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1 Chapter 1 Introduction

1.6 Section/task 1.6 Our first Java program

1.7

Aim of example: To show the mechanics of processing a finislaed source program
so that it can beun, through to actually running it.

Coursework title:Compile and run HelloWorld
Coursework summary: Tecompile andrun theHelloWorld program.

Question: Carefully type in theource codefor theHelloWorld program, and save it in
the appropriately namdde. Check it to make sure you have not made any typing errors
— otherwise you may get error messages that will alarm yory @ get theindentation

right — e.g. line 3 has two spaces at the front, and line 5 has)fdlowcompile andrun

it. Record your progress and any observations you make,linlggbook.

Section / task 1.7 Our second Java program

Aim of example: To reinforce the process of tb@mpile andrun cycle of a Java pro-
gram.



e Coursework title:xCompile and run HelloSolarSystem

e Coursework summary: Toompile andrun theHelloSolarSystem  program.

e Question: Carefully type in theource codefor the HelloSolarSystem  program, and

2.2

2.3

save it in the appropriately namdite. Check it to make sure you have not made any
typing errors — otherwise you may get error messages thaalaim you! (Try to get
theindentation right — e.g. line 3 has two spaces at the front, and line 5 has)fdlow
compile andrun it. Record your progress and any observations in your loghoo

Chapter 2 Sequential execution and program errors

Section / task 2.2 Hello world

Aim of example: To introduce some very basic Java concemthjding themain method
andSystem.out.printin()

Coursework titleHelloWorld in French
Coursework summary: Write a program to greet the whole wanml&rench!

Question: Write a new version éfelloWorld  which gives its greeting in French (or
any other language of your choice, apart from English). Yaulearn most if you try

to do this without looking at the original version. Your prag should still be called
HelloWorld , as only the messaghata is in French. Type the program in and save it in
the appropriately namefde. Check it against the original to see you have not made any
mistakes — otherwise you may get error messages that withatau. Thercompile and

run it.

Section / task 2.3 Hello world with a syntactic error
Aim of example: To introduce the principle of program ergdrsparticularsyntactic
errors. We also see thatsdring literal must be ended on the same line its starts on.
Coursework titlelFortune  syntactic errors

Coursework summary: Take a given program that$yagactic errors in it, and get it
working.

Question: Carefully type in the following progragxactly It contains some deliberate
mistakes — type them in anyway even if you spot them as youtheadode.

001: public class Fortune

002: {

003:  public static void main[String() args]

004: {

005: System.out,printin('Sometimes having a fortune is too exp ensive!");
006: }

007: }



2.4 Section /task 2.4 Hello world with a semantic error

Now compile the program and examine the error messages. Record thesaritog-
book, each along with your best attempt to explain the megaind the cause of it. Can
you see any errors which appear not to have caused a mes$agefetord these too.

Now fix the errorsone at a timgand compile the program in between. Record any new
error messages that appear, along with your explanaticinéon.

Optional extra: Make the smallest number of edits to yddelloworld program so
as to havgavac produce the largest number syntactic errors! For example, what
happens if you delete a space between two words of the pr@gram

Section / task 2.4 Hello world with a semantic error
Aim of example: To introduceemantic errors and note that these amgntactic errors
arecompile time errors.
Coursework titteManchesterWeather  semantic errors

Coursework summary: Take a given program thatdemantic errors in it, and get it
working.

Question: Carefully type in the following progra@xactly It contains some deliberate
mistakes — type them in anyway even if you spot them as youtheadode.

001: public class ManchesterWeather

002: {

003:  public static avoid main(spring[] args)

004: {

005: Cistern.flush.printline("Rainfalls keep dropping on my h ead!);
006: }

007: }

Now compile the program and examine the error messages. Record thesaritog-
book, each along with your best attempt to explain the megpand the cause of it. Can
you see any errors which appear not to have caused a mes$agefetord these too.

Now fix the errorsone at a timeand compile the program in between. Record any new
error messages that appear, along with your explanaticinéon.

Section / task 2.5 Hello solar system

Aim of example: To introduce the principle séquential execution
Coursework title:HelloFamily
Coursework summary: Write a program to greet some of youilyam

Question: Preferably without looking &kelloSolarSystem |, write a program called
HelloFamily  which greets your maternal grand parents and all their delsgdgs. Don'’t
forget to include yourself. If you have a lot of relativessthyou may limit your program



2.6 Section/task 2.6 Hello solar system with a run time error

2.6

2.7

to around 12 of them if you wish. The greeting must be done phabetical order by
name — so you had better plan the output before you startgypin

(Hint: one approach would be to type the names intex file, one name per line, and
then use some program whisbrts lines of text — for example trert program. After
this the resulting text could be edited to become the finadim.)

Section / task 2.6 Hello solar system with a run time error

Aim of example: To introduce the principle afn time error s.
Coursework titlexQuote run time errors

Coursework summary: Take a given program thatrouastime error s in it, and get it
working.

Question: Carefully type in the following progragxactly It contains some deliberate
mistakes — type them in anyway even if you spot them as youtheadode.

001: public class Quote

002: {

003:  public void Main(String args)

004: {

005: System.out.printin("Programming is about making the stup id seem clever.");
006: System.out.printin(" -7 - ),
007: System.out.printin( 0/0 );
008: System.out.printin(" = ");
009: System.out.printIn(" (At least, to the dumb user!) ");

010: }

011: }

Now compile the program, and if you have typed it correctly it should cdenwithout
errors. However, when yown the program you will get an error message. Record this
in your logbook, along with your best attempt to explain theamng and the cause of it.

Now fix the error and run the program again. Record any new aressages that appear,
along with your explanation for them.

Section / task 2.7 Hello anyone

Aim of example: To introduce the principle of making Javagreams perform a variation
of their task based ooommand line argumens, which can be accessed viaiadex.
We also meet stringoncatenation

Coursework titleFlatterMe
Coursework summary: Write a program to say how wonderfulide is.

Question: Without looking atlelloAnyone , write a program calleé@latterMe  which
flatters the person named as the festnmand line argument three times. The first



2.8 Section/task 2.8 Hello anyone with a logical error

2.8

comment should start with the person’s name, the seconddskeod with it, and the
third should have some text either side of the name. (Hinti wdl need to use two
concatenation operatos for that.)

Section / task 2.8 Hello anyone with a logical error

Aim of example: To introduce the principle tifgical errors.
Coursework titleBirthday logical errors

Coursework summary: Take a given program that logscal errors in it, and get it
working.

Question: Carefully type in the following prograexactly It contains some deliberate
mistakes — type them in anyway even if you spot them as youtheadode.

001: public class Birthday

002: {

003:  public static void main(String[] args)

004: {

005: System.out.print("Name: + args[1] + , " + args[2] + "}");
006: System.out.printin("Born: " + args[0]);

007: }

008: }

Now compile the program, and if you have typed it correctly it should cdenwithout
errors. Next you shouldun the program withthreecommand line argumens — the
first should be your personal name, the second should be yousrse or family name,
and the third should be your date of birth, e2)1/04/1959 . It is intendedto print a
result like the following.

Console Input / Output
$ java Birthday John Latham 24/04/1959
Name: Latham, John; Born: 24/04/1959
$

Note the position of spaces and punctuation in the desirggliouHowever you will see
that the output you actually get is wrong! Record the ernorgoiur logbook, along with
your best attempt to explain the cause of them.

Now fix the errors and run the program again. Record any newsetinat appear, along
with your explanation for them.

During this process you should have learnt abaueshod which is similar taSystem.out.printin()
Record what this method is called and what it does.



2.9 Section/task 2.9 Hello solar system, looking at theuayo

2.9 Section /task 2.9 Hello solar system, looking at the layb

e Aim of example: To begin to explore the decisions behind thg we lay out thesource
codefor a program.

e Coursework titleLimerick layout
e Coursework summary: Take a given program and lay it out phppe

e Question: Carefully type in the following prograexactly It contains very poor layout
— type it in anyway even if you can see how it should be laid suta@u read the code.

001: public class Limerick  {public static void main(String[Jargs) {System.out.
002: printin("There was a young user of Java");System.out.prin tin(

003: "Whose coding was such a palava!");System.out.printin(

004: "His layout was pooh!");System.out.printin(

005: "So what did we do?");System.out.printin(

006: "We told him to stick to making coffee!"); I3

You shouldcompilethe program, and if you have typed it correctly it should cdengnd
run without errors. Record all the instances of poor layout yam ee, in your logbook.

Now fix the layout!

3 Chapter 3 Types, variables and expressions

3.2 Section/task 3.2 Age next year

e Aim of example: To introduce the conceptstgpe, int, variable, expressionandas-
signment statement We also find out how to convert a number to a string, and disicov
what it means fodata to behard coded

e Coursework titleHard coded YearsBeforeRetirement

e Coursework summary: Write a program to determine how mamaysy®u have before
you retire!

e Question: Preferably without looking AieNextYear , write a program calledearsBeforeRetirement
which has your agbard codedinto it, along with the age you expect to retire at (proba-
bly 68 — although that may well change before you get theMaur program will need
two variables for these values. It should then compute the differenogdest them and
store it in a third variable, for which you should chooseappropriatename. Finally, it
should produce three lines of output, similar to the follogyi

Console Input / Output

$ java YearsBeforeRetirement
My age now is 58

| will retire at the age of 68
Years left working is 10

$




3.4 Section/task 3.4 Age next year with a command line argime

3.4

3.5

Section / task 3.4 Age next year with a command line argume
Aim of example: To introduce the idea of converting@anmand line argumentinto an
int and using the value in a program.
Coursework titteCommand line YearsBeforeRetirement

Coursework summary: Write a program to determine how maaysythe user has before
he or she retires.

Question: Here you will write another version téarsBeforeRetirement , Which is
similar to the fullyhard codedversion of the program, but takes the user’s age as its first
command line argument The retirement age is still to be hard coded as 68.

Beforeimplementing the program, you should destgst datafor various tests which
do the following.

— Make the program behave sensibly.

— Make the program behave inappropriately (i.e. a silly inpgulting in a silly
output).

— Make the program crash.
You should record this data in your logbook along with what yapect from each test.

Then copy your previous version of the program and altersuibthe new requirement.
You will learn most if you try not to look at the latest versiohAgeNextYear while you
do this. Finally,run it with your pre-planned tests and record whether the outcomas
as you expected.

Section / task 3.5 Finding the volume of a fish tank

Aim of example: To reinforce the use cbmmand line argumens andexpressiors,
and introduce the idea of splitting up lines of code whichtaceong, whilst maintaining
their readability. We also see thavariable can be given a value when it is declared.

Coursework titleFieldPerimeter

Coursework summary: Write a program to determine how mucbefés needed to sur-
round a rectangular field.

Question: Here you will write a program calléldPerimeter ~ which takes the length
and width of a field as its twaommand line argumens, and computes the length of
fence needed to enclose the field. (The simplest way to camtpistislength+ length+
width+ width).

Beforeimplementing the program, you should destgst datafor various tests which
do the following.

— Make the program behave sensibly.

10



3.6 Section/task 3.6 Sum the first N numbers — incorrectly

3.6

— Make the program behave inappropriately (i.e. a silly inpgulting in a silly

output).

— Make the program crash.

You should record this data in your logbook along with what yapect from each test.

You will learn most if you try not to look afkishTankVolume while writing your pro-
gram. Afterwardsrun it with your pre-planned tests and record whether the outcom
was as you expected.

Section / task 3.6 Sum the first N numbers — incorrectly

Aim of example: To introduce the principle operator precedenceand have a program
containing abug.

Coursework titleFishTankMaterials

Coursework summary: Take a program wiithgs in it, and fix them.

Question: Suppose you want to build fish tanks. Each tank Yagpigces of glass — two
sides, a front, a back and a bottom. It also has twelve pidoeetal angle-strip to form
the edges. Below is a program which computes the surfaceaack#he length of the
edges for a tank with dimensions given by thceenmand line argumens.

Design som¢est datafor the program, predicting what the surface area and edhgghe
should be if the program worked correctly. For simplicitpuydo not need to worry
about missing or meaningless arguments for this programofg@eyour planned test data
in your logbook.

Then carefully type in the program, as is, awa it with your tests. Record the actual
results, and attempt to explain thegs, in your logbook.

001: public class FishTankMaterials

002: {
003:
004:
005:
006:
007:
008:
009:
010:
011:
012:
013:
014:
015:
016:
017:
018:

public static void main(String[] args)

{

int
int
int

int

int

System.out.printin("The surface area of a tank with dimens ions

width = Integer.parselnt(args[0]);
depth = Integer.parselnt(args[1]);
height = Integer.parselnt(args[2]);

surfaceArea = width + height * depth + height + 2 * width + depth

edgesLength = height * width * depth + 4;

+ II(II + Wldth + II,II + depth + II,II + he|ght + II) n
+ "is " + surfaceArea);

System.out.printin(“The length of the edges of a tank with d imensions "

+ II(II + Wldth + II,II + depth + II,II + hEIth + II) n

11



3.7 Section/task 3.7 Disposable income

3.7

019: + "is " + edgesLength);
020: }
021: }

Now fix the program and test it again, making a record of youg borrections. Does
the program now produce the results you originally prediobe is it still wrong, or were
your original predictions wrong?

Section / task 3.7 Disposable income

Aim of example: To introduceperator associativity. We also take a look at thetring
literal escape sequence

Coursework titleThreeWeights

Coursework summary: Write a program to show what weightsbeaweighed using a
balance scale and three given weights.

Question: In the days before accurate mechanical springhiveg scales (let alone digital
ones), gold merchants were quite clever in their use of alsmaiber of brass or lead
weights, and a balance scale. (Indeed, many still use timepeeference to inferior
modern technology!) They would place the gold to be weiglmethe left pan of the
balance scale, and then place known weights in the rightgrahmaybe also in the left
pan, until the scales balanced. For example, suppose arownkamount of gold was
placed in the left pan. The merchant might experiment witlualmer of weights until
he or she managed to make it balance with a known weigRtafnces in the right pan,
andL ounces in the left pan along with the gold. This would show the gold weighed
R—L ounces. In order to be able to weigh different amounts of ,geétth merchant
would carry a small number of known weights. When making di@aar weighing,
each weight could be placed in one of three positions: indgfigghn with the gold, in the
right one or not used?]

A
°

\) (l

Weights here have a negative effect. Weights here have a positive effect

( F =

Weights here have no effe

Suppose then that a merchant carries just three known brdsadweights. Each of
the three weights has three positions, thus giving rise3tpe@mutations. These 27
permutations are listed below.

12



3.7 Section/task 3.7 Disposable income

Position of Position of Position «
Weight 1 | Weight 2 | Weight 3 Weight 1 | Weight 2 | Weight 3 Weight 1 | Weight 2
1| Left Left Left 10 | Off Left Left 19 | Right Left
2 | Left Left Off 11| Off Left Off 20 | Right Left
3| Left Left Right 12 | Off Left Right 21 | Right Left
4 | Left Off Left 13| Off Off Left 22 | Right Off
5| Left Off Off 14 | Off Off Off 23 | Right Off
6 | Left Off Right 15| Off Off Right 24 | Right Off
7 | Left Right Left 16 | Off Right Left 25 | Right Right
8 | Left Right Off 17 | Off Right Off 26 | Right Right
9 | Left Right Right 18 | Off Right Right 27 | Right Right

Not all of these are useful. For example, at least one of tlesults in a weighing of zero
— the one in which none of the weights are used. In faey,permutation in which the
total of the known weights in the two pansagual, results in a weighing of zero amount
of gold. Then also, any permutation for which the total knomgight in the left pan is
greater than that of the right pan is not useful — this would need a negatigght of
gold in the left pan in order to balance!

Smart gold merchants chose the weights they would carrydh away as to maximize
their usefulness — that is, to enable the greatest range ighimgs for a given number
of carried weights. Suppose the number of weights carri¢al i three. To maximize
their effectiveness, there must be only one way of weigherg,zthat is, the sum of any
two weights must not equal the third. Also, of the 26 non-zgeighing permutations,

for each that totals a positive weight, i.e., where the suth@fweights in the right pan
exceeds that in the left, there is a corresponding negagighing — formed by swapping
the weights in the left and right pans over. This means thelledbes 13 permutations

giving positive weighings, and 13 which give the oppositgai&e weighings. These
negative weighings are of no use, and some of the positivghiregs could add up to
the same amount, which would not be efficient. The maximuecéffeness is achieved
when the 13 positive weighings are the numbers 1 to 13.

You are going to write a program to help you experiment witils gtenario, and by a
mixture of trial and error with your grasp of number theorgadver which three weight
values gives the ability to weigh whole amounts from 1 to I3usive.

Your program should be callethreeWeights , and will take the three weights asm-
mand line arguments. It should then print out all 27 possible weighing valueacht
value will appear on one line of the output. You will use 27t System.out.printin()

Attempt to derive which three weights are the best to usé ish#he three values which
produce weighing values frord3 through tol3 inclusive. If you areunning in a Unix
environment, and the first, or only, item on each output Isxthe weighing value, then
the following command may help you assess your output.
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3.8 Section /task 3.8 Sum the first N numbers — correctly

Console Input / Output
$ java ThreeWeights 1 2 3 | sort -n

(Output shown using multiple columns to save space.)

-6 -4 -2 -1 0 1 2 3 4
-5 -3 -2 -1 0 1 2 3 5
-4 -3 -2 -1 0 1 2 4 6
$_

This runs your program and pipes the output of it into the trgdisort , for which the
-n option meanssort numerically’.

On Microsoft Windows, the nearest equivalenfaig ThreeWeights 1 2 3 | sort
which sorts the lines lexicographically (alphabeticalhgther than numerically — e.@0
comes befor@. Nevertheless, even this is helpful.

As you can see from the above output, there are duplicatesatuthe 27 listed, sb

2 3 is not the right answer. (They don’'t even add ud8..) You will substitute the
arguments you think the weights should be instead. If yousapeessful, attempt to
explain why your values are the best three weights, in yaylvdok.

Coffee When weighing food, one would not wish to place weights ingha con-
time: taining the food, and so grocers did not use a three statatinegveighing
scheme. Whatour weights did they use to weigh units of 1 to 15 incly-
sive? What is the connection between this and your answethéogold
merchants?

=

Section / task 3.8 Sum the first N numbers — correctly

Aim of example: To introduce the fact thiateger division produces a truncated result.
We then look at the interaction between that apérator associativity.

Coursework title:RoundPennies

Coursework summary: Write a program to help a child deteemvimether she has
enough pennies to go shopping!

Question: Imagine there is a child who collects pennies iiggypbank. Her mother tells
her she is allowed to spend some of it when she has saved “Abpotinds”, wherexX
varies depending on what her mother thinks the girl is likelyant to buy. Your job is
to write a program that helps the girl convert a number of pEsyrwhich she is able to
count up, into “about pounds” —i.e. round the number of pesmd the nearest pound.
The program will take the number of pennies agdmmand line argument and report
how many pounds it rounds to. So, any non-negative nuteissrthan50 will round to
zero, but 50 through to 149 will round to 1. The value 749 rautnd7, but 750 and 751
round to 8. And so on.

Start by designingest dataand expected results in your logbook. You do not need to
worry about arguments which are missing or are intdger numbers, but you should
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3.9 Section /task 3.9 Temperature conversion

3.9

4.2

consider what the program will do for negative numbers, élengh they are not really
valid inputs.

Now write the program, calling RoundPennies . You will learn most if you try to avoid
looking at any other program while you do this. To get you king, the calculation will
exploit the fact thainteger division truncates its result. However that is not enough. For
example,750 / 100 will yield 7, not8 as we want here. There is some value you must
add to the numerator before thevision by 100.

Then, after implementing the program, you should it with your pre-planned tests
and record whether the outcome was as you expected. Reamdents about the neg-
ative cases — is this the behaviour of a more general routidetmearest-whole-number
function? If not, what could we do to make it so?

Section / task 3.9 Temperature conversion

Aim of example: To introduce theouble type and some associated concepts, including
converting to and from strings, amduble division.

Coursework titleFahrenheitToCelsius

Coursework summary: Write a program to convert a tempezdiom Fahrenheit to
Celsius.

Question: In this task you will write a program call€dhrenheitToCelsius which
converts a given Fahrenheit temperature into its Celsius/algnt.

Start by designingest dataand expected results in your logbook. You do not need to
worry about arguments which are missing or rel numbers.

Now designyour program. You can derive the formula by manipulatingahe given for
converting the other way. Show your working in your logbodkere is a temperature
at which the Fahrenheit and Celsius measurements are thee &gare out what this is,
showing your working in your logbook, and add it to your tests

As always, you will learn most if you try to avoid looking atyaather program while
writing this one. Afterwardstun it with your pre-planned tests and record whether the
outcome was as you expected.

Chapter 4 Conditional execution

Section / task 4.2 Oldest spouse 1

Aim of example: To introduce the idea obnditional execution implemented by the
if else statementand controlled byoolean expressios based on the use mdlational
operators.

e Coursework titleMaxTwoDoubles
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4.3 Section /task 4.3 Oldest spouse 2

e Coursework summary: Write a program to find the maximum of gien numbers,

4.3

4.4

using anf else statement

Question: In this task you will write a program call®dxTwoDoubles which takes two
command line argumens, interprets them auble values, and reports both numbers on
thestandard output, along with their maximum value. You will use #relse statement

Start by designindgest dataand expected results in your logbook. You do not need to
worry about arguments which are missing or arereat numbers.

Now designyour program, preferably without looking @tdestSpouse . After imple-
menting the program, you shouldn it with your pre-planned tests and record whether
the outcome was as you expected.

Section / task 4.3 Oldest spouse 2

Aim of example: To introduce the idea of nestihglse statemens.
Coursework titleDegreeCategory
Coursework summary: Write a program to report the degresgoay of a given mark.

Question: In this task you will write a program callBdgreeCategory which takes a
student mark (e.qg. final year, total assessment mark) amdtsaphat degree category it
is worth. The input is a single number, which might have detiptaces in it, entered as
acommand line argument

Input Required output
input> 70 Honours, first class
70> input > 60 | Honours, second class, division ope
60> input > 50 | Honours, second class, division two
50> input > 40 | Honours, third class
40> input > 32 | Pass / ordinary degree
input < 32 Fail

Start by designing youtest data and expected output in your logbook. You do not
need to worry about input which is invalid. Thelesignand implement your program,
preferably without looking aDldestSpouse . Finally, run it with your pre-planned tests
and record whether your outcome was as you expected.

Section / task 4.4 Film certificate age checking

Aim of example: To introduce thi statementwithout afalse part.
Coursework title:PassFailDistinction

Coursework summary: Write a program to report the pass bsttius of an exam can-
didate, giving a message of distinction if appropriate gsinif statement

Question: In this task you will write a program call@dssFailDistinction which
takes a postgraduate student mark and reports whether ip&ss or fail; and then,
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possibly, that it is a distinction. You will use ahelse statementfollowed by anif
statement Here is the specification of the required output for a givgiui.

