THE AUSTRALIAN NATIONAL UNIVERSITY

First Semester 2006 — Midsemester Examination

COM P2100/2500
Softwar e Construction

Writing Period: 60 minutes
Study Period: 15 minutes
Permitted Materials: One A4 page with notes on both sides

Answer all questions

Write your answers in the boxes provided in this booklet. yQnbse answers written in this
booklet will be marked. There is additional space at the ehthe booklet in case the boxes
provided are insufficient. Label any answers you write ateéhd of the booklet to indicate
which question they refer to. Do not remove this booklet filbenexamination roomDo not
writein red ink anywhere in the booklet.

Name (family name first):

Student Number:

Official use only:
Q1 (10) ||Q2(8) Q3 (7) Q4 (10) || Total (35)

COMP2100/2500 (Software Construction) Page 1 of 15



QUESTION 1 [10 marks]

(&) Give the rationale for using a Version Control System in thfergare development process
(why VCS are used?)

QUESTION 1(a) [1 mark]

(b) Name twotest selection strategiesed in the structural (aka white box) testing. Charac-
terise them briefly. Which is more thorough? Which is morespical?

QUESTION 1(b) [2 marks]

(c) Name and characterise three kindstdtic code analysis
QUESTION 1(c) [2 marksg]
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(d) Explain why the Visitor pattern is not necessarily a goodichd the class hierarchy the
visitor objects are meant to operate on is volatike,subject to frequent change.

QUESTION 1(d) [2 marks]

(e) What is awidget(as the notion from Graphical User Interface programming)?
QUESTION 1(e) [1 mark]

(f) Explain the meaning of the Java Swihgndler What is a standard way to implement
handlers in Java Swing programming.

QUESTION 1(f) [2 marks]
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QUESTION 2 [8 marks]

This question is about recursive tree data structures fsesenting algebraic expressions. We
use the‘Expression Version 4’ design (with the Visitor pat) studied in lectures and in Lab 2.
Your task here is to add the notion\edriablesto the system.

A variable has (a) a name, i.e. a textual representatiorgiwikia single letter, represented in
Java using the typehar ; and (b) a value, which is an integer, represented in Javeyube
typei nt . The set of variables used in evaluating an expressionriedin aHasht abl e which
maps variable names to variable values.

You may assume that the main class has a field:
Hasht abl e vari abl es = new Hashtabl e();

which is initialised thus:

variables.put('a, 1
variables.put(' b, 2
variables.put('c', 3
variables.put(’'d, 4

So, for example, the expression
Systemout.println((Integer) variables.get('c’))

will print the number 3. (This uses the automatic boxing andaxing features of Java 1.5, but
not generics. We could implement the lookup table witdasht abl e<Char acter, |nteger>
but since we haven't used this in labs or assignments, we&kK s the old form for now.)

TheExpr essi on class looks like this.

public abstract class Expression {
public abstract void accept(Visitor v);

}

Operations on expressions are performed by visitors, wimghkt all implement the following
interface.

public interface Visitor {
public void visit(Constant c);
public void visit(Addition a);
public void visit(Variable v);
public void visit(Mltiplication m;
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ClassExpr essi on will have four effective subclasses, representing cotistaariables, sums
and products of two expressions. Two of these, camsstantand clasd/ar i abl e, have been
implemented:

public class Constant extends Expression {
int val ue;
public Constant(int v) { value =v; }

public void accept(Visitor visitor) {
visitor.visit(this);
}

and

public class Variable extends Expression {
char narme;
public Variable(char ¢) { nane = c; }

public void accept(Visitor visitor) {
visitor.visit(this);

}

In the clasd/ari abl e, the fieldname represents the variable name (liker y), the constructor
is used to initialise it, and theccept method implements the Visitor call.

(8) TheVari abl e implementation is not perfect. How this implementation rhaymproved
to better express the property that theere of the Vari abl e object must stay the same
during the object life time? Include only the changed parts.

QUESTION 2(a) [1 mark]
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(b) Write classwul ti pl i cati on, which inherits from clasBxpr essi on and represents prod-
ucts of two sub-expressions. Note the following:

e Each object must store its two sub-expressions in fieldspEEypr essi on.

e The constructor must take two arguments of clags essi on and initialise the
fields appropriately.

e It must have an appropriadéecept () method.

