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Computers

Introduction

Introduction

Welcome

Wel come to the Wonderful World of Rob
and programming. Ithis bookl'm going to give you a smattering of the C#
programming language. If you have programmed bdfdrge grateful if you'd still

read the text.tlis worth it just for the jokes and you may actually learn something.

If you have not programmed before, do not worry. Programming is not rocket science |
is, well, programming. The bad news about learning to program is that you get hit with
a lot of ideas and concepts at around the same time when you start, and this can be
confusing. The keys to learning programming are:

1 Practicei do a lot of programming and force yourself to think about things
from a problem solving point of view

1 Studyi look at programs written by other people. You can learn a lot from
studying code which other folk have created. Figuring out how somebody else
did the job is a great starting point for your solution. And remember that in
many cases there is bestsoluion, just ones which are better in a particular
context, i.e. the fastest, the smallest, the easiest to use etc.

9 Persistence writing programs is hard work. And you have to work hard at it.
The principle reason why most folks don't make it as progranmism#at they
give up. Not because they are stupid. However, don't get too persistent. If you
haven't solved a programming problem in 30 minutes you should call time out
and seek help. Or at least walk away from the problem and come back to it.
Staying upall night trying to sort out a problem is not a good plan. It just
makes you all irritable in the morning. We will cover what to do when it all
goes wrong later in these notes.

Reading the notes

These notes are written to be read straight through, andefezred to afterwards.
They contain a number d?frogramming PointsThese are based on real programming
experience and are to be taken serioUEere are also bits written inRosh Font
These are really important and should be learnt by heart.

If you have any comments on hdhe notesan be made even better (although | of
course consider this highly unlikelihen feel free to get in touch

Above all, enjoy programming.

Rob Miles
rob@robmiles.com
www.robmiles.com

Getting a copy of the notes

These notes are made frealailable to Computer Science students at the University of
Hull.

Thewebsitefor the bookis at http://www.csharpcourse.com

C# Programming © Rob Miles 2008 11



Computers

An Introduction to Computers

Computers

An Introduction to Computers

Qn: Why does a bee hum?
Ans: Because it doesn't know
the words!

Before we consider programming, we are goingansider computers. This is an
important thing to do, because it sets the context in which all the issues of programmin
itself are placed.

One way of degibing a computer is as an electric box which humms. This, whil
technically correct, can lead to significant amounts of confusion, particularly ar
those who then try to program a friddebetter way is to describe it as:

A devigbich processes informatic
to instructions it has been g

This general definition rules out fridges but is not exhaustive. However for our
purposes it will do. The instructions you give to the computer are often called a
program. The businef using a computer is often called programming. Thieis

what most people do with computers. Most users do not write programs, instead they
talk to programs written by other people. We must therefore make a distinction betwee
users and programmews.user has a job which he or she finds easier to do on a
computer running the appropriate prograprogrammer has a masochistic desire to
tinker with the innards of the machine. One of the golden rules is that you never write
your own program if there is already one available, i.e. a keen desire to process words
with a computer should not result in you writing a word processor!

However, because you will often want to do things with computers which have not bee
done before, anfiirther because there are people willing to pay you to do it, we are
going to learn how to program as well as use a computer.

Before we can look at the fun packed business of programming though it is worth
looking at some computer terminology:

Hardware and Software

If you ever buy a computer you are not just getting a box which humms. The box, to be
useful, must also have sufficient built in intelligence to understand simple commands tt
do things. At this point we mustalwv a distinction between the software of a computer
system and the hardware.

Hardware is the physical side of the system. Essentially if you can kick it, and it stops
working when immersed in a bucket of water, it is hardware. Hardware is the
impressive ge of lights and switches in the corner....

Software is what makes the machine tick. If a computer has a soul it keeps it in its
software. Software uses the physical ability of the hardware, which can run programs,
do something useful. It is called softwarecause it has no physical existence and it is
comparatively easy to chandgoftware is the voice which saySomputer Running"

in a Star Trek film.
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Windows XP is an operating
systemlt gives computer
programs a platform on which
they @n execute.

Data and Information

All computers are sold with some software. Without it they would just be a nov
highly expensive heating systeithe software which comes with a computer is o
called its Operating System. The Operating Systenmemtie machine usable. It
looks after all the information held on the computer and provides lots of comm
to allow you to manage things. It also lets you run programs, ones you have w
and ones from other people. You will have to learn to talktoperating system sc
that you can create youd@rograms and get them to go.

Data and Information

This makes a computer a very
good "mistake amplifier", as
well as a useful thing to
blame....

People use the words data and information interchangeably. They seem to think that
one means the other. | regard data andimnéion as two different things:

Data is the collection of ons and offs which computers store and manipulate.

Information is the interpretation of the data by people to mean something. Strictly
speaking computers process data, humans work on informatioexanple, the
computer holds the bit pattern:

11111111 11111111 11111111 00000000
However you could regard this as meaning:

"you are 256 pounds overdrawn at the bank"
or

"you are 256 feet below the surface of the ground"
or

"eight of the thirty two light switches are off"

The transition from data to information is usually made when the human reads the
output. So why am | being so pedantic? Because it is vital to remember that a compute
does not "know" what the data it is processing actually meanfarAas it is concerned
data is just patterns of bits, it is you who gives meaning to these patterns. Remember
this when you get a bank statement which says that you have £8,388,608!

Data Processing

Computers are data processors. Information is fedlietim;they do something with it,

and then generate further information. A computer program tells the computer what to
do with the information coming in. A computer works on data in the same way that a
sausage machine works on meat, something is put in one end, some processing is
performed, and something comes out of the other end:

— Computer

A program is unaware of the data it is processing in the same way that a sausi
machine is unaware of what meat is. Put a bicycle into a sausage machine ani
try to make sausages out of it. Put duff data into a compuateit will do equally
useless things. It is only us people who actually ascribe meaning to data (see
as far athe computer is concerned it is just stuff coming in which has to be
manipulated in some way.

A computer progrars just a sequence of instructions which tell a computet tehdo
with the data coming iand what form the data sent out will have.
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Note that this "raises the
stakes" in that the
consequences of software
failing could be very
damagng.

Data and Information

Note that the data processing side of computers, which you might think is entirely
reading and writing numbers, is muctore than that, examples of typical data
processing applications are:

Digital Watch : A micro-computer in your watch is taking pulses from a crystal
and requests from buttons, processing this data and producing a display which tells yo
the time.

Car : A micro-computer in the engine is taking information from sensors telling it the
current engine speed, road speed, oxygen content of the air, setting of the accelerator
etc and producing voltages out which control the setting of the carburettor, timing of
the spark etc, to optimise the performance of the engine.

CD Player : A computer is taking a signal from the disk and converting it into the
sound that you want to hear. At the same time it is keeping the laser head precisely
positioned and also monitoring #he buttons in case you want to select another part of
the disk.

Games Console : A computer is taking instructions from the controllers and using
them to manage the artificial world that it is creating for the person playing the game.

Note that some of #se data processing applications are merely applying technology to
existing devices to improve the way they work. HowelierCD player and games
consolecould not be made to work without beiift data processing ability.

Most reasonably complex devices contain data processing components to optimise the
performance and some exist only because we can build in intelligence. It is into this
world that we, as software writers are moving. It is important to think of business of
data processing as much more than working out the company payroll, reading in
numbers and printing out results. These are the traditional uses of computers.

As softwareengineers it is inevitable that a great deal of our time will be spent
data processing components into other devices to drive them. You will not pre
switch to make something work, you will press a switctell a computer to make
work. These embedded systems will make computer users of everybody, and
have to make sure that they are not even aware that there is a computer in the

You should also remember that seemingly innocuous prograntegariife

threatening possibilities. For example a doctor may use a spreadsheet to calculate do:
of drugs for patients. In this case a defect in the program could result in illness or even
death (note that | don't think that doctors actually doithist you never know..)

Pr ogr a mioet Ai the bottom there is always hardware

It is important that you remember your programs are actually executed by a piece of hardware

which has physical limitations. You must make sure that the code you write will actually fit in the
target machine and operate at a reasonable speed. The power and capacity of modern computers
makes this less of an issue than in the past, but you should still be aware of these aspects. | will
mention them when appropriate.
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What is Programming?

Programming Languages

What is Programming?

| tell people | am a "Software
Engineer".

And remember just how much
pl umbers earné

Programming isnot about
mathematics, it is about
organization and structure

Programming is a black art. It is the kind of thing that you grudgingly admit to ¢
at night, with the blinds drawn and nobody watching. Tell people thapgamgram
computers and you will get one of the following responses:

1. Ablank stare.

2. "That's interesting", followed by a long description of the double glazing that
they have just had fitted.

3. Asked to solve every computer problem that they haee lead, and ever will
have.

4. A look which indicates that you can't be a very good one as they all drive
Ferraris and tap into the Bank of England at will.

Programming is defined by most peoplesasning huge sums of money doing
something which nobody cainderstand.

Programming is defined by me dsriving and expressing a solution to a given
problem in a form which a computer system can understand and execute

One or two things fall out of this definition:

1 You need to b able to solve the problem yourself before you can write a
program to do it.
I The computer has to be made to understand what you are trying to tell it to do

I like to think of a programmer as a bit like a plumber! A plumber will arrive at ¢

.with a big bag of tools and spare parts. Having looked at it for a while, tut tuttir

will open his bag and produce various tools and parts, fit tletogether and solv:
your problem. Programming is just like this. You are given a problem to solve.
have at your disposal a big bag of tricks, in this case a programming language
look at the problem for a while and work out how to solve itt@ed fit the bits of
the language together to solve the problem you bateThe art of programming is
knowing which bits you need to take out of your bag of tricks to solve each pat
the problem.

From Problem to Program

The art of taking a problem and breaking it down into a set of instructions you
give a computer is the interesting part of programming. Unfortunately it is also
most difficult part of programming as well. If you think that learning to program
simply a matter of learning a programming language you are very wrong. In fa
you think that programming is simply a matter of coming up with a program wh
solves a ppblem you are equally wrong!

There are many things you must consider when writing a program; not all of them are
directly related to the problem in hand. | am going to start on the basis that you are
writing your programs for a customer. He or she hablpm and would like you to

write a program to solve it. We shall assume that the customer knows even less about
computers than we do!

Initially we are not even going to talk about the programming language, type of
computer or anything like that, we arenply going to make sure that we know what the
customer wants.
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The worst thing you carag
to a customer is "l can do
that". Instead you should
think "Isthat what the
customer wants?"

A Simple Problem

Solving the Wrong Problem

Coming up with a perfect solution to a problem the customer has not got is something
which happens surprisingly often in the real wolthny software projects haveiltd
because the problem that they solved was the wrong one. The developers of the syste
quite simply did not find out what was required, but instead created what they thought
was required. The customers assumed that, since the developers had stopged aski
them questionghe right thing was being built, and only at the final handover was the
awful truth revealed. It is therefore very important that a programmer holds off making
something until they know exactly what is required.