The input is a single number, which might have decimal placéss entered as aom-
mand line argument.

Input First line of output
input > 50 | Pass
input < 50 | Fail

Input Second line of output
input > 70 | Distinction
input < 70 | (no second line)

Start by designing youtest data and expected output in your logbook. You do not
need to worry about input which is invalid. Thelesignand implement your program,
preferably without looking at any others. Finaliyn it with your pre-planned tests and
record whether your outcome was as you expected.

5 Chapter 5 Repeated execution

5.2 Section /task 5.2 Minimum tank size

e Aim of example: To introduce the idea @peated executionimplemented by the/hile
loop. We also meet the notion ofvariable update.

e Coursework tittleMinimumTankSize in half measures

e Coursework summary: Write a program which calculates the@mmim size of cubic
tanks to hold given required volumes, where the possibkssare in steps of 0.5 metre.

e Question: In this task you will write a program call®thimumTankSize which is the
same as the one we have just covered, except that the tanke oaade with side lengths
which are any positive whole multiple of 0.5 metre, instefd/loole metres. (Hint: use
double for the side length.)

Use the samé&est dataas was used for the whole metres version of the program. Start
by planning the expected output, in your logbook.

Thendesignand implement your program, preferably without lookinglet previous
version while you do this. When completedin it with your pre-planned tests and
record whether your outcome was as you expected.

Now change your program so that it has increments of 0.1 meind test it again with
the same data. Are there some surprises due to the accuraegl siumbers? Would
you go so far as to say that some of them are wrong, rather tisaimpccurate?
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5.3 Section /task 5.3 Minimum bit width

5.3 Section /task 5.3 Minimum bit width

e Aim of example: To introduce the idea of usipgeudo coddo help usdesignprograms.
We also meeMath.pow()

e Coursework titlelLargestSquare

e Coursework summary: Write a program to find the largest sgonamber which isess
than or equal to a given number.

e Question: A square number is a whole number which is the sgofaanother (or the
same) whole number. Examples are 0, 1, 4, 9, 16, 25, 36, 4816400, 121, 144, 169,
etc.. In this task you will write a program callédrgestSquare  which takes a given
positiveinteger as itscommand line argumentand finds the largest square number
which isless than or equalto that given number.

Start by planning youtest dataand expected results in your logbook. You do not need
to worry about invalid inputs.

Now think about thedesignof your program. Perhaps the simplest approach to use is
to focus on the square roots, rather than their squared.v@tara value which issqual

to the given number, and keep decrementing it until its sgji@notgreater than the
number. So, for example, if the given number was 99, then weldvstart at 99 and
count down until we finally get to 9 — this being the first numberfind whose square is
less than or equal to 99.

Express thislgorithm in pseudo coden your logbook.

Finally, implement the program and test it with your testadaecording the results in
your logbook.

Optional extra: Would it be quicker for the program toop upwards from 0, rather than
downwards from the given command line argument? Write tleasion as a program
calledLargestSquare2

Optional extra: Look in the on-line Java documentation for the J&lath class and
find out how to obtain the square root of a number. Use thiseéedppip your program by
making it start at a number which is much closer to the anskar the given command
line argument is.

5.5 Section/task 5.5 Compound interest: known target

Aim of example: To reinforce thevhile loop and thecompound statement

Coursework titleMinimumBitWidth by doubling

Coursework summary: Write a program to find the minimhitrwidth needed to support
a given number of values, by doubling.

Question: In this task you will write a variation of tMenimumBitWidth  program which
works a little more efficiently. Instead of computing a powée in theloop condition
on eachteration, your version will accumulate 2 to the powermmiOfBits  in a separate
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5.6 Section/task 5.6 Compound interest: known years

5.6

5.7

variable. This can be done by initializing your new variable to 1, andlding its value
each time you incrememnbOfBits

You will use the sameest dataas used for the previous version of the program — except,
do not try higher than 1073741824, otherwise your progralimet end!

First think about thelesignof your program and plan in your logbook the changes you
need to make to the original version.

Finally, implement the program and test it with your testagaecording the results in
your logbook.

Optional extra: Explain why an input of, say, 1073741825 will cause a neveliren
infinite loop. Is there a solution?

Section / task 5.6 Compound interest: known years

Aim of example: To introduce thier loop.
Coursework titlePower

Coursework summary: Write a program to raise a given nunaatbiet power of a second
given number, without usinigath.pow()

Question: What would you do if you needed to compute powerd, sbomebody had
not already written thenethod Math.pow() ? You would write the code yourself, and
perhaps make it available for others to use.

In this task you will write a program, calleBower, that takes twanteger values as
command line argumens and prints out the result of the first number raised to the
power of the second. You may not use tteh.pow() method —somebody had to write
that code, and let us pretend it is you! However, for simpljgiou may assume that both
arguments exist and represent integers, and that the sacomger is non-negative.

Start by planning youtest dataand expected results in in your logbook.

Now think about thedesignof your program. One approach is to haveaiable to

accumulate the result, which starts off with the value 1.nThsing doop, this result is
multiplied by the first number as many times as the value osgwnd number. Aor

loop is appropriate for this task. Writgseudo coden your logbook.

Finally implement the program, (ideally without lookingGampoundinterestknownYears ),
test it with your preplanned tests and record the resulteur jogbook.

Section / task 5.7 Average of a list of numbers

Aim of example: To show how to get the length ofist, note that anndex can be a
variable, and introduceype casing.

e Coursework titleVariance
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5.8 Section/task 5.8 Single times table

e Coursework summary: Write a program to produce the variahseme given numbers.

e Question: In statistics, the variance okeat of humbers is one way of measuring the
spread of them. It is the sum of the squares of the deviatuifferences) between each
number and the mean average of the numbers, all divided byuimder of numbers.

For example, a set of student mafa 4,6,8,10} (out of 10) has a mean of 6 (which
also happens to be one of the marks). The deviations from &ammare{ —4, —2,0,2, 4}

and the squares of such gr¥6,4,0,4,16}. The variance is thugl6+4+0+4+16)/5,
which is 8. Whereas, the resuld4,5,6,7,8} share the same mean but have a variance
of only 2.

One approach to computing the variance is as follows. Fostpute the mean average
of the numbers. Then, go through each number and computesthatidn between it
and the mean, squaring this difference and accumulatinguheof all these squared
deviations. Finally, divide that sum by the number of nursber

In this task you will write a program, callé¢ariance that takes dist of integer values
ascommand line argumens and prints out the mean average and the variance of them.
You may assume that there is at least one number, and thaeargjuments represent
integers.

Here is an examplaun of the program.

Console Input / Output

$ java Variance 2 4 6 8 10
The mean average is 6.0
The variance is 8.0

$

Start by planning youtest dataand expected results in in your logbook.

Now think about thedesign of your program. You can copy the code for computing
the mean of the numbers from the example in this section. Whiighen be followed

by a secondor loop to compute the sum of the squares of the deviations betwedn ea
number and the mean. You will need mos&riables, including one to hold the mean
of the numbers, and another for the sum of the squares of thati® between each
number and the mean. Then the variance can be computed gnd.out

Write pseudo coden your logbook.

Finally, implement the program, test it with your prepladriests and record the results
in your logbook.

5.8 Section/task 5.8 Single times table

e Aim of example: To reinforce thir loop.
e Coursework title:SinTable

e Coursework summary: Write a program to produce a sin table.
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5.9 Section/task 5.9 Age history

e Question: In the days before scientific calculators, sttglehtrigonometry used to use
mathematical tables to look up valuesfoctions, such as sin, cosin and tan.

In this task you will write a program, calléfinTable to produce a sin table. It will take
threeinteger command line argumens: the starting point of the table, the increment
and the ending point. You can assume these arguments represele numbers of
degrees and that the increment is positive. Here is an exauonpl

Console Input / Output

$ java SinTable 0 10 90

| Sin table from 0 to 90 in steps of 10
| sin(0) =

| sin(10) = 017364817766693033
| sin(20) = 0.3420201433256687
| sin(30) = 0.49999999999999994
| sin(40) = 0.6427876096865393
| sin(50) = 0.766044443118978
| sin(60) = 0.8660254037844386
| sin(70) = 0.9396926207859083
| sin(80) = 0.984807753012208

| sin(90) = 1.0

In Java, in order to compute the sin of a valdgwhich is expressed in degrees, we can
use the followingexpression

Math.sin(Math.toRadians(d))

Themethodsin() is available in the standardassMath . It takes a value, expressed in
radians, andeturn s the sin of that value. The methtwRadians() , in the same class,
converts a given value in degrees to the corresponding uakaelians.

Start by planning youtest dataand expected results in in your logbook.

Now think about thedesignof your program. It should usefar loop. Write pseudo
codein your logbook. You will learn most if you try not to look &tmesTable while
designing — perhaps you should compare the two progranrsyaftiehave completed the
task?

Finally, implement the program, test it with your prepladniests and record the results
in your logbook.

5.9 Section/task 5.9 Age history

e Aim of example: To introduce the idea of documenting proggarsingcommenss.

e Coursework titleMWorkFuture
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5.10 Section/task 5.10 Home cooked Pi

e Coursework summary: Write a program to print out all the gdewm the present day
until the user retires.

e Question: In this task you will write a program, calléérkFuture , which shows the
future working time of a user, assuming he or she retires aflé& program will take
two command line argumens, which you may assume are valid. The firstis the present
year, the second is the birth year of the user.

An example use of the program might be as follows.

Console Input / Output

$ java WorkFuture 2018 1959

You have 9 years left to work

In 2019 you will have 8 years left to work
In 2020 you will have 7 years left to work
In 2021 you will have 6 years left to work
In 2022 you will have 5 years left to work
In 2023 you will have 4 years left to work
In 2024 you will have 3 years left to work
In 2025 you will have 2 years left to work
In 2026 you will have 1 years left to work
You will retire in 2027

$

Start by planning youtest dataand expected results in your logbook. Nedgsignthe
program, writingpseudo coden your logbook. As is generally true, you will learn most
if you can avoid referring to the associated example whilego this, and only compare
the two programs when you have finished.

Finally, implement the program — including suitalslemment in the text, and test it.
Record your results in the usual way.

5.10 Section/task 5.10 Home cooked Pi

e Aim of example: To introduce variowshorthand operators for variable updates, have
another example where we reveal fheeudo code designand meeMath.abs() and
Math.PI .

e Coursework title:Shorthand operators

e Coursework summary: Go through all the previous programisigschapter to see where
shorthand operators could have been used.

e Question: Now that you know about tsborthand operators for updatingvariables,
in this task you will go through all the examples in this cle@nd identify all the places
where they could have been used, recording your analysisunlggbook.

Optional extra: Take the program from this section and try it with one moreirdat
place. Then try to improve it to extend its accuracy.
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6 Chapter 6 Control statements nested in loops

6.2

6.3

Section / task 6.2 Film certificate age checking the whotpieue

Aim of example: To introduce the ideas of nestingfastatementwithin afor loop, and
declaring avariable inside acompound statement We also introduce theonditional
operator.

Coursework title:MaxList
Coursework summary: Write a program to find the maximum oWarmjist of numbers.

Question: In this task you will write a program, callgidxList , which finds the maxi-
mum of a giverist of numbers. The numbers are supplied@asimand line argumens.
The program should report the number together witimiiex in the list (counting from
zero). If two or more are jointly the maximum, it should refpibre one with the lowest
index.

You may assume that the arguments all represent walicle numbers.

To find the maximum of a list of numbers, your program can stgntegarding the first
number as the maximum found so far, and theaping through the remaining numbers,
comparing each with the maximum found so far and updating ftexessary.

Take the usual steps of plannitest dataand expected results, andeésigring pseudo
codein your logbook, before implementing the program, inclgdsuitablecomment,
and recording your results back in your logbook.

Section / task 6.3 Dividing a cake (GCD)
Aim of example: To introduce the idea of nesting iéielse statementwithin a while
loop.
Coursework titleDivideCake3

Coursework summary: Write a program to compute gheatest common divisorof
three numbers.

Question: Suppose the mother has three daughters who Blearbitthday. In this task
you will write a program, calle®ivideCake3 , which finds the greatest common divisor
of the three ages given asmmand line argument and reports the number of portions
the cake should be divided into, and the number of portionk gal should get.

You may assume that the arguments all represent positineimbers.

To find thegreatest common divisorof three numbers, your program can find the great-
est common divisor of two of them, and then find the greatestngon divisor of that
result and the third one.

Take the usual steps of plannitest dataand expected results, andeésigring pseudo
codein your logbook, before implementing the program, inclgdsuitablecomment,
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6.4 Section /task 6.4 Printing a rectangle

6.4

6.5

and recording your results back in your logbook.

Section / task 6.4 Printing a rectangle

Aim of example: To introduce the idea of nestinfpaloop within afor loop. We also
meetSystem.out.print() and revisitSystem.out.printin()

Coursework title:PrintHoledRectangle
Coursework summary: Write a program to print out a rectangfle a hole in it.

Question: In this task you will write a program, callBdntHoledRectangle , which
prints a rectangle with a hole at the centre. This just meassing out one cell, printing
spaces for it instead. The program takes the width and harghiments as before, but in
order to ensure there is a centre cell, each of these havedoiee &0 them if necessary
to make them an odd number.

You may assume that the arguments represent positimembers.

To ensure aimteger number is odd you can divide it by two, multiply it by two aneth
add one! The simplest way to miss out the centre cell is tocallithe cells as you print
them, and check the sequence number of a cell just before yatitp The centre cell
will have a sequence number which is the width times the hedjhided by two, plus
one.

Take the usual steps of plannitest dataand expected results, adesigring pseudo
codein your logbook, before implementing the program, inclgdsuitablecomment,
and recording your results back in your logbook.

Section / task 6.5 Printing a triangle

Aim of example: To reinforce the idea of nestinfpaloop within afor loop.
Coursework title:PrintTriangleMirror

Coursework summary: Write a program to print out an isosce@ght angled triangle,
with a straight right edge, and the longest side at the top.

Question: In this task you will write a program, callBdntTriangleMirror , Which
prints an isosceles right angled triangle with its longest at the top and the right hand
side straight. The program is given the height as its argaméere is an examplein.
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6.6 Section /task 6.6 Multiple times table

6.6

Console Input / Output

$ java PrintTriangleMirror 10

o
I o
I
/[
(|
LU
Lt
LD
L]
L

You may assume that the argument represents a poisitimamber.

Each row will consist of a number of space cells (each 3 spéckswved by a number of
brick cells ([ _]" ). This will require twoloops inside the outer loop, one after the other.

Take the usual steps of plannitest dataand expected results, andeésigring pseudo
codein your logbook, before implementing the program, inclgdsuitablecomment,
and recording your results back in your logbook.

Section / task 6.6 Multiple times table
Aim of example: To reinforce the idea of havingsted statemerg within each other,
and explore the idea of using multigl®ops in sequence.
Coursework tittexCommonFactorsTable

Coursework summary: Write a program to produce a table sigpwairs of numbers
which share common factors.

Question: In this task you will write a program, call@dmmonFactorsTable , which
prints a 19 times 19 labelled table indicating which of a# ffairs made up ahtegers
between 2 and 20, inclusive, have common factors other than(@hat is, theigreatest
common divisoris greater than one.)

The program’s output will be as follows.

25



6.7 Section/task 6.7 Luck is in the air: dice combinations

Console Input / Output
$ java CommonFactorsTable
R T |
[ | 2 3 4 5 6 7 8 91011 12 13 14 15 16 17 18 19 20 |
e |
|2 ettt e ||| - |
|3 ettt -] |
I e e e e e <t |
|5 |t |- |
| 6 |-Httee ||t |- |- A —H-|--# |
| 7 |- |
I e e e e S andl
I e R e e bl |
| 10 |--#--|--H-- -t |- |- |- |- - - [--#--|--# |
| L e - |
| 12 |--#--tete |-t |-t | |- - [--#--|--# |
|13 et - |
| 14 |--#--|--H-- |- |- A A - [--#--|--# |
IR e e e | |
| 16 |--H- |-t |- B |-t |- |- |- - - - [--#--|--# |
e e e B B ol |
| 18 |--H--t-te |-t |-t | |- - [--#--|--# |
|19 [ - |
| 20 |-#-- |-ttt |- |- |- A - [--#--|--# |

A "--#"  at the intersection of two numbers shows that their greatasimon divisor is
bigger than one, &-|" shows otherwise.

This program may reasonably be developed by making chandbsTimesTable pro-
gram. Plan these changes in your logbook, before takingghal steps of implementing
the program, including suitab@mment, and recording your results back in your log-
book.

6.7 Section/task 6.7 Luck is in the air; dice combinations

e Aim of example: To introduce the idea of usingsted loos to generate combinations.
e Coursework title:SumOfCubedDigits

e Coursework summary: Write a program that determines whidig® decimal whole
numbers arequal to the sum of the cubes of their digits.

e Question: There are four numbers in the range 100 to 999 wiaegk the property that
the sum of the cubes of the three digits in the numbeqgisal to the number itself. 153
is such a number because45°% + 32 is equal to 1+ 125+ 27 which is 153. In this task
you will write a program, calle@umOfCubedDigits , that finds all four such numbers.

[7]
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8.2

Your program will work bylooping through the number)0 to 999 using threenested
loops, one for each digit. In the centre of the loops, your progcam calculate the
number represented by the three digits, and the sum of thbes; and print out the
number if these are equal.

Take the usual steps afesigring pseudo coden your logbook, before implementing the
program, including suitableomments, and recording your results back in your logbook.

Chapter 7 Additional control statements

Chapter 8 Separate methods and logical operators

Section / task 8.2 Age history with two people

Aim of example: To further illustrate the inconvenience alvimg to copy a chunk of
code which is used in different parts of a program, and thusvate the need for separate
methods.

Coursework titleMWorkFuture?2

Coursework summary: Write a program to print out all the gdesm the present day
until retirement, for two people.

Question: In this task you will write a program, call&rkFuture2 , which shows the
future working time of two people, assuming they retire at 88&e program will take
threecommand line argumens, which you may assume are valid. The first is the
present year, and the second and third are the birth yeahng ofvb people.

In case you have been reading ahead, you shooiidse a separatmethod — write all
your code in themain method.

An example use of the program might be as follows.

Console Input / Output
$ java WorkFuture2 2018 1959 1999
Pn 1 has 9 years left to work
In 2019 pn 1 will have 8 years left to work
In 2020 pn 1 will have 7 years left to work
(. lines removed to save space.)
In 2026 pn 1 will have 1 years left to work
Pn 1 will retire in 2027
Pn 2 has 49 years left to work
In 2019 pn 2 will have 48 years left to work
In 2020 pn 2 will have 47 years left to work

(... lines removed to save space.)

In 2066 pn 2 will have 1 years left to work
Pn 2 will retire in 2067

$
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8.3 Section /task 8.3 Age history with a separate method

8.3

8.4

Undertake the usual tasks of plannitegt data desigring the program, implementing
and testing it, and finally recording your results.

Section / task 8.3 Age history with a separate method

Aim of example: To introduce the idea of dividing a progrartoiseparatenethods to
enable the reuse of some parts of it. We meet the conpeiptte, method parameter,
method argument method callandvoid method.

Coursework title\WorkFuture4

Coursework summary: Write a program, with a sepaméthod, to print out all the
years from the present day until retirement, for four people

Question: In this task you will write another version of therkfuture program, called
WorkFuture4 , which shows the future working time of four people. The peog will
take fivecommand line argumens, which you may assume are valid. The first is the
present year, and the others are the birth years of the fayjige

Your program should use a separatethod to print the work future for one person, and
call it four times.

Undertake the usual tasks of plannitegt data desigrning the program, implementing
and testing it, and finally recording your results.

Section / task 8.4 Dividing a cake with a separate methodif GCD

Aim of example: To introduce the idea of usingethods merely to split the program into
parts, making it easier to understand and develop. We al&b thereturn statement
for use innon-void methods, and see that alteringw@ethod parameterdoes not change
its argument.

Coursework titleDivideCake4

Coursework summary: Write a program to compute gheatest common divisorof
four numbers, using a separatesthod.

Question: In this task you will write a version of the cakeidimg program for those
very rare families that have four daughters sharing a baghdThis should be called
DivideCake4 . You may assume that the four arguments all represent yp®®itinum-
bers. You should use a separatethod to compute thegreatest common divisorof
two numbers.

Undertake the usual tasks of plannitegt data desigring the program, implementing
and testing it, and finally recording your results.
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8.5 Section/task 8.5 Multiple times table with separatehoes

8.5

8.6

8.7

Section / task 8.5 Multiple times table with separate mébds

Aim of example: To introduce the conceptaéss variables, compared witlhocal vari-
ables, and reinforce the ideas of using separatthods for reuse and for dividing a
program into manageable chunks. We also nSgstem.out.printf()

Coursework titte:CommonFactorsTable with methods

Coursework summary: Write a program, with sepamatthods, to produce a table
showing pairs of numbers which share common factors.

Question: In this task you will write a new version of ttemmonFactorsTable program
from Section 6.6 on page 25. This will use separatthods to avoid repeated code,
and may reasonably be developed by making changes to theysewme. Plan these
changes in your logbook, before taking the usual steps oeimenting the program and
recording your results.

Section / task 8.6 Age history with day and month

Aim of example: To introduce thiegical operators. We also see that a group \ari-
ables can be declared together.

Coursework titleReasoning about conditions

Coursework summary: Do some reasoning to show that twordifteonditions have
the same value.

Question: Complete the followinguth table, in your logbook, and thereby show that
theconditions

cl=!al < a2 || a1

a2 && hl <= h2)

andc2=al > a2 || al == a2 && hl > h2 are equivalent.
al <a2 |al ==a2 |al >a2 |hl <=h2 |hl >h2 |cl c2
true false false true false
true false false false true
false true false true false
false true false false true
false false true true false
false false true false true

Optional extra: Try to show this by ‘simplifying’ from one condition to thelwr.

Section / task 8.7 Truth tables

Aim of example: To introduce theooleantype, and reinforcdogical operators. We also
meet theString  type and see thatfar update can have multiplstatemens.

e Coursework titleTruthTable34
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8.8 Section /task 8.8 Producing a calendar

e Coursework summary: Write a program to test the equivalefdkreepropositional

8.8

expressiors, each having fowariables.

Question: In this task you will write another version of tngth table program, called
TruthTable34 , which shows a truth table féinreepropositional expressiors which are
hard codedasmethods pl, p2 andp3 respectively, and which are expressions involving
four propositionalvariables, a, b, ¢ andd. Your table will thus have 16 lines plus titles
and box lines, and 7 columns.

The three propositional expressions to hard code in yougrpro are as follows.

pl| (@ ][ b) && c) || (b || c) && d)) && (a || d)
p2la & c | bé&& d| c && d
p3| (b ]l c) & (c || d) && (a || d)

If you have studied discrete mathematics you should be abkpot the relationship
between the first of these propositional expressions andttier two. What are those
relationships?

