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QUESTION 1 [18 marks]

(a) Define and distinguish betweenboundary valuetesting andequivalence classtesting.

QUESTION 1(a) [3 marks]

(b) Define and distinguish (state what is the important difference between them) the terms
path testingandboundary value testing.

QUESTION 1(b) [3 marks]

(c) In the Subversion version control system (SVN), what are thefour states that a working
copy file can have, in relation to the repository.

QUESTION 1(c) [3 marks]
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(d) Consider this fragment of Java code

public abstract class Tree {
abstract public void Traverse();

}
public class NullTree extends Tree {

public NullTree() { /* do nothing */}
public void Traverse() { /* do nothing */ }

}
public class BiTree extends Tree {

private int value; private Tree left, right;

public void Traverse() {
left.Traverse();
right.Traverse();
System.out.println(value);

}
}

Which kind of binary tree traversal is implemented by this code?
Circle one letter to indicate your answer. [2 marks]

A. inorder

B. preorder

C. postorder

D. none of the above

(e) The characters ‘;’ (semicolon) and ‘|’ (vertical bar) have special meanings in the syntax
of bash shell commands. State the meanings of these two characters in bash.

QUESTION 1(e) [4 marks]

(f) What are the essential features that distinguish an object oriented (OO) language from a
non-OO, procedural language?

QUESTION 1(f) [3 marks]
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QUESTION 2 [15 marks]

A team of 3 software developers decide to work together on modifying a program of a few tens
of thousands of lines of Java source code. They choose to use Subversion for their Version
Control System and JUnit for their unit testing.
Many of the changes they need to make will affect more than onefile, and the way they divide
up the work means that many of the files changed by one programmer will also be used and
changed by both of the others.

(a) Name what kinds of testing other than unit testing will be needed. Briefly explain your
answer.
QUESTION 2(a) [3 marks]

(b) Show how one programmer can best use svn commandsupdate, commit and commitstatus*
to work in this situation. What is recommended for good practice when working in a team
like this?
QUESTION 2(b) [5 marks]

question continues on the next page
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(c) Compared to working with two programmers, how does having a third programmer in the
team change the way each programmer needs to work and interact with the version control
system? Explain your answer to with a clear example of a file that is being modified by
editing by all three programmers in several sessions, and considering what states each of
the programmers’ working copies and the repository may be in.

QUESTION 2(c) [7 marks]
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QUESTION 3 [25 marks]

Consider the design of tests for a program with the following specification:
One component of a phone call billing application is a program named
CappedCharge. This program reads lines of data each of which lists a set of phonecalls
for one phone account. Each call is one of three different call-types, identified as types A,
B and C.
The program contains a preset built-in table with two entries for each call-type: (1) the
charging rate (in whole cents per second) and (2) the “chargecap” (a whole number of
cents) or an entry showing‘‘no cap’’ if there is no cap on that call-type.
For example:

Assume that this charge table is fixed data
and is not varied in these tests.

TABLE OF CHARGES

call type rate cap
A 10 1500
B 35 540
C 40 no cap

The program reads a line of data which contains:

• a total charge cap on the account (in whole cents) and

• a list of call data which is in pairs: a call-type (denoted by aletter) and the duration
of the call (in seconds).

For example, one input might be2000 A 10 B 100 C 60 A 15 A 10

Functional specifications

1. The raw chargefor a call is the duration of the call multiplied by the rate for that
type of call

2. the capped chargefor a call is calculated as the smaller of (1) the raw charge for
the call and (2) the charge cap for that type of call, if there is any cap;

3. theraw total chargeis calculated as the sum of the capped charges for all calls
4. thecapped total chargeis calculated as the smaller of (1) the raw total charge and

(2) the cap for the account
5. the CappedCharge program shall print out the capped total charge

Do NOT design the program. Answer the questions about choosing test cases below.
Write your answers to these questions in the format shown here: for each test case give both a
testinput and theexpectedoutput.
For example, one test case could be written:

Input: 2000 A 10 B 100 C 60 A 15 Expected Output: 3190
This input means: an account cap of 2000 (cents); with 4 calls: one call of type A, duration
10 seconds; one call of type B, 100 seconds; and one call of typeC, 60 seconds duration; and
another call of type A, 15 seconds. The expected output is stated to be 3190.
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The test case designer decides to do equivalence testing. She partitions the behaviour space for
this program in the following way, and intends to design equivalence class test cases for each
meaningful combination of the input values that define theseclasses:

1. the raw total charge is (a)above or (b)below the account cap

2. the number of calls in the call list is (a)zero (b)one (c)morethanone

3. the number of call-types in the input list of calls:the designer has not decided

4. the number of calls of one call-type: (a)zero (b)one (c)morethanone

5. the raw charge for one call is (a)below (b)above the cap for that call-type; or (c) for a
call-type with no cap

(a) Design one simple test case that tests case 2(a): zero calls in an input list.(give only one
testcase:includeboththeInputandExpectedoutput)

QUESTION 3(a) [3 marks]

(b) Design one test case as simple as possible for the combination of 1(a)and2(c)and5(b)

QUESTION 3(b) [4 marks]

(c) How should the designer partition the program behaviour space for partition 3 (the number
of call classes in one dataset)? Briefly explain your answer.