This is a kind of self disciplind? r 0 g r a pricheetlreiiselves on their ability to
come up with solutions, so as soon as tr@ygiven a problem they immediately <
thinking of ways to solve it, this almost a reflex action. What you should do is t
"Do | really understand what the problem is?". Before you solve a problem yot
should make sure that you have a watertighindiefn of what the problem is, whicl
both you and the customer agree on. In the real world th@mngtimesalled a
Functional Design Specification or FDS. This tells you exactly what the custon
wants. Both you and the customer sign it, and the bdttanis that if you provide &
system which behaves according to the design specification the customer mus
you. Once you have got your design specification, then you can think about w
solving the problem.

You might think that this is not necesy if you are writing a program for yourself;
there is no customer to satisfhis is not true. Writing an FDS forces you to think
about your problem at a very detailed level.

Pr o gr a mbBoet Tihe specification must always be there

I have written many programs for money. | would  never write a program without getting a solid
specification first. This is true even (or perhaps especially) if | do a job for a friend.

A Simple Problem

Consider thescenario; gu are sitting in your favourite chair in the pub contemplating
the universe when you are interrupted in your reverie by a friend of yours who sells
double glazing for a living. He knows you are a programmer of sorts and would like
your help insolving a problem which he has:

He has just started making his own window units and is looking for a program which
will do the costing of the materials for him. He wants to just enter the dimensions of the
window and then get a print out of the cost to entiie window, in terms of the amount

of wood and glass required.

"This looks like a nice little earner" you think, and once you have agreed a price you
start work. The first thing you need to do is find out exactly what the customer wants
you to do...

Specifying the Problem

When considering how to write the specification of a systeretare three important
things

1  What information flows into the system.
1 What flows out of the system.
1 What the system does with the information.

There are lots of ways of representing this information in the form of diagrams, for now
we will stick with written text when specifying each of the stages:
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A Simple Problem

Information going in

In thecase of our immortal double glazing problem we can describe the information as
1 The width of a window.
1 The height of the window.

Information coming out

The information tat our customer ants to see is

1 the area of glass required for the window
1 the length of wood required to build a frame.

You can see what we need if you take a look at the diagram below:

A

Height of
Window

\4

< >

Width of Window

The area of the glass is the width multiplied by the height. To make the frame we will
need two pieces of wood the width of the window, and two pieces of wood the height ¢
the window.

Pr o gr a mbBoet ndetadata is impo rtant

Information about information is called metadata. The word meta in this situation implies a
"stepping back" from the problem to allow it to be considered in a broader context. In the case of

our window program the metadata will tell us more about the values that are being used and

produced, specifically the units in which the information is expressed and the valid range of values

that the information may have. For any quantity that you represent in a p rogram that you write you
must have at least this level of metadata .

What the program actually does

The program can derive the two values adiowy to the following equations

glass area = width of window * height of window
wood length = (width of window + height of window) * 2

Putting in more detalil

We now have a fairly good understanding of what our program is going to do for us.
Being sensible and far thinking people we do not stop here, we now have to worry
about how our program will decide when théaimation coming in is actually valid.

This must be done in conjunction with the customer, he or she must understand that if
information is given which fits within the range specified, your program will regard the
data as valid and act accordingly.

In thecase of the above we could therefore expandi¢fieition of data coming in as
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Note that both you and the
customemust understand
the document!

Better yet, set up a phased
payment system so that you
get some money as the system
is developed.

A Simple Problem

1 The width of the window, in metres and being a value between 0.5 Metres
and 3.5 metres inclusive.

1 The heigh of the window, in metres and being a value between 0.5 metres
and 2.0 metres inclusive.

Note that we have also added units to our description, this is very impapeiiaps
our customer buys wood from a supplier who sells by the foot, in which casetput
description should read :

1 The area of glass required for the window, in square m&eraember
that we are selling double glazing, so two panes will be required.

1 The length of wod required for the frame, given in feet using the
conversion factor of 3.25 feet per metre.

Having written this all up in a form that both you and the customer can underst
we must then both sign the completed specification, and work can commence.

Proving it Works

In a real world you would now creatdestwhich will allow you to prove thahe
program verks, you could for example say

If I give the above program the inputs 2 metres high and 1 medeethve program
should print out4 square metres of glass and 9.75 feet of wood.

The test procedure which is designed for a proper projeatgshest out all possible

states within the program, including the all important error conditions. In a large systen
the person writing the program may have to create a test harness which is fitted aroun
the program and will allow it to be tested. Botk tustomer and the supplier should
agree on the number and type of the tests to be performed and then sign a document
describing these.

Testing is a very important part of program development. There is even one
development technique where you write thestbseforeyou write the actual program

that does the job. This is actually a good idea, and one we will explore later. In terms c
code production, you can expect to write as much code to test your solution as is in the
solution itself. Remember this whgaou are working out how much work is involved in

a particular job.

Getting Paid

At this point the supplier knows that if a system is created which will pass all tr
the customewill have no option but to pay for the work! Note also that because
design and test procedures have been frozen, there is no ambiguity whichddar
the customer requesting changes to the vattHough of course this can still happ

The good news for the developer is that if changes are requested these can be viewec
the context of additional work, for which they can be expect to be paid.

Customer Involvement

Note also in a "proper" system the customer will expect to be consulted as to how the
program will interact with the user, sometimes even down to the colour of the letters or
the display! Remember that one of the most dangerous thiaiga grogrammer can

think is "This is what he wants"! The precise interaction with the-usbat the

program does when an error is encountered, how the information is presented etc., is
something which the customer is guaranteed to have strong opibious kleally all

this information should be put into the specification, which should include layouts of
the screens and details of which keys should be pressed at eacstegeften

prototypes will be used to gefdea of howthe program should locknd feel.
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Fact: If you expect to derive
the specification as the
project goes on either you will
fail to do the job, or you will
end up performing five times
the work!

Fact: More implementations
fail because of inadequate
specification than for any
other reason!

Programming Languages

If this seems that you are getting the custoto help you write the program then
are exactly right! Your customer may have expected you to take the descriptio
problem and go into your back roorto emerge later with the perfect solution to
problem. This is not going to happen. Whalt happen is that you will come up wi
something which is about 60% right. The customer will tell you which bits look
and which bits need to be changed. You then go back into your back room, mi
under your breath, and emerge with anotheresysb be approved. Again, Rsldaw
says that 60% of the duff 40% will now be OK, so you accept changes for the
little bit and again retreat to your keyboard....

The customer thinks that this is great, reminiscentpafstailor who produces the
perfect fit after numerous alterations. All the customer does is look at something,
suggests changes and then wait for the next versifind something wrong with. They
will get a bit upset when the delivery deadline goewitlyout a finished product
apparingbut they can alays cheer themselves up agayrshing you.

If your insistencen a cast iron specification forces the customer to think about
exactly what the system is supposed to do and how it will work, all to the bette
customer may well say "But | am paying you to be the computer expert, | know
nothing about these machgie This is no excuse. Explain the benefits of "Right |
Time" technology and if that doesn't work produce a revolver and force the iss

Again, if | could underline in red | wouldAll the above apply if you are writing the
program for yourself. Yoare your own worst customer!

You may think that bm labouring a point herthe kind of simple systems we are
going to create as we learn to program are going to be so trivial that the above
techniques are far too long winded. You are wrong. One very igason for doing
this kind of thing is that it gets most of the program written foryoften with the help
of the customer. When we start with our double glazingraragve now know that we
have to

read in the width

verify the value

read in the height

verify the value

calculate width times height times 2
calculate ( width + height ) * 2 * 3.35 and print it

and print it

The programming portion of the job is now simply converting the above description
into a language which can be used in a computer......

Pr o gr a mbPoet Gosed programmers are good communicators

The art of talking to a customer and finding out what he/she wants is just that, an art. If you want

to call yourself a proper programmer you will have

to learn how to do this. One of the first things

you must do is break down the idea of "I am writing a program for you" and replace it with "We are
creating a solution to a problem". You do not work for your customers, you work with them. This is
very important, particularly when you might have to do things like trade with the customer on

features or price.

Programming Languages

Once we know what the program should do (specification), and how we are going to
determine whether it has worked or not (testine need to express our program in a
form that the computer can work with.

You might ask the question "Why do we need programming languages, why can we nc
use something like English?" There are two answers to this one:
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A look at C#

1. Computers are too stupid to understand English.
2. English would make a lousy programming language.

Please note that this does not To take the first point. We cannot make velgver computers at the moment.
imply that tape worms would Computers are made clever by putting software into them, and there are limits
make good programmers! size of program that we can create and the speed at which it can talk to us. At

moment, by using the most advanced software and headwa can make comput
which are about as clever as a tape worm. Tape worms do not speak very goc
English, therefore we cannot make a computer which can understand English.
best we can do is get a computer to make sense of a very limited landuelyeve
use to tell it what to do.

Time Files like an Arrow. To take the second point. English as a language is packed full of ambiguities.
Fruit Flies like a Banana! very hard to express something in an unambiguoususiag English, if you do not

believe me, ask any lawyer!

Programming languages get around both of these problems. They are simple enough-
be made sense of by computer programs and they reduce ambiguity.

Pr o gr a mbBoat Theslanguage is not that impor  tant

There are a great many programming languages around, during your career you will have to learn
more than just one. C# is a great language to start programming in, but do not think that it is the
only language you will ever need.

C#

A look at C#

There are literally hundreds We are going to learn a languaggdled G (pronounced C sharp). If you ever mal

of programming languages the mistake of calling the language C hash you will show your ignorance straig
around, you will need to know away!C#is a very flexible and powerful programming languagi an interesting
at least 3! history. It was developed by Microsoft Comation for a variety of reasons, some

technical, some political and others marketing

C# bears a strong resemblance to the C++ and Java programming languages, having
borrowed (or improved) features provided by these languages. The origins of both Jav
and C++ can be traced back to a language called C, which is a highly dangerous and
entertaining language which was invented inghdy 1970sC is famous as the

language the UNIX operating system was written in, and was specially designed for
this.

Dangerous C

| referred to C as dangeroudanguage. So what do | mean by that? Consider the chain
saw. If I, Rob Miles, want to usechain saw | will hire one from a shop. As | am not an
experienced chain saw user | would expect @¢dme with lots of built in safety

features such as guards and automatic cut outs. These will make me much safer with 1
thing but will probably limit the usefulness of the tool, i.e. because of all the safety stuf
I might not be able to cut down cert&imds of tree. If | was a real lumberjack | would

go out and buy a professional chain saw which has no safety features whatsoever but
can be used to cut down most anything. If | make a mistake with the professional tool |
could quite easily lose my leg,rmething the amateur machine would not let happen.
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A look at C#

In programming terms this means is that C lacks some safety features provided by oth
programming languages. This makes the language much more flexible.

However, if | do something stupid C will not stop,mse | have a much greater chance
of crashing the computer with a C program than | do with a safer language.

Pr o gr a miboett Gomsputers are always stupid

| reckon that you should always work on the basis that any computer will tolerate no errors on  your

part and anything that
mind wonderfully.

you do which is stupid will always cause a disaster! This concentrates the

You actually write the
program using some form of
text editor- which may be
part of the compiling and
running system.

Safe C#

The C# language attempts to get the best of both worlds in this respect. A C# program
can ontainmanagedr unmanagegarts. The managed code is fussed over by the
system which runs it. This makes sure that it is hard (but probably not impossible) to
crash your computer running managed code. However, all this fussing comes at a pric
causing pur programs to run more slowly.