Undertake the usual tasks désignng the program, implementing and testing it, and
finally recording your results.

Section / task 8.8 Producing a calendar

Aim of example: To reinforce much of the material presentethis chapter. We also
revisit System.out.printf()

Coursework title:CalendarHighlight

Coursework summary: Modify a calendar month printing paogrto produce a larger
calendar format and to highlight a certain date.

Question: In this task you will write another version of thedemdar program, called
CalendarHighlight , which produces the calendar in a wider format and also takes
third command line argument which is a day (1 to 31) that should be highlighted. The
wider format is produced by using fouharacters per date instead of two. The desired
date should be highlighted by placingyeeater than sign ¢) before it and dess than
sign K) after it. Here is an examplein of the finished program.
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9

Console Input / Output

$ java CalendarHighlight 3 28 9

Su Mo Tu We Th Fr Sa|
01 02 03 04 05|

06 07 08 >09< 10 11 12 |
13 14 15 16 17 18 19|
20 21 22 23 24 25 26|
27 28 |

$

Undertake the usual tasks of plannitegt data desigring the program, implementing
and testing it, and finally recording your results.

Chapter 9 Consolidation of concepts so far

10 Chapter 10 Separate classes

10.2 Section /task 10.2 Age history with Date class

e Aim of example: To introduce the principle of using more tlwareclassin a program,

and in particular, the idea of using a class as a templaténérdnstruction of objects.
We also introducénstance variables, constructor methods, creatinghew objects, the
fact that aclassis atype and the use afeferences.

Coursework title: AddQuadPoly

Coursework summary: Write @dassto store quadratic polynomials, and a program that
adds together two quadratic polynomials to form a third.

Question: In this task you will create @dasscalled QuadPoly which will be used to
represent quadratic polynomials, such &8-64x+2. Don't worry if Maths is not your
favourite subject — you're not going to do anything too Matla¢ical. The class will
have threelouble instance variables, one for each of the three coefficients of a quadratic
polynomial. These will be declargzliblic. (If you have read ahead, then pleasendb
yet make thenprivate.) The class will also have eonstructor method, which will

be passed the three coefficient values amiethod parameters. (The variable in these
polynomials will always be, and so its name need not be stored.)

You will also write a program calleAddQuadPoly . This will take sixcommand line ar-
guments, these being two triples of coefficients, each triple bégcoefficients of one
guadratic polynomial. It will create ainstanceof QuadPoly for each of the two given
guadratic polynomials. It will then create a third instan@presenting thaddition of
the two given polynomials. Finally it will print out a reposhowing the addition. The
following is an exampleun.
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10.3 Section/task 10.3 Improving the Date class: less izt equals() methods

Console Input / Output

$ java AddQuadPoly 6 4 2 3 2 1
Polynomial: 6.0x2 + 4.0x + 2.0
added to: 3.0x2 + 20x + 1.0
results in: 9.0x2 + 6.0x + 3.0
$

Note how the three polynomials are to be printed using orglitext, with a~ character
before the power instead of attempting to raise the 2 intqarseript, such as in.6x2.
Each polynomial is printed as follows, where the three qaesharks in the format are
replaced by the values of the three coefficients.

W2 4+ X+ ?

If you are tempted to write the program without creating ¢hirestances oQuadPoly
(because it would in fact be easier right now) then you anessly missing the point!

Undertake the usual tasks of plannitggt data desigring the classes, implementing
them, testing the program, and finally recording your rasult

Optional extra: Extend the program so that it can add together any numberlph@o
mials listed as command line arguments, displaying thenmeiate resulting polyno-
mials as it goes along. Make it be able to handle the case®dd theing no arguments
(0x? 4 0x+ 0), just one polynomial, and the erroneous cases of the nunfilaeguments
not being divisible by three!

10.3 Section/task 10.3 Improving the Date class: lessThagrgnd equals()
methods

e Aim of example: To introduce the conceptiobtance method. We also look at com-
mon misunderstandings abougtriables andreferences.

e Coursework titlexCompareQuadPoly

e Coursework summary: Extenddassthat stores quadratic polynomials, and write a
program that compares the ‘size’ of two quadratic polyndsnia

e Question: In this task you will copy th@uadPoly classfrom the previous task and
extend it, by adding twanstance method. The first one will compare the instance of
QuadPoly it belongs to with another one given asn@thod parameter, andreturn true
if and only if they areequivalent, i.e. they represent the same polynomial. The second
instance method will also compare tQeadPoly object with another, but returmrue if
and only if this one igess thanthe other one. For a quadratic polynomaflx? + b1x -+
cl to be less than anothe2x? + b2x + c2 thenal must bdess thana2, or if they are
equal, thenbl must be less thab2, or if they are also equal, thed must be less than
c2. (If you have read ahead, then pleasendbyet add &oString() instance method.)

You will also write a program calle@ompareQuadPoly . This will take sixcommand
line arguments, this being two triples of coefficients, each triple beihg toefficients
of one quadratic polynomial. It will create anstance of QuadPoly for each of the
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10.4 Section/task 10.4 Improving the Date class: toStyinggthod

two given quadratic polynomials. It will then use the twotarece methods to compare
them, to determine if they are equivalent, or the first oness than, ogreater than the
second, and report the results. The following are some ebcamips.

Console Input / Output

$ java CompareQuadPoly 1 2 3 2 3 1

The polynomial: 1.0x2 + 2.0x + 3.0
is smaller than: 2.0x2 + 3.0x + 1.0
$_

Console Input / Output

$ java CompareQuadPoly 3 2 1 3 2 1

The polynomial: 3.0x2 + 20x + 1.0
is the same as: 3.0x2 + 20x + 1.0
$_

Console Input / Output

$ java CompareQuadPoly 3 2 1 1 2 3

The polynomial: 3.0x2 + 20x + 1.0
IS greater than: 1.0x2 + 2.0x + 3.0
$

Undertake the usual tasks of plannitesgt data desigring the classes, implementing
them, testing the program, and finally recording your result

Optional extra: Extend the program so that it can compare any number of poljais
listed as command line arguments, displaying the interatedesulting polynomials as
it compares each with the previous. At the end, it could refi@ smallest and largest
polynomials encountered.

10.4 Section /task 10.4 Improving the Date class: toStriny(method
e Aim of example: To reinforce the concept mistance method. We also note that a
method might have nanethod parameters.
e Coursework title:AddQuadPoly and CompareQuadPoly with toString()

e Coursework summary: Extenddassthat stores quadratic polynomials, and modify
programs that add together, and compare the ‘size’ of, tvealgaiic polynomials.

e Question: In this task you will copy th@uadPoly classfrom the previous task and
further extend it, by adding aimstance methodcalledtoString . This will return a
String  representing the polynomial in the format previously idtroed.

You will also copy the program&ddQuadPoly andCompareQuadPoly from the previous
tasks, and modify them to make appropriate use of the nearinstmethod.

Undertake the usual tasks of plannitegt data (consider if it will be different to the
previous version of each prograngesignng the modifications, implementing them,
testing the programs, and finally recording your results.
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10.5 Section/task 10.5 Improving the Date class: addYeag(hod

10.5 Section/task 10.5 Improving the Date class: addYear(hethod

e Aim of example: To further reinforcenstance method, meet Java'®String() con-
vention and focus on the visibility ahstance variables. We also see eeturn type
which is aclass

e Coursework titleQuadPoly with an addition method

e Coursework summary: Further extenctlassthat stores quadratic polynomials, and
modify a program that adds together two quadratic polyntania

e Question: In this task you will copy th@uadPoly classfrom the previous task and
make theinstance variables haveprivate visibility. You will also further extend it,
by adding aninstance methodwhich takes a given othenstance of QuadPoly as a
method parameterandreturn s anew QuadPoly object, being the result of adding this
QuadPoly instance to the given other one.

You will also copy the programdddQuadPoly from the previous task, and modify it to
make appropriate use of the new instance method.

Undertake the usual tasks of planntegt data(consider if it will be different to the pre-
vious version of the programflesigring the modifications, implementing them, testing
the program, and finally recording your results.

Optional extra: Add more instance methods@uadPoly to subtract a given other poly-
nomial, multiply this one by a constant and divide this onalmponstant. Each of these
will produce a new instance QuadPoly . Then write a program callé@uadPolyCalculator
which permits arbitrary polynomial calculations. This Mdke based on the idea of an
accumulator polynomial, which starts off as being @ Ox+ 0. Thecommand line ar-
guments consist of a sequence of operation codes, each followed bperand, which
would either be a polynomial in the next three arguments, single number. For ex-
ample, you might choose code 0 to represent addition, asdatbuld be followed by
three arguments representing a polynomial to be added exthenulator. Code 2 might
be multiplication, which would be followed by a single numbe be multiplied by the
accumulator. Each operation will produce output as it happand place its result back
in the accumulator. At the end, the value of the accumulatibbe reported. You could
allow theless thanoperation to compare the accumulator with the following/pomial
operand, and store whichever is the smallest in the accwonulBhis would permit the
program to be used to find the smallest of a sequence of polatgriy preceding the
first one with the addition operation code, and the subseaquees with the less than
operation code! You might addgaeater than operation code too.

Hint: this would be a good use ofsavitch statement
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11 Chapter 11 Object oriented design

11.2 Section/task 11.2 Age history revisited

e Aim of example: To introduce the principles object oriented design We also meet
Scanner , standard input, Java'spackagestructure anamport statement, thenull ref-
erence final variables, multiplereturn statements, theline separator system prop-
erty, and take a look at makingiubs of clases and usingnulti-line comments.

e Coursework title:ShapeShift
e Coursework summary: Write a program to create and processlinvensional shapes.

e Question: Here you will create a program calf&thpeShift  which does calculations
and manipulations of simple shapes. The main class has béégnvior you — here it is.

001: import java.util.Scanner;

002:

003: /* This program performs simple calculations and manipulat ions of simple

004: shapes expressed in two-dimensional coordinate geometry.

005:

006: First it asks the user to choose a shape, from a choice of three

007: Then it prompts for details of the shape.

008: * A circle is specified by giving the X and then Y coordinate of its
009: centre, followed by its radius.

010: * A Triangle is specified by giving the X and Y coordinates of e ach of
011: its three corner points.

012: * A rectangle (always axis-aligned) is specified by giving t he X and Y
013: coordinates of two of its diagonally opposite corner points

014:

015: Following this data, the user is prompted to specify an X offs et and a Y
016: offset.

017:

018: The program creates the specified shape, and also a similar o ne, in which
019: each point has been shifted by the X and Y offsets.

020:

021: The program then reports the following on the standard outpu t.

022: *  The details of the original shape -- giving all the points

023: (one, three, or four) and, for a circle, its radius.

024: *  The area and perimeter of the shape.

025: *  The details of the shifted shape.

026: ¥/

027: public class ShapeShift

028: {

029: /I A scanner to interact with the user.

030:  private static Scanner inputScanner = new Scanner(System.in);

031:

032:

033: /I Helper method to read a point from the input.

034:  private static Point inputPoint(String prompt)

35



11.2 Section/task 11.2 Age history revisited

035:
036:
037:
038:
039:
040:
041:
042:
043:
044:
045:
046:
047:
048:
049:
050:
051:
052:
053:
054:
055:
056:
057:
058:
059:
060:
061:
062:
063:
064:
065:
066:
067:
068:
069:
070:
071:
072:
073:
074:
075:
076:
077:
078:
079:
080:
081:
082:
083:

{
System.out.print(prompt);
double X = inputScanner.nextDouble();
double y = inputScanner.nextDouble();
return new  Point(x, Y);

+ I inputPoint

/I The X and Y amount to shift the first shape to get the second.
private static double xShift, yShift;

II' Helper method to read the X and Y shifts.
private static void inputXY Shifts()
{
System.out.print("Enter the offset as X Y: ");
xShift = inputScanner.nextDouble();
yShift = inputScanner.nextDouble();
+ Il inputXY Shifts

/I The main method.

public static void main(String[] args)

{
/I Obtain shape choice.
System.out.print("Choose circle (1), triangle (2), recta
int  shapeChoice = inputScanner.nextint();

Il Process the shape based on the choice.
switch  (shapeChoice)
{
Il Circle.
case 1
Point centre = inputPoint("Enter the centre as X Y: ");
System.out.print("Enter the radius: ");
double radius = inputScanner.nextDouble();
Circle originalCircle = new Circle(centre, radius);
inputXY Shifts();
Circle shiftedCircle = originalCircle.shift(xShift, ySh
System.out.printin();
System.out.printin(originalCircle);
System.out.printin(*has area " + originalCircle.area()

ngle (3): ");

+ ", perimeter " + originalCircle.perimeter());

System.out.printin("fand when shifted by X offset " + xShift

+ " and Y offset " + yShift + ", gives"),
System.out.printin(shiftedCircle);
break ;

Il Triangle.
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11.2 Section/task 11.2 Age history revisited

084:
085:
086:
087:
088:
089:
090:
091:
092:
093:
094:
095:
096:
097:
098:
099:
100:
101:
102:
103:
104:
105:
106:
107:
108:
109:
110:
111:
112:
113:
114:
115:
116:
117:
118:
119:
120:
121:
122:

case 2.

Point pointA = inputPoint("Enter point A as X Y: )
Point pointB = inputPoint("Enter point B as X Y: ");
Point pointC = inputPoint("Enter point C as X Y: ");
Triangle originalTriangle = new Triangle(pointA, pointB, pointC);
inputXY Shifts();
Triangle shiftedTriangle = originalTriangle.shift(xShi ft, yShift);
System.out.printin();
System.out.printin(originalTriangle);
System.out.printin(*has area " + originalTriangle.area( )
+ " perimeter " + originalTriangle.perimeter());
System.out.printin("fand when shifted by X offset " + xShift
+ " and Y offset " + yShift + ", gives"),
System.out.printin(shiftedTriangle);
break ;

Il Rectangle.

case 3.
Point diaglEndl = inputPoint("Enter one corner as X Y: );
Point diaglEnd2 = inputPoint("Enter opposite corner as X Y: ");
Rectangle originalRectangle = new Rectangle(diaglEndl, diaglEnd2);
inputXY Shifts();
Rectangle shiftedRectangle = originalRectangle.shift(x Shift, yShift);
System.out.printin();
System.out.printin(originalRectangle);
System.out.printin(*has area " + originalRectangle.area 0
+ ", perimeter " + originalRectangle.perimeter());

System.out.printin("and when shifted by X offset " + xShift

+ " and Y offset " + yShift + ", gives");
System.out.printin(shiftedRectangle);
break ;

/I Bad choice.
default

System.out.printin(“That wasn't 1, 2 or 3!");
break ;

} 1l switch
+ /I main

123: } /I class ShapeShift

All you have to do is write the other classes.

The following are exampleuns of the program to help clarify the requirements.
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11.2 Section/task 11.2 Age history revisited

Console Input / Output

$ java ShapeShift

Choose circle (1), triangle (2), rectangle (3): 1
Enter the centre as X Y: 00

Enter the radius: 1

Enter the offset as X Y: 22

Circle((0.0,0.0),1.0)

has area 3.141592653589793, perimeter 6.283185307179586
and when shifted by X offset 2.0 and Y offset 2.0, gives
Circle((2.0,2.0),1.0)

$

Console Input / Output

$ java ShapeShift

Choose circle (1), triangle (2), rectangle (3): 2
Enter point A as X V: 00

Enter point B as X VY: 10 0

Enter point C as X V: 0 20

Enter the offset as X V: 5 10

Triangle((0.0,0.0),(10.0,0.0),(0.0,20.0))

has area 100.0, perimeter 52.3606797749979

and when shifted by X offset 5.0 and Y offset 10.0, gives
Triangle((5.0,10.0),(15.0,10.0),(5.0,30.0))

$

Console Input / Output

$ java ShapeShift

Choose circle (1), triangle (2), rectangle (3): 3
Enter one corner as X Y: 00

Enter opposite corner as X Y: 10 20

Enter the offset as X VY: 00

Rectangle((0.0,0.0),(10.0,0.0),(10.0,20.0),(0.0,20. 0)
has area 200.0, perimeter 60.0

and when shifted by X offset 0.0 and Y offset 0.0, gives
Rectangle((0.0,0.0),(10.0,0.0),(10.0,20.0),(0.0,20. 0)
$

Start by designing youest datain your logbook.

Your program will consist of fivelasses,Point , Circle , Triangle , Rectangle and
the already givershapeShift . Next identify and record thpublic instance methods
andclass method for each of the four classes you will write. Endeavour tmeisde
behaviour (i.emethods) with the most appropriate classes. Here are some hints.

— Which classes should haveastring() instance method?

— Should shape classes have methods to find the area and erahatshape?
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11.3 Section/task 11.3 Greedy children

— Should they additionally have a method to create a shiftegeiirom an existing
one?

— Shifting shapes requires creatingw points which are shifts of old ones. Where is
that shifting best done?

— Perimeters of certain shapes are based on distances bgivia&s— does that sug-
gest an instance method in tReint class?

— Are the pointanutable objects orimmutable objects? What about the shapes?

— All instance variables should berivate, so you may need some instance methods
in some classes, to give read access to the instance varidae exampleRoint
might havegetX() andgetY/()

Next you should writestubs for the three shape classes, so that youccampile and try
out the main class.

Now designthe implementations of your classes (at a levehb$traction that is ap-
propriate to you) and then implement them. Do you want toktfsibout the order of
implementation so you can compile them as you proceed? Wllluge a stub fdPoint ?

Here are some implementation hints.

— To calculate the area of a triangle, you can use Hero’s fanfalso known as
Heron's formula)p].
Leta, b andc be the lengths of the sides of the triangle. Then the senirgéer,s
IS
s=(a+b+c)/2

and theareais

area= \/s(s—a)(s—b)(s—c)

— Given two opposite corners of an axis-aligned rectangte pioth ends of one diag-
onal,(x1,yl) and(x2,y2) the other two corners are found @4,y2) and(x2,y1).

Finally record your results. It may well be that during yamplementation, you changed
your plan of which class should have what method. This is olatyyou should record
such changes, and the reason for them.

Optional extra: Dare you consider having another shape, which is an irredala
sided polygon? Assuming the points are given in a sensilderpthen computing the
perimeter would not be too hard, but how would you get thearea

11.3 Section/task 11.3 Greedy children

e Aim of example: To reinforcebject oriented design particularly withmutable ob-
jects. We also meet multipleonstructor methods, class constans, thereturn state-
ment with no value,accessor method, mutator methods, the dangers ahethod pa-
rameters which araeferences, converting thaull referenceto a string, andlath.random()

e Coursework title:StudentsCalling
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11.3 Section/task 11.3 Greedy children

e Coursework summary: Write a program that simulates the\hetraof students using
their mobile phones.

e Question: In this task you will create a program cal&tatientsCalling which simu-
lates a simple scenario in which students purchase and usierpbones.

— A student has a name which cannot be changed, and a mobile phltdmugh not
to begin with.

— A phone has a name (i.e. make and model number) and an acbotmtf which
are fixed. It also keeps track of the total number of secongéofe calls made on
it, starting with zero.

— An account has a provider (i.e. the name of the service peoyighich is fixed and
a balance, in wholpence which starts off as zero.

— A student may purchase a mobile phone, in which case thegrdisheir previous
one if they have previously purchased one.

— A student may top up their phone with a whole numbepadinds If they have no
phone, then an attempt to top up their phone is ignored!

— A student may make a call of desired duration, in secondshein phone. If they
have no phone, then an attempt to make a call is ignored!

— A phone may be topped up with a whole numbepotinds which causes its ac-
count to be topped up with that same amount.

— A phone can have a call made on it, of a desired duration, wddaalses it to request
that call on its account. The accousturn s the actual duration of the call, which
may beless thanthat desired (i.e. when there is not enough balance to pay) for
The phone keeps track of the total actual duration of all #iks enade on it.

— An account may be topped up with a whole numbepoéinds This adds to the
current balance.

— An account may have a call requested on it for a desired adural this wonderful
world, all account providers charge only one penny per sgdonany call! The
actual call duration will be limited to the current balancetbe account. The bal-
ance is reduced by the actual duration. The actual duradiaiso returned as the
result of the call request.

— The main program will create some students, create someeghwith accounts,
which the students purchase, and cause the students to lékeAt each stage
the behaviour of the program will be reported to i@ndard output.

The following is an examplaun of the program to help clarify the requirements.
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11.3 Section/task 11.3 Greedy children

Console Input / Output

$ java StudentsCalling

Creating student Chatty Charlie
Result:

Student(Chatty Charlie,null)

Creating student Norman No Friends
Result:
Student(Norman No Friends,null)

Creating student Popular Penny
Result:
Student(Popular Penny,null)

This next call has no effect, as has no phone!
Student(Chatty Charlie,null)

is making a call for desired 300 seconds
Result:

Student(Chatty Charlie,null)

This next top up has no effect, as has no phone!
Student(Norman No Friends,null)

is topping up by 20

Result:

Student(Norman No Friends,null)

Student(Chatty Charlie,null)

is buying phone Snotia BIFR

with account World@1

Result:

Student(Chatty Charlie,Phone(Snotia BIFR,0,Account(Wo d@1,0)))

(Continued ...
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11.3 Section/task 11.3 Greedy children

(...cont.)

Student(Norman No Friends,null)

is buying phone Cyoo L8TRON

with account 4FRN Touch

Result:

Student(Norman No Friends,Phone(Cyoo L8TRON,0,Account(

Student(Popular Penny,null)

is buying phone Tisonly 14U

with account Foney Friends

Result:

Student(Popular Penny,Phone(Tisonly 14U,0,Account(Fon

Student(Chatty Charlie,Phone(Snotia BIFR,0,Account(Wo
is topping up by 10

Result:

Student(Chatty Charlie,Phone(Snotia BIFR,0,Account(Wo

Student(Norman No Friends,Phone(Cyoo L8TRON,0,Account(
is topping up by 20

Result:

Student(Norman No Friends,Phone(Cyoo L8TRON,0,Account(

Student(Popular Penny,Phone(Tisonly 14U,0,Account(Fon
is topping up by 30

Result:

Student(Popular Penny,Phone(Tisonly 14U,0,Account(Fon

Student(Chatty Charlie,Phone(Snotia BIFR,0,Account(Wo
is making a call for desired 300 seconds

Result:

Student(Chatty Charlie,Phone(Snotia BIFR,300,Account(

This next call should be truncated to 700 seconds.
Student(Chatty Charlie,Phone(Snotia BIFR,300,Account(
is making a call for desired 1200 seconds

Result:

Student(Chatty Charlie,Phone(Snotia BIFR,1000,Account

Student(Chatty Charlie,Phone(Snotia BIFR,1000,Account
is making a call for desired 10 seconds

Result:

Student(Chatty Charlie,Phone(Snotia BIFR,1000,Account

(Continued ...)

