi. For the following modes of operation, how many
bits do you expect to be wrong in each block P/?

(i) Cipher block chaining. [2 marks]
(7)) 64-bit output feedback. [2 marks]

(i) Explain the Feistel principle used by block ciphers such as DES and its
purpose. [4 marks]

(71) Using a given pseudo-random function F : {0, 1}1% — {0,1}%° construct
a pseudo-random permutation P : {0,1}3%° — {0,1}3% by extending the
Feistel principle appropriately. [4 marks]
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5 Data Structures and Algorithms
Some languages allow the user to allocate and free space explicitly using calls such
as malloc(size) and free(ptr). The blocks of space are typically allocated from

a large region that you can assume is a vector.

(a) Discuss the issues that must be considered when deciding how to implement
such space allocation functions. [6 marks]

(b) Outline the design of a standard algorithm for space allocation using the first
fit strategy, and outline an algorithm based on the binary buddy system in
which block sizes are rounded up to the next power of 2. [7 marks each]

6 Computer Design

For each of the following, explain the difference between:

(a) analogue computer and digital computer; [4 marks]
(b) data-flow and control-flow model of computation; [4 marks]
(¢) little endian and big endian; [4 marks]
(d) latency and bandwidth of data transmission; [4 marks]
(e) spatial locality and temporal locality of data. [4 marks]
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7 Operating System Foundations

Explain briefly the memory-management scheme of paging. [4 marks|
Give two disadvantages of paging. [2 marks]

A translation look-aside buffer (TLB) is sometimes used to optimise paging
systems. Explain carefully how a TLB can be used in this way, and how it can
optimise a paging system. [3 marks]

The fictional Letni 2P chip uses (single-level) paging and has a memory access
time of 8 nanoseconds and a TLB search time of 2 nanoseconds. What hit ratio
(the probability that an item is in the TLB) must be achieved if we require an
average (paged) memory access time of 12 nanoseconds? [4 marks]

The management of the Letni Corporation wish you to design and evaluate
a multi-level paging system for their new 64-bit processor, the 3P, which has
4K-sized pages.

(i) Give details of your proposed multi-level paging system. [5 marks]

(i) State, and justify briefly, whether you think this proposal is realistic.
[2 marks]
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8 Continuous Mathematics

Consider the trigonometric series

oo
% + Z (a, cosrz + b, sinrx)

r=1
where ag, a1, a9, ... and by, b, ... are constants and suppose that f(x) is a periodic
function of x with period 2.
(a) State expressions for the constants ag,a,, b, (r = 1,2,...) so that the

trigonometric series forms the Fourier series of f(x) over the interval
—m < x < 7. Such expressions are then known as the Fourier coefficients

of f(x). [4 marks]
State the Dirichlet conditions on the function f(x) for it to be represented
by its Fourier series at all points in the interval —7m < x < m at which the

function f(z) is continuous. [2 marks]

Determine simplified expressions for the Fourier coefficients when the
function f(z) is an even function of x. [3 marks]

Consider the function f(x) which is periodic with period 27 and is defined
by f(x) = 22 in the interval —7 < 2 < 7. Does the function f(x) satisfy the
Dirichlet conditions? Briefly justify your answer. [2 marks]

Determine the Fourier series for this function f(x). [6 marks]

By substituting a suitable value for x in the Fourier series show that

7.(.2 0 (_1)T—|—1
12 Z r2

r=1
[3 marks]

9 Mathematics for Computation Theory
State and prove Arden’s rule for regular events. [20 marks]
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10 Computation Theory

11

(a)

(b)

(¢)

Explain how each number e € N can be decoded uniquely as a register machine
program Prog,. [6 marks]

What would it mean for a register machine to decide the halting problem?
[4 marks]

Prove that such a register machine cannot exist. (You may assume the
existence of suitable register machines for copying registers and manipulating
lists of numbers so long as you specify their behaviour clearly.) [10 marks]

Numerical Analysis I

(a)

Consider a version of the Brown model in which the significand of a floating-
point number is represented as dg.d1ds . ..d,—1. Explain the parameters 3, p,
€max, €min Of the model. [3 marks]

Describe the layout of bits in IEEE single precision and give the values of the
above four parameters. [5 marks]

IBM System/370 single precision uses the same total number of bits, and
a similar method for storing negative exponents. However, there are 7 bits

for the exponent, and all bit patterns represent numbers. Given § = 16,
deduce the values of the remaining three parameters for this floating-point
implementation. [5 marks]

If B = 10,p = 3 how should 6.789, 6.785, 6.755 be rounded using the “round
to even” method? [3 marks]

Now consider f = 2, p = 8 on a machine with just one guard digit. How
should the following be rounded using “round to even”?

011010110
101110101
110100011
011111111
[4 marks]
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12 Computer Graphics and Image Processing

(a) Describe an algorithm which draws a Bezier cubic curve to a specified tolerance
using straight lines. [7 marks]

(b) Describe an algorithm for clipping a line against a rectangle. [8 marks]
(¢) A Bezier cubic curve could be clipped and drawn using the algorithm in (a)
to produce straight lines and the algorithm in (b) to do the clipping. Describe

a more efficient algorithm which draws a Bezier cubic curve clipped against a
rectangle. [5 marks]

END OF PAPER