To get the maximum possible performance, and enable direct access to parts of the
underlying computer system, you can mark your programs as unmanaged. An
unmanaged progragoes faster, but if it crashes it is capable kinigthe computer

with it. Switching to unmanaged mode is analogous to removing the guard from your
new chainsaw because it getghe way.

C# and Objects

The C# language isbject orientedObjects are an organisational mechanisrichviet

you break your program down into sensible chunks, each of which is in charge of part
of the overall system. Object Oriented Design makes large projects much easier to
design testand extend. It also lets you create programs which can have aggjgged

of reliability and stability.

| am very keen on object oriented programming, but | am not going to tell you much
about it just yet. This is not because | don't know much about it (honest) but because |
believe that there are some very fundamentag@amming issues which need to be
addressed before we make use of objects in our programs.

The use of objects is as much about design as programming, and we have to know ho
to program before we can design larger systems.

Making C# Run

C# is acompiledprogramming language. The computer cannot understand the
language directly,sa program called @ompilerconverts the €textinto thelow

levelinstructions whictare much simpler. These low level instructions are in tur
converted into the actual commands to drive the hardware which runs your prc

We will look in more detaiat this aspect of how C# programs work a little later,
now the thing to remember is that you need to show your wonderful C# progra
the compiler before you get to actually run it.

A compiler is a very large program which knows how to decide if your program is
legal. The first thing it does is check for errors in the way that you have used the
language itself. Only if no errors are found by the compiler will it produce any output.

The compiler will also flag upgvarningswhich occur when it notices that you have
done something which is not technically illegal, but may indicate that you have made a
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mistake somewhere. An example of a warning situation is where you create something
but dan't use it for anything. The compiler would tell you about this, in case you had
forgotten to add a bit of your program.

The C# language is supplied with a whole bunch of other stuff (to use a technical term
which lets C# programs do things like read fexin the keyboard, print on the screen,

set up network connections and the like. These extra features are available to your C#
program but you must explicitly ask for them. They are then located automatically
when your program runs. Later on we will loakhow you can break a program of your
own down into a number of different chunks (perhaps so several different programmer
can work on it).

Creating C# Programs

Microsoft has made a tool called Visual Studio, which is a great place to write
programs. It omprises the compiler, along with an integrated editor, and debugger.It is
provided in a number of versions with different feature sets. There is a free version,
called Visual Studio Express edition, which is a great place to get started. Another free
resairces is thévlicrosoft .NET Framework. This provides a bunch of command line
tools, i.e. things that you type to the command prompt, which can be used to compile
and run C# programélow you create and run your programs is up to you.

I'm not going to gorito details of how to downloaahd install the .NET framework;
that is for other documents, | am going to assume that you are using a computer whick
has a text editor (usually Notepad) and the .NET framework installed.

The Human Computer

Of courseitially it is best if we just work through your programs on paper. | reckon
that you write programs best when you are not sitting at the computer, i.e. the best
approach is to write (or at least map out) your solution on paper a long way away from
the madine. Once you are sitting in front of the keyboard there is a great temptation to
start pressing keys and typing something in which might work. This is not good
technique. You will almost certainly end up with something which almost works, which
you will then spend hours fiddling with to get it going.

If you had sat down with a pencil and worked out the solution first you would probably
get to a workingsystem in around half the time.

Pr ogr a mbBoet Great programmers debug less

I am not impressed by hacking programmers who spend whole days at terminals fighting with
enormous programs and debugging them into shape. | am impressed by someone who turns up, types
in the program and makes it work first time!

What Comprises a C# Program?

If your mumwanted to tellyou how to make your favourite fruitcaleeh ewditd the
recipe down on a piece of paper. The recipe would be a list of ingredients followed by
sequence of actions to perform on them.

A program can be regarded as a recipe, but written for a computer to follow, not a
cook. The ingredients will be values (callegtiableg that you want your program to
work with. The program itself will be a sequence of actions (catattmenfsthat are
to be followed by the computeRather than writing the program down on a piece of
paper you instead put it into a file on the computéten called &ource file

This is what the compiler acts on. A source fibatains three things
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instructions to the compiler

information about the structures which will hold the data to be stored and
manipulated.

1 instructions which manipulate the data.

1
1
To take these iturn:

Controlling the Compiler

The C# compiler needs to know certain things about your program. It needs tc
which external resources your program is going to use. It also can be told abo
options for the constructioof your program which are important. Some parts of
program will simply provide this information to tell the compiler what to do.

Storing the Data

Programs work by processing data. The data has to be stored within the computer
whilst the program proases itAll computer languages support variables of one form
or another. A variable is simply a named location in which a value is held whilst the
program runs. £€also lets you build uptructureswhich can hold more than one item,

for example a single structure could hold all the information about a particular bank
customerAs part of the program design process you will need to decide what items of
data need to be stored. You must also decide on sensible names that you will use to
identify these items.

Describing the Solution

The actual instructions which describe your solution to the problem must also be part «
your programA single, simple, instruction to do something is callesfaaiementA
statement is an instructido perform one particular operation, for example add two
numbers together and store the result.

The really grippinghing about programs is that sostatemerg canchangewhich
statement is performed next, so that your program can look at thingscde dhat to
do.In the case of £you can lump statements together to fartamp of program
which does one particuléask. Such a lumjs called anethod

Seasoned programmers break A methodcan be very small, or very large. It can return a value which may or n

down a problem into a not be of interest. It can have any name you like, and your program can contai
number of smaller ones and manymethodsas you see fit. Onmethodmay refer to others. The#language alsc
make amethodfor each. has ehugenumber oflibraries available which you can use. These save you fror

"re-inventing the wheel" each time you write a progréivie will look at methods in
detail later in these notes.

Identifiers and Keywords

You give a name to eachethodthat you create, and you try to make the name of the
function fit what it does, for examp&howMenu or Save ToFile . The Gflanguage
actually runs your program by lookingrfamethodwith a special nameévain . This
function is called when your program starts running, and Wiaém finishes, your
program endsThe names that you invent to identify things are catedtifiers You

also create identifiers whegmu make things to hold valuespodLength might a

good choice when we want to hold the length of wood requlirstér on we will look

at the rulesand conventionshich you must observe when you create identifiers.

The words which are part of the C# laiage itself are callekeywordsIn a recipe a
keyword would be things like "mix" or "heat" or "until". They would let you say things
like "heatsugaruntil molten"or "mix until smooth® In fact, you'llfind that programs
look a lot like recipesKeywordswill appear blue in our listings.
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A First C# Program

The Program Example

The Program Example

Perhaps the best way to start looking #i<Cto jump straight in with our first everfC

program. Here it is:

using System;
class GlazerCalc
{
static void Main()
{
double width, height, woodLength, glassArea;
string  widthString, heightString;
widthString = Console.ReadLine();
width =  double .Parse(widthString);
heightString = Console.ReadLine();
height = double .Parse( heightString);
woodLength = 2 * (width + height ) * 3.25 ;
glassArea = 2 * ( width * height ) ;
Console.WriteLine ( "The length of the wood is " +
woodLength + " feet") ;
Console.WriteLine("The area of theg lassis" +
glassArea + " sq uare metres") ;
}
}

Code Samplé - GlazerCalc Program

A big part of learning to
program is learning how to

This is a valid program. If you gave it to a C# compiler it would compile, and you

could run it. The actual work is done by the two lines that | have highligiBezhadly
speaking the stuff before these two lines is concerned with setting things up and gettin
the values in to be processed. The stuff after the two lines is concerned with displayinc

the answer to the user.

We can now go through each line in turn énydto see how it fits into our program.

using System;

use all theadditional features We have namespaces in our convéosattoo, if | am using the "Football”

of the systerwhich support

your programs

using the "Firefighter" namespace I'm saying something less good.

Thisis an instructiorto the C# compiler to tell it that we want to use things from
System namespaceA hamespace is a place where particular names have me:

namespace and | saydét team is really on fire" I'm saying something good. If | ¢

In the case of C# th®ystem namespace is where lots of useful things are described.
One of these useffthingsprovided with C#s theConsole object which will let me

write things which will appear on the screen in front of the user. If | want to just refer to
this asConsole | have to tell the compiler I'm using tBystem namespace. This

means that if refer to something bg particulamame the compiler will look in
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System to see if there is anything matching that name. We will use other namespaces
later on.

class GlazerCalc

Classes are the basis of object A C# program is made up of one or motassesA class is container which holds

oriented programming, as we  data and program code to do a particular job. In the case of our double glazin

shall see later calculator the class just contains a single method which will work out our wooc
lengths and glass area, but a class can contain much mothadhé# it needs to.

You need to inventraidentifier for every class that you create. I've called ours
GlazerCalc since this reflects what it does. For now, don't worry too much about
classes, just make sure that you pick sensible names for the classes that you create.

Oh, and one other thing. There is a convention that the name of the file which contains
a particuér class should match the class itself, in other words the program above shou
be held in a file calle@GlazerCalc.cs

static

This keyword makes sure that the method which follows is always present, i.e.
wordstat ic in this context means "gart of the enclosing class aisdalways
heré'. When we get teonsiderobjects we will find that this little keyword has alll
kinds of interesting ramifications. But for now I'd be grateful if you'd just make
that you puit here in order to make your programs work properly

void

A void is nothing. In programming terms theid keyword means that the meth
we are about to describe does not return anything of interest to us. The methao
just do a job and then finish. In some cases we write methods which return ar
fact we will use such a method later in the program)

However, in order to stogomeone elsaccidentally making use of the value retur
by ourMain method, we are explicitly stating that it returns nothing. This make
programs safer, in that the compiler now knows thspifieondries to use the Vvae
returned byhis method, this must beraistake

Main

You choose the names of your methods to reflect what they are going to do for you.
Except forMain . This method (and there must be one, and only one such method) is
where your program starts running. When your progsalmaded and ruthe first
methodgiven controlis the one calledlain . If you missoutthe Main method the
system quite literally doesot know where to start.

0

This is a pair of brackets enclosingthing This may sound stupid, but actually tells
the compiler that thenethodVain has no parameters. A parameter toethodgives
themethodsomething to work on. When you dediamethodyou can tell & that it
works on one or more things, for exampden(x)  could work on a floating point
value of anglex. We will covermethodsn very geat detail later in this document
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Adouble variable canhold
a very wide range of values to
avery high precision.

The Program Example

{

This is abrace As the name implies, braces come in packs of two, i.e. for every open
brace there must be a matching close. Braces aitogrammerso lump pieces of

program together. Such a lump of program is often callddek A block can contain

the declarationfovariable used within it, followed by a sequence of program statements
which are executed in order. In this case the braces enclose the working parts of the
methodMain .

When the compiler sees the matching close brace at the end it knows that it hed reach
the end of thenethodand can look for another (if any). The effects of arpairted
brace are invariably fatal....

double

By now you probably feel that you need a drink. But that it not wbable means in
this context. What it means'idouble precision floating point number"

Our program needs to remember certain values as it runs. Notably it will read in values
for the width and height of the windows and then calculate and print values for the glas
area and wootength. Gt calls the placewhere values are putriables At the

beginning of any block you can telk@hat you want to reserve some space to hold
some data values. Each item you can hold a particular kind of value. Essentiaifn C
handle three tygs of data, floating point numbers, integer numberntexidi.e. letters,

digits and punctuation)Y.he process of creating a variable is catledlaringthe

variable.