4FRN Touch,0)))

ey Friends,0)))

ld@1,0)))

ld@1,1000)))

4FRN Touch,0)))

4FRN Touch,2000)))

ey Friends,0)))

ey Friends,3000)))

ld@1,1000)))

World@1,700)))

World@1,700)))

(World@1,0)))

(World@1,0)))

(World@1,0)))
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11.3 Section/task 11.3 Greedy children

(...cont.)
Student(Norman No Friends,Phone(Cyoo L8TRON,0,Account( 4FRN Touch,2000)))
is making a call for desired 10 seconds
Result:
Student(Norman No Friends,Phone(Cyoo L8TRON,10,Account (4FRN Touch,1990)))
Student(Popular Penny,Phone(Tisonly 14U,0,Account(Fon ey Friends,3000)))
is making a call for desired 65 seconds
Result:
Student(Popular Penny,Phone(Tisonly 14U,65,Account(Fo ney Friends,2935)))
Student(Popular Penny,Phone(Tisonly 14U,65,Account(Fo ney Friends,2935)))
is making a call for desired 115 seconds
Result:
Student(Popular Penny,Phone(Tisonly 14U,180,Account(F oney Friends,2820)))
Student(Popular Penny,Phone(Tisonly 14U,180,Account(F oney Friends,2820)))
is making a call for desired 488 seconds
Result:
Student(Popular Penny,Phone(Tisonly 14U,668,Account(F oney Friends,2332)))
Student(Popular Penny,Phone(Tisonly 14U,668,Account(F oney Friends,2332)))
is making a call for desired 302 seconds
Result:
Student(Popular Penny,Phone(Tisonly 14U,970,Account(F oney Friends,2030)))
Student(Popular Penny,Phone(Tisonly 14U,970,Account(F oney Friends,2030)))
is making a call for desired 510 seconds
Result:
Student(Popular Penny,Phone(Tisonly 14U,1480,Account( Foney Friends,1520)))
Student(Popular Penny,Phone(Tisonly 14U,1480,Account( Foney Friends,1520)))
is making a call for desired 250 seconds
Result:
Student(Popular Penny,Phone(Tisonly 14U,1730,Account( Foney Friends,1270)))
Now let us discard a phone.
Student(Popular Penny,Phone(Tisonly 14U,1730,Account( Foney Friends,1270)))
is buying phone Simm UL8R
with account VerTuleTyat
Result:
Student(Popular Penny,Phone(Simm UL8R,0,Account(VerTu leTyat,0)))
$_

Your program will consist of fouclasses,Student , Phone, Account andStudentsCalling
The latter will contain thenain method.

Start bydesignng these classes in your logbook, identifying public instance method
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11.3 Section/task 11.3 Greedy children

andclass method for each of them. Endeavour to associate behaviourrfiethods)
with the most appropriate classes.

Next you should design your ‘story’, that is, the sequencepdrations you wish the
simulation to undertake. You should make your ‘story’ sigaintly different to the ex-
ample one above! That is, have different student names,ghames, account names,
different number of students, different order and numberadit, etc..

Next design the implementations of your classes (at a Idvabstraction that is appro-
priate to you). Note that all calls &ystem.out.printin() should be insid&tudentsCalling
the others are model classes. Then implement your classegowant to think about
the order of implementation so you canmpile them as you proceed? Will you use
stubs?

Here are some implementation hints.

— You can use theull reference, null, as the value for a student’s phone to begin
with.

— ThetoString() method ofStudent can rely on théoString() method ofPhone
which in turn can use theString() method ofAccount .

— Useprivate helper methods in th&tudentsCalling class, to save you repeating
code that prints out what is happening at each stage.

After implementation you should record your results. It megll be that during your
implementation, you changed your plan of which class shbaie what method. This
is okay, but you should record such changes, and the reastrefo, in your logbook.

Optional extra: You can think of ways to make the simulation more realistior F
example:

— Suddenly there is a period of inflation again, and accountigers have to charge
more than one penny per second. Change your program so tlaacaont has a
rate, expressed in pence per minute.

— Perhaps rates vary depending on what time of day the call iefha
— Accounts ought to have a unique account number, assigneal tiveg are created.

— Consider having &rovider class, so an account has a provider. Perhaps all the
accounts for a particular provider have the same rate, Iffiereint providers have
different rates.

— Now the providers are in competition again, perhaps it shbalpossible to change
the account on an existing phone?
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12 Chapter 12 Software reuse and the standard Java API

12.2 Section/task 12.2 A reusable Date class, with doc comme

e Aim of example: To explore the notion ebftware reuseand introduc&loc commens.
We also introduce the convention of havingampareTo() instance method

e Coursework title:StudentsCalling with doc comments
e Coursework summary: Addoc commens to an existinglass

e Question: Copy youclasss from the coursework in Section 11.3 on page 40 and add
doc commens to thepublic items in them. Then run thjavadoc program and examine
the results. In particular, look at the summary sectionsrantd how the first sentence of
each doc comment has been used there.

12.5 Section/task 12.5 Simple Encryption

e Aim of example: To take a look &tring manipulation, such as extracting individual
char values from &String . We also look at how comparisons between tar val-
ues can be achieved, and the way we cast betweenchar andint values, and meet
overloaded method.

e Coursework titte RomanNumber

e Coursework summary: Write@assthat allows for the conversion between decimal and
Roman numbers.

e Question: In this task you will create a reusatiesscalledRomanNumberwhich can be
used to convert between Roman Numbers and decimal numbers.

You will provide two constructor methods for this class. One will take ant and build
a RomanNumber corresponding to that number. The other will takteng of Roman
digits and build &omanNumbercorresponding to that number.

The class will also provide twimstance methodg. One willreturn anint, being the
decimal number corresponding to fRemanNumberinstance The other instance method
will return aString , which is the Roman number representation of ReenanNumber
instance.

For the purposes of this exercise, you may assume your cetsts will never be given
a non-positive number, or&tring which is not a legal Roman number.

This class can be used to convertiateger to its Roman equivalent string bgon-
structing an instance oRomanNumber from the integer, and then accessing the string
value of it. To convert the other way, one could create aramst ofRomanNumberfrom

a string of Roman digits, and then access the integer valiie of

The rules of Roman numbers are explained below.
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12.5 Section/task 12.5 Simple Encryption

To help you choose names for the two instance methods, yaudshank at theAPI
documentation of thénteger class. That class can be used to convert betvigen
values andbtring representations in decimal, so it would be sensible to beistant in
style of names in your class.

In order to test your class, write a program calRaanNumberTest . This will accept

a Roman number string from the fitsbmmand line argument convert it to an integer
and then using &op, print that number and the next 19 numbers, each with its Roma
number equivalent, on thletandard output. The program may assume that the argument
is a legal Roman Number. Here is an exampie.

Console Input / Output
$ java RomanNumberTest MMXVIII
(Output shown using multiple columns to save space.)
Roman for 2018 is MMXVIII Roman for 2028 is MMXXVIII
Roman for 2019 is MMXIX Roman for 2029 is MMXXIX
Roman for 2020 is MMXX Roman for 2030 is MMXXX
Roman for 2021 is MMXXI Roman for 2031 is MMXXXI
Roman for 2022 is MMXXII Roman for 2032 is MMXXXII
Roman for 2023 is MMXXIII Roman for 2033 is MMXXXIII
Roman for 2024 is MMXXIV Roman for 2034 is MMXXXIV
Roman for 2025 is MMXXV Roman for 2035 is MMXXXV
Roman for 2026 is MMXXVI Roman for 2036 is MMXXXVI
Roman for 2027 is MMXXVII Roman for 2037 is MMXXXVII
$

12.5.1 The Roman number system

In Roman numbers, there is no zero, nor any negative numkereTare 7 digits and 6
pairs of digits, with values as follows.

Digit | Value Digit pair | Value
M 1000

CM 900
D 500

CD 400
C 100

XC 90
L 50

XL 40
X 10
v 5 IX 9

\Y, 4
I 1

These are placed next to each other, with largest valueseoleftih) and smallest on the
right. The number represented is simply the sum of the valtig= digits and digit pairs.
The sample output from the test program (above) shows examidbtice how each digit
pair consists of a digit followed by a greater valued digiigi ahat the value is the value
of the greater minus the value of the lesser. E.g. the valt@wfis 1000— 100. Perhaps
contrary to your intuition, the Romans did not have othergptian these 6. One cannot
write "MIM" to mean 1999, instead it is written &8CMXCIX": 1000 plus 900 plus 90
plus 9.
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12.5 Section/task 12.5 Simple Encryption

12.5.2 How to convert to and from Roman numbers

To convert a Roman number into an integer, we can scanttheacters in theString

from left to right and add the values of the characters tartheumber being thus accu-
mulated. So we start this accumulation with the value zeawéVer, if the value of any
character igireater than that of the previous one, then we have just had the second char
acter of a digit pair. In this case we subtract the value presly added, twice, and then
add the value of this character. You may wish to treat the dinaracter of the Roman
numberString  differently from the others, as it has no previous one. Fbihal other
characters, we shall compare the value with the value of teequs character. Some
examples follow.

Roman Decimal
X [ \
XV 10 +1 -2 +45 14
C D X L [ \
CDXLIV | 100 -200+500 +10 -20+50 +1 -2+45 | 444
C M X C I X
CMXCIX | 100 -200+1000 +10 -20+100 +1 -2+10| 999
M I M
MIM 1000 +1 -2 +1000 1999

Notice that the last line is an illegal Roman number strirgg,tiiealgorithm suggested
will still produce a result, and effectively behaves as tfiouM" actually is a legal digit
pair with the value 999. As said above, you may assume youstagiors are not given
illegal strings, so there is no need for you to write code thatcks legality.

Converting an integer into a Roman number is a little ea¥ieraccumulate the sequence
of Roman digits in a resulitring , starting with an empty string, as follows. While the
number isgreater than or equalto 1000, subtract a 1000 from it and appéld to the
result. Now do this for 900 withCM", 500 with"D" , 400 with"CD" and so on.

12.5.3 Implementation tips

You may find it easiest to have tvilostance variables, one arnt and the other &tring
Each constructor copies its given argument to one of themast variables, and then
calculates the value of the other. You should consider lggwiivate methods to assist
in the conversions, and perhaps reduce the amount of rebeade.

12.5.4 Deliverables

First design yourest data in your logbook, therdesign pseudo coddor your two
conversion algorithms, before implementing the classearing implementation you
should document youromanNumber class withdoc commens. After completing the
test program, you should run tf@@adoc program and browse the resultiimgex.html

file.
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13 Chapter 13 Graphical user interfaces

13.2 Section/task 13.2 Hello world with a GUI

e Aim of example: To give a first introduction to Jagaaphical user interface (GUI)
programs, in particular, thelassesJFrame, Container andJLabel , together with the
java.awt andjavax.swing packages they belong to. We also talk about the idea of a
classextendng another class.

e Coursework titleHelloWorld  GUI in French
e Coursework summary: Write@UI program to greet the world, in French.

e Question: In this task, you will take tielloworld GUI example and change it to greet
the world in French (or some other language).

Optional extra: Make two greeting windows appear (with the same greeting).

13.3 Section/task 13.3 Hello solar system with a GUI

e Aim of example: To introduce the notion lafyout managerand, in particularf-lowLayout .
e Coursework titleHelloFamily  GUI
e Coursework summary: Write@UI program to greet your family.

e Question: The coursework in Section 2.5 on page 6, askedyguoduce a program
called HelloFamily ~ which greeted a number of your relatives. In this task you wil
write a version of that program which produces a window aryrthe same relatives
using labels. Each greeting should use a separate labela Els@Layout object to
manage the layout of the components in the window.

13.4 Section /task 13.4 Hello solar system with a GridLayout

e Aim of example: To introduce thiayout manager calledGridLayout
e Coursework titleHelloFamily ~ GUI with GridLayout
e Coursework summary: Write@UI program to greet your family, usingGidLayout

e Question: In this task, you will copy and change yélgiloFamily  program to use a
GridLayout . Experiment with different values for the row and columethod param-
eters in order to see how these effect the layout.

In order to make it easier to try out different values for tla@gmetersgesignthe code
so that the program takes twiteger command line argumens — the values for the
number of rows and number of columns. These will then be platsstheconstructor
method and used by it to create an appropri@telLayout object.
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13.5 Section/task 13.5 Adding JLabels in a loop

Optional extra: Make your program produce 10 windows, each having a diffegap
between the components. The row gaps should range from 2 ito 28ps of 2 pixels
and the column gaps from 4 to 40 insteps of 4.

13.5 Section/task 13.5 Adding JLabels in a loop

e Aim of example: To illustrate the idea of creatiggaphical user interface (GUI) com-
ponents in doop.

e Coursework titleTimesTable usingJLabel s

e Coursework summary: Write a program to display a times taldéng aGUI with
JLabel objects.

e Question: In this task you will write a program, call&mhesTable , which takes two
integer command line argumens, mandn. It displays amm-times table witm entries,
in a window. You can assume thatandn will be integers, and that is non-negative.
Choose better names for yotariables thanmandn! UseJLabel objects to display the
numbers and symbols andadLayout  object to manage the layout. Choose horizontal
and vertical gaps so that the window is laid out nicely.

For example, when given the arguments 3 and 10, we shouldoseetlsing like the
following.

St lmes [able [s]}is} =]k

L I I I o N W N

X
X
X
X
X
X
X
X
X
X

Optional extra: Find out how to set the colour of components, and choose erelift
colour to be used for alternating rows.
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13.7 Section/task 13.7 Stop clock

13.7 Section /task 13.7 Stop clock

¢ Aim of example: To reinforce the Jaliatener model together witliButton , ActionEvent
andActionListener . We also introduce the idea of having #aionListener object
be theJFrame itself, and mee§ystem.currentTimeMillis()

e Coursework title:StopClock  with split time
e Coursework summary: Modify a stop clock program so that gt &aplit time button.

e Question: In this task you will take tHopClock program and change it to add a split
time button. Your program should still be call8tpClock , and behave as follows.

— TheGUI has two buttonsStart/Stop ~ andSplit

— It has four output displays: the start time, stopped timkt tsme and elapsed time.
Each of these is 8Label and each also has a fix@dabel to explain it.

— The clock starts when tHgtart/Stop ~ button is pressed. The current time is shown
as the start time.

— If the Split  button is pressed while the clock is running, the clock whibw the
elapsed time as the split time.

— If the Split  button is pressed again while the clock is running, the siphié will
be updated.

— The clock is stopped by pressing tB&art/Stop  button, at which point it will
display the current time as the stopped time, and calcudatkdisplay the elapsed
time. The split time will be unchanged.

— If the Split  button is pressed while the clock is not running, nothingdesms.

In order to implement this program, you will need to make ukéhe getSource()
instance methodof ActionEvent . This takes nanethod argumens andreturns a
referenceto theobject which was responsible for causing teeent So, for example,
you may have code like the following.

if (event.getSource() == startStopJButton)

You will need to turn themethod variable startStopJButton into aninstance vari-
able. Why is that?

Optional extra: Improve the GUI, from an end user’s point of view, by removthg
start and stop times: show just the status instead.

Optional extra: Extend the program to allow the recording of several spiiet, with a
button for each split time.

Optional extra: Also, why not add a facility to pause and resume the clock?
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13.8 Section/task 13.8 GCD with a GUI

13.8 Section/task 13.8 GCD with a GUI

e Aim of example: To introducéTextField
e Coursework title:GCDGUI for three numbers

e Coursework summary: Modify a GCD program that h&Wl, so that it finds the GCD
of three numbers.

e Question: In this task you will produce a version of tB@&Dprogram with aGUI, that
calculates the GCD ahreenumbers rather than two. This will require you to add an
additional field to the interface, and alter the code ofdlassso that it calculates the
appropriate value. As with the example in the section, thegeedor obtaining the GCD
should reside in a separdfigMath class.

Optional extra: The GCD program requires that the user entetsger values. What
happens if he or she supplies values that are not integers? nkight you go about
addressing this issue?

13.9 Section/task 13.9 Enabling and disabling components
e Aim of example: To explore the principle of enabling and 8isay graphical user
interface (GUI) components, and revisiButton andJTextField
e Coursework title:StopClock using a text field and disabled split button

e Coursework summary: Modify a stop clock program so that giie sme button is dis-
abled when the clock is not running.

e Question: In this task you will change yogtopClock program as follows.

— Have the start/stop button labell8thrt when the clock is not running, arglop
when itis.

— Disable the split button when the clock is not running, eeabWhen the clock is
running.

— UseJTextField objects rather thadLabel objects to display the times. Make it
so that the end user cannot edit the text showing in theséidés.

Optional extra: Make the stop clock more pretty by using colours appropsiate

13.12 Section/task 13.12 Single times table with a ScrollRa

e Aim of example: To introduce the use &crollPane  and revisitiTextField
e Coursework titleThreeWeights  GUI

e Coursework summary: Write@UI version of the program to show the weights that are
obtainable on a balance scale using three weights.
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e Question: In this task you will write &UI version of theThreeWeights coursework
example from Section 3.7 on page 12. The program should tféesame functionality
as the original one, that is, the user provides three weagidgs then shown the possible
values that can be weighed using them.

The user input should be through the use of text fields, anckthdts should be displayed
in a scrollable text area.

Rather than have 23ystem.out.printin() calls as in the previous version of the
exercise, a simpler way to compute the results is to use tiested loos, one for each
weight. Eachloop variable will be a multiplier for the corresponding weight, going
through the valuedl , 0 andl. -1 represents placing that weight in the same pan as the
gold, 0 represents not using that weight, a@nhdcepresents placing that weight in the pan
opposite the gold.

14 Chapter 14 Arrays

14.2 Section/task 14.2 Salary analysis

¢ Aim of example: To introduce the basic conceptawhy s, includingarray type, array
variables, array creation, array element accesgarray length andempty arrays. We
also meeMath.round()  and revisitSystem.out.printf() anddivision by zero.

e Coursework titleMark analysis
e Coursework summary: Write a program that analyses stuademsework marks.

e Question: Write a program, calléthrkAnalysis , that takes #st of student coursework
marks and produces a report. The scores are entered by thaftesehe or she has been
prompted to say how many there are. Each score is a whole munester than or
equalto 0. The program should output the mean average, minimunmandmum of
the scores, and a list of the scores, each along with théardifce from the mean average
score, shown to two decimal places (usBygtem.out.printf() ).

In your main method, you should first read the scores intoiamnarray using ondoop,
before finding the minimum, maximum and mean using a secorditren printing the
results using a third. (You could combine the first two loau® ione, but perhaps that
would be less clear?)

You may assume that any input values are valid. Howevereifitmber of scores is not
at least one, your program should display a suitable messagjexit.

Here is an examplaun of the program.
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14.3 Section/task 14.3 Sorted salary analysis

Console Input / Output

$ java MarkAnalysis

Enter mark # 1.
Enter mark # 2:
Enter mark # 3:
Enter mark # 4.
Enter mark # 5:
Enter mark # 6:

The mean mark is:

| 8 |
| 6 |
| 9 |
| 8 |
| 5 |
| 4 |

8

» 01 00 © O

The minimum mark is:
The maximum mark is:

-0.67

Enter the number of marks: 6

6.666666666666667
4
9

Person | Score | difference from mean

Hint: Use the followingformat specifier string."%6d | %5d | %6.2f%n"

14.3 Section/task 14.3 Sorted salary analysis

e Aim of example: To reinforcarrays and introduce the idea sbrting, together with
one simple sortinglgorithm. We also introduce théor-each loop and have an array
as amethod parameterto amethod.

e Coursework titleMark analysis with sorting

e Coursework summary: Write a program that analyses studmmsework marks, and
presents the results insarted order.

e Question: Modify your program from the last task so that égants the results in as-
cending order of mark. Use your own sort method, which candsed on the code in
the example for this section. (Could this change the way ywdi your maximum and

minimum?)

Here is an examplaun of the program.
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14.4 Section /task 14.4 Get a good job

Console Input / Output

$ java MarkAnalysis
Enter the number of marks: 6
Enter mark # 1. 8

Enter mark # 2:
Enter mark # 3:
Enter mark # 4.
Enter mark # 5:
Enter mark # 6:

» 01 00 © O

The mean mark is: 6.666666666666667
The minimum mark is: 4
The maximum mark is: 9

Person | Score | difference from mean
-2.67
-1.67
-0.67

| 4 |
| 5|
| 6 |
| 8 |
| 8 |
| 9 |

14.4 Section /task 14.4 Get a good job

e Aim of example: To examinarrays in which thearray elements arereferences to
objects. In particular, we see how this impactssmiting with the use of @aompareTo()
instance method We also revisiBystem.out.printf() and mee6tring.format()

e Coursework title:Mark analysis with student names and sorting

e Coursework summary: Write a program that analyses nameeésteoursework marks,
and presents the results irsarted order.

e Question: Modify your program from the last task so that eaeink has an associated
named student. You will need to createlasscalledStudent with two instance vari-
ables, one for the name of a student and the other for his or her.mahks should
provide acompareTo() instance methodwhich you will use in yoursort code, and a
toString() to help produce the report.

Here is an examplaun of the program.
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14.5 Section/task 14.5 Sort out a job share?

Console Input / Output

$ java MarkAnalysis

Enter the number of students: 6
Enter the name of student 1: Helen
Enter the mark for ‘Helen’: 8

Enter the name of student 2: Andy
Enter the mark for ‘Andy’: 6

Enter the name of student 3: John
Enter the mark for ‘John’: 9

Enter the name of student 4: Karen
Enter the mark for ‘Karen’ 8

Enter the name of student 5: Sanjay
Enter the mark for ‘Sanjay" 5
Enter the name of student 6: George
Enter the mark for ‘George”: 4

The mean mark is: 6.666666666666667
The minimum mark is: 4
The maximum mark is: 9

Person and Score | difference from mean
George got 4| -2.67

Sanjay got 5| -167

Andy got 6| -0.67
Helen got 8] 133
Karen got 8] 133
John got 9| 233
$

You should make appropriate usefof-each loops. Hint: Use the followingormat
specifierstring. "%-10s got %3d"

14.5 Section /task 14.5 Sort out a job share?

e Aim of example: To introducpatrtially filled array s witharray extension array copy-
ing to make ashallow copyandreturning anarray from amethod. We also look at
object sharingas we have three arrays containreferences to the samebjects. Along
the way we meet the use ofSaanner on afile, enum types andsplit()  on aString

e Coursework title'Random order text puzzle
e Coursework summary: Write a random order text boeting puzzle program.

e Question: In this coursework you will write a program thassaninteractive puzzle for
the user to solve. The progranrisn with acommand line argumentwhich is the name
of afile containing a few lines of text. These are read in and predente random order
to the user, who is invited to pick one line to be swapped withlast one, repeatedly,
until they are back in their original order.
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14.5 Section/task 14.5 Sort out a job share?

The text might be part of the lyrics of a song, or a poem, or aejuetc., or may have
some other quality about it that gives a clue for working &t ¢orrect order.

Here is an example run of the program.