QUESTION 2(b) [2 markg]

(c) Write classSubstituter, which traverses a tree, finds nodes which are instances of
Vari abl e class and have the given name, and substitutes a given sikpras place of
every such variable. Note the following:
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e ClassSubstit ut er mustimplement th¥i si t or interface.

e ClassSubsti t ut er must have two fields, which will be initialised in the constru
tor: oneis thehar target which is a name that will be looked for in the traversed
expression tree, and the seconebipr , an object withExpr essi on interface, which
every found variable will be replaced on. For instance, &$hbst it ut er object
shstr has at arget initialised tox andexpr initialised toz + y, then when the
visitor sbst r is called on an object which represents an expregsibr + 2*x +
1), the result will be the last expression turned ifif@a+y) *(z+y) + 2*(z+y) +
1), so that the original expression tree will have been modifiedex, y andz are
constant charactejs

QUESTION 2(c) [5 marks]
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QUESTION 3 [7 marks]

In this question you have to write a JUnit test classt{codgfor a Java clasgpfoduction codg
The Java clasBoi nt defines two constructors for creating an instance of thissgland several
methods which can be called on such instances.

public class Point {

private double x;
private double vy;

[** constructor for the (0,0) */
public Point() {...}

[ ** regul ar constructor */
public Point(double x, doubley) {...}

[** point in coordinates relative to the point
* (the centre of coordinate frame nmoved to p) */
public Point relativeTo(Point p) {...}

[ ** point nmoved on the vector v */
public Point movedOn(Pl anarVector v) {...}

[** standard getter nethods for point coordinates */
public double getX() { return this.x; }
public double getY() { return this.y; }

[** equals test for this and Point r */
public bool ean equal s(Ovject o) {...}

[** distance fromthis Point to another Point p */
public doubl e distance(Point p) {...}

public String toString() {

return "Point (" + x +"," +y +")";
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() The test code utilising the JUnit framework will contain el test methods and, pos-
sibly, fixture methods:set Up() andt ear Down() . Explain the usefulness of the fixture
methods, and how many times each of theet Up() andt ear Down() ) are called during
the test run of the class which contains them.

QUESTION 3(a) [1 mark]

(b) Whatassert method will you use to test thai st ance() method given that it returns

thedoubl e value.
QUESTION 3(b) [1 mark]

(c) What factors determine how maaysert calls you put into a test method.
QUESTION 3(c) [1 mark]
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(d) Write a JUnit clas3est Poi nt for testing both constructors, and methodbkat i veTo(p),
equal s(0) anddi st ance(p). Each method in the test code must follow the naming pat-
ternt est Snt h() (you may not testthe methoadveOn(v) and the getter methodst X()
andget Y()). You can assume that thesert class is imported. What class from the JU-

nit framework will theTest Poi nt extend? Each of the test methods may contain only
oneassert method call.

QUESTION 3(d) [4 markg]
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QUESTION 4 [10 marks]

This question is about the PSP. A student has completed a RgfRtHPlan Summary form for
Program #2 and now starts working on Program #3.

Fill in the ‘Plan’ column of the PSP Project Plan Summary fdyased on a size estimate of
60 lines of code with maximum of 70 and minimum of 50. Take #tlev plan data from the
completed form for Program #2.

The student takes 24 minutes to complete the Planning pB@seinutes to complete the Design
phase, 36 minutes to complete the Code phase, 24 minutesnaete the Compile phase, 96
minutes to complete the Test phase, and 24 minutes to cagrthiePostmortem phase.

The student injects 7 defects in the Design phase, 9 in the @bdse and 4 in the Test phase.

The student removes 2 defects in the Code phase, 2 in the (gpfh@ise and 16 in the Test
phase.

The finished program is 40 lines of code.
Record all this information on the form.

Now complete the rest of the form: all totals in the ‘Actuablemn, plus everything in the ‘To
Date’ and ‘To Date %’ columns.

You do not have to fill in the ‘greyed-out’ parts of the form.

(Note that the numbers have been carefully chosen so th#ieatesults come out as simple
round numbers. You do not need a calculator.)
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Here is the student’s PSP Project Plan Summary form for Brogf2, with all details com-
pleted.
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Here is a new PSP Project Plan Summary form for Program #¥thiahave to complete using
data taken from the form for Program #2 on page 12 and theigé@earof events on page 11.
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Additional answers to QUESTION_(__)
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Additional answers to QUESTION_(__)
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