You declare some variables of a particular type by giving the type of the data,
followed by a list of the names you want the variables to RAeeare using the typ
double for now. Later we will use other types.

width, height , woodLe ngth, glassArea

This is a list. A list of items in £is separated by (comma)charactes. In this case it

is a list of variable names. Once the compiler has seen thedwohie (see above) it

is expecting tdind the name of at lest one variable which is to be created. The
compiler works its wayhroughthe list, creating boxes which can hold floating point
values and giving them the appropriate hames. From this point on we can refer to the
above names, and the compiler will kndwvattwe are using that particular variable.

Pr o gr a mibBoat Khew where your data comes from

In fact, given the limitations in the accuracy to which people can read tape measures, and the fact
that we are not going to make any windows as wide as the universe, a double precision floating point
number is probably overkill for this application. You would instead ask the customer if it is OK to
just express the dimensions in millimeters instead. We will look at the considerations driving the
choice of particular variable types a bit later on.

The semicolon marks the end of {i# of variable names, and also the end of that
declaration statement. All statements iograms are separated by theharacter,
this helps to keep the compiler on the right track.

The; character is actually very important. It tells the compilbexe a given statement
ends. If the compiler does not find one of these where it expects to see one it will
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produce an error. You can equate these characters with the sprocket holes in film, the!
keep everything synchronised.

string  widthString, heightStri ng;

We have made some variables which can hold numbers. Now we are going to make
some which can contain strings. This is because when we read the numbers from our
userwe first read them in as strings of text. We then convert the text into a nurhber.
variableswidthString andheightString (note the sensible names) will

contain text versions of the numbers.

wid th String =

This is anassignmenstatementin this C# statement we are going to change the value
in a variable. Our program is going to reatine of text from the user amdace the

result in the variable we have calleitith String . Remember that a variable is
simply a named box of a particuldze, which can hold a single data item (in this case
astring of tex}.

A good proportion of your programs will be instructions to assign new values to
variables, as the various results are calcul&#dises the= character to make
assignments happenhd first part of this statement is the name of a previously defined
variable. This is followed by the character which | call thgozzinta. | call it that
because the valuendhe right gozzinta (goes intthe variable on the left.

Console.

On the right of the equals we have the thing which is going to be assigned to
widthString . In this case the result is going to be the string returned by the method
ReadLine . This method is part of an object callédnsole . whichlooks after the

user input and output.

ReadLine

This indicates that thReadLine method is to be invoked. This asks the running
program to dash off, do whatever statements there are in this method, and then come
back. Methods are a way in whighu can break up your program into a number of
chunks, each of which has a particular job. They also mean that you only have to write
a particular piece of code once, put it in a method, and then call that method wheneve
you want that particular job doinghe C# system contains a number of built in

methods to do things for our prograrReadLine is one of these.

When this program runs thigeadLine method is invoked (or called). till wait for
the user to enter a line of text and press the EnteMibgtever is typed in is then
returned as a string by tiReadLine method. The resutf the method call iplaced
in thewidthString variable.

0)

A method call is followed by thearameterdo the method. A parameter is something
that is passed into a method for it to work on. Think of it as raw materials for a process
of some kind. In the case BeadLine it has no raw materials, it is going to fetch the
information from the user consoleottever, westill have to tell the method call
something, even if it means there are no parameters being supplied
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We have seen the sewtlon before. It marks the end of a statement in our program.

width =

This is another assignment (Mr. Phelps/Haljk€he variablewidth is being given a
value.Many statements in your programs will simply be moving data around and
performing actions on it.

double.

But the rest of the statement looks a bit scary. In fact it is not too tricky. We are asking
Mr. double (thething responsible holding double precision floating point numbers) to
do a little job for us. In this case the little job is "take the string held by

widthString and convert it into a double precision floating point numifer.

double provides this abilityoy exposing a method call&hrse .

Note that there is nothing wrong or naughty about something in C# exposing its
methods. It is how we get things done for us. When you come to design larger prograr
you will find that the best way to do this is to creadenponentswhich expose

methods taget the job done. The whole of the C# library set is provided as a series of
methods and one of the things that you will have to get to grips with is where the
methods are and how to use them. As witmyrtaings in life, the trick iknowing who

to aské

Parse

The Parse method has the job of converting the string it has been given into a double
precision floating point numbeT.o do this it must look along the string, pull out each
digit in turn and then calculate the actual value, as in "1&ins a ten and two units.

This process of looking along things is often capyedsing Hence the name of the

method we are using. The method is given the string that is to be parsed and returns tl
number that it has found.

Note that this gives significan pot enti al for evi l, i n t
value , or types something like "Twenty Five" harse method call will not be able

to resolve a number and will fail as a result. How it fails, and how you can resolve this
failure, will be leftfor a future section in order to add more excitement to this
document.

( widthString);

We have seen that a call of a method must be followed by the raw materials
(parameter¥for that method. In the caseRéadLine there are no parametetsut

we still need to supply an empty list to indicate this. In the caBarmse the method
needs to be given the string that it is to work\Me do this by putting the name of the
string variable containing the textifthString ) into the brackets adave.The
value of the information imidthString (i.e. the text that the user has typed in) is
passed into thParse method for it to look at and extract the number from.

! Obscure movie/TV show reference for yibere folks.
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When | write programs | use
brackets even when the
compiler does not need them.
This makes the program
clearer.

The Program Example

heightString = Console.ReadLine();
height = double.Parse(heightString);

These two sttements simply repeat the process of reading in the text of the height valu
and then converting it into a double precision value holding the height of the window.

woodLength = 2*(width + height)* 3.25;

This is the actual nub of the program itself. This is the bit that does the work. It takes
the height and width values and uses them to calculate the length of wood required.

The calculatioris an expression much like above, this time it is important that y
notice the use of parenthesis to modify the order in which values are calculate
expression. Normally £will work out expressions in the way you would expect,
all multiplication and division will be done first, followed by addition and
subtraction. In the above expression | wanted to do some parts first, so | did w
would do in mathematics, | put brackets around the parts to be done first.

Note that | use a factor 8£25 to allow for the fact that the customer wants the length
of wood in feet. There are arouB®5 feet in a meter, so | multiply the result in
meters by this factor.

The+ and* characters in the expression are catlpdratorsin that they cause an
opemtion to take place. The other items in the expression are cpigdnds These
are what the operators work on.

glassArea = 2 * ( width * height ) ;

This line repeats the calculation for the area of the glass. Note that the area is given in
square meterso no conversion is required. I've put one multiplication in brackets to
allow me to indicate that | am working out two times the area (i.e. for two panes of
glass). There is no need to do this particularly, but I think it makes it slightly clearer.

Console.WriteLine

This is a call of a method, just like tReadLine method, except that this one takes
what it is given and then prints it out on the console.

(

This is the start of thparameterdor this method call. We have seen these used in the
calls of Parse and also R

"The length of the wood is "

This is astring literal. It is a string of text which is literally just in the program. The
string of text is enclosed in dble quote characters to tell the compiler that this is part
of a value in the program, not instructions to the compiler itself.

+

Plus is an adtlon operator. We have seen it applied to add two integers together.
However, the plus here means sthing completely differerft In this case it means
"add two strings together.

2 Another TV show reference
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You will have to get used to the ideaamintextin your programs. We have seen this
with namespaces. Here it is with operators. The C# system uses the cbatext o
operation to decide what to do. In the case of the previous +, between two double
precision floating point numbers it means "do a sum". Here it has a string on the left
hand side. This means that it is going to perform string concatenation rather than
mathematical addition.

woodLength

This is another example of context at work. Previously we havewsedLength as

a numeric representation of a value, in this program the length of the wood required.
However, in the context it is being used at the moment (added to the end of a string) it
cannot work like that.

The C# compiler must therefore ask theodLength dat item to convert itself into a
string so it can be used correctly in this position. Fortunately it can do this, and so the
program worksas you would expect

It is very important that you understand precisely what is going on here. Consider:
Console.WriteLine ( 2 0 +3.0 )

This would perform a numeric calculation@2- 3.0) and produce a double precision
floating point value. This result value would then be asked to provide a string version
of itself to be printedgiving the output:

5

But the line of code:
Console.WriteLine ("2 0"+3 .0 )

Would regard the + as concatenating two strings. It would ask the value 3 to convert
itself into a string (sounds strangidut this is what happens. It would then produce the
output:

2.03

The string "2.0 has the text ofhe value 3.0 added on the end. This difference in
behavior is all because of the context of the operatiorigaing performed.

You can think of all of the variables in our program being taggedméttadatathere

is that word againwhich the compiler uses to decide what to do with them. The
variableheightString is tagged with information that says "this is a string, use a
plus with this and you concatenate". The variatb®dLength is tagged with

metadata which says "this is a @eiprecision floating point value, use a plus with this
and you perform arithmetic".

+ " feet"

Another concatenation here. We are adding the word feet on the end. Whenever | prin
a value out hlwaysput the units on the end. This makes it much easiensare that
the value makes sense.

)

The bracket marks the end of the parameter being constructed Yriteeine

method call. When the method is called the program first assembles a completed strir
out of all the components, adding (or concatenatimgm to produce a single result. It
thenpasses the resulting string value into the method which will print it out on the
console.

C# Programming © Rob Miles 2008 30



A First C# Program The Program Example

The semicolon marks the end of this statement.

}

Now for some really important stuff. The program is essentially complée have

added all the behaviours that we need. However, the compiler still needs to be told the
we have reached the end of the program. This first close brace marks the end of the
block of code which is the body of the Main method. A block of codésstath af

and ends with &. When the compiler sees this it says to itself "that is the end of the
Main method".

}

The second closing brace has an equally important job to the first. It marks the end of
the classGlazerCalc . In C# everything existisiside a class. A class is a container

for a whole bunch of things, including methods. If we want to (and we will do this later)
we may put a number of methods into a class. For now however, we only want the one
method in the class. And so we use the se@bosing brace to mark the end of the

class itself.

Pr ogr a mbPoet Riogram layout is very important

You may have noticed the rather attractive layout that | have used when | wrote the program.

Items inside braces are indented so that it is very clear where they belong. | do not do this because
| find such listings artistically pleasing. | do it because otherwise | am just about unable to read

the program and make sense of what it does.

Justlikelfindithardtoreadeng  lishwithouttheproperspacing | find it hard to read a program if it has
not been laid out correctly.

Punctuation

That marks the end of our program. One of the things that you will have noticed is that
there is an awful lot of punctuation there. This is vital and must be supplied exactly

as Gt wants it, otherwise you will get what is called a compilation error. This simply
indicates that the compiler is too stupid to make sense of what you have given it!

You will quickly get used to hunting for and spotting compilation errors, one of the
things you will find is that the compiler does not always detect the error where it takes
place, consider the effect of missing out a "(" charattewever, mte that jus

because the compiler reckons your program is OK is no guarantee of it doing what yot
want!

