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QUESTION 1 [20 marks]

(a) Suppose that clag3HILD inherits from clas®PARENT and that we have made the decla-
rationschild: CHILD andparent: PARENTWhat will be the outcome of the assignment
attemptchild ?= parentif:

(i) parentis Void?
QUESTION 1(a)]i] [1 mark]

(i) parentis attached to an object of claBARENT?
QUESTION 1(a)[ii] [1 mark]

(i) parentis attached to an object of cla€#ILD?
QUESTION 1(a)[iii] [1 mark]

(b) Give two reasons for keeping a file under version control using a system like RCS.
QUESTION 1(b) [2 marks]
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(c) Explain why implementing the fonts in Assignment 3 using ordinary functions could
cause a problem of memory leaks, and how usingefunctions could solve this.

QUESTION 1(c) [3 marks]

(d) Show how to achieve the same effect as the instructionclone (y)without using the
clonefunction.
QUESTION 1(d) [1 mark]

(e) What distinguishes a functional programming language from the other types we have
studied (object-oriented, procedural and scripting languages)?

QUESTION 1(e) [1 mark]
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() Give two reasons why object-oriented languages are not completely replacing procedural
languages.

QUESTION 1(f) [2 marks]

(g9) Explain the roles of and interactions between the three components of the Model-View-
Controller architecture for graphical applications.

() What is the role of the Model? How does it interact with the View and the Con-
troller?

QUESTION 1(9)[i] [1 mark]

(i) What is the role of the View? How does it interact with the Model and the Con-
troller?

QUESTION 1(g)Jii] [1 mark]

(i) What is the role of the Controller? How does it interact with the Model and the
View?

QUESTION 1(g)[iii] [1 mark]
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(h) Explain how the lack of type checking between modules in C programs can cause prob-
lems and how the use of header files solve them.
QUESTION 1(h) [3 marks]

(i) Whatis a pointer?
QUESTION 1(i) [1 mark]

() Explain the difference between a functidefinitionand a functiordeclarationin C.
QUESTION 1(j) [1 mark]
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QUESTION 2 [20 marks]

This question is about recursive tree data structures for representing algebraic expressions, sim-
ilar to those studied in lectures and in Lab 4.

The designer of the system has decided to use a Visitor pattern style implementation of these
trees. The starting point for this is the two deferred claBS&RESSIONINAVISITOR

deferred class
EXPRESSION
feature
accept (v: VISITOR) is deferred end

end -- class EXPRESSION

deferred class
VISITOR

feature
visit_constant (x: CONSTANT) is deferred end
visit_addition (x: ADDITION) is deferred end
visit_multiplication (x: MULTIPLICATION) is deferred end

end -- class VISITOR

ClasseEXPRESSIONvill have three effective subclasses, representing constants, sums of two
expressions and products of two expressions. Only one of these GXIH$STANT has been
implemented.

class

CONSTANT

inherit
EXPRESSION

creation
make
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feature {NONE}

make (n: INTEGER) is
-- Initialise
do
value == n
end

feature {ANY}
value: INTEGER

accept (v: VISITOR) is
do
v.visit_constant (Current)

end

end -- class CONSTANT

(a) Write a new clasADDITION which inherits from clasEXPRESSIOMNnd represents
sums of two sub-expressions.

e Each object must store its two sub-expressions in attributes oB)(FRRESSION

e The creation routinenakemust take two arguments of claBXPRESSIOMnNd
initialise the attributes appropriately.

e Theacceptfeature must be made effective.

Your code must conform to the usual Eiffel coding standard. Include require and ensure
clauses where appropriate.
QUESTION 2(a) [6 marks]
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QUESTION 2(a) continued.
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Assume that clagslULTIPLICATION has been written similarly.

(b) Once the system has stored an expression as a tree structure, it is important that it can
print it out again. Write an effective claBRINTERthat inherits from clas¥ISITOR
e Objects of this class must print expressions on the standard output.
e For constants, they should just print the value of the constant.

e For addition expressions, they should print the two sub-expressions, separated by a
plus sign, and surrounded by parentheses,(&td) .

e For multiplication expressions, they should print the two sub-expressions, separated
by an asterisk and surrounded by parentheses(25y. .

e There should be no creation clause.
QUESTION 2(b) [6 marks]

COMP2100 (Software Construction) Page 9 of 28



QUESTION 2(b) continued.
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(c) Write a fragment of client code that tests the operation of the classes written so far. Your
code must perform the following actions:

1. Build an expression tree for the expressigh+ (2 x 3)) +4).
2. Use an object of clag3RINTERto print this expression on the standard output.