Console Input / Output
$ java RandomOrderPuzzle test-data.txt
0 are sorted as they started off,
1 it obvious
2 what the correct
3
4
5
6

Is

should be now that they

i.e. in order of increasing word count?
order of these lines

Enter a line number to swap with the last one: 3
are sorted as they started off,

it obvious

what the correct

order of these lines

should be now that they

i.e. in order of increasing word count?

Is

[o2 &2 IF NGO I \ I i @]

Enter a line number to swap with the last one: 0
Is

it obvious

what the correct

order of these lines

should be now that they

i.e. in order of increasing word count?

are sorted as they started off,

[o2 &2 I NGO I \ S I i @]

Enter a line number to swap with the last one: 5
Is

it obvious

what the correct

order of these lines

should be now that they

are sorted as they started off,

i.e. in order of increasing word count?

o Ol W NP O

Game over in 3 moves.

$

Write your solution in &lasscalledRandomOrderPuzzle . Themain methodwill create
a Scanner for the file, and pass it to theonstructor method to make annstance of
RandomOrderPuzzle . Then it will make anothe®canner for thetextual user interface

The constructor method will read in the text, and store itnragay of String s, using
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14.6 Section/task 14.6 Diet monitoring

array extensionas required. Then it will make a copy of this array into a selcamay,
and randomize the order of this copy.

The class will also provide threestance method for use in the main method. One will
swap a given line of the copied array with its last line. Arasttvill check to see whether
the lines of the copy array are (now) in the same order as igaalone. The third is a

toString() which list the lines from the randomized copy in their cutrerder.

Here is the main method, andpgivate instance method to randomize the order of a

given array.

011:  public static void main(String[] args) throws  Exception

012:  {

013: Scanner fileScanner = new Scanner( new File(args[0]));

014: RandomOrderPuzzle puzzle = new RandomOrderPuzzle(fileScanner);
015:

016: Scanner inputScanner = new Scanner(System.in);

017: System.out.printin(puzzle);

018: int  moveCount = 0;

019: while (! puzzle.isSorted())

020: {

021: System.out.print("Enter a line number to swap with the last one: ");
022: puzzle.swapLine(inputScanner.nextint());

023: System.out.printin(puzzle);

024: moveCount++;

025: + Il while

026: System.out.printin("Game over in " + moveCount + " moves." ;

027:  } /l main

084:  private void randomizeStringArrayOrder(String[] anArray)

085 {

086: for (int itemsRemaining = anArray.length;

087: itemsRemaining > 0; itemsRemaining--)

088: {

089: int anindex = ( int ) (Math.random() * itemsRemaining);
090: String itemAtAnindex = anArray[anindex];

091: anArray[anindex] = anArray[anArray.length - 1];

092: anArray[anArray.length - 1] = itemAtAnindex;

093: } Il for

094:  } /I randomizeStringArrayOrder

14.6 Section /task 14.6 Diet monitoring

e Aim of example: To reinforce ideas met so far, and introdarcay initializer andarray
searching, for which we revisit thdogical operators.

e Coursework titleViewing phone call details
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e Coursework summary: Write a program to allow the user to vientain phone call
details.

e Question: Here you will write a program that reads iil@of phone call details, and al-
lows the user to see some of those calls with a total cost aradidn. The firscommand
line argument is the name of &ext file containing the details of one phone call per line,
comprising the phone number, including spaces at the appteplaces, the duration of
the call, in the format hh:mm:ss, and the cost of the callpurpls, as a decimal number.
These three items are separated by sitgjdecharacters. Here is some sampdiata.

Console Input / Output

$ cat test-phone-calls.txt

07571 78764 00:00:16 0.120
01537 82608 00:00:04 0.070
01492 88229 01:02:58 0.860
08479 88844 00:03:56 0.070
08901 24241 00:00:33 0.060
07546 88323 00:02:40 0.250
07571 78764 00:07:12 0.910
08474 02751 00:05:37 0.150
0161 296 410 00:03:02 0.190
0161 296 682 00:00:57 0.090
01537 82608 00:00:20 0.070
01537 82608 00:30:10 0.450
08479 77777 00:02:50 0.070
07571 78764 00:06:23 0.800
07728 50344 00:04:20 0.380
0161 296 682 00:00:06 0.070
07571 78764 00:44:28 2.930
0161 803 487 00:15:59 0.260
0161 297 617 00:13:24 0.530
08476 05080 00:00:14 0.060
08476 05080 00:04:09 0.130
07571 78764 00:00:03 0.120
0161 803 487 00:00:48 0.070
08479 88844 00:01:05 0.060
08901 27274 00:02:30 0.090
07571 78764 00:08:18 0.630
0161 297 629 00:01:05 0.120
07936 84350 00:11:13 1.330
07936 84350 00:01:59 0.270
0161 297 629 00:00:01 0.090
07571 78764 00:46:27 3.060
08479 77777 00:03:17 0.070
07955 65414 00:20:41 1.400
01492 88229 01:24:12 0.850
$

The user selects a subset of the calls by entering a prefixeqfttbne numbers he or she
wishes to view. Here is an exampian.
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Console Input / Output

07571
07546
07571
07571
07571
07571
07571
07571

Calls
Total
Total

Enter
0161
0161
0161
0161
0161
0161

Calls
Total
Total

Enter
0161
0161

Calls

Total
Total

$

78764 00:00:16
88323 00:02:40
78764 00:07:12
78764 00:06:23
78764 00:44:28
78764 00:00:03
78764 00:08:18
78764 00:46:27

matched: 8
duration: 01:55:47
cost: 8.82

phone number prefix,
296 410 00:03:02
296 682 00:00:57
296 682 00:00:06
297 617 00:13:24
297 629 00:01:05
297 629 00:00:01

matched: 6
duration: 00:18:35
cost: 1.09

phone number prefix,
803 487 00:15:59
803 487 00:00:48

matched: 2
duration: 00:16:47
cost: 0.33

$ java PhoneCalls test-phone-calls.txt
Enter phone number prefix, or Q to quit:

0.12
0.25
0.91
0.80
2.93
0.12
0.63
3.06

or Q to quit:
0.19
0.09
0.07
0.53
0.12
0.09

or Q to quit:
0.26
0.07

Enter phone number prefix, or Q to quit:

075

0161 2

0161 8

You should create fowrlasss.

Class

| Description

Class list for PhoneBook

PhoneCalls

of PhoneCallList

The main class containing theain method. It will make aninstance
and then prompt the user for input.

PhoneCallList

An instance of this will represent thist of phone calls and will contair
instances oPhoneCall

—
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Class list for PhoneBook
Class | Description
PhoneCall An instance of this will represent a single phone call cosipg phone
number, duration and cost.
Duration An instance of this represents a period of time which can lea $e
hh:mm:ss format, and which can be added to another duratigield a
newone.

Here is the main method to get you started.

016:  public static void main(String[] args) throws  Exception

017: |

018: callList = new PhoneCallList( new Scanner( new File(args[0])));

019: Scanner inputScanner = new Scanner(System.in);

020: String userinput;

021: do

022: {

023: System.out.print("Enter phone number prefix, or Q to quit: ");
024: userinput = inputScanner.nextLine();

025: if (! userlnput.equals("Q"))

026: System.out.printin(callList.matchingCallsReport(use rinput));
027: } while (! userlnput.equals("Q"));

028: } // main

You should think carefully where the logic to decide whethegparticular phone call
matches the user’s input should go: is it to residé®lioneCallList ~ or PhoneCall ?
(Hint: is itabout a phone call, or about a list?) Either wayyzan use thstartsWith()
instance methodof theString class.

To help you further, here is the code for theration class.

001: /I Representation of a time duration.
002: public class Duration

003: {

004: /I Represented as a hh:mm:ss string and as total seconds.
005:  private final String stringRep;

006: private final int totalSeconds;

007:

008:

009: /I Constructs from a hh:mm:ss string.
010:  public  Duration(String requiredStringRep)

011: ¢

012: stringRep = requiredStringRep;

013: String[] parts = requiredStringRep.split(":");
014: int hours = Integer.parselnt(parts[0]);
015: int  minutes = Integer.parselnt(parts[1]);
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016: int seconds = Integer.parselnt(parts[2]);

017: totalSeconds = (hours * 60 + minutes) * 60 + seconds;
018:  } /I Duration

019:

020:

021: /I Constructs from a total number of seconds.
022:  public Duration( int requiredNoOfSeconds)

023:  {

024: totalSeconds = requiredNoOfSeconds;

025: int hours = totalSeconds / 3600;

026: int  minutes = (totalSeconds % 3600) / 60;

027: int seconds = totalSeconds % 60;

028: stringRep = String.format("%02d:%02d:%02d", hours, minu tes, seconds);
029:  } /I Duration

030:

031:

032: /I Returns the hh:mm:ss representation.
033:  public  String toString()

034: {

035: return  stringRep;
036:  } /I toString

037:

038:

039: /I Adds this to another to create a new.
040:  public  Duration add(Duration other)

041: {

042: return new  Duration(totalSeconds + other.totalSeconds);
043: } // add

044:

045: } /I class Duration

Optional extra: Instead of merely a leading prefix of phone numbers, why nowahe
user to enter any pattern? (Hint: look at thatches() instance method of th&tring
class.)

Optional extra: Add the date and time of calls to the program (and its data).

14.7 Section/task 14.7 A weekly diet

e Aim of example: To introducévo-dimensional arrays.
e Coursework titleMaze solver
e Coursework summary: Write a program that finds the shortstghrough a maze.

e Question: The program you are going to write here will reatektual representations
of mazes and solve them. Mazes consist of a matrix of celtd) edwhich can be an
entrance, an exit, a hedge, or a space. Each maze must haastabihe entry point, at
least one exit point, and at least one path of space cellsslegtaome entrance and exit.
Paths can only turn 90 degrees, that is, there is no use afrhgrovement. The job of
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the program is to print out each maze showinggshertesipath from any entrance to its
nearest exit.

Here is samplalata, showing three very similar mazes, each stored texa file. A
hedge cell is represented byt gan entrance by 3, an exit by & and a space by a space.

Console Input / Output
$ cat test-maze-l.txt test-maze-2.txt test-maze-3.txt

(Output shown using multiple columns to save space.)

# # HHHE # # 0 ##

## HiHE # #O##

S e e e
# # | # # | # #
e e S
# # # # # |#4# # # # | #+# # # #

## HiHE # # o ##

# # TR A #H#H R ##H TR
#H#H# # # | #EH # # | #H#HH # #
##H# R #H#H AR ##H # O B
#O# H#H# # | # # ## # O\ # #H## #
et e S S
$

And here is the result afunning the program on that data, where the shortest path is
shown using dot.() characters.

Console Input / Output

$ java MazeSolver test-maze-1.txt test-maze-2.txt test-ma ze-3.txt
(Output shown using multiple columns to save space.)

S S S S L
#. # #. # Horeieieiins #
Gl e SR G i
HH#.o. # # # HH.... # # # ## # O#.#
HAH MR H #o #e A4S #o8H #OH HHH # #ooH#
HOH O R HAH B A48 HHH e
HHe# # # e # HHH # o #
#OH# HAH HHH W T
#OO# HELLL # HOH H # #O##H L #
G SR SR
$

14.7.1 How will it work?

The solution is based on repeatedly making moves from ergsrfanning outwards

in all possible directions, until we reach an exit. We sthd $earch at every entrance
simultaneously. In move one we fan out to every cell accés&ibm each entrance. In
move two we further fan out to every (new) cell accessiblenfeach cell we accessed

in move one, and so on. In order to know which cells we havessszkin which move,

we set up awo-dimensional array of numbers, the same dimensions as the maze, and
store the move count at each cell as we reach it. So, the eegdrave a move count of
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zero, those next to the entrances contain the number oneeitjiebours of those contain
a two, and so on.

The following diagram shows this process for the first exampaze above.

Entrance

0

1 2]3]4[5]6] 7] 8]0 1011]12/13/14/15/16/17]18

B B
9 [10] 11/ 12113/ 14) 15/ 16| 20] 21, 2208 22| 21 20
8| 15

17| 18] 19| 20J 24| 23| 22

5617
8|

23
23] 24/25] 26| 27] 26/ 25 24 25
H B B 15[ 22

(o 10} o2 [N 19120/ 2122|231 24] 25| 26| 27/ 28] 29

Exit

And this one shows it for the third example maze.

Entrance
0
1 2]/3]4[5]6]7 8] 010/11/12 13 14 15 16 17 1
2 D
3 Ml 15| 16 17 18 1§ 2021 /22 [ 26| 27] 20| 22]21) 2

23 24] 25] 26 [l 24] 23] 22

H H 22 23
O 2ol 29(30 20 27 20 25 2
El El

24

]
8] 9]10 I 25/ 26| 27| 28] 20] 30| 2] 30| 31/ 32 3§

Exit

Note that, depending on the maze, it might be that not evexgespell gets visited before
an exit is found.

Entrance

o]
Illllﬂlﬂﬂmllllllll

2|
sl 0lols 76| 78] | lll
0 B H B |

5 | 5
E 5] 4 Eﬁﬂﬂﬂllll

7 3| 2 H
15 o0l c N > 34 506/7 8 9]10
5 o 2

Entrance

Having reached an exit, we stop fanning out and instead wackwards along the short-
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est path to mark it.
Here ispseudo coddor thealgorithm.

move-count = 0
found-exit = false
while !found-exit
consider every cell in turn
if the cell value == move-count
consider each of its four neighbours in turn or until found ex it
if the neighbour cell is an exit
found-exit = true
mark the path back to the start from this cell
else if the neighbour cell is an unreached space
neighbour cell value = move-count + 1
move-count++
end-while

To mark the path back from the neighbour of the exit which hesnbreached, you do
something like the following.

path position is given as row and column of the exit's neighbo ur
move-count = the value at this path position
while moveCount != 0
mark this path position as part of the path
move-count--
find the neighbour which holds the value move-count
path position = that neighbour's row and column

14.7.2 Implementation help

You will find the following code useful to help ydoop through the four neighbours of
each cell. (You may recall trremainder operator, % from Sectior?? on page??.)

private int[] neighbourOffsets = {-1, 0,1, 0 }
for (int neighbour = 0; 'foundAnExit && neighbour <= 3; neigh bour++)
{
int neighbourColumn = column + neighbourOffsets[neighbou f;
int neighbourRow = row + neighbourOffsets[(neighbour + 1) % 4];
+ Il for

Here is some of the solution to get you started.

001: import java.io.File;
002: import java.util.Scanner;

003:
004: /* Reads a maze representation from each file given as an argu ment
005: and prints it out showing the shortest route from any entranc e to an exit.
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006:
007:
008:
009:
010:
011:
012:
013:
014:
015:
016:
017:
018:
019:
020:
021:
022:
023:
024:
025:
026:
027:
028:
029:
030:
031:
032:
033:
034:
035:
036:
037:
038:
039:
040:
041:
042:
043:
044:
045:
046:
047:
048:
049:
050:
051:
052:
053:
054:

¥/

II' The dimensions of the maze are fixed.
private static final int HEIGHT = 10;
private static final int WIDTH = 20;

II' The values for cells in the maze model.
/I Start: this must be zero because you get there in zero steps
private static final int START = (;

Il Space, hedge, path and end: must all be negative
Il so they are not ambiguous with a move count.

private static final int SPACE = -1;
private static final int HEDGE = -2
private static final int PATH = -3
private static final int END = -4;

II' The characters used in the file and output to represent the

private static final char SPACE_REP =" 7
private static final char HEDGE_REP = '#;
private static final char START_REP = "7?',
private static final char END_REP =T
private static final char PATH REP ="

/I The maze model. It is two bigger in each dimension so we can h
Il extra hedge around the whole maze. This means every real ce

Il neighbours, so we don't need to check edges of the array.

private final int (I maze = new int [HEIGHT + 2][WIDTH+ 2];

II' Construct a MazeSolver from the given scanner for a file
/I which must contain HEIGHT lines each of WIDTH characters.
public ~ MazeSolver(Scanner input)
{
Il First we place a surround of HEDGE cells.
for (int row = 0; row < HEIGHT + 2; row++)
maze[row][0] = maze[row][WIDTH + 1] = HEDGE;
for (int column = 0; column < WIDTH + 2; column++)
maze[0][column] = maze[HEIGHT + 1][column] = HEDGE;

Il Next we read the maze, assuming the file is valid.
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public class MazeSolver
public static void main(String[] args) throws  Exception
{
for (String filename : args)
System.out.print( new MazeSolver( new Scanner( new File(filename))));
} /I main
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055: /I This goes in to positions 1 to HEIGHT and 1 to WIDTH

056: Il leaving the surrounding hedge unchanged.

057: for (int row = 1; row <= HEIGHT; row++)

058: {

059: String mazelLine = input.nextLine();

060: for (int column = 1; column <= WIDTH; column++)

061: {

062: char inputChar = mazeLine.charAt(column - 1);

063: switch  (inputChar)

064: {

065: case SPACE_REP: maze[row][column] = SPACE; break ;
066: case HEDGE_REP: maze[row][column] = HEDGE; break ;
067: case START_REP: maze[row][column] = START; break ;
068: case END_REP:  maze[row][column] = END; break ;
069: + Il switch

070: + 1l for

071: } Il for

072:

073: /I Then we solve it.

074: solve();

075:  } Il MazeSolver

076:

077:

078: /I Each cell has four neighbours: these offsets help us find t hem.
079:  private int  [|] neighbourOffsets = {-1, 0,1, 0 }

080:

081:

082:  // Find the shortest path from any START to any END.
083: /I There must exist such a path or else....
084:  private void solve()

085:  {

112:  } /I solve
113:

114:

115: /I Mark the path backwards from row, column.
116:  private void markPathBackFrom( int row, int column)

117: |

138:  } /I markPathBackFrom

139:

140:

141: /I The correct line separator for this platform.

142:  private static final String NLS = System.getProperty(“line.separator”);
143:

144:

145: /| Return a text representation of the maze.
146:  public  String toString()
147 {
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148: String result = ™

149: for (int row = 1; row <= HEIGHT; row++)

150: {

151: for (int column = 1; column <= WIDTH; column++)
152: switch  (maze[row][column])

153: {

154: case HEDGE: result += HEDGE_REP; break ;
155: case START: result += START REP; break ;
156: case END: result += END_REP; break ;
157: case PATH: result += PATH REP; break ;
158: /I Anything else will be a space which is not part of the path.
159: default : result += SPACE_REP;

160: } Il switch

161; result += NLS;

162: + 1l for

163: return  result;

164:  } /I toString

165:

166: } /I class MazeSolver

Note: your solution will probably have a different line caun

Coffee What happens if the program is run on a maze that does not hpeaéh
time: from an entrance to an exit?

Optional extra: Improve your program so that it deals sensibly with bad mazes

Optional extra: Perhaps usingnt values for the cells is not a goaxbject oriented
designapproach. So, posh up your program by making it ha@ela class which
contains annstance variablefor the cell type and a separate move count if it is a space
cell. You could take this further, e.g. each cell could alsatain its row and column
array index, and ararray of references to the four neighbouring cells to make looping
through them even easier.

15 Chapter 15 Exceptions

15.2 Section/task 15.2 Age next year revisited
e Aim of example: To take a closer look atn time error s, or as Java calls themxcep-
tions.
e Coursework titleFishTankVolume robustness analysis

e Coursework summary: Take a program you have seen beforeratygksa where it can
go wrong.

e Question: Take another look at tRshTankVolume program from Sectio?? on page
??. Make a list of all the circumstances that can causexaeptionand another list of
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circumstances which merely produce inappropriate results

15.3 Section/task 15.3 Age next year with exception avoidea
e Aim of example: To show how we can avogkceptiors usingconditional execution
We also meet th€haracter class
e Coursework titleFishTankVolume exception avoidance

e Coursework summary: Take a program you have seen before akel imavoidexcep-
tions.

e Question: Despite what we have just said about not beingfatiwith the approach, you
are here going to try it. Write a version of tkeshTankVolume program from Section
??on page?? which avoidsexceptiors.

15.4 Section/task 15.4 Age next year with exception catchgn
e Aim of example: To introducexception catchingusing thetry statement. We also
take a look astandard error.
e Coursework titleFishTankVolume exception catching

e Coursework summary: Take a program you have seen before akel iitatch excep-
tions.

e Question: Write another version of tifshTankVolume program from Sectior?? on
page??. This should not avoigxceptiors, but insteadccatch them in a singlecatch
clause (In the next task you can improve it by having multiple catuses.)

15.5 Section/task 15.5 Age next year with multiple exceptiocatching
e Aim of example: To observe that there are many kindsxafeptionand introduce the
idea of multipleexception catchingby having ary statementwith manycatch clause.
e Coursework titleFishTankVolume multiple exception catching

e Coursework summary: Take a program you have seen before akelibcatch multiple
exceptiors.

e Question: Write yet another version of thishTankVolume program from Sectior??
on page??. This time it shoulctatch exceptiors in appropriate multipleatch clauss.

15.6 Section/task 15.6 Age next year throwing an exception

e Aim of example: To introduce the idea of creatingexteptionandthrowing an excep-
tion when we have detected a problem, usingtkinew statement
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e Coursework titleFishTankVolume throwing exceptions

e Coursework summary: Take a program you have seen before akelibthrow its own
exceptiors andcatch them.

e Question: Write one more version of tAshTankVolume program from Sectio?? on
page??. This will throw exceptions for inappropriate inputs which would otherwise not
cause an exception, acdtch all the exceptions in appropriate multigdatch clauss.

15.7 Section/task 15.7 Single times table with exceptiontching

o Aim of example: To illustrate the use ekception catchingin graphical user interface
(GUI) programs.

e Coursework titleTimesTable with a ScrollPane  catching exceptions

e Coursework summary: Take a program wit@#l, that you have seen before, and make
it catch exceptiors.

e Question: Write a version of thémesTable with aScrollPane  program from Section
?? on page?? thatcatches theexceptioncaused by the user enteridgta which is not
a valid representation of am.

15.8 Section/task 15.8 A reusable Date class with exceptsn

e Aim of example: To introduce thearows clausetogether with its associatetbc com-
ment tag. We also look at supplying agxception causevhen we create aexception
and discuss the use BfintimeException  s.

e Coursework titleDate class with nested try statements
e Coursework summary: Modify elassso that it usesested try statemens.

e Question: Recall thalternativeaddDay() instance methodfrom a coffee time on page
?7?. Modify the Date classfrom this section to make it use that alternatiested try
statemens approach foall instance methods which creat@aew Date .

Write a program calledestRelativeDates to test your implementation. This should
contain amain method with hard-codedest data One simple approach would be to
create a ‘reference’ date, and then haveagp which takes it forwards one day at a time,
over a, say, two year period (including a leap year). Insideloop you print out the
reference date together with five datesistructed relatively from it.
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16.3 Section/task 16.3 The Person class

e Aim of example: To introduce the ideas sxdfiperclass subclass inheritance, andis a
relationships.

e Coursework title:Stock control system

e Coursework summary: Write @assthat can be used to keep track of stock items, and
test it.

e Question: Imagine you are setting up a computer parts shapwél needsoftware
to keep track of stock and prices. You will have various kinfistock item, but to
start with you will implement alasscalled Stockitem  with the following properties.
In later coursework tasks you will make variossbclasgs of this. Aninstance of
Stocklitem represents a particular thing which the shop sells, with edfistock code,
variable quantity in stock and variable price.