Another thing to remember is that the layout of the program does not bother the
compiler, the following is just as valid

using System; class GlazerCalc{ static void Main(){ double width, height,
woodLength, glassArea; string  widthString, heightString;widthString =
Console.ReadLine();width = double .Parse(widthString);heightString =
Console.ReadLine();height = double .Parse(heightString); woodLength = 2 * (width
+ height ) * 3.25 ;glassArea = 2 * ( width * height ) ; Console.WriteLine (
"The length of the wood is " + woodLength + " feet" ) ;Console.WriteLine(

"The area of the class is " + glassArea + " square metres" ) ;} }

- although if anyone writes a program whisHaid out this way they will get a smart
rap on the knuckles from me!
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Variables and Data

The grammar of programs is something you will pick up as we look at more and more
of them....

Manipulating Data

In this section we are gajrto take a look at how we can write programs that
manipulate data, how values can be stored, retrieved and generally fiddled with. This
provides us with the ability to perform the data processing part of programs.

Variables and Data

In the glazing program above we decided to hold the width and the height of the
windows that we are working on in variables that we describddw#sle . Before we
can go much further in our programming career we need to consider just what this
means, and kat other types of data we can store in programs that we write.

Programs operate on dafaprogramming language must give you a way of storing the
data you are processing, otherwise it is useless. What the data actually means is
something that you as programmer de¢ibe the above digression on data).

A variable is a named location where you can storaethingYou can think of it as a
box of a particular size with a name painted on the ox. chose the name to reflect
whatis going to be stored there (we used sensible namesdikdLength in the
above program). You also need to chooseytheof the variablgparticular size and
shape of boxjrom the range of storage types which C# provides. The type of the
variable is pet of themetadataabout that variable.

Programs also contaliteral values A literal value is just a value in your program
which you use for some purpose. For each type of variable the C# language has a way
in which literal value®f that type are expressed.

Types of Variables

When you are writing a
specification you should
worry about the precision to
which values are to be held.
Too much accuracy may slow
the nachine down too little
may result in the wrong
values being used.

Storing Numbers

When considering numeric valugeere are twdindsof data:

1 Nice chunky individual values, for example the number of sheep in a
field, teeth on a cog, apples in a basKétese are referred to amegers

1 Nasty real world type things, for example the current temperature, the
length of a piece of string, the speed of a These are referred to as
reals

In the first case we can hold the value exactly; you always have an exact number of
these items, they anetegral

In the second case we can never hold what we are looking at exactly. Even if»
measure a piece of string to 100 decimal places it is still not going to givesyou
exact length you could always get the value more accurately. TheseakeA
computer is digital, i.e. it operates entirely on patterns of bits which can be reg
as numbers. Because we know that it works in terms of ons and offs it has pro
holding real values. To handle real values the computer actually stores them t
limited accuracy, which we hope is adequate (and usually is).
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Note that we can go one

further negative than positive.

This is because the numbers
are stored using "2's
complement” nation

Types of Variables

This means that when we want to store something we have to tell the computer whethe
it is an integer or a redlVe also need to consider the range of possible values that we
need to hold so that we can choose the appropriate type to store the data.

You tell G# abouta variable you want to creay declaring it. Theleclaration also
identifies the type of the thing we want to store. Think of this#sr€ating a box o
a particular size, specifically designed to hold items of the given Typebox is
tagged with somenetadatathere is that word again) so that #ystem knows what
can be put into it and how that box can be used.

Storing integer values

Integers are the easiest type of value for the computer to store. Each value will map
onto a particular pattern of bits. The only issue is one of range. The bigger the value tt
larger the number of bits that you need to represent it.

C# provides aariety of integer types, dependimg the range of values you would like
to store:

shyte 8 bits -128t0 127

byte 8 hits 0to 255

short 16 bits -32768to 32767

ushort 16 bits 010 65535

int 32 hits -21474836480 2147483647
uint 32 bits 0to 4294967295
long 64 bits -9223372036854775808 9223372036854775807

ulong 64 bits 0to 18446744073709551615

char 16 bits 010 65535

The standard integer typi@t , can hold frighteningly large numbers in C#, in th
range-2,147,483,648 to 2,147,483,68%ou want to hold even larger integers th,
this (although I've no idea why you'd want this) there is a \emngjion.

An example of aint variable would be something which kept track of the num
of sheep in a field:

int  numberOfSheep;

This creates a variable with could keep track of over two thousand million sheep! It
also lets a program manipulate "negatheep” which is probably not meaningful

(unless you run a sheep bank of course and let people owe you them). Remember tha
the language itself is unaware of any such considerations. If you want to make sure ths
we never have more than 1,000 sheep anduh@er of sheep never goes negative you
must add this behaviour yourself.

Pr ogr a mioet Gheck your own maths

Something else which you should bear in mind is that a program will not always detect when you
exceed the range of a variable. If | put the value 255 into a variable of type byte this is OK,

because 255 is the biggest possible value of the type can hold . However, if | add one to the value in
this variable the system may not detect th is as an error. In fact this  may cause the value to "wrap
round" to 0. Which could cause my program big problems.
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integer literal values

An integer literal is expressed as a sequence of digits with no decimal point:
23

This is theintegervalue 231 could use it in my program as follows:

numberOfSheep =23;
If I am using one of théshortel types the literal valuesiregarded by the compiler as
being of that type:

shyte tinyVal =127;
In this statement the 127 is regarded askaite literal, not an intger. This means
that if | do something stupid:

shyte tinyVal =128;

(the maximum value that an sbyte can hold is 127) the compiler will detect that | have
made a mistake and the program will not compile.

Storing real values

"Real"is a generic term for numbers which are not integers. They have a decimal poin
and a fractional part. Depending on the value the decimal point floats around in the
number, hence the name. C#

C# provides dype of box which can hold a reaimber A standardloat value has
a range ofl.5E45 to 3.4E48nith a precision of only digits(i.e. not as god as most
pocket calculators).

If you want more precision (although of course your programs will be usetgp
computer memory and run more slowly) you can udeuble box insteaddouble is
an abbreviation for double precisioffhisis takes up more computer memory but it
has a range &.0E324 to 1.7E30&nd a precision df5 digits

An example of a floatariable could be something which held the average price of ice
cream:

float  averagelceCreamPrice InPence ;
An example of a double variable could be something which held the width of the
universe in inches:

double univWidthinMeters ;
Finally, if you want the ultimate in precision but require a slightly smaller range you

can use thelecimal type. This uses twice the storage space of a double and holds
values to a precision of 2B digits. It s used in financial interest calculations.

decimal robsOverdraft;

real literal values

There are two ways in which you can store floating point numbers; as float or as
double. When it comes to putting literal values into the program itself the compiler
likes to know if you are writing a floating pdivalue (smaller sized box) or double
precision (larger sized box).

A float literal can beexpressed as a real number with an f after it:
2.5f

A double literal is expressed as a real number without the f:
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3.5

You can also use exponents to express daadefloat values:
9.4605284E15

This is a double precision literal value which is actually the number of meters in a light
year. If you put an f on the end it becomédbating point literal value.

Unlike the way that integers work, with real numbers thailer is quite fussy about
how they can and can't be combined. This is because when you move a value from a
double precision variable into an ordinary floating point one sofitige precision is

lost. This means that you have to take special steps te suak that you as

programmer make clear that you want this to happen and that you can live with the
consequences. This process is knowoaasingand we will consider it in detail a bit

later in these notes.

Pr o gr a mioat Singple variables are probab |y best

You will find that I, and most programmers, tend to use just integers and floating point variable
types. This may seem wasteful (it is most unlikely I'll ever need to keep track of two thousand
million sheep) but it makes the programs easier to understand.

Storing Text

Sometimes the information we want to store is text. This can be in the form of a single
character, at other times it will be a stri@# provides variables for looking after both
of these types of information:

char variables

A char istype ofvariablewhich can hold a single character. A character is what you get
when you press a key on a keyboardd@play a single, er, character on the screen.
Note that C# can use a character set called UNICODE which can handle over 65,000
different character designs including a wide range of foreign characters.

An example of a character variable could be somethirigh held the command key
that the user has just pressed:

char commandKey;

char literal values

You express a character by enclosing it in single quotes:
A

This means "the character A". It is what your program would get if you asked it to read
a characteoff the keyboard and the user held down shift and pressed A.

Character Escape Sequences

This leads to the question "How do we express the ' (single quote) character". This is
achieved by the use of ascape sequencehisis a segience of characters which

starts with a special escape character. Escape in this context means "escape from the
normal humdrum conventions of just meaning what you are and let's do something
special". The escape character is\tizackslash) characterofsible escape sequences
are:
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Character Escape Sequence name
\! Single quote
\" Double quote
\\ Backslash

\0 Null

\a Alert

\b Backspace

\ f Form feed

\n New line

\r Carriage return
\t Horizontal tab
\v Vertical quote

The effect of these escape sequemisggends on the device you send them to. Some
systems will make a beep when you send the Alert character to them. Some clear the
screen when you send the Form feed character.

You canuse them as follows:
char beep ='\a';

Note that thea must be in lower case.

Character code values

We have already established that the computer actually manipulates numbers rather
than actual letters. C# uses the Unicode standard to map characters onto numbers the
represent them. If you wish, you can express a character literal as a value from the
Unicode character set. The good news is that this gives you access to a huge range o
characters (as long as you know the codes for them). The bad news is that you must
express this value imexadecimawhich is a little bit harder to use than decimal. The
best news of all is that you probably don't need to do this kind of thing very often, if at
all.

As an example however, | happen to know that the Unicode value for eapitpls
65. This is represented in hexadecimal (base 16) as four sixteens and a single one (i.€
41). | can therefore put this in my program as:

char capitalA ="' \x0041';

Note that | had to put leading zeroes in front of the two hex digits.

string variables

A type of box which can hold string of text. In C# a string can be very short, for
example "Rob", or it can be very long, for example "War and Peace" (that is the book
not the three words). A string variable can hold a lintexf. However, because there

are special characters which mean "take a new (8 abovei} is perfectly possible

for a single string to hold a large number of lines of text.

An example of a string variable could be something which holds the linthéhaser
has just typed in:
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string commandLine;

string literal values

A string literal value is expressed enclosed in double quotes:
"this is a string

The string can coatn the escape sequences above:
"\ x0041BCDE\ a"

If we print this string it woulgrint out:
ABCDE

- and try to ring the bell.

If I am just expressing text with no escape characters or anything strange | can tell the
compiler that this is &erbatimstring. | do this by putting an @ in front of the literal:

@"\ x0041BCDE\ a"

If | print this string | get:
\ X0041BCDE\ a

This can be useful when you are expressing things like file paths. The verbatim
character has another trick, which iattyou can use it to get strifiterals to extend
over several lines:

@"The quick
brown fox
jumps over the lazy dog"

This expresses a string which extends over three linedinehiereaks in the string are
preserved when it is stored.

bool variables

A bool (short for boolean) variable igype of box whickcan holdwhether or not
something is true. Sometimes that is all you want. If you are storing whether or not a
subscription has been paid or not there is no need to waste space bytysegtach

can hold a large number of possible values. Insteagugbmeed to hold the stateue

or false. These are the only two values which the bool type allows.