You may assume the declarations

a, b, c, d: CONSTANT
e, f. ADDITION

g: MULTIPLICATION
printer: PRINTER

QUESTION 2(c) [4 marks]
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(d) The associative law for addition says tlat+b) +c = a+ (b+c) for all numbersa, b
andc. This means that different expression trees can represent equivalent expressions.
An important part of the work of a symbolic algebra program is to be able to manipu-
late expressions according to the rules of algebra, to simplify expressions or to determine
whether two expressions are equivalent. (It's more important when expressions can con-
tain symbolic variables.)

As a first step towards this, your task is to write a new cla8KBRMALISERnNheriting

from classVISITORthat traverses expression trees applying the associative law for addi-
tion to expressions (without changing the order of the terms in the expression) in such a
way as to make the tree as ‘right-heavy’ as possible. That is, whenever it sees an addi-
tion expression with another addition expression as its left child, it performs a ‘rotation’
operation like this:

+ +
[\ I\
+ Cc ==> a +
[\ [\
a b b ¢

(Herea, b andc could be expressions of any type, not just variables or constants.) The
idea is to reduce all expressions to a standard form so that they can easily be compared.

Write classNORMALISERAIso indicate briefly what changes you would need to make
to the existing classes for this to work.

QUESTION 2(d) [4 marks]
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QUESTION 2(d) continued.
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QUESTION 3 [20 marks]

In this question you have to do a code review. The code you are to review is an attempted
solution to Homework 12. The requirements for the program are:

Write an Eiffel program calledchange ’ that works out how to make change in
coins for a given number of cents.

The program shall take exactly one command line argument, which should be
a non-negative integer in the range 3-497. If the argument is out of range, the
program should print an error message and stop.

If the argument is not a multiple of 5, the program shall first round it to the
nearest multiple of 5.

The different types of coins you may use for making change are 5c, 10c, 20c,
50c, $1 and $2.

The program shall use a ‘greedy’ algorithm to choose between the many possi-
ble ways to make change. That is, it shall first use as many $2 coins as it can, then
as many $1 coins as it can, then as many 50c pieces and so on.

For example:

comp2100@iwaki change 20

20c = 1 x 20c

comp2100@iwaki change 85

85¢c =1 x50c +1x20c+1x10c + 1 x 5C
comp2100@iwaki change 90

90c =1 x 50c + 2 x 20c

comp2100@iwaki change 497

$495 =2 x $2 + 1 x 50c + 2 x 20c + 1 x 5¢
comp2100@iwaki change 498

Error: argument 498 is too large.

Output should be formatted exactly as in the examples above.
The attempted solution consists of a single claBBANGE The creation procedure isake

1 class CHANGE
s feature

5 make is

6 -- Makes change for the amount on the command line
7 local

8 amount: INTEGER

o i: INTEGER

10 do
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12
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14
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31
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48

49

50

51

52

53

54

-- Get and check argument
if argument_count /= 1 or else
std_error.put_string ("Usage:

not argument (1).is_integer then
change <amount>%N")

die_with_code (exit_failure_code)

end

amount := argument (1).to_integer

if amount < 3 or amount > 497 then
std_error.put_string ("Error: argument ")
std_error.put_string (argument (1))

std_error.put_string (" is too

large.%N")

die_with_code (exit_failure_code)

end

-- Round to nearest multiple of 5c

if amount // 5 /= 0 then
inspect amount // 5
when 1 then amount := amount - 1
when 2 then amount := amount - 2
when 3 then amount := amount + 2
when 4 then amount := amount + 1

end

-- Print the amount
if amount >= 100 then
std_output.put_character ('$)

std_output.put_double_format (amount // 100, 2)

else

std_output.put_integer (amount)
std_output.put_character ("c")

end
std_output.put_string (" = ")

-- Loop through taking off coin
from

=1

n:=2=0
until amount = 0 loop

values and printing

if amount > coins.item (i) then

n=n+1
amount := amount - Coi
else

ns.item (i)

std_output.put_integer (n)
std_output.put_string (" x ")

std_output.put_string (coi

n_strings.item (i))
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56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

std_output.put_string (" + ")
=1+ 1
end
end
end

coin_values: ARRAY [INTEGER] is
-- Values of the different coins
once
Result := <<200, 100, 50, 20, 10, 5>>
end

coin_strings: ARRAY [STRING]
-- How to print each coin
once
Result := <<"$2", "$1", "50c", "20c", "10c", "5¢">>
end

end -- class CHANGE

There are at least ten defects in this program. Some of them are violations of the coding stan-
dard, but most (worth more marks) are genuine defects in the code, that will either generate a
compilation error or cause the program to crash or give wrong results.