QUESTION 3(c) [5 marks]

question continues on the next page
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(d) Using the principle of Boundary Value testing, write one or more test cases to fully test the
boundaries implied by Functional Specification 2: the capped charge for a call. Choose
data for call type A in your test cases.

QUESTION 3(d) [6 marks]

(e) The equivalence class partitions listed above do not consider several aspects of the call
type data: for example, what order they come in (all of one call type before all of any
other type, or interleaved at random); whether there is morethan one of each type of call
in one dataset; whether the calls come in increasing length of time, or the order is not
constrained, and so on.

Discuss whether these factors should be included in the testing of this program. Use sup-
porting arguments from the principles of black box test casedesign and the nature of the
equivalence classes for this specification.

QUESTION 3(e) [7 marks]

answer box continues on the next page
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QUESTION 3(e) continued.
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QUESTION 4 [22 marks]

(a) Recall the methods for preorder and inorder traversal of a binary tree using an iterative loop
and an explicit stack data structure.

Explain why it requires an explicit data structure (such as astack) to support an iterative
algorithm for an inorder traversal of a tree, whereas an iterative traversal of a list does not
need such a structure.
QUESTION 4(a) [6 marks]

answer box continues on next page
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(b) Over the past few years of developing the Oops program a number of more abstract fea-
tures have been added, particularly an increasing number ofgenerics, enhanced for-loops,
and collections.
For example, thechildren instance variable in classXmlContainerElement that used
to be defined and used as a vector of Objects

Vector children; // old version
...
for (int i = 0; i < children.size(); i++) {

((XmlElement) children.elementAt(i)).accept(visitor);

has been replaced with a generic Vector ofXmlElement and the enhanced for-loop:
Vector<XmlElement> children; // new version
...
for (XmlElement child : children) {

child.accept(visitor);

In another part of the code in the classAttributeList, in future the variablestorage
will be replaced:
HashTable storage;

... // old version
public String at(String key) {

return (String)storage.get(key);}

HashTable<String,String> storage;
... // new version
public String at(String key) {

return storage.get(key); }

Discuss the benefits of using higher abstractions like thesefor developing software.

QUESTION 4(b) [8 marks]

answer box continues on next page
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QUESTION 4(b) continued.

question continues on next page
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(c) Consider the Java program constructs that manage a widget such as a Button in a simple
user interface such as a dashboard. Describe the program constructs and the steps that
together

• create the button, and ensure that it has the right colour andtext appearance

• ensure that it appears in the right position, and is visible

• create and manage program elements that will respond when the user “presses” the
button (by changing its text and colour, for example).

You do not need to write Java code except for short fragments that illustrate your answer.
You must describe interactions between the program and the Java system (in terms of
creating widgets and listeners, registering callbacks, handling events, etc) at the program
level, both when creating this button and when handling the button press event.

QUESTION 4(c) [8 marks]
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* this page is blank - replace with 2 column program listing protoWidget page 1
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* this page is blank - replace with 2 column program listing protoWidget page 2
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QUESTION 5 [20 marks]

Consider a prototype program that describes containers in a graphics display system. It contains
two kinds of container elements which have either a verticallayout or a horizontal layout; and
two types of graphic widget elements, namely a text block anda coloured “filler” rectangle.
The only aspects that have been modelled so far are the width and height of elements. See the
program listing on the previous page.
You do not need to understand any details of graphics for thisquestion: these Widgets and Con-
tainers behave in some ways like the Oops programXmlElement andXmlContainerElement,
with visitors like those that compute the value in Expression trees.

We define a new kind of Widget which contains exactly 2 children elements.
public class Overlapper extends Widget {

Widget childA, childB; ...}

The graphical layout for anOverlapper Widget overlaps these elements at a common cen-
tre. The combined width of the Overlapper’s bounding box is therefore is the maximum of the
widths of its two elements, and the combined height is the maximum of their heights.

A
B

A
B

r

Overlapper

(a) Write the BoundingBox visitor methodvisitOverlapper.

QUESTION 5(a) [10 marks]
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(b) The program designer suggests that returning results from the visitor BoundingBox could
be improved, if he replaced the clumsy two instance variables width andheight in the
BouldingBox by a structuredRectangle value returned directly from theaccept and
visitthingmethods. He believes that this would simplify the program, improve its infor-
mation hiding by protecting thewidth andheight instance variables inside the Widget
classes, and would allow him to use the preferred programming style of returning a value
from the methods rather than accessing these variables fromoutside the Widget classes.
For example

public Rectangle accept(Visitor v){
return v.visitTextBlock(this TextBlock,

new Rectangle(t.width, t.height));
}

Discuss the benefits and disadvantages of his idea, including the effect on other pro-
grammers being able to add new visitors for other operations. Include code fragments to
illustrate parts of your answer.

QUESTION 5(b) [10 marks]

answer box continues on next page
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QUESTION 5(b) continued.
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Additional answers to QUESTION ( )[ ]
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Additional answers to QUESTION ( )[ ]
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