An example of a bool variable could be one which holds the state of a network
connection:

bool networkOK;

bool literal values

These are easily expressededther true or false:

networkOK = true ;

Pr o gr a mioet Thisk about the type of your variables

Choosing the right type for a variable is something of a skill. | tend to use floating point storage
only as a last resort. They introduce a lack of precision that | am not too keen on. | find that with a
little bit of ingenuity | can work in integers quite comfortably. For example, rather than store the

price of an item as 1.5 pound s (needing the use of float) | will store the price as 150 pence.
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Also when considering how to store data it is important to remember where it comes from. In the
example above I've used the double type to hold the width and height of a window. This is really
stupid. It does not take into account the precision required or indeed how accurately the window
can be measured. | would suspect that my glazing salesman will not be able to measure to an
accuracy greater than 1 mm and so it would make sense to only store the data  to that precision.

This illustrates another metadata consideration, when you are given the prospect of storing floating
point information; find out how it is being produced before you decide how it will be stored. As an
example, you might think that being  asked to work with the speed of a car you would have to store a
floating point value. However, when you find out that the speed sensor only gives answers to an
accuracy of 1 mile per hour, this makes the job much simpler.

Identifiers

In C# anidentifieris a name that the programmer chooses for something in the
program. The name of a variable is more properly called an identifier. We will see
other places where we create identifiers. C# has some rules about what constitutes a
valid identfier:

1 All identifiersnames must start with a letter.
9 After the letter you can have either letters or numbers or the underscore
" " character.

Upper and lower case letters are different,Fred andfred are differenidentifiers
Here are a few example declarations, one of which are not valid (see if you can guess
which one and why) :

int fred;
float  jim;
char 29yesitsme ;

One of the golden rules of programming, along Watlivays use the keyboard with the
keys uppermosts:

Always give your variables meaningful names.

According to the Mills and Boon romances that | have read, the best relationships are
meaningful ones.

The convention in C# for the kind of variables that we are creating at the moment is to
mix upper and lower case letters so that each word in the identifier starts with a capita

float  averagelceCreamPricelnPence ;

This is sometimes callezhmel casepresumably because of the "humps" in the
identifier which are caused by the capitals.

Pr o g r a mioet Thisk about the names of your variables

Choosing variable names is another skill you should work at. They should be long enough to be
expressive but not so long that your program lines get too complicated. Perhaps the name
averagelceCreamPricelnPence is a bit over the top in this respect. But | could live with it.

Remember that you can always do sensible things with your layout to make the program look OK:
averagelceCreamPricelnPence =
computedTotalPricelnPence / numberOflceCreams;
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Giving Values to Variables

Once ve have got ourselves a variable we now need to know how to put something int
it, and get the value out#CGloes this by means of an assignnstatementThere are

two parts to an assignment, the thing you want to assign and the place you want to put
it, for example consider the following:

class Assignment {

static void Main ()

{
int first, second, third ;
first=1;
second =2 ;

second = second + first ;

}

The first part of the program should be pretty familiar by now. Withiriviiie
function we have declared three variabfestf , second andthird . These are
each of integer type.

The last three statements are the ones which actually do the work. These are assignm
statements. An assignment gives a value to a specified varialidd, whst be of a

sensible type (note that you must be sensible about this because the compiler, as we
already know, does not know or care what you are doing). The value which is assignec
is an expression. The equals in the middle is there mainly do cardfugeloes not

mean equals in the numesense] like to think of it as a gozzinta (see above).

Gozzintas take the result on the right hand side of the assignment and drop it into the
box on the left, which means that:

2=second +1 ;

- is a piece of ppgramming naughtiness which would cause all manner of nasty errors
to appear.

Expressions

An expression is something whichn be evaluated to produgeesult. We can then
use the result as we like in our program. Expressions candiaple as a single value
and as complex as a large calculation. They are made up of two thpegatorsand
operands

Operands

Operandsre things the operators work drhey are usualliiteral values or the
identifiers of variables. In the program abofiest , second , third are identifiers
and?2 is a literal valueA literal value is something which is literally there in the code.
A literal value has a type associated with it by the compiler.

Operators

Operatorsare the things which do the workhey specify the operation to be performed
on the operands. Most operators work on two operands, one each side. In the progran
above+ is the only operator.

Here are a fewexample expressions:
2+3*%4
-1+3
2+3)*4

These expressions are worked out (evaluated)yty@ving from left to right, just as
you would yourself. Again, just as in traditional maths all the multiplication and
division is performed first in an gxession, followed by the addition and subtraction.
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C# does this by giving each operator a priority. Wheéha@rks out an expression it

looks along it for all the operators with the highest priority and does thsimifithen

looks for the next ones down and so on until the final result is obtained. Note that this
means that the first expression above will therefore rdtdirand not20.

If you want to force the order in which things are worked out you cabrpakets

around the things you want done first, as in the final example. You can put brackets
inside brackets if you want, provided you make sure that you have as many open ones
as close ones. Being a simple soul | tend to make things very clear by praithgts
around everything.

It is probably not worth getting too worked up about this expressialua@ion as posh
people call itgenerally speaking things tend to be worked out how you would expect
them.

For completeness here is a list of all operatatsat they do and their precedence
(priority). | am listing the operators with the highest priority first.

op. |[Use

- unary minus, the minus tha#@inds in negative numbers, e-g.
Unary means applying to only one item.

* multiplication, note theise of the * rather than the more
mathematically correct but confusing x.

/ division, because of the difficulty of drawing one number above
another on a screen we use this character instead

+ Addition.

- subtraction. Note that we use exactly the sah@agacter as for unary
minus.

This is not a complete list of all the operators available, but it will do for now. Because
these operators work on numbers they are often called the numeric op&uatafs.

course you should remember that some of themeftamplet) can be used between
other types of data as welll.is also possible to use operators in a way which causes
values to be moved from one type to anotfiéis can cause problesras we shall see

now:

Changing the Type of Data

Whenever | move walue from one type to another the C# compiler gets very interested
in what | am doing. It worries about whether or not the operation I'm about to perform
will cause data to be lost from the program. It considers every operation in terms of
"widening and arrowing" values.

Widening and Narrowing

The generaprinciple which C# uses is that if you are "narrowing" a value it will always
ask you to explicitly tell it that this is what you want to do. If you are widening there is
no problem.

To understand what we mean by these terms we could consider suitcases. If | am
packing for a trip | will take a case. If | decide to switch to a smaller case | will have to
take everything out of the large cas®l put it into the smaller onBut it might not

have room, so | have to leave behind one ofhigts. This is "narrowing".

However, if | change to a bigger case there is no problem. The bigger case will take
everything that was in the smaller case, hade room for more.
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I do not think of this as a
failing in C#. It gives you
great flexibility, at the cost of
assuming you know what you
are doing....

Changing the Type of Data

In C# terms tk "size" of a type is the range of values (the biggest and smallest) and the
precision (the number of decimal places). This means that if | write:

int i=1;

float x=1i;

This works fine because the floating point type can hold all the values suppotted by
integer type. However:

float x=1;
int i=x;

- would cause the compiler to complain (even though at the moment the variable x onl
holds an integer value). The compiler is concerned that you may be discarding
information by such an assignment arehts it as an error.

Note that this applies withinfioating point valuesis well, for example:

double d=15;
float f=d;

- would cause an error as well, since the compiler knows that a double is wider than a
float.

Casting

We can forceC# to regard a value as being of a certain type by the usastihg A

cast takes the form of an additional instruction to the compiler to forcedgard a

value in a particular way. You cast a value by putting the type you want to see there in
bracketsefore it. For example

double d=1.5;
float f=( float )d;

In the above code the message to the compiler is "l don't care that this assignident col
cause the loss of information. I, as the writer of the program, will take the responsibility
of making sure that the program works corse’ctYou can regard casting as the
compiler's way of washing its hands of the problem. If a program fails becatasis d

lost it is not because the compiler did something silly.

As we saw above, each type of variable has a particular range of possible values, and
the range of floating point values is much greater than that for integers. This means th:
if you do things like this:

int i;

i=( int )12345678 1234567890 .999;
- the cast is doomed to fail. The value whichsgaticed i will be invalid.
Nowhere in & does the language check for mistakes like this. It is up to you wl

you write your program to make sure that you never exceed the range of the d
types you are usingthe program will not notice but the usmartainly will!

A cast can also lose information in other ways:
int i;
i=( int) 1.999;
The code above takes 1.999 (which would be compiled as a value ofolypke )
and casts it tint . This process discards the fractional part, which means that the
variable | will end up with the value 1 in it, even though the original numveemrmuch

closer to2. You should remember that this truncation takes place whenever you cast
from a value with a fractional part (float, double, decimal) orie without.
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Types of Data in Expressions

Casting and Literal Values

We have seen that you can put "literal" values into your program. These are just value
you want to use in your calculations. For example, in our double glazing program we
had to multiply the wood length in metdrg 3.25 to convert the length value from

meters to feet (there are about 3.25 feet in a meter).

C# keeps careful track of the things that it is combinamgl this includes how it allows
literal values to be usedhis is so that statements like:

int i;

i= 3.4 [/"stupid" ;
- will be treated with the contempt they richly deserve. The C# compiler knows that it is
daft to divide the valu8.0 by the strind'stupid” . However, consider this:

float x;

X = 34 ;

This code looks perfectly legal. However, it is not. This is because the Vitduai3.4
is a double precision valwghen expressed as a literahd the variablg has been
declared as a floating poinf.l want to put a floating point literal valuetma floating
point variable | can use casting:

float x;
x = (float )34 ;

This casts the double precision literal into a floating point value, so that the assignmen
works.

To make life easier the creators of C# have added a different way we can axpress
floating point literal value in a program. If you putfamfter the value this is regarded
as a floating point value. This means that:

float x ;
X = 3.4f ;

- would compile correctly.

Expressions

When Gt uses an operator, it makesdecisionas to the type of the result that is to be
produced. Essentially, if the two operands are integer, it says that the result should be
integer, if the two are floating point, it says that the result should be floating point. This
can lead to pblems, consler the following

1/2
1/2.0

You might think that these would give the same result. Not so. The compiler thinks tha
the first expression, which involves only integers, should give an integer result. It
therefore would calculate this to be the integer @8l{the fractional part is always
truncated). The second expression, because it involves a floating point value would
however be evaluated to givalauble precision floatingoint result, thenore accurate
answer 00.5 .

The way that an operator behadepends on the context of its use. Later on we will
see that the + operator, which normally performs a numeric calculation, can be used
between strings to concatenate them together, i.e. "Rob " + "Miles" would give the
result "Rob Miles".

If you want compete control over the particular kind of operator the compiler will
generate for you the program must contain explicit casts to set the correct context for
the operator.
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using System;
class CastDemo {
static void Main ()
{
int i=3,j=2;
float  fraction;
fraction = ( float )i/ ( float )j;
Console.WriteLine ( "fraction : "+ fraction) ;

}

The (float) castin the above tells the compiler to regard the values in the integer
variables as floating point ones, so that welg®gt printed out rather thah.

Pr ogr a mioet @Gasts can add clarity

| tend to put the casts in even if they are not needed, this can make the program clearer. It may
not affect the result of the calculation but it will inform the reader of what | am trying to do.