Public method interfaces for classStockltem

Method | Return | Arguments | Description

Constructor int , int Create aStockltem with the givenint
price (in whole pence) andt initial quan-
tity in stock. The price is exclusive of VAT
(sales tax). EacBtockltem object is al-
located a unique fixet stock code.

getStockCode int Returns the stock code for this stock item.

getStockType String Returns the stringStock item type"
This will be redefined in subclasses.

getDescription String Returns the stringA description of
the stock item" . This will be redefined
in subclasses.

C)
=

getQuantitylnStock int Returns the quantity in stock of this sto
item.

increaseStock void int Increases the stock level by the given
amount. If it is less than one, an
lllegalArgumentException is thrown
with a suitable message.

sellStock boolean | int Attempts to reduce the stock level by the
given amount. If it is less than one, an
lllegalArgumentException is thrown
with a suitable message. If the amount
otherwiseless than or equalto the stock
level, then the reduction is successful gnd
true is returned. Else there is no effect,
butfalseis returned.

S
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Method

Public method interfaces for classStockltem

| Return | Arguments | Description

setPriceExVat void int Set the price of this item to the givent.

This is the price before VAT.

getPriceExVat int Returns the price before VAT.

getVatRate

double Returns the standard percentage VAT rate,
which is currently20.0 .  This may be
redefined in some subclasses.

getPricelncVat int Returns the price including VAT (as spe

O
1

ified by getvatRate() ) rounded to the
nearest penny.

toString

String Returns a string giving the stock code,
the stock type, the description, the quan-
tity in stock, the price excluding VAT angd
the price including VAT. It uses the appro-
priate methods above to obtain the stogk
type, description, quantity and prices.

To allocate a unique fixed stock code to e&tbckltem object you might have the
following code.

007:
008:
009:
010:
011:
021:
022:

023:
024:

027:

/I The number of stock items created so far.
private static int noOfStockltemsCreated = 0;

/I The fixed stock code of this item.

private final int stockCode;
public ~ Stockltem( int initialPriceExVat, int  initialQuantityInStock)
{

noOfStockltemsCreated++;
stockCode = noOfStockltemsCreated:;

} [ Stockitem

You will test this with a program calle@estStockitem . This will make some instances
of Stockltem , increase stock, sell some stock and change the price,tyhitging out
the items in between.

An examplerun might be as follows.
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16.4 Section/task 16.4 The AudienceMember class

Console Input / Output

$ java TestStockltem

Creating a keyboard stock item, 10 in stock @ 499.

SC1. Stock item type, A description of the stock item (10 @ 499 p/599p)
Creating a monitor stock item, 20 in stock @ 9999.

SC2: Stock item type, A description of the stock item (20 @ 999 9p/11999p)
Obtain 10 more keyboards.

SC1. Stock item type, A description of the stock item (20 @ 499 p/599p)
Obtain 20 more monitors.

SC2. Stock item type, A description of the stock item (40 @ 999 9p/11999p)
Sell 5 keyboards.

SC1. Stock item type, A description of the stock item (15 @ 499 p/599p)
Sell 10 monitors.

SC2: Stock item type, A description of the stock item (30 @ 999 9p/11999p)
Change keyboard price to 399.

SC1. Stock item type, A description of the stock item (15 @ 399 p/479p)
Change monitor price to 7999.

SC2: Stock item type, A description of the stock item (30 @ 799 9p/9599p)
$

16.4 Section/task 16.4 The AudienceMember class

e Aim of example: To finish introducinguperclass subclassandinheritance, and briefly
meetUML . Also, to introduce the principles of invoking tlieenstructor method of the
superclass, and havimgstance method thatoverride one from the superclass.

e Coursework title:Your first stock item!
e Coursework summary: Writesubclasswhich overrides someanstance method.

e Question: Your new computer parts shop has obtained a loaergf cheap mouse
mats, which are going to be your first item on sale. CreatéassMouseMat which
is asubclassof Stockltem . This will override theinstance method getStockType()
andgetDescription() with ones thateturn "Mouse mat" and'Plain blue cloth,
foam backed" respectively.

Test this with a program calletestMouseMat which makes arnstance of MouseMat
(you would probably not want more than one instance), iresnggand then selling some
stock and changing the price, whilst printing out the iterbétween.

16.5 Section/task 16.5 The Punter class

e Aim of example: To reinforce the ideas sfiperclass subclass inheritance, invoking
the superclassonstructor method, andinstance method thatoverride another.
e Coursework title:Your catalogue

e Coursework summary: Write anotharbclassvhichoverrides someanstance method.
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16.6 Section/task 16.6 The Person abstract class

e Question: Your mouse mats are selling like hot cakes and yeand of the days soon
to come when you will sell other things too. In fact, you decitis time to have a

catalogue!

Create alassCatalogue which is asubclassof Stockitem . This will override thein-
stance method getStockType()  andgetDescription() with ones thateturn "Catalogue”
and"List of all items and prices" respectively.

Your new class will also overridgetVatRate()  with one thatreturns zero, because
books do not have VAT charged on them.

Test this with a program calletkestCatalogue  which makes amstanceof Catalogue
(you would probably not want more than one instance) inéngeand then selling some
stock and changing the price, whilst printing out the iterbétween.

16.6 Section/task 16.6 The Person abstract class

e Aim of example: To introduce the conceptsaifstract classandabstract method
e Coursework title:An abstract stock item
e Coursework summary: Makedaassinto anabstract class

e Question: Alter youclasscalledStockltem so that it becomes abstract class There
are twoinstance method which you should change to becoatastract methods.

Confirm that you cannot makestances of Stockltem by attempting tawompile TestStockltem
Check that your other test programm the same as they did before.

16.7 Section/task 16.7 The remaining simple subclasses @&rBon

e Aim of example: To reinforce the concepts covered in the tdrago far, and introduce
the ideas opolymorphism anddynamic method binding. We also meetinal classes
andfinal methods.

e Coursework titleMore stock items

e Coursework summary: Make some maegbclases and explorgolymorphism and
dynamic method binding.

e Question: You have obtained a big box of CPUs, a bin bag fulleyboards and a crate
of hard discs. Create tldasesCPU Keyboard andHardDisc , returning the following
values fromgetStockType()  andgetDescription()

Class Result from getStockType() Result from getDescription()
CPU "CPU" "Really fast"

Keyboard | "Keyboard" "Cream, non-click”

HardDisc | "Hard disc" "Lots of space"

73



16.8 Section/task 16.8 The MoodyPerson classes

Write a program calledestStockltemSubclasses which has aclass methodto test
just oneinstanceof a Stockltem given to it as anethod parameter. This will increase
the stock, sell some stock and change the price, printingheutem in between.

The class will also have main method which builds anarray containing one instance
of eachsubclassof Stockltem you have written so far, and then, in@op, calls the
class method to test each one.

16.8 Section/task 16.8 The MoodyPerson classes

e Aim of example: To introduce the ideas of adding maotgect state and instance
methods in asubclass testing for aninstance of a particularclass andcasing to a
subclass. We also see howcanstructor method can invoke another from the same
class.

e Coursework titlelLots of different mouse mats!
e Coursework summary: Have additional state in scuoleclases.

e Question: Your shop is really beginning to take off — you naawén several kinds of
mouse mat! This causes you to think again about ywauwseMat class Only your
first ones fit the description which you previous$igird coded and so you decide that
a description suitable to particular mouse mats should bengivhen arninstance of
MouseMat is created. You realize that there may be other kinds of steck that have
similar simple variations in their descriptions, and so yleeide to create anothab-
stract classwhich is asubclassof Stockltem , called TextDescriptionStockltem :
and haveMouseMat be a subclass of that. Anstanceof TextDescriptionStockltem
will be given its description when it is created. Also, besmyou anticipate that descrip-
tions might be refined due to customer feedback, they candegei later.

Public method interfaces for classTextDescriptionStockltem

Method | Return | Arguments Description

Constructor String, int , int | Creates an instance of
TextDescriptionStockltem with
the given textual descriptiomt initial
price (in whole pence) anaht initial
guantity. The price is exclusive (¢
VAT (sales tax).
getDescription String Returns the description that was given
to theconstructor method.
setDescription void String Sets the description to the given string.

=

Read the rest of this task, and then draWML class diagram showing the fullinheri-
tance hierarchy, from Stockltem downwards, as it will be when you have finished the
task.
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16.11 Section/task 16.11 The Game class

After drawing your diagram, implement tfiextDescriptionStockltem class.
Now changeMouseMat so that it is asubclassof TextDescriptionStockltem and
removegetDescription() from it.

Alter TestStockltemSubclasses so that it makes two instancesMbuseMat with dif-
ferent descriptions and prices. Add an exiiess methodhat tests dextDescriptionStockltem
by making some change to its description (e.g. adding sortedét). Alter the exist-
ing class method that testsStockltem so that, if theStockltem is also an instance
of TextDescriptionStockltem , it will call your new class method to perform those
additional tests.

You have also obtained various books about building computeat you would like to
sell. Create the clagdook which is another subclass ®éxtDescriptionStockltem
Remember that books are zero rated for VAT. Get rid of yOatalogue class — you
have decided that your catalogue is better off being annastafBook. Alter your test
program so that it also creates some instanc8sak — including one for your catalogue.

16.11 Section/task 16.11 The Game class

e Aim of example: To illustrate the difference betwasra andhas arelationships.
e Coursework title:Shopping baskets

e Coursework summary: Write @dasseachinstanceof which has anumber of instances
of another class stored in it.

e Question: As always, read the whole of this task and then jplamur logbook what
classes you need, including whaethods they will have, before starting your imple-
mentation.

Your computer parts shop has so many customers now that yahutawicomputerize the
selling of your products. Write elasscalled StockltemPurchaseRequest which has
a Stockltem and anint quantity of that stock item required by a customer.

Write another class calleShoppingBasket  which can contain any number of stock
item purchase requests, usiagay extension This should have aadd() instance
method which takes (aeferenceto) aStockltem and annt required quantity, and adds
a correspondin§tockitemPurchaseRequest to the shopping basket.

It will also have atoString() giving the contained stock item purchase requests, one
per line.

And finally, it will have another instance method cal@ckout . This will go through
the stock item purchase requests and sell them (reducingtdlok quantities), if there
are enough quantity in stock, or not otherwise. The sucakpsichase requests will
be removed from the shopping basket, leaving only thosenbeg not purchased. The
result will be aString  indicating for each purchase request whether it was puechais
not, along with the details of it, all followed by the totaige with and without VAT. Test
this with a program called@estShoppingBasket . Here is a sample implementation for
that — feel free to alter it if you wish.
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16.11 Section/task 16.11 The Game class

001: public class TestShoppingBasket

002: {
003:
004:
005:
006:
007:
008:
009:
010:
011:
012:
013:
014:
015:
016:
017:
018:
019:
020:
021:
022:
023:
024:
025:
026:
027:
028:
029:
030:
031:
032:
033:
034:
035:
036:
037:
038:
039:
040:
041:
042:
043:
044:
045:
046:

public static void main(String[] args)

Stockltem[] stockltems =

{
¥ 0 * new MouseMat("Plain blue cloth, foam backed", 150, 10 ),
¥ 1 * new MouseMat("Pink vinyl with fluffy trim", 350, 10),
¥ 2 * new Book("List of all items and prices", 150, 10),
¥ 3 * new Book("Build a gaming monster", 1799, 0),
¥ 4 * new CPU(1500, 10),
¥ 5 * new HardDisc(5500, 10),
[* 6 * new Keyboard(200, 10)
h

System.out.printin("Stock before purchase:");
for (Stockltem stockltem : stockitems)

System.out.printin(stockltem);
System.out.printin();

ShoppingBasket shoppingBasket = new ShoppingBasket();
shoppingBasket.add(stockltems[0], 2);

shoppingBasket.add(stockltems[2], 1);
shoppingBasket.add(stockltems[4], 8);
shoppingBasket.add(stockltems|[5], 9);
shoppingBasket.add(stockltems[4], 3);
shoppingBasket.add(stockltems|[6], 8);
shoppingBasket.add(stockltems|[3], 1);

System.out.printin("Shopping basket filled up:");
System.out.printin(shoppingBasket);
System.out.printin();

System.out.printin("Performing Checkout:");
System.out.printin(shoppingBasket.checkout());
System.out.printin();

System.out.printin("Shopping basket after checkout:");
System.out.printin(shoppingBasket);
System.out.printin();

System.out.printin("Stock after checkout:");
for (Stockltem stockltem : stockltems)
System.out.printin(stockltem);

} Il main

047: } Il class TestShoppingBasket

Here is a sampleun of the above code.
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16.11 Section/task 16.11 The Game class

Console Input / Output

$ java TestShoppingBasket

Stock before purchase:

SC1. Mouse mat, Plain blue cloth, foam backed (10 @ 150p/176p
SC2: Mouse mat, Pink vinyl with fluffy trim (10 @ 350p/411p)
SC3: Book, List of all items and prices (10 @ 150p/150p)

SC4: Book, Build a gaming monster (0 @ 1799p/1799p)

SC5: CPU, Really fast (10 @ 1500p/1763p)

SC6: Hard disc, Lots of space (10 @ 5500p/6463p)

SC7. Keyboard, Cream, non-click (10 @ 200p/235p)

Shopping basket filled up:
Shopping basket:

2 of SC1:
of SC3:
of SC5:
of SC6:
of SC5:
of SCT:
of SC4:

= 0 W W oK

Performing

Mouse mat, Plain blue cloth, foam backed (10 @ 150p/1
Book, List of all items and prices (10 @ 150p/150p)
CPU, Really fast (10 @ 1500p/1763p)

Hard disc, Lots of space (10 @ 5500p/6463p)

CPU, Really fast (10 @ 1500p/1763p)

Keyboard, Cream, non-click (10 @ 200p/235p)

Book, Build a gaming monster (0 @ 1799p/1799p)

Checkout:

Checkout report:

Purchased
Purchased
Purchased
Purchased

2 of SC1. Mouse mat, Plain blue cloth, foam backed (

1 of SC3: Book, List of all items and prices (9 @ 150p
8 of SC5: CPU, Really fast (2 @ 1500p/1763p)

9 of SC6: Hard disc, Lots of space (1 @ 5500p/6463p)

Not purchased 3 of SC5: CPU, Really fast (2 @ 1500p/1763p)

Purchased

Not purchased 1 of SC4: Book, Build a gaming monster (0 @ 1799p

8 of SC7: Keyboard, Cream, non-click (2 @ 200p/235

Total price ex vat: 63550p
Total price inc vat: 74653p

Shopping basket after checkout:
Shopping basket:

3 of SC5:
1 of SC4:

(Continued ...)

CPU, Really fast (2 @ 1500p/1763p)
Book, Build a gaming monster (0 @ 1799p/1799p)

76p)

8 @ 150p/176p)
1150p)

P)
11799p)
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16.12 Section/task 16.12 The Worker classes

(...cont.)

Stock after checkout:

SC1. Mouse mat, Plain blue cloth, foam backed (8 @ 150p/176p)
SC2: Mouse mat, Pink vinyl with fluffy trim (10 @ 350p/411p)
SC3: Book, List of all items and prices (9 @ 150p/150p)

SC4: Book, Build a gaming monster (0 @ 1799p/1799p)

SC5: CPU, Really fast (2 @ 1500p/1763p)

SC6: Hard disc, Lots of space (1 @ 5500p/6463p)

SC7. Keyboard, Cream, non-click (2 @ 200p/235p)

$

Hint: in order to delete successfully purchased items frio@$hoppingBasket , checkout()
might create another (empt$hoppingBasket into which it adds th&tockltem and re-
quired quantity olunsuccessfulequests. At the end it can copy timstance variables
of this temporaryshoppingBasket to replace those of the original one.

As usual, record in your logbook any changes you needed te taajkour plan.

16.12 Section/task 16.12 The Worker classes

e Aim of example: To show an example ofsaperclasswhich is (appropriately) not an
abstract class We also show how we can use iastance methoddefined in the super-
class, from asubclasswhich overrides it.

e Coursework titlel.oads of disc space

e Coursework summary: To write a naistract classwhich has asubclass and use an
instance methoddefined in thesuperclassfrom a subclass whicbverrides it.

e Question: Read the whole of this task, and then draiivi. class diagram showing the
full inheritance hierarchy, from Stockltem downwards, as it will be when you have
finished the task.

Your shop just keeps getting better — now you have a wholetaaf different sizes of
hard disc on offer. Alter youHardDisc classso that theconstructor method takes
an additionalmethod parameter which is the size of the disc in gigabytes. Alter
the getDescription() instance methodso that itreturns, for example;500GB of
space" - the actual number being the given size, of course.

And then you get a delivery of an amazing new kind of hard dist ts so reliable it is
guaranteed to keegata safe from disc crash for a specified number of years. Write a
subclassof HardDisc  calledReliableHardDisc . Its constructor method takes one extra
parameter which is the guarantee periochvierrides getDescription() with one that
appends, for examplé, guaranteed 20 years" to the string obtained by the same
instance method in theuperclass- the actual number being the given guarantee period,
of course.

Alter your TestStockltemSubclasses class to include the size for thardDisc s and
also add at least orieliableHardDisc
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16.13 Section/task 16.13 The CleverPunter class

16.13 Section/task 16.13 The CleverPunter class

e Aim of example: To reinforcénheritance concepts, and complete the modklsss of
the Notional Lottery program.

e Coursework title:Making it more realistic

e Coursework summary: Add more complexity toiaheritance hierarchy at appropriate
places.

e Question: The computer parts shop example has been a litlesomplified so far. In
this task you will add more complexity to make it all a bit moealistic. You can add
what you like, but here are some suggestions.

— CPUs have a vendor, architecture and speed.
— Hard discs have a physical size, vendor, rotational spegdache/buffer size.

— Keyboards have colour, vendor, number of keys, and possg#eial features de-
scription.

— Perhaps every stock item could have a changeable part @dtsigtion, rather than
just theTextDescriptionStockltem class

Think of more ideas. Then identify the most appropriate @lectheinheritance hi-
erarchy to add each complexity, and implement them. You will add maostance
variables, instance method and alter existing instance methods as required. For exam-
ple, getDescription() should perhaps incorporate the additional instance Vasab

its result.

16.15 Section/task 16.15 The Object class and constructonaning

e Aim of example: To introduce thelassObject and the fact that theonstructor method
of thesuperclasss invoked implicitly by default. We also take a more thorbugok at
constructor chaining.

e Coursework title.EExploring constructor chaining

e Coursework summary: Add tracing to existiognstructor methods in order to explore
constructor chaining.

e Question: Addystem.out.printin() calls to theconstructor method of eachStockltem
classprinting the name of the class. Add each call at the earli@sit|jn the body of the
constructor method that tteempiler will let you. Once you have successfuttgmpiled
the classes, predict what the additional output will be fyamur TestStockltemSubclasses
programbeforeyourun it. Then run it and see if you were right.
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16.16 Section/task 16.16 Overloaded methods versus deerri

16.16 Section/task 16.16 Overloaded methods versus ovelei

e Aim of example: To take a closer look atverloaded method and in particular how
an intendedverride can accidentally become an overload. We revisit the ovddda
methodsSystem.out.printin() , and look atoString() from theObject class

e Coursework title:Using the @Override annotation

e Coursework summary: Add to youmstance method thatoverride another, aranno-
tation which helps protect against errors.

e Question: Go through your solutions to the tasks in this téragnd add th@Override
override annotation to all instance metho whichoverride another.

Also identify all the places where we should have put it inékample code.

17 Chapter 17 Making our own exceptions

17.3 Section/task 17.3 The Date class with its own except®n

e Aim of example: To introduce the idea of making our oexteptiors.
e Coursework titleGreedyChildren  with exceptions
e Coursework summary: Add your ovaxceptiors to theGreedyChildren — example.

e Question: Copy thelasesGreedyChild andlceCreamParlour  from the example in
Section 11.8 starting on page 39. Add two new clas&esdyChildException and
IceCreamParlourException , both subclasgs of RuntimeException . These should
be able to handle causes, even though you might not need tberseat this stage.

Identify all the places iereedyChild andiceCreamParlour ~ where themethods might
be given badnethod argument, and make therthrow appropriateexceptiors. (Hint:
bear in mind that some of these argumentsraferences.) Recall that Java does not
force you to havéhrows clauses forunchecked exceptios, but you nevertheless should
do so for this task when such are possible.

Test the new features of each class using dedicated progedi®dTestGreedyChildExceptions
andTestlceCreamParlourExceptions respectively. These should contain sepairgte
statemens for each possible exceptional situation.

17.4 Section/task 17.4 The Notional Lottery with exceptios

e Aim of example: To reinforce the idea of defining our oexceptiors, and further it by
having two of our own exceptiociasss, where one is subclassof the other.

e Coursework titleMobilelceCreamParlour with exceptions
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17.4 Section/task 17.4 The Notional Lottery with excepgion

e Coursework summary: Add subclassof your ownexceptionto theGreedyChildren
example.

e Question: Now we have subclassof IceCreamParlour

an ice cream van!

001: // An IceCreamParlour with the additional feature of needin

002:
003:
004:
005:
006:
007:
008:
009:
010:
011:
012:
013:
014:
015:
016:
017:
018:
019:
020:
021:
022:
023:
024:
025:
026:
027:
028:
029:
030:
031:
032:
033:
034:
035:
036:
.} Il class MobilelceCreamParlour

037

Create a subclass lmeCreamParlourException
Implement the abovidobilelceCreamParlour
tions. Test this using a program call&estMobilelceCreamParlourExceptions

public class MobilelceCreamParlour extends IceCreamParlour

/I The amount of fuel left in the tank.
private double fuelLeft = 0;

II' Construct a mobile ice cream parlour -- given the required
public  MobilelceCreamParlour(String name)

{
super (name);
} Il MobilelceCreamParlour

/I Put fuel in the tank.
public void obtainFuel(  double amount)

{

fuelLeft += amount;
} Il obtainFuel

Il Use some fuel by driving.
public void drive( double desiredFuelUsed)

{
double fuelUsed = desiredFuelUsed <= fuelLeft ? desiredFuelUsed :
fuelLeft -= fuelUsed:;

+ Il drive

/I Return a String giving the name and state.

