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PAPER CODE COMP505 page 1 of 5 Continued



THE UNIVERSITY
of LIVERPOOL

1. (a) Describe three common techniques for designing algorithms. For each technique
briefly explain an algorithm that uses it (this should be different from the one de-
scribed in (b) below). 12 marks

(b) A weighted graph contains n nodes v;,...v,. Some pairs of nodes are joined by
undirected edges of given length. It is required to find a minimal spanning tree for
the graph (i.e. there is a route between any two nodes, no circular routes and the total
length of the edges is a minimum). Give an algorithm to find the minimal spanning
tree. 5 marks

(c) Showing all your working, use your algorithm to find the minimal spanning tree for

the network below, 5 marks
Ua 1 3 5 Uy
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(d) Is the solution unique (i.e. could there be more than one spanning tree that is minimal
by applying the algorithm to a graph)? Why? 3 marks

2. (a) Explain briefly what is meant by structured programming. 2 marks

(b) Using both pseudo code and a flow diagram explain the operation of a choice state-
ment (using if, then, else, endif). 6 marks

(¢) Give a parse tree for the if statement
if a > 7 then x := 5; else x:= 2; endif;

which is derived from the production for if_statement in the grammar below.
8 marks
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< if_statement >

< statement_segquence >
< statement >

< assignment_statement >
< boolean_exp >

< comparison_operator =
< erp>

< adding_operator >
< term >

< wdentifier >

< constant >

< letter =

< digit >

if < boolean_exp > then

< statement_sequence > endif ;|

if < boolean_exp > then

< statemeni_sequence > else

< statement_sequence > endif ;

< gtatement > |

<. statement >< statement_sequence >
< assignment_statement > |

< if _statement >

< identifier >:=< exp >;

< exrp >< comparison_operator >< exp >
= == e =]

< term >

| < exp >< adding_operator >< term >
+] -

< identifier > | < constant > |( < exp > )
< letter > | < identifier >< letter >

| < identifier >< digit >

< digit > | < constant >< digit >
A|B|C|D|E|F|G|H|I|J|K|L|M|N|O
PIQIR|SIT|U|V|W|X|Y|Z|alblc|dlel f
\g1Rlilj |k [tlm]nolplg|r|s|tulv|wlz|y|2
0|1|2|3|4|5|6|7|8|9

(d) What languages cannot be expressed in BNF (or EBNF)? Explain briefly why. 3 marks

(e) Consider the following choice statement in Java syntax.

if {a == 10}
{
if (b < 3)
screen.println(**X"');
else
gcreen.println(**y’" ') ;
}
else

gcreen.println(**Z" ") ;

Give values of a and b that result in:-

i. X being printed;
ii. Y being printed,;
iii. Z being printed;

explaining what happens on each path through the code.
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(a) What is an abstract data type? How are abstract data types implemented in Java?
4 marks

(b) What is a stack data structure? 2 marks
(c) Let S be the stack below where 3 is at the top of the stack.

10

25

Having created a stack, the basic operations on stacks are:

e push something onto the stack;

e pop the top item (i.e. remove the top item from the stack);
# inspect what is on the rop of the stack;

¢ test whether the stack is empty;

o return the size of the stack;

with the specification for each operation as described in lectures. Show what is re-
turned (if anything) and the resulting stack, after each of the following operations is
applied to S: push(7), empty(), size(), top(), pop(), pop(). 6 marks

(d) One way to implement stacks is by using an array, A, with maximum size NV where
the variable ¢ (initialised to { = —1) is used to give the index of the top element in the
array. Assume the first array subscript is 0. Give pseudo code for the five operations
above in an array based implementation of stacks. 10 marks

(e) How else could stacks be implemented? Give one advantage of this alternative im-
plementation. 3 marks

(a) What is the difference between a procedure and a function? How are procedures and
functions implemented in Java? Illustrate your answer with a small example of each
from Java. 8 marks

(b) In a modern high level language what are the defining and applied occurrences of
identifiers? Illustrate both the above with a small example in Java. In the presence
of block structure how is the defining occurrence corresponding to a given applied
occurrence found? 7 marks

(c) Explain what are meant by virtual data types. What types are commonly provided as
virtual types? Give a very brief description of each type you mention. Give one of
these that is not directly provided by Java? 10 marks
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5. (a) Clearly explaining all steps taken, show how the following list

(15,7, 21,6,1)
may be sorted using (the basic, unoptimised) bubble sort. 5 marks
(b) Give the pseudo code for another list sorting algorithm (other than bubble sort).
' 5 marks
(c) What is meant by the order of complexity of an algorithm? 3 marks

(d) Give the order of complexity of the bubble sort algorithm, showing how this has been
obtained. 5 marks

(e) An optimised version of bubble sort reduces the number of comparisons needed each
time round the cycle. Explain briefly why this works. What is the order of complexity
of the optimised bubble sort algorithm. Why? 7 marks
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