Programs and Patterns

At this point we can revisit our double glazing program and look at the way that it
works. The code that actually does the work boils down to just a few lines which read
in the datastore it in an appropriate type of location and then uses the stored values to
calculate theesult that the user requires:

string  widthString = Console.ReadLine();
double width =  double .Parse(widthString);

string  heightString = Console.ReadLine();
height = double .Parse(heightString);

woodLength = 2 * (width + height ) * 3.25 ;
glassArea = 2 * ( width * height ) ;

Console.WriteLine ( "The length of the wood is " +
woodLength + " feet" ) ;

Console.WriteLine("The area of the class is " +
glassArea + " square metres" ) ;

The interesting thing about this is that it ipaiternof behaviour which can be reused
time and time again.

As an example, consider another friend of yours, who runs a chemist shop. He wants «
program that will work out the total sbof tablets that he buys, and the number of
bottles that he needs. He enters the cost of the tablets and the number he wants. The
tablets aralways sold in bottles of 100.

You can very easily modify your programdo this job, the only hard part is figng

out how many bottles that are needed for a particular number of tablets. If you just
divide the number of tablets by 100 an integer division will give you the wrong answer
(for any number of tablets less than 100 your program will tell you thattiedate
needed).One way to solve this is to add 99 to the number of tablets before you
perform the division, forcing the number of bottles required to "round up" any number
of tablets greater than 0. This makes the active part of the program as follows:

int  bottleCount = ((tabletCount + 99) / 100) ;
int salePrice = bottleCount * pricePerBottle ;

We can then put the rest of the code around this to make a finished solution:
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string price PerBottle String = Console.ReadLine();
int price PerBottle = int .Parse( pricePerBottleString );

string  tabletCount String = Console.ReadLine();
int tablet Count = int .Parse( tabletCountString );

int  bottleCount (( tabletCount + 99) / 100) ;

int salePrice = bottleCount * pricePerBottle ;

Console.WriteLine ( "The number of  bottles is"+
bottleCount );

Console.WriteLine("The total price is"+

salePrice );

[Remember that if you divide two integers the result is always rounded down and the
fractional part discarded.

The interesting thing here is that the programfierchemist is actually just a variation
on the program for the double glazing salesrBarth conform to a pattern of
behaviour(read data in, process it, print it out) which is common to many applications.
Any time that you are asked to write a progrant tkads in some data, works out some
answers and then prints out the result you can make use of this pattern.

Part of the skill of a programmer is identifying the nature of a problem in terms of the
best pattern to be used to solve it.

Writing a Program

The programs that we have created up until now have been very simple. They just rea
data in, do something with it and then print out the result. However, we will need to
create programs which do things which ar@re complex that this. They may have to
make a decision based on the data which they are given. They may need to repeat thi
until something is true. They may need to read in a large amount of data and then
process that in a number of different ways.

In this section we are going to consider how we can give our programs that extra level
of complexity, and look at the general business of writing programs.

Software as a story

Some people say that writing a program is a bit like writistpay. I'm not completely
convinced that this is true. | have found that some computer manuals are works of
fiction, but programs are something elsthink that while it is not a story as such, a
good program text does have some of the characteritigsod literature:

1 It should be easy to read. At no point should the hapless reader be forced to
backtrack or brush up on knowledge that the watsumes is there. All the
names in the text shouithpartmeaning and be distinct from each other.

1 It shouldhave good punctuation and grammar. The various components
should be organised in a clear and consistent way.

1 It should look good on the page. A good program is well laid out. The
different blocks should be indented and the statements spread over tlie page
a well formed manner.

9 It should be clear who wrote it, and when it was last changed. If you write
something good you should put your name on it. If you change what you wrote
you should add information about the changes that you made and why.
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Comments

A big part of a well written program is the comments that the programmer puts there. £
program without comments is a bit like aeroplane which has an autopilot but no
windows. There is a chance that it might take you to the right place, but it will be very
hard to tell where it is going from the inside.

Block Comments

When the & compiler sees thg*' " sequence which means the start of a comment it
says:

Aha! Here is a piece of information for greater minds than mine to ponder. | will
ignore everything following until | see*awhich closes the comment.

As an example:

[* This program works out glass and wood required for
a double glazing salesman. */

Be generous with your comments. They help to make your program much easier to
understand. You will be very surprised to find that you quickly forget how you got your
program to work. You can also use comments to keep people informed of the particulg
verdon of the program, when it was last modified and why, and the name of the
programmer who wrote itif you dare!

Line Comments

Another form of comment makes use of the // sequence. This marks the start of a
comment which extends to the end of that paldicline of code. It is useful for putting
a quick note on the end of a statement:

position = position + 1 ; /I move on to the next customer

I've annotated the statement to give the reader extra information about what it actually
does.

Pr ogr a mbPoet @ost add too much detalil

Writing comments is a very sensible thing to do. But don't go mad. Remember that the person who is
reading your program can be expected to know the C# language and doesn't need things explained
to them in too much detail:

goatCount = goatCount + 1 ; // add one to goatCount

This is plain insulting to the reader | reckon. If you chose sensible identifiers you should find that
your program will express most of what it does directly from the code itself.

Program Flow

Our first double glazingrogram is very simple, it runs straight through from the first
statement to the last, and then stops. Often you will come across situations where youl
program must change what &k according to the data which is given to it. Basically
thereare three types of program flow

1. straight line
2. chosen depending on a given condition
3. repeated according to a given condition
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Every program ever written is composed of the three elevabove, and very little

else! You can use this to good effect when designing an overall view of how your
program is going to work. At the moment we have only considered programs which rur
in a straight line and then stop. The path which a program feli®aometimes called

its "thread of execution". When you call a function the thread of execution is
transferred into the function until it is complete.

Conditional Execution - if

The program abovi® work out the wood and glass for our glazingis nice, in fact
our customer will probably be quite pleased with it. However, it is not perfect. The
problem is not with the program, but with the user.

If you give the program a window width ofl it goes ahead and works out a stupid
result. Our progam does not have any checking for invalid widths and heights. The
user might have grounds for complaint if the program fails to recognise that he has
given a stupid value, in fact a number of cases are currently being fought in the United
States courts wine a program has failed to recognise invalid data, produced garbage
and caused a lot of damage.

What we want to do is notice the really stupid replies and tell the user that he has done
something dubious. In our program specification, which we give ttieroas, we have
said something likéhis is our metadata)

The program will reject window dimensions outside the following ranges:

width less than 0.5 metres
width greater than 5.0 metres
height less than 0.75 metres
height greater than 3.0 metres

This meas that we have done all we can; If the program Qesher tharllO for the
width then that is the users' problem, the important thing from our point of view is that
the above specification stops us from being sued!

In order to allow us to do this thprogram must notice naughty values and reject them.
To do this we can use the construction:
if  (condition)
statement or block we do if the condition is true

else
statement or block we do if the condition is false

The condition determines what happenthm program. So what do we mean by a
condition? @ has a way in which true and false can be explicitly stated in a program.
We have already seen that the bool type is used to stotegiual state.

We can create conditions which retartogical result. These are called "logical
conditions". Which is logical. The simplest condition is simply the value true or false,
for example:

if (true )

{

}

Thisis valid, although rather useless as the conditiahways true, soHello mum
is always printed (note that we left the else portion dffs is OK because it is
optional).

Console.WriteLine ("hello mum™) ;

Conditions and Relational Operators

To make conditions work for us we need a set of additional relatiqesators which
we can use t logical expressiondkelational operators work on operands, just like
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If you want to compare
floating point values subtract
them and see if the difference
is very small.

Program Flow

numeric ones. However any expression involving them can only prasheceftwo
values,true orfalse . Relational operators available are as follows:

equals. If the left hand side and the right hand side are equal the expression has the
valuetrue . If they are not equal the valuefédse

4==5
- would evaluate tdalse . Note that it is noparticularlymeaningful to compare
floating point valuesri this way. Because of the fact that they are held to limited

precision you might find that conditions fail when they shouldfoioéxample the
following equation:

x=30*( 1.0/3.0);

- may well result in x containing.99999999 , which would mean tha
x==1.0

- would befalse - even though mathematically the test should retiure .

not equal. The reverse of egaidf the opeandsare not equal the expression has the
valuetrue , if they are equal it has the valisdse . Again, this test is nadvisable
for use with floating point numbers.

<

less than. If theperandon the left is less than the one on the right the value of the
expression isrue . If the left hancdbperands larger than or equal to the right hand
one the expression givédse . It is quite valid to compare floating point numbers in
this way.

>

greate than. If theoperandon the left is greater than the one on the right the result is
true . If theoperandon the left is less than or equal to the one on the right the result is
false

<=

less than or equal to. If tleperandon the left is less than ogeal b the one on the
right you getrue , otherwise you gdtlse

>=
greater than or equal to. If tperandon the left is greater than or equal to the one on
the right you getrue , otherwise it ifalse

not. This can be used to invert a particsalue or expression, for example you can say
I true , which isfalse , or you could say:!(x= =y) -which means the same as
(xI=y).  You use not when you want to invert the sense of an expression.
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De Morgans theorem is the
basis of thé.

Program Flow

Combining Logical Operators

Sometimes we want to combine logical expressions, to make more complicated choice
for example to test for a window width being valid we have to test that it is greater than
the minimum and less than the maximur#.pCovides additional operators to comdin
logical values:

&&
and. If the operand®ach side of th&&are true the result of th&&is true. If one of
them is false the result is false, for example

(width > 0.5) && (width < 5.0)

- this would be true if the width wamlid according to our abov@escription.

or. If either of theoperand®ach side of thd| are true the result of the expression is
true. The expression is only false if bajperandsre false, for example

(width <= 0.5) | | (width >=5.0)

- this would be true if the width wasvalid. We are saying that the width is invali
it is less than the minium or larger than the maximum. Note that to reverse the
of the condition (i.e. true when the value is invalid) we not only have to change
into <= in each expression, but alskange th&&into an|| .

Using these operators in conjunction with thestatement we can make decisions and
change what our program will do in response to the data we get.

Pr ogr a mioet Bvemk down your conditions

If you find that you are making huge and complicated conditions to get a statement obeyed you

might find that you can make things clearer by using more than one if statement, and indenting the
code in an appropri ate way. This will make th e code easier to debug as well, because you can watch
the program step through your conditions one at a time, instead of going off in a particular

direction based on a huge condition you will then have to unpick.

Lumping Code Together

We have decided th#tthe user gives a value outside our allowed range an error is
generated and the value is then set to the appropriate maximum or minimum. To do th
we have to do two statements which are selected on a particular condition, one to prin
out the message dithe other to perform an assignment. You can do this by usidg the
and} characters. A number of statements lumped together befwaied} characters

is regarded as a single statement, so we do the following:

if (width>5.0) {
Console.WriteLine ( "Width too big, using maximum \n");
width =5.0;

}

The two statements are now a block, which is performed only if width is greater than
5.0 . You can lump many hundreds of statements together in this way, the compiler
does not mind. You can alpait such blocks of code inside other blocks, this is called
nesting.

The number of and} characters must agree in your program, otherwise you will get
strange and incomprehensible errors when the compiler hits the end of the file in the
middle of a blok or reaches the end of your program half way down your file!
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I make things much easier to understand by indenting a particular block by a number c
spaces, i.e. each time | open a block with{tleharacter | move my left margin in a
little way. | can tha see at a glance whereabouts | am in the levels at any time.