@Override
public ~ String toString()
{

return super .toString() + "[fuel " + fuelLeft +7"
} Il toString
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18 Chapter 18 Files

18.2 Section /task 18.2 Counting bytes from standard input

e Aim of example: To introduce the principle of readibgtes fromstandard input using
InputStream , meet thetry finally statement and see that aassignment statement
is actually anexpression— and can be used as suehen appropriate We also meet
|IOException and briefly talk about initial values ofariables.

e Coursework title’A check sum program
e Coursework summary: Write a program to produ@hack sumof thestandard input.

e Question: The problem of being able to detect whethi@eaf data has changed since
a previous version has many applications in computing. kamgple, if you download a
file from the Internet, how can you be sure that your copy & ddrrect and has not been
corrupted? Or, imagine a programn every night, that generates individual timetables
for students, compares each of them with the timetable fl@day before, and emails
the latest copy if it has changed.

You might expect that the only way to see if a file has changéad c®mpare ibyte by
byte with the original, but this is not so. An alternativeastlculate some kind aheck
sum of the file and compare it with the number obtained from thgioal file. A check
sum is a number that isfanction of the file contents, computed in such a way that even
a tiny change in the file causes a difference to the numbehaPsrthe website could
tell you what the number should be (as long as you use the shaec& sumalgorithm).
Similarly, the timetable program need remember only theklsaim for each student
from the night before.

In this task you will write a program calle@heckSum which reads all the bytes from
standard input and outputs a single number standard output. You should handle
exceptiors in the same way as we did for the example in this section. Ytdwse the
BSD check sun?] algorithm which has been around for many years. There ame mo
sophisticated and complex alternatives available nowgdaywever this simple one is
still fairly good.

For eachbyte in the input, the check sum computed so far is subjected ratate
right, and then that byte is added to it. A rotate right means dactof the num-
ber moves one place to the right, with the rightmost bit mtato the leftmost place.
For example, the 16-bit number 1100110011001100 beconi#3001001100110, and
0011001100110011 becomes 1001100110011001.

The BSD algorithm computes a 16-bit check sum, which you stdre in a 32-biint.
So you need to take care that the rotation is done on only Wherld6 bits and the upper
16 always remain zero. Here is takgorithm expressed ipseudo code

int checkSum = 0

for every byte from the input
rotate checkSum right by one bit, treating it as a 16 bit numbe r
checkSum += byte
restrict checkSum to 16 bits.
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18.3 Section/task 18.3 Counting characters from standgnat i

end-for
output checkSum

To rotatecheckSum right by one bit, whilst treating it as a 16 bit number, you cae the
following pseudo code. (Note that 32768 92

if checkSum is even
checkSum /= 2

else
checkSum /= 2
checkSum += 32768

You may prefer to expres}2768 in your Java code asteexadecimal integer literal in
the form0x8000 . (Also, you may prefer to find out about the bhift operators and use
one of those instead dlivision).

To restrictcheckSum to 16 bits you can use the following code, which works because
you have just added a valless than256 to a value that was less than 65536 (which is
216).

if checkSum >= 65536
checkSum -= 65536

You may prefer to expre6536 as0x10000 . (Also, you may prefer to find out about
theinteger bitwise operators and use one of those instead ofifsstatement)

To perform a check sum of the data in a file, rather than inedyat the keyboard, you
can redirecsstandard input to come from that file, using on thecommand line If
you are using a Unix environment, you can probably test yoogmam by comparing its
output with that obtained from tresm command (which also outputs the size of the file
as a number of one kilobyte blocks). Otherwise the book vtelhsis some example files
for you to try, along with their correct check sums.

Console Input / Output
$ java CheckSum < CheckSum.java
51871
$ sum CheckSum.java
51871 2
$

(The check sum foyour program code will probably not be the same as the one above.)

18.3 Section /task 18.3 Counting characters from standardcput
e Aim of example: To introduce the principle of readicigaracters, instead obytes, from
standard input, usinglnputStreamReader
e Coursework title:Counting words

e Coursework summary: Write a program to count the number gtlsvn itsstandard
input.

83



18.4 Section /task 18.4 Numbering lines from standard input

e Question: Write a program¥ordCount which reads theharacters from itsstandard
input, counting how many words that contains, and reports the eumb itsstandard
output. You should handlexceptiors in the same way as we did for the example in this
section.

A character is either ahite spacecharacter, such agpace characteytab character,
or new line character, or it is part of a word. To determine whethettzr ¢ is white
space, you can usgharacter.isWhitespace(c)

A word is a non-empty sequence of any non-white space cleasagireceded either by
the beginning of thdile, or a white space character, and followed either by the end of
the file, or a white space character. There may be more thawbite space character
before and/or after a word, including before the first word] after the last one.

Hint: the start of a word is at a character which is itself ndiites space, and which is
either the first character in the input, or was preceded byitevspace character.

Alternatively, think of the input as being:
— A possibly empty sequence of white space characters.
— A possibly empty sequence of words, each being:
x A non-empty sequence of non-white space characters.
x A possibly empty sequence of white space characters.

As usual, desigtest datain advance oflesignng your program.

18.4 Section /task 18.4 Numbering lines from standard input
e Aim of example: To introduce the principle of reading linesn standard input, using
BufferedReader
e Coursework titleDeleting a field

e Coursework summary: Write a program to delete a field in tgassged text from the
standard input.

e Question: Write a program calld2kleteField  which copies itstandard input to its
standard output, line by line, except that it deletes one of the fields on eaeh IThe
fields are separated by a singgé character, and are numbered from one upwards. The
number of the field to be deleted is given asommmand line argument

Here is an examplaun.
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18.4 Section /task 18.4 Numbering lines from standard input

Console Input / Output
$ java DeleteField 2
Name Coursework Exam Total
Name Exam Total
Fred Bloggs 55 65 60
Fred Bloggs 65 60
Susan Smart 100 90 95
Susan Smart 90 95
D

(Of course, in practice the program would be most usefuliitiput was being redirected
from afile, rather than literally being typed in line by line — the abdweeally just for
testing.)

You might find the following code helpful.

024: /I Divide the line into fields using tab as a delimiter.

025: String[] fields = inputLine.split("\t");

026: String editedLine = ™

027: if (fields.length < fieldToDelete)

028: editedLine = inputLine;

029: else

030: {

031: /I We build the new line in parts.

032: /I Add the fields before the one to be deleted.

033: for (int index = 0; index < fieldToDelete - 1; index++)

034: if (editedLine.equals(™)) editedLine = fields[index];

035: else editedLine += "\t" + fields[index];
036: /I Add the fields after the one to be deleted.

037: for (int index = fieldToDelete; index < fields.length; index++)
038: if (editedLine.equals(™)) editedLine = fields[index];

039: else editedLine += "\t" + fields[index];

040: } Il else

You should handlexceptiors in the same way as we did for the example in this section
(except you will need to consider problems relating to th@ie@nd line argument).

If you wanted to delete two fields, and also yalata was in atext file, then you could
redirect the standard input to come from it, and pipedtaadard output into the input
of another run of your program.
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18.5 Section/task 18.5 Numbering lines from text file to tést

Console Input / Output

$ cat input.txt

Name Coursework Exam Total
Fred Bloggs 55 65 60
Susan Smart 100 90 95

$ java DeleteField 3 < input.txt | java DeleteField 2
Name Total

Fred Bloggs 60

Susan Smart 95

$

The above should also work on Microsoft Windows (excepttyse rather tharcat if
you want to list the original text file).

18.5 Section /task 18.5 Numbering lines from text file to texile

e Aim of example: To introduce the principle of reading frontext file and writing to
another, usin@ufferedReader  with FileReader andPrintWriter ~ with FileWriter
We also meefilelnputStream  , OutputStream , FileOutputStream  andOutputStreamWriter

e Coursework titleDeleting a field, from file to file

e Coursework summary: Write a program to delete a field in tplasged text from &le,
with the results in another file.

e Question: Write a version of youbeleteField  program from Section 18.4 on page
84, that takes its input from a namékk and puts its output in another named file. You
should handlexceptiors in the same way as we did for the example in this section.

18.6 Section /task 18.6 Numbering lines from and to anywhere

e Aim of example: To illustrate that reading frotaxt files and fromstandard input is
essentially the same thing, as is writingtéxt files and tostandard output. We also
look at testing for the existence offite using theFile class and revisitPrintWriter
andPrintStream

e Coursework title:Deleting a field, from anywhere to anywhere

e Coursework summary: Write a program to delete a field in tplusded text either from
standard input or afile, with the results going to eithstandard output or another file.

e Question: Write a version of yolreleteField  program from Section 18.5 on page 86,
that takes its input frorstandard input or a namedile, and puts its output ostandard
output or in another named file. You should handbeceptiors in the same way as we
did for the example in this section.
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18.7 Section/task 18.7 Text photographs

18.7 Section /task 18.7 Text photographs

e Aim of example: To see an example of readimgary file s, where we did not choose the
file format. This includes the process of turnibgtes intoints, using ashift operator
and aninteger bitwise operator.

e Coursework title:EEncoding binary in text

e Coursework summary: Write a program to encodbénary file as anASCII text file, so
that it can be sent in an email.

e Question: Have you ever wondered how it is that you can sdnday file, such as an
image, as an attachment inside an email message, when iarfagnail is actually an
ASCII[?] text file? The answer is simple: the binary file is coded as ASCII tex¢mwh
the email is constructed, and decoded back to binary agagmie email is opened at
the other end.

Search on the Internet to find out about a program calledcode and how it codes
sequences of Bytes, each using all 8its as in a binary file, into sequences of 4 ASCII
characters, each using only 6 bits. (88 =4 x 6.) Or, if you are using Unix then there
is a good chance the program is already installed and you it about it usingnan

-a uuencode .

Write your own program calleduencode which performs this function. Itsommand
line argument should be the name of thide to be encoded, and the result should go to
standard output. You should handlexceptiors using the same style as the example in
this section. You can test your program by converting a lyifite to ASCII, converting

it back to binary again using a standardlecode program (take care not to replace the
original with the decoded one!), and comparing that resiih ¥he original. uudecode

is available from the Internet or is probably installed ifuyare using Unix. You could
use yourCheckSum program to undertake the comparison (or on Unix you couldiuse
cmp program).

The following pseudo codemight help (after you have found out about the format that
uuencode produces).

write the header -- assume file mode 600
create an array to hold the bytes for one line (partially fill ed)
read next byte
while next byte is not -1
process a line of bytes and read next byte
output a line representing zero number of bytes
output the trailer line

We can refine this to the following.

write the header -- assume file mode 600
create an array to hold the bytes for one line (partially fill ed)
read next byte
while next byte is not -1
while next byte is not -1 and array is not full
put next byte in the array
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18.8 Section /task 18.8 Contour points

read next byte
end-while
output the number of bytes on this line
loop over the line array in groups of 3 bytes
calculate the 4 output bytes for those 3 bytes
output the 4 output bytes
end-loop
output an end of line
end-while
output a line representing zero number of bytes
output the trailer line

You will also find the following code fragments helpful!

009: /I Write a single result byte as a printable character.
010: /I Each byte is 6-bit, i.e. range 0..63.

011: /I Thus adding 32 makes it printable, except for 0 which would become space
012: /I and so we add 96 instead -- a left single quote (').

013:  private static void writeByteAsChar(  int  thisByte)

014: {

015: System.out.print(( char ) (thisByte == 0 ? 96 : thisByte + 32));
016:  } /I writeByteAsChar

056: /I Calculate 4 result bytes from the 3 input bytes.

057: int bytel = lineBytes[byteGroupindex] >> 2;

058: int byte2 = (lineBytes[byteGroupindex] & 0x3) << 4

059: | (lineBytes[byteGroupindex + 1] >> 4);

060: int byte3 = (lineBytes[byteGroupindex + 1] & Oxf) << 2
061: | lineBytes[byteGroupindex + 2] >> 6;

062: int byted = lineBytes[byteGroupindex + 2] & Ox3f;

063: Il Now write those result bytes.

064: writeByteAsChar(bytel);

065: writeByteAsChar(byte2);

066: writeByteAsChar(byte3);

067: writeByteAsChar(byte4);

Optional extra: Write theUudecode program too!

18.8 Section /task 18.8 Contour points
e Aim of example: To show an example of writing and readbigary files where we
choose thelata format, usingataOutputStream  andDatalnputStream  clas®s.
e Coursework title:Saving greedy children

e Coursework summary: Add features to some existing moldskes so they can be writ-
ten and read back frominary files.
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e Question: Copy théreedyChild andIceCreamParlour  classs from Section 11.3
starting on page 39 and add code so they can be writteDd@@utputStream and read
back from aDatalnputStream . You do not need to save theCreamParlour  that a
GreedyChild is in — so when &reedyChild is read back, he or she will always not be
in a parlour. Test your new features with a program callesiGreedyChildrenlO

Optional extra: Figure out how to save and restore iteCreamParlour  that aGreedyChild
isin. Perhaps eadbeCreamParlour  could have a unique ID number? Maybe that num-
ber would also be aarray index? You may want to ensure that &eCreamParlour s
are read (and hence written) before &rgedyChild is read.

Optional extra: (Challenge!) Find out abo@bjectinputStream  andObjectOutputStream
and use those instead.

19 Chapter 19 Generic classes

19.2 Section/task 19.2 A pair of any objects

e Aim of example: To explore potential problems of having atearerobject that can
hold instances of anyclass in particular that we need protection against us errongous
getting thetype wrong when we extract items from the container. We also thtce the
idea ofboxing anint within aninteger

e Coursework title‘A triple
e Coursework summary: Write@assthat can store a triple afbjects, and use it.

e Question: Write aclasscalledTriple , similar toPair , except that itsnstances each
store threebjects.

Write a class callethtArrayStats containing aclass methodyetStats() ~ which takes
anarray of ints andreturns aTriple containing the maximurnmteger in the array, the
minimum, and also the mean of all the values. You will neelddn the first two inside
Integer objects, and the third insideCaouble .

Test your work with the following program which measures hmwuch the mean of set
of numbers differs from the average of its minimum and maximu

001: /I Program to measure how much the mean of the integer command line arguments
002: /I differs from the average of their minimum and maximum.

003: /I (Warning: this program does not catch RuntimeExceptions )
004. public class MeanMinMaxMinusMean

005: {

006:  public static void main(String[] args) throws  RuntimeException
007: {

008: int [] array =  new int [args.length];

009: for (int index = 0; index < args.length; index++)

010: array[index] = Integer.parselnt(args[index]);

011:

012: Triple stats = IntArrayStats.getStats(array);
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19.3 Section/task 19.3 A generic pair of specified types

013: int  max = ((Integer)stats.getFirst()).intValue();

014: int  min = ((Integer)stats.getSecond()).intValue();

015: double mean = ((Double)stats.getThird()).doubleValue();
016: System.out.printin((min + max) / 2.0 - mean);

017:  } // main

018:

019: } /I class MeanMinMaxMinusMean

If you run the program with a set of consecutive numbers, the resultidlomme out as
0.0.

Coffee What commorbug could cause the result to 5 when the program i
@ time: given a list of consecutive numbers of a length which is even?

Experiment to see what happens when you make the same kinstafkenin the above
program as we did in the example in this section.

19.3 Section/task 19.3 A generic pair of specified types
e Aim of example: To introduce the idea géneric clases, and show how it can be used
to avoid the problems explored in the previous section.
e Coursework title:A generic triple

e Coursework summary: Write generic classthat can store a triple of specific kinds of
objects, and use it.

e Question: Rewrite yourlas®s from Section 19,2 on page 89 so thaile becomes a
generic classand the other classes are altered appropriately.

(If you have read ahead, please do not agtmboxing — you will learn more by saving
that for a separate task.)

19.4 Section / task 19.4 Autoboxing and auto-unboxing of pmitive val-
ues

Aim of example: To expose Java’s implicit conversion betwesues oprimitive type s
andinstances of the corresponding wrappelasss.

Coursework title/A generic triple, used with autoboxing

Coursework summary: Write generic clasghat can store a triple of specific kinds of
objects, and use it; this time usirgutoboxing andauto-unboxing.

Question: Rewrite youclas®s from Section 19.3 on page|90 so thatoboxing and
auto-unboxingis used appropriately.
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19.5 Section/task 19.5 A conversation of persons

19.5 Section/task 19.5 A conversation of persons
e Aim of example: To introduce the idea ofteund type parameter, in particular, one
that mustextend some othetype.
e Coursework title:A moody group

e Coursework summary: Write generic classthat can store a collection of a particular
kind of MoodyPerson objects, from the Notional Lottery example, and make them all
happy or unhappy at the same time.

e Question: This coursework is set in the context of the Natiduottery game from Sec-
tion ??on page??.

Write ageneric classcalledMoodyGroup that contains a collection of sonselbclassof

MoodyPerson objects, rather like th&€onversation  classdoes withPerson . However,
instead of aspeak() instance method MoodyGroup should havesetHappy() . This

will take abooleanand pass it to the instance method of the same name belongeagh
of the MoodyPerson s in the group. You will recall that onliloodyPerson s have the
setHappy() instance method, whereas the more gergeon does not.

Test your class with a program call@estMoodyGroup . This will do the following.

— Create arnstanceof MoodyGroup<Teenager> and populate it with a small number
of Teenager s.

— InvokesetHappy()  with falseand print out the group.
— InvokesetHappy()  with true and print out the group again.

— Create a second moody group which can contain any kindooflyPerson , and
populate it with aVorker and one of thesameTeenager s which was put into the
first group.

— InvokesetHappy() on the second group withue and print out the group.
— InvokesetHappy() on the second group withlse and print out the group.

— Print out the first group one more time to show that the teenadech is in both
groups stands out from the others.

20 Chapter 20 Interfaces, including generic interfaces

20.3 Section / task 20.3 Sorting a text file using an array

e Aim of example: To introduce the idea tdtal order and theComparable interface.
We also meet th@rrays class
e Coursework title:Sort a text file

e Coursework summary: Implement the progransoot a text file.
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20.4 Section/task 20.4 Translating documents

e Question: Write the prograrBort as described in the example for this section. The
following fragments may help you.

006: import java.util.Arrays;

055: Arrays.sort(lineArray, 0, noOfLinesReadSoFar);

20.4 Section / task 20.4 Translating documents

e Aim of example: To explor@eneric interfaces, observe thatomparable is generic,
see thaBtring implements it, meetequals() from Object and talk about consistency
with compareTo() . We also introducgeneric methods, binary search, revisitArrays
and note that amterface canextendanother.

e Coursework title:Minimum and maximum Comparable

e Coursework summary: Write generic methodto find the minimum and maximum
items in anarray of Comparable items.

e Question: Write aclasscalled MinMaxArray which has oneclass methodthat takes
anarray. It will be a generic methodwith onetype parameter that is comparable
with itself, and the array shall have thatray base type It will return aninstanceof
the generic classPair from Section?? on page??, comprising the minimum and the
maximum items from the array, based on tregural ordering of the items. It should
throw anlllegalArgumentException if the array is empty or non-existent.

Test your class with a program call@estMinMaxArray

20.5 Section/task 20.5 Sorting valuables

e Aim of example: To introduce the idea thatlasscanimplement manyinterfaces, and
explore what it means for anterface to extend another. We also take another look at
having consistency betweeompareTo() andequals()

e Coursework title:Analysis of compareTo() and equals()

e Coursework summary: Undertake an analysis of previous asesmpareTo() and
equals() instance method.

e Question: We saw examplesafmpareTo() andequals() instance method in vari-
ousclasss before this chapter. Now that you know aboutGbhemparable interface and
theequals() instance method from th@bject class — which takes (@ferenceto) an
Object as amethod parameter, find all those previous places and identify the changes
we should make. Record them in your logbook.

92



21 Chapter 21 Collections

21.2 Section/task 21.2 Reversing a text file

e Aim of example: To introduce the Jagallections framework, and in particular the idea
of list collections, thelist interface and theArrayList  class

e Coursework title:Sorting election leaflets

e Coursework summary: Write a programstart election information leaflets into delivery
order.

e Question: Being disillusioned with the main political past you have recently joined
the newly formed “Sort it out” party. As an election is loomgirthey have asked you
to distribute campaign material in your area. They have geuta stack of leaflets for
each street, each with a label on the front showing the namésrecipients. Here are
examples of two labels.

Augustus Belcher, Joanne Smith and Lionel Brown,
Regents Crescent Regents Crescent

How ‘sorted out’,theythink. That is, until you tell them they have failed to prihiet
house numbers on the leaflets, only the street names! Theklgeimail you atext file
for each street, containing the recipient names for eachdyan house number order. For
example, thdile for Regents Crescent is calleghents-crescent.txt , and contains
the following.

Console Input / Output

$ cat regents-crescent.txt

1 Joanne Smith and Lionel Brown

2 Augustus Belcher

3 Fatima Bacon and Gaynor White

4 Celina Simmons and Rupert Rodgers-Smythe
5 Ahmed Hussain

6 Samuel Peacock and Sarah Peacock

7 Hsin Cheng Liu

8 Blanche Peacock and Harry Peacock

$

The first line is the names of the people who live at number cegeRts Crescent, the
second is the names for number two, and so on. The party ¢dfieith you tosort the
leaflets into this order before delivering them.

However, you are cleverer than that. You will write a progransort a file into delivery

order, that is, the order of walking up one side of the street@wn the other. As it
happens, you know that all the streets in your area are synwaletvith odd numbered
houses on the left, and even numbered ones on the right, bo#m@ing in the same
direction?

LIn this simplistic world, obviously the houses on the outerve of Regents Crescent have bigger gardens
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21.2 Section/task 21.2 Reversing a text file

In this task you will write the delivery order sorting progracalling it StreetOrder

It should take twocommand line argumens, the name of the original file, and the
sorted file to be created. It should work by reading the limemfthe input file into an
ArrayList  of String s. Then it shouldoop forwards through all the even indices of the
list, printing the lines to the output file. That will be the detdibr the odd numbered
houses. Finally it should loopackwardsthrough the odd indices of the list and print
those lines. So the output for the above input would be asvial

Console Input / Output
$ java StreetOrder regents-crescent.txt regents-crescent -sorted.txt
$ cat regents-crescent-sorted.txt
1 Joanne Smith and Lionel Brown
Fatima Bacon and Gaynor White
Ahmed Hussain
Hsin Cheng Liu
Blanche Peacock and Harry Peacock
Samuel Peacock and Sarah Peacock
Celina Simmons and Rupert Rodgers-Smythe
Augustus Belcher

AN OO0 N0 W

The program should be able to handle files which have an oddeuai lines — some of
the streets are a cul-de-sac of detached houses with one mitlile at the bottom.

Here is a reasonable settekt cass for the program.

# | Test case description

No command line arguments.

Only one command line argument.

An input file that does not exist.

An output file that has a leading directory that does not exist

An output file that has a leading directory which is not wrieab

(e.g. the root directory on Unix,).

An input file with no odd numbered houses and no even numbereses
(e.g./devinull  ornul).

7 | Aninput file with one odd numbered house and no even numbereses
(i.e. one line).

8 | Aninput file with one odd numbered house and one even numihenese
(i.e. two lines).

9 | Aninput file with two odd numbered houses and one even nurdiievase
(i.e. three lines).