Perform a careful review of this code and locate all defects-or each defect, write the number

of the line on which it occurs, together with a clear, concise statement of what is wrong there.
If the same defect occurs more than once, only count it as one defect, but indicate all lines that
it occurs on.

QUESTION 3 [20 marks]
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QUESTION 3 continued.
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QUESTION 4 [20 marks]

As part of a project, a C programmer has written a function caliedt to count the number
of occurrences of one string in another. This function is defined in thetfdet.c . The
programmer has also written a corresponding C headestritig.h  , which looks like this:

[* strent.h */

[* Return the number of occurrences of s in t. */
int strent(char *s, char *t);

Your task in this question is to set up the machinery for testing this function. Since COMP2100
students aren’t required to program in C, you will do it using Eiffel instead.

(a) Write an Eiffel test harness for ttegrcntfunction. That is, write a one-class Eiffel pro-
gram in a classlARNES$hat reads two strings from the command line, calls the external
strentfunction and writes the result to the standard output.

For example, an interaction with the compiled executable might look like this:

comp2100@iwaki harness x Xxx
3
comp2100@iwaki harness xx Xxx
1

(Notice that the second answer is wrong.)

You do not have to worry about checking the input. That is, you may assume that the
program will always be called with two command-line arguments.

QUESTION 4(a) [7 marks]
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QUESTION 4(a) continued.
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(b) Assume that some test data has been stored in a text file caflesl. Each line of this
file contains two strings, followed by an integer. The integer is the expected result of
running theharness program on the two strings. For example, thees file might look
like this:

X XXX 3
XX XXX 2

Write aBash script calledtester that reads each line of its standard input (assumed to
be in the same format as thases file), runs theharness program on the pair of strings
and compares the output with the integer on that line.

For each test case (that is, each line of input) the script must write one line to the standard
output. If the numbers match, it must writéest ”, the test number, and “Passed . If

the numbers differ, it must writeTest ”, the test number,:“ Failed - expected

the number expected, ‘actual 7 and the number actually returned by thaness
program.

It should then leave a blank line and print a summary of the number of tests passed, the
total number of tests and the percentage passed, in thefassed 4/7 tests = 57% .

For example, with théarness program operating as in Part (a) and with the cases file
above the commaridster < cases  should give this output:

Test 1. Passed
Test 2: Failed - expected 2, actual 1

Passed 1/2 tests = 50%

QUESTION 4(b) [7 marks]
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QUESTION 4(b) continued.
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(c) Your final task is to write a Makefile that automates the process of compilation and testing.
The files in your system astrcnt.c  , strent.o |, harness.e |, harness , cases , tester
andreporttxt . The last file report.txt should be the output of running thester
script.

(Note that the header fildrcnt.h  is not part of the system, since it is not needed when
calling the C function from Eiffel.)

(i) Draw a diagram showing the dependencies between the files listed above. Indicate
source files by underlining their names.

QUESTION 4(c)][i] [2 marks]
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(i) Use your diagram to construct a Makefile that will (re)buiégort.txt with the
minimum amount of effort whenever required. You may not rely on any built-in
rules.

Make sure that the commandake’ will always bringreport.txt up to date when-
ever any of the source files is modified, and that it will do as little work as possible.
Also add a ‘phony’ targetclean ' that removes all the generated files, leaving only
the sources.

QUESTION 4(c)lii] [4 marks]
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QUESTION 5 [20 marks]

(&) What benefits might come to you as an individual in the workplace from following the
PSP?
QUESTION 5(a) [2 marks]

(b) What benefits might come to your organisation?
QUESTION 5(b) [2 marks]

(c) Explain why the PSP includes a personal code re\betorethe Compile phase, rather
than after.
QUESTION 5(c) [2 marks]
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(d) The Process Yield is defined as

defects removed before Compile

Yield =100 — .
I % defects injected before Compile

Explain the significance of this number, and why it is defined the way it is. What do high
and low values mean? What is a reasonable yield to aim at?

QUESTION 5(d) [4 marks]

(e) The appraisal to failure ratio is defined as

AJFR— total time spent looking for defects
~ total time spent fixing defects ’

Explain the significance of this number, and why it is defined the way it is. What do high
and low values mean? What is a reasonable A/FR to aim at?
QUESTION 5(e) [4 marks]
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() Explain why there is more to software quality than defect management.
QUESTION 5(f) [2 marks]

(9) When recording defects, why is it important to classify the defects according to type?
QUESTION 5(qg) [2 marks]

(h) What is the point of recording and summarising how you spend your time?
QUESTION 5(h) [2 marks]
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Additional answers to QUESTION_(__)[__]
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Additional answers to QUESTION_(__)[__]
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