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QUESTION 1 [10 marks]

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

QUESTION 1(a) [1 mark]

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

QUESTION 1(b) [2 marks]

(c) Name and characterise three kinds ofstatic code analysis.

QUESTION 1(c) [2 marks]
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(d) Explain why the Visitor pattern is not necessarily a good choice if the class hierarchy the
visitor objects are meant to operate on is volatile,i.e. 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 Swinghandler. 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 for representing algebraic expressions. We
use the‘Expression Version 4’ design (with the Visitor pattern) studied in lectures and in Lab 2.
Your task here is to add the notion ofvariablesto the system.

A variable has (a) a name, i.e. a textual representation, which is a single letter, represented in
Java using the typechar; and (b) a value, which is an integer, represented in Java using the
typeint. The set of variables used in evaluating an expression is stored in aHashtable which
maps variable names to variable values.

You may assume that the main class has a field:

Hashtable variables = new Hashtable();

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

System.out.println((Integer) variables.get(’c’))

will print the number 3. (This uses the automatic boxing and unboxing features of Java 1.5, but
not generics. We could implement the lookup table with aHashtable<Character, Integer>
but since we haven’t used this in labs or assignments, we’ll stick to the old form for now.)

TheExpression class looks like this.

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

}

Operations on expressions are performed by visitors, whichmust 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(Multiplication m);

}
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ClassExpression will have four effective subclasses, representing constants, variables, sums
and products of two expressions. Two of these, classConstantand classVariable, have been
implemented:

public class Constant extends Expression {

int value;

public Constant(int v) { value = v; }

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

}
}

and

public class Variable extends Expression {

char name;

public Variable(char c) { name = c; }

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

}
}

In the classVariable, the fieldname represents the variable name (likex or y), the constructor
is used to initialise it, and theaccept method implements the Visitor call.

(a) TheVariable implementation is not perfect. How this implementation maybe improved
to better express the property that thename of theVariable 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 classMultiplication, which inherits from classExpression and represents prod-
ucts of two sub-expressions. Note the following:

• Each object must store its two sub-expressions in fields of typeExpression.

• The constructor must take two arguments of classExpression and initialise the
fields appropriately.

• It must have an appropriateaccept() method.

QUESTION 2(b) [2 marks]

(c) Write classSubstituter, which traverses a tree, finds nodes which are instances of
Variable class and have the given name, and substitutes a given expression in place of
every such variable. Note the following:
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• ClassSubstituter must implement theVisitor interface.

• ClassSubstituter must have two fields, which will be initialised in the construc-
tor: one is thechar target which is a name that will be looked for in the traversed
expression tree, and the second isexpr, an object withExpression interface, which
every found variable will be replaced on. For instance, if the Substituter object
sbstr has atarget initialised tox andexpr initialised toz + y, then when the
visitor sbstr is called on an object which represents an expression(x*x + 2*x +
1), the result will be the last expression turned into((z+y)*(z+y) + 2*(z+y) +
1), so that the original expression tree will have been modified(herex, y andz are
constant characters).

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

In this question you have to write a JUnit test class (test code) for a Java class (production code).
The Java classPoint defines two constructors for creating an instance of this class, and several
methods which can be called on such instances.

public class Point {

private double x;
private double y;

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

/** regular constructor */
public Point(double x, double y) {...}

/** point in coordinates relative to the point
* (the centre of coordinate frame moved to p) */

public Point relativeTo(Point p) {...}

/** point moved on the vector v */
public Point movedOn(PlanarVector v) {...}

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

/** equals test for this and Point r */
public boolean equals(Object o) {...}

... ... ...

/** distance from this Point to another Point p */
public double distance(Point p) {...}

public String toString() {

return "Point (" + x + "," + y + ")";
}

}
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(a) The test code utilising the JUnit framework will contain several test methods and, pos-
sibly, fixturemethods:setUp() andtearDown(). Explain the usefulness of the fixture
methods, and how many times each of them (setUp() andtearDown()) are called during
the test run of the class which contains them.
QUESTION 3(a) [1 mark]

(b) What assert method will you use to test thedistance() method given that it returns
thedouble value.
QUESTION 3(b) [1 mark]

(c) What factors determine how manyassert calls you put into a test method.

QUESTION 3(c) [1 mark]
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(d) Write a JUnit classTestPoint for testing both constructors, and methodsrelativeTo(p),
equals(o) anddistance(p). Each method in the test code must follow the naming pat-
terntestSmth() (you may not test the methodmoveOn(v) and the getter methodsgetX()
andgetY()). You can assume that theAssert class is imported. What class from the JU-
nit framework will theTestPoint extend? Each of the test methods may contain only
oneassert method call.
QUESTION 3(d) [4 marks]
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QUESTION 4 [10 marks]

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

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

The student takes 24 minutes to complete the Planning phase,36 minutes to complete the Design
phase, 36 minutes to complete the Code phase, 24 minutes to complete the Compile phase, 96
minutes to complete the Test phase, and 24 minutes to complete the Postmortem phase.

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

The student removes 2 defects in the Code phase, 2 in the Compile phase 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 ‘Actual’ column, 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 that allthe results 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 Program #2, with all details com-
pleted.
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Here is a new PSP Project Plan Summary form for Program #3 thatyou have to complete using
data taken from the form for Program #2 on page 12 and the description of events on page 11.
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Additional answers to QUESTION ( )
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Additional answers to QUESTION ( )
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