10 | An input file with two odd numbered houses and two even nuntbleoeises
(i.e. four lines).

11 | An input file with three odd numbered houses and two even nuedd®uses
(i.e. five lines).

12 | An input file with three odd numbered houses and three everbated house
(i.e. six lines).

gl B W N

(o)

UJ

than those across the road!
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21.3 Section/task 21.3 Sorting a text file using an ArrayList

As usual, devisgest data beforedesigring the program, and create input files ready for
testing. Record this in your logbook.

Now design and implement the program. You should haedigeptiors in the same
way as we did for the example in this section. After implemaéinh,run the program

with the tests you designed beforehand. Record in your logbloe outcome and any
unexpected results together with their cause and how yod &rgbugs.

21.3 Section/task 21.3 Sorting a text file using an ArrayList

e Aim of example: To reinforce the use AfrayList , in particular, showing uses of the
set() instance methodof aList . We also note that aarray can be created from a
List , and vice versa. Finally, we look at ti@ellections  classand observe that it has
asort() generic method

e Coursework title:Sorting election leaflets, withcompareTo()

e Coursework summary: Write a programstort election information leaflets into delivery
order, using @ompareTo() instance method

e Question: In this task you will write the same program as e&adbursework for Section
21.2 on page 93, but in a different way.

Create aclasscalledDeliveryHouseDetails , which isComparable with itself. This
will store a house number in anstance variable and the person name details (in-
cluding the house number) in another. It will have astessor methodo obtain the
person names. It will also have anothestance method compareTo() , which orders
DeliveryHouseDetails objects by delivery order. Here is sonpseudo code

compareTo (other)

if both house numbers are odd

return this house number minus the other one
else if both house numbers are even

return the other house number minus this one
else if this house number is odd

return -1
else
return 1
}
This will cause d.ist of DeliveryHouseDetails objects, when processed by
Collections.sort() , to besorted into the required delivery order, as described in the

coursework for Section 21.2 on page 93. Convince yoursalfisitrue and write notes
about it in your logbook.

Copy yourStreetOrder  class from the previous version, and modify it so that it @sa
aDeliveryHouseDetails object for each input line and stores it in theayList . You
can simply count the lines to obtain the house number — tBere heed to extract it from
the details on the line. After loading the details the pragsaill usesort() from the
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21.4 Section/task 21.4 Prime numbers

Collections  class to sort them, then it can print them outidgping through them all,
and extracting the person details.

Implement théeliveryHouseDetails class. Note, you should also includesauals()
instance method which is consistent wetimpareTo() . The following code should do
the trick.

043: /I Equivalence test, consistent with compareTo.
044: @Override
045:  public boolean equals(Object other)

046: {

047: if (other instanceof  DeliveryHouseDetalils)

048: return  houseNumber == ((DeliveryHouseDetails)other).houseNum ber;
049: else

050: return super .equals(other);

051:  } /I equals

After implementationgun the program with the same tests you used for the first version,
and record the results in your logbook. Now, think about Whapproach is best, and
write notes in your logbook.

21.4 Section/task 21.4 Prime numbers

e Aim of example: To introduce the idea s&t collectiors, theSet interface and the
HashSet class For this we explordnash tables and meebhashCode() from Object .
We also see that the clalsgeger implements Comparable<integer>

e Coursework titleFinding duplicate voters

e Coursework summary: Write a program to detect people vatiage than once in voting
records.

e Question: The government have been encouraging more peoptte, and one of the
features of a new system is that voters are allowed to do seyipalling station within
a certain radius of their home, rather than just one. Theigltwat more people can vote
at lunch time, near to where they work. Unfortunately, thpsims up additional potential
for multiple voting, by people visiting more than one statid he officials have collected
data from across the region, and want you to write a program tocti@eltiple votes.
The input is in the form of dext file consisting of two lines per vote. The first line
uniquely identifies the voter by their name, house numberpasd code. The second
line records the time and location of the vote cast. The lonas the name of a polling
station, in the form of an area name and an identity numbeh asManchester 538
For example, here is a (cut down) set of data.
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21.4 Section/task 21.4 Prime numbers

Console Input / Output

$ cat voting.txt

(Output shown using multiple columns to save space.)
Rupert Rodgers-Smythe, 4, M25 7QZ
07:37 Manchester 538

Fatima Bacon, 3, M25 7QZ

10:01 Manchester 538

Samuel Peacock, 6, M25 7QZ

10:25 Manchester 538

Sarah Peacock, 6, M25 7QZ

10:25 Manchester 538

Phillip Jones, 13, M1 OKY

10:32 Manchester 605

Lionel Brown, 1, M25 7QZ

11:17 Manchester 538

Margaret Chopin, 9, M37 9MP

12:14 Manchester 299

Rupert Rodgers-Smythe, 4, M25 7QZ
12:27 Manchester 099

John Bach, 11, M2 9WQ

13:27 Manchester 308

Hsin Cheng Liu, 7, M25 7QZ

13:27 Manchester 538

Celina Simmons, 4, M25 7QZ

14:12 Manchester 538

Gregory Beethoven, 5, M17 8XJ
14:22 Manchester 009

$

Sarah Peacock, 6, M25 7QZ
14:59 Manchester 537

Joanne Smith, 1, M25 7QZ
15:09 Manchester 538

Giles Schubert, 3, M19 4FK
16:19 Manchester 189

Blanche Peacock, 8, M25 7QZ
16:37 Manchester 538

Ahmed Hussain, 5, M25 7QZ
17:21 Manchester 538

Gaynor White, 3, M25 7QZ
18:50 Manchester 538

Sarah Peacock, 6, M25 7QZ
19:01 Manchester 539

Annette Longbridge, 8, M9 6QP
19:07 Manchester 314

Harry Peacock, 8, M25 7QZ
19:21 Manchester 538
Margaret Chopin, 9, M37 9MP
19:30 Manchester 308
Augustus Belcher, 2, M25 7QZ
20:59 Manchester 538

Sarah Peacock, 6, M25 7QZ
20:59 Manchester 540

They want your program to detect and report duplicate votentifications, followed by
the number of duplicates found. So, the output for the abapetiwould be as follows.

Console Input / Output

$ cat voting-duplicates.txt

Rupert Rodgers-Smythe, 4, M25 7QZ
Sarah Peacock, 6, M25 7QZ

Sarah Peacock, 6, M25 7QZ
Margaret Chopin, 9, M37 9MP
Sarah Peacock, 6, M25 7QZ

There were 5 duplicate votes

$

$ java DuplicateVoters voting.txt voting-duplicates.txt

Your program should useldashSet to store the voter identifications, i.e. the first line
of each pair of lines. (It will just skip over and ignore theged line of each pair — in
this version.) If when adding to thiet usingadd() , the result of the addition ifalse,
then the voter was already present and so the voter idetitificheing added must be a

duplicate.

The program should be calld2liplicateVoters

, and take twacommand line argu-




21.5 Section/task 21.5 Sorting a text file using a TreeSet

ments, the first being the name of the input file, the second beieagdme of the result-
ing report file.

To save time, you may test your program using just the abawnpleadata.

21.5 Section/task 21.5 Sorting a text file using a TreeSet

e Aim of example: To introduce th&eeSet class for which we explorerdered binary
trees andtree sort. We also meet thiterator  interface, together with how it is used
on alList and aSet, especially dreeSet .

e Coursework title:Sorting election leaflets, using &reeSet

e Coursework summary: Write a programstort election information leaflets into delivery
order, using dreeSet .

e Question: In this task you will write the same program as inti®a/21.2 on page 93
in a third way. You will use youbDeliveryHouseDetails classagain, but instead of
building aList of the objects, you will insert them into dreeSet . Then, instead of
sorting them usingsort()  from theCollections  class, you will access the elements
via thelterator ~ of theTreeSet .

Copy yourStreetOrder  class from the previous version, and modify it. After imple-
mentationyun the program with the same tests you used for the previousovns;sand
record the results in your logbook. If all three programswvaoeking, then their outputs
should be identical — there are, of course, no duplicate lim¢he inpudata.

21.8 Section/task 21.8 Word frequency count sorted by fregency

e Aim of example: To introduce thdashMap class and the fact that aollection can be
built to initially contain the same values as some othereabibn. We also take a look at
how we can go about making a gooderride of thehashCode() instance methodof
Object .

e Coursework titleFinding duplicate voters, using aHashMap

e Coursework summary: Write a program to detect people vatiage than once in voting
records, using &ashMap.

e Question: The election officials are very pleased with yoarkdrom the task in Section
21.4 on page 96 but they have found so many duplicate votéshiyawould now like
you to modify the way the results are presented, to make tlasnereto process!

All they ask is that each time a duplicate vote is found, yaogpam outputs it, together
with the time and location of the duplicaéed the time and location of thérst occur-

rence of the naughty voter. So, the output for the input shiov8ection 21.4 on page 96
would be as follows.
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21.9 Section/task 21.9 Collections of collections

Console Input / Output
$ java DuplicateVoters voting.txt voting-duplicates.txt
$ cat voting-duplicates.txt
Rupert Rodgers-Smythe, 4, M25 7QZ

Duplicate: 12:27 Manchester 099

First occurrence: 07:37 Manchester 538
Sarah Peacock, 6, M25 7QZ

Duplicate: 14:59 Manchester 537

First occurrence: 10:25 Manchester 538
Sarah Peacock, 6, M25 7QZ

Duplicate: 19:01 Manchester 539

First occurrence: 10:25 Manchester 538
Margaret Chopin, 9, M37 9MP

Duplicate: 19:30 Manchester 308

First occurrence: 12:14 Manchester 299
Sarah Peacock, 6, M25 7QZ

Duplicate: 20:59 Manchester 540

First occurrence: 10:25 Manchester 538
There were 5 duplicate votes

$

Your program should use lashMap to store the voter identifications processed so far,
each mapped on to thefirst occurring time and location. So, the voter identifications
will be keys, and the time and locations will be values in the map. Yoogmm will
read through théle as before, but this time it will not ignore the time and looatlines.
For each vote, it will check in thBashMap to see if that voter identification is already
present — by usinget() to try and retrieve the time and location of their first vote. |
this is the first occurrence of the voter identification (thes result fronget() is thenull
reference then all is well, and the voter identification mapped to iheetand location

is put() into themap. If on the other hand the voter identification is already ia th
map, then it is to be printed, along with the new time and liocaand the first time and
location (retrieved from the map).

21.9 Section /task 21.9 Collections of collections
e Aim of example: To explore the idea that the elements obléection can themselves
be collections, and so quite compl@ata structures can be built.
e Coursework titlelFinding duplicate voters, using aHashMap of LinkedList s

e Coursework summary: Write a program to detect people vatioge than .QNonce in
voting records, .QOonce, usingdashMap of objects containing d.inkedList

e Question: The election officials are very sorry to bother ggain, but they have a new
idea to make the processing of duplicate voting even mone dagy now would like the
results grouped by fraudulent voter! (Of course, if you hadrbgiven the opportunity,
you may well have pointed this out during requirements asislgt the start!)
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21.9 Section/task 21.9 Collections of collections

This version of the program should produce the followingitssfrom thedata shown
in Section 21.4 on page 96.

Console Input / Output
$ java DuplicateVoters voting.txt voting-duplicates.txt
$ cat voting-duplicates.txt
Rupert Rodgers-Smythe, 4, M25 7QZ

07:37 Manchester 538
12:27 Manchester 099
Sarah Peacock, 6, M25 7QZ
10:25 Manchester 538
14:59 Manchester 537
19:01 Manchester 539
20:59 Manchester 540
Margaret Chopin, 9, M37 9MP
12:14 Manchester 299
19:30 Manchester 308

$

The order of the voters might be different. Also note thatryaustomers no longer desire
to have a count of the duplicate votes.

Your program should useHashMap to store the voter identifications, each mapped on to
anobject which contains d.inkedList  of all the time and location lines for that voter
identification. Once the inputle has been read, your program will iterate through the
values of thignap looking for ones which have more than one vote, and repottinge

it finds.

A LinkedList is arguably better than akrayList  for storing the vote details of each
voter, as eachiist just gets items added on the end, and then finally scannedsvia i
lterator . This means we do not get the inefficiencylLofkedList , because we are
not accessing its elements in a random order, but we do bémefittach one being the
exact size needed — most of them will contain only one iterd taare will be very many

of them.

The elements of thBashMap should banstances of aclasscalledVoterRecord , which
you will write. This will contain twoinstance variables, the identity of a voter, and a
LinkedList ~ of his or her voting times and locations, in the order foundhia file. Its
constructor method will be given the identity of the voter. It will have aimstance
method to add a voting time and location. Another instance methdt neturn the
number of times the person has voted. Tdfgring() instance method should give
a multi-line String  representing th&oterRecord object, including the identity of the
voter and the times and locations of voting, ready for useenautput of the program.

To obtain the efficiency of usingnkedList s, you must use alterator ~ when scan-
ning through thetinkedList  in aVoterRecord to build the result of itgoString()
rather than accessing each element byistsndex.

Optional extra: Predict the effect of changing yoHashMap to aTreeMap, and try it.
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22 Chapter 22 Recursion

22.3 Section/task 22.3 Lecture attendance
e Aim of example: To introduce the idea ofracursive algorithm, with an example of
one that is not intended for use on a computer.
e Coursework titleiFinding the most populated row
e Coursework summary: Describegecursive algorithm to be followed by humans.

e Question: Describe i ecursive algorithm for finding from the lecture theatre the size of
the row which contains the most people.

Optional extra: Also find the number of the row with most people in it — assunee th
rows are numbered from one, from front to back, and that ex@myhas at least one
person in it. (You cannot just assume the answer is the back rd

22.4 Section/task 22.4 Sum of ages of descendants

e Aim of example: To reinforce the idea ofracursive algorithm, with another example
of one that is not intended for use on a computer. This onedvooid be easy to perform
iteratively.

e Coursework title:An iterative sum of ages algorithm

e Coursework summary: Attempt to write &erative algorithm that does the same work
as a complexecursive algorithm.

e Question: Attempt to write arerative version of the instructions to obtain the sum of
the ages of the woman’s descendants. It has to be instredinat would really work
(albeit the woman herself only exists in fantasy). Hint: hgrd, but be prepared to give

up.

22.5 Section /task 22.5 Factorial

e Aim of example: To introduce the idea ofecursive method present a simple example
and talk about common misunderstandings. We also look atitvim@ans for a recursive
method to bavell definedand compareecursion with iteration.

e Coursework title.QNReversing lines .QO
Reversing lines

e Coursework summary: Write a program to cagndard input to standard output but
with the lines in reverse order, so that the first input linees out last.

e Question: Write a program calléRkverseLines to copystandard input to standard
output but with the lines in reverse order, so that the first inpug lemes out last. Your
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22.6 Section/task 22.6 Fibonacci

main method will set up aBufferedReader and aPrintWriter , and pass these as
method argument to anotheclass method which shall be aecursive method

The recursive method will read the input lines and outputrithdt will not usetail
recursion, in that it will perform some worlafter therecursive method call

Think of an abstract sequenaeq, as either being empty, or being a heselj.head ,
followed by a tail,seq.tail , itself a possibly empty sequence. Herpseudo coddor
printing such an abstract sequenioputSeq , in reverse.

if inputSeq is not empty
recursively output inputSeq.tail
output inputSeq.head

end-if

In this case, you are usingBafferedReader to obtain the sequence of lines, line by
line, and the act of reading a line tells you whether you haa& them all, and if not,
moves the input onto the remaining lines, i.e. the tail. Yolineed avariable to save
the head line. So we can recast the above general pseudostulioas.

String head line

if trying to read the head line does not yield null
recursively read and output the tail lines
output the head line

end-if

For brevity, you may be skimpy witbxceptionhandling — just declare that eastethod
throw s Exception

22.6 Section /task 22.6 Fibonacci

e Aim of example: To show an example ofecursive methodwhich hasmultiple recur-
sion.

e Coursework title:’A more efficient Fibonacci
e Coursework summary: Implement Fibonacci usingaaray to remember the results.

e Question: Write a version of thigébonacci  classwith arecursive methodthat has the
same structure as the one here, but is made efficient by gtreresult forfib n in
anarray atarray index n. This technique to avoid recomputing results is sometimes
known as anemo function.

22.7 Section /task 22.7 Number puzzle

e Aim of example: To solve a problem, usingecursive methodwith multiple recur-
sion, which would be quite tricky to solvieratively. Along the way, we look at the
process oflesigningarecursive algorithm.

e Coursework titleEExtending NumberPuzzle
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22.8 Section/task 22.8 Dice combinations

e Coursework summary: Add two morecursive method cals to adoubly recursive
method.

e Question: Extend oudumberPuzzle program so that the other twarithmetic opera-
tors are included. Hint: fomultiplication , there is no point makingr@cursive method
call if the target is not divisible by the number being ignored fact doing so would
lead to erroneous solutions (duetdeger truncation).

Optional extra: For a real challenge, why not allow brackets in the sequence?

22.8 Section/task 22.8 Dice combinations

e Aim of example: To show an example ofecursive methodwhich hasmultiple recur-
sionwith recursive method calk inside doop.

e Coursework title:Anagrams

e Coursework summary: Write a program to output all the amagraf a word given as a
command line argument

e Question: Write a program callethagrams which outputs all the permutations of a
string given as @ommand line argument Themain method will, for efficiency, turn
the first (and only) command line argument intehar array, using theoCharArray()
instance methodof the String  class It will also set up two other arrays of the same
length, one, ofype char[] to build the current permutation, and another, of typ@ear]] ,
to record whethecharacters from the given string have been used so far in the permuta-
tion being constructed. It will then callracursive methodto print all the permutations.

Here ispseudo coddor the recursive method.

printPermutations(int currentindex)
{
if currentindex has gone past the end of the permutation arra y
print out the permutation
else
for each index in the char array made from the given string
if the character at that index is not already used in the permu tation
mark it as being in use (using the boolean array)
put that character in the permutation at currentindex
printPermutations(currentindex + 1)
mark the character as NOT being used in the permutation
end-if
end-for
end-else

}

Note that if the given string contains duplicate charactdren there will be duplicate
permutations produced. This is fine.

Optional extra: Do itin a differentrecursive way, which does not need theoleanarray
nor a secondhar array. (Hint: swap the character at the givanay index with each
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22.10 Section/task 22.10 Tower of Hanoi

other one at a greater index, in turn.)

Optional extra: Do it without usingrecursion.

22.10 Section/task 22.10 Tower of Hanoi

e Aim of example: To devise a remarkably sh@tursive methodsolution to a seemingly
very tricky puzzle.

e Coursework titleTower of Hanoi with peg values
e Coursework summary: Extend a Hanoi solving program to sihavstate of the pegs.

e Question: Write a version of the Tower of Hanoi program wtlactually models the discs
on the pegs and prints them out at each move. You should haeaasateclasscalled
Peg which models the actual discs on a particular peg. The dessiould be stored in
apartially filled array , the value atirray index i being the size of the disc at location
i on the peg. Or you could perhaps find out about the stardasdjava.util.Stack :
and make aubclassof that.

Here is sample output fromunning the program with aommand line argumentof 4.

Console Input / Output
$ java Hanoi 4
0 Start: =< 4321> M=< > R=< >
1 LtoM: [=< 432> M=< 1 > R=< >
2 LtoR: =<4 3 > M=< 1 > R=< 2 >
3 MtoR: =< 4 3 > M=< > R=< 2 1 >
4 L to M L=< 4 > M=< 3 > R=< 21>
5 RtoL: l=< 41 > M=< 3 > R=< 2 >
6 R toM: =< 41 > M=< 3 2 > R=< >
7 LtoM L=< 4 > M=<321> R=< >
8 LtoR: L=< > M=<321> R=< 4 >
9 Mto R L=< > M=< 3 2 > R=< 41 >
10 Mto L =< 2 > M=< 3 > R=< 41 >
11 R to L [=< 21> M=< 3 > R=< 4 >
12 M to R: =< 21> M=< > R=< 4 3 >
13 L to M L=< 2 > M=< 1 > R=< 4 3 >
14 L toR: L=< > M=< 1 > R=< 4 3 2 >
15 Mto R: L=< > M=< > R=<4321>
$

22.11 Section/task 22.11 Friend book

e Aim of example: To show an example @fcursion based on walking throughracur-
sive data structure We also have arivate constructor method.

e Coursework titleFamily trees
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22.11 Section/task 22.11 Friend book

e Coursework summary: Write a program to model family angestr

e Question: Write a program that enables the ancestry of paopbe stored and printed
out. You will wantobjects oftype Person with a name and aetof other persons who
are that person’s immediate children. There’s no need toemmarriage (after all in
modern life, many family ‘tree’s are not that simple). So & wish to store two parents
of a collection of children then we have those children coetd separately in each of
the parent’s objects. (This permits the two parents of oile ¢t have different sets of
children.)

Your otherclass containing thenain method should be calledamilyTree

Thedata should be stored intext file calledparent-children.txt . Each line consists
of the name of a parent, followed byliat of his or her children, all separated by spaces.

The program should read this text file and take the name of sopeaas the firstom-
mand line argument It will then print out that person and his or her descendasta
‘family tree’. In theory the data should not contain any egc(a person being their own
descendant), however it might — so you should ensuredtgrsion cannot attempt to
proceed forever.

To avoid distraction, you may ignoexception catchingif you wish.

Here is some sample data (based on the UK Royal Fapjly[

Console Input / Output

$ cat parent-children.txt

George-V Edward-VIIl George-VI Mary Henry George John

Victoria-Mary Edward-VIIl George-VI Mary Henry George Joh n
Edward-VIII

Wallis-Simpson

George-VI Elizabeth-Il Margaret

Elizabeth-Bowes-Lyon Elizabeth-Il Margaret

Elizabeth-Il Charles Anne Andrew Edward

Philip Charles Anne Andrew Edward

Charles William Harry

Diana William Harry

$

And here is the corresponding output fegorge-V .
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Console Input / Output

$ java FamilyTree George-V

+--George-V has 6 child(ren): Edward-VIll George George-V | Henry John Mary
+--Edward-VIll has 0 child(ren):

+--George has 0 child(ren):

+--George-VI has 2 child(ren): Elizabeth-Il Margaret

+--Elizabeth-Il has 4 child(ren): Andrew Anne Charles Ed ward
+--Andrew has 0 child(ren):

+--Anne has 0 child(ren):

+--Charles has 2 child(ren): Harry William

| +--Harry has 0 child(ren):

| +--William has 0 child(ren):

+--Edward has 0 child(ren):

+--Margaret has 0 child(ren):

+--Henry has 0 child(ren):

+--John has 0O child(ren):

+--Mary has 0 child(ren):

$

Optional extra: What simple change could you make so that the children ofsopeare
listed in the order they were added (which would probablyr@edrder of birth), rather
than alphabetically by name? (Hint: look at thpplication programming interface
(API) documentation fojava.util.LinkedHashSet )

23 Chapter 23 The end of the beginning
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