Metadata, Magic Numbers and const

A magic number is a value with a special meaning. It will nbeechanged within the
programiit is instead a constant which is used withifhen | write my glazing
program | will include some magic numbers which give the maximum and minimum
values for heights and widthBhese come from thmetadata was so careful to gather
when | wrote the specification for the program.

Now | could just us the value®.5 ,5.0 ,0.75 and3.0 - but these are not packed

with meaning and make the program hard to change. If, for some reason, my maximun
glass size becomds5 metres | have to look all through the program and change only
the appropriate valuesdb not like the idea of "magic numbers" in programs, what |
would like to do is replace each number with something a bit more meaningful.

We can do this bynaking a variable which is constant, i.e. it is never changed.
const double Pl=3.141592654 ;

This means that you can do things like:
circ=rad*2*PIl;
This both more meaningful (we are using Pl not some anonymous value) and makes tt

program quicker to writéAnywhere you use a magic number you should usenatant
of this form, for example:

const double MAX _WIDTH5.0 ;
This makes your programs much easier to read, and also much easier to change.

There is aonvention that you always giw®nstant variables names which are
expressedh CAPITAL LETTERS. This is so that when you read your program yo
can tell which things have been defined.

We can therefore modify our double glazing program as follows:

using

class

System;
GlazerCalc
static void
{

double width, height, woodLength, glassArea;

const
const
const
const

string

Console.Write ( "Give the width of the window : ");
widthString = Console.ReadLine();
width = double.Parse(widthStrin Q);

if  (width < MIN_WIDTH) {

Console.WriteLine ( "Width is too small") ;
Console.WriteLine ( "Using minimum" ) ;
width =

}

if  (width > MAX_WIDTH) {
Console.WriteLine ( "Width is too large. \n\n");

Main()

double
double
double
double

widthString, heightString;

MAX_WIDTH =5.0;
MIN_WIDTH = 0.5;
MAX_HEIGHT =3.0;
MIN_HEIGHT =0.75;

MIN_WIDTH ;
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Console.WriteLine ( "Using maximum™ ) ;
width = MAX_WIDTH ;
}

Console.Write ( "Give the height of the window : " );
heightString = Console.ReadLine();
height = double.Parse(heightString);

if  (height < MIN_HEIGHT) {
Console.WriteLine( "Height is too small. \n\n");
Console.WriteLine ( "Using minimum" ) ;
height = MIN_HEIGHT ;

}

if  (height > MAX_HEIGHT) {
Console.WriteLine( "Height is too large. \n\n");
Console.WriteLine ( "Using maximum™ ) ;
height = MAX_HEIGHT ;

}

woodLength = 2 * (width + height ) * 3.25 ;

glassArea = 2 * ( width * height ) ;

Console.WriteLine ( "The length of the wood is " +
woodLength + " feet") ;

Console.WriteLine("The area of the class is " +
glassArea + " square metres" ) ;

This progranfulfils our requirements. It will not use values incompatible with our
specification. However | would still not call it perfect. If our salesman gives a bad
height the programimply limits the valueand reeds to be reun, with the height
having to be entered again.

What we would really like is a way that we can repeatedly fetch values for the width
and height until we get one which fitG# allows us to do this by providinigoping
constructions.

Loops

Conditional statements allow you to do something if a given condition is true. However
often you want to repeat something while a particular condition is true, or a given
number of times.

C# has three ways of doing this, depending on precisefit wbu are trying to do. Note
that we get three methods not because we need three but because they make life eas
when you write the program (a bit like an attachment to our chainsaw to allow it to
perform a particular task more easily). Most of thel sifiprogramming involves

picking the right tool or attachment to do the job in hand. (the rest is finding out why
the tool didn't do what you expected it to!).

In the case of our program we want to repeatedly get numbers in until while we are
getting duffones, i.e. giving a proper number should cause our loop to stop. This mear
that if we get the number correctly first time the loop will execute just once. You might
think that | have pulled a fast ohere;all | have done is change:

Get values until yo see one which is OK
into
Get values while they are not OK

Part of the art of programming is changing the way that you think about the problem to
suit the way that the programming language can be told to solve it.
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do -- while loop

In the case of our little &£program we use the dewhile construction which looks like
this:
do

statement or block
while  (condition) ;

This allows us to repeat a chunk of code until the condition at thbemuines false
Note that the test is perfoad after the statement or block, i.e. even if the test is bound
to fail the statement is performed once.

A condition in this context is exactly the same as the condition in an if statement,
raising the intriguing possibility of programs like:

using System;

class Forever {
public static void Main () {
do
Console.WriteLine ( "Hello mum") ;
while  ( true );

}

This is a perfectly legal #£program. How long it will run for is an interesting question,
the answer contains elements of human psychology, energy futures and cosmology, i.¢
it will run until:

1. You get bored with it.
2. Your electricity runs out.
3. The universe implodes.

This is a chainsaw situation, not a powerful chainsaw situation. Just as it is possible
with any old chainsaw to cut off your leg if you try really hard so it is possible to use
any programming language to write a program which will never stop. It reminds me of
my favourite shampoo instructions:

1. Wet Your Hair

2. Add Shampoo and Rub vigorously.
3. Rinse with warm water.

4. Repeat.

I wonder how many people there are out there stilving their hair at the moment?

while loop

Sometimes you wadro decide whether or not to repeat the loop before you perform it.
If you think about how the loop above works the test is done after the code to be
repeated has been performed once. For our program this is exactly what we want, we
need to ask for a vadubefore we can decide whether or not it is valid. In order to be as
flexible as possible £gives us another form of the loop construction which allows us
to do the test first:

while  (condition)
statement or block

Note that C makes an attempt to reduce the number of keys you need to press to run
program by leaving out the worb. (if you put thedo in the compiler will take great
delight in giving you an error messageut you had already guessed that of cel)rs
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The variable which controls
things is often called the
control variable, and is
usually given the name i.

Loops

for loop

Often you will want to repeat something a given number of times. The loop
constructions we have given can be used to do this quite easily:

using System;

class  WhileLooplnsteadOfFor {
public static void Main () {
int i,
i=1;
while  (i<11){
Console.WriteLine ( "Hello mum™ ) ;
i=i+1;

}

This useless program prints dwgllo 10 times. It does this by using a variable t
control the loop. The variable is given an initial vallig énd then tested each tim
we go around the loop. The control variable is then increased for each pass tr
the statements. Eventually it Wieachl1l, at which point the loop terminates and
our program stops.

C# provides a construction to allow you to set up a loop of this form all in one:

for (setup ; finish test ; update ) {
things we want to do a given
number of times

}

We could use¢his to rewrite the above program as:

using System;

class ForLoop {
public static void Main () {
int i;
for (i=1;i<11l;i=i+1){
Console.WriteLine ( "Hello mum") ;
}

}

The setup puts a value into the control variable whiclillistart with. The test is a
condition which must be true for the ferdoop to continue. The update is the statement
which is performed to update the control variable at the end of each loop. Note that the
three elements are separated by seloins. Tle precise sequence of events is as
follows:

1. Putthe setup value into the control variable.

2. Testto see if we have finished the loop yet and exit to the statement after

the for loop if we have.

3. Perform the statements to be repeated.

4. Perform theupdate.

5. Repeat from step 2.

Writing a loop in this way is quicker and simpler than using a formtdle because
it keeps all the ements of the loop in one plastead of leaving them spread about
the program. This means that you are less likelgdbto do something like give the
control variable an initial value, or update it.

If you are so stupid as to mess around with the value of the control variable in the loop
you can expect your program to do stupid things, i.e. if you fnatck toO within the
loop it will run forever. And serve you right.
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Pr ogr a mioet @os't be clever/stupid

Some people like to show how clever they are by doing cunning things with the setup, condition and
update statements, which can do things other than simple assignment, increment and test. Some
programmers think they are very clever if they can do all the w ork "inside" the for loop and have an
empty statement after it.

| call these people "the stupid people”. There is rarely need for such convoluted code. When you are

writing programs the two things which you should be worrying about are "how do | prove thi S
works?" and "how easy is it to understand?" Complicated code does not help you do either of these
things.

Breaking Out of Loops

Sometimes you may want to escape from a loop whilst you are in the middle of it, i.e.
your progam may decide that there is no need or point to go on and wisleap tat
of the loop and continue the program from the statement after it.

You can do this with thbreak statement. This is a commandéavethe loop
immediately. Your program would uslly make some form of decision to quit in this
way. | find it most useful so that | can providéget the heclout of heré option in the
middle of something, for example in the following program snippet the variable
aborted , normallyfalse becomedrue when the loop has to be abandoned and
the variableunningOK , normallytrue , becomegalse when it is time to finish
normally.

while  (runningOK) {
complex stuff

if (aborted) {

break ;
}
more complex stuff
}
bit we get to if aborted becomes true

Note that we are using two variables as switctihes; do not hold values as sutiey
are actually used to represent states within the program as it runs. This is a standard
programming trick that you will find very useful.

You can break out of any of the three kinds of loop. In every case the program
continues running at the statement after the last statement of the loop.

Pr o gr a mioet Be sareful with your breaks

The break keyword smells a little like the dread goto, which programmers are often scared of. The

goto lets you jump from one part of the program to another. For this reason the goto is condemned
as a potentially dangerous and confusing device. The break statement lets you  jump from any point
in a loop to the statement just outside the loop. This means that if my program is at the statement
immediately following the loop, there are a number of ways it could have got there; one for every

break in the loop above. This can mak e the code harder to understand. The break construction is
less confusing than the goto, but can still lead to problems. In this respect we advise you to

exercise caution when using it.
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Going back to the top of aloop

Every now and then you will want to go back to the top of a loop and do it all again.
This happens when you have gone as far down the statements as you need to. C
provides thecontinue  statement which says something along the lines of:

Please do not go arfurther down this time round the loop. Go back to the top of the
loop, do all the updating and stuff and go around if you are supposed to.

In the following program thboolvariable Done_All We_Need_This_Time is
settruewhen we have gone as far down kbep as we need to.

for (item=1;item < Total_ltems ; item=item+1) {

item processing stuff

|f (Done_All_We_Need_This_Time) {
continue ;

additional item processing stuff

}

Thecontinue causes the program to-nen the loopwith the next value of item if it
is OK to do so. You can regard it as a move to step 2 in the list above.

More Complicated Decisions

We can now think about using a loop to test for a valid width or height. Essentially we
want to keep asking the user foralue until we get one which is OK; i.e. if you get a
value which is larger than the maximum or smaller than the minimum ask for another.

To do this we have to combine two tests to see if the value is OK. Our loop should
continue to run if:

width > MAX_W IDTH

or
width < MIN_WIDTH

To perform this test we use one of the logical operators described above to write a
condition which will be true if the width is invalid:

( (width < MIN_WIDTH) || (width > MAX_WIDTH))

- note the profuse use of brackets. Youst put these in.

Pr ogr a mioet Gesused to flipping conditions

One of the things that you will have to come to terms with is the way that you often have to

reverse the way you look at things. Rather than saying  "Read me a valid number" you will have to say
"Read numbers while they are not valid". This means that you will often be checking to find the thing
that you don't want, rather than the thing that you do. Remember the notes about reversing

conditions above when you write the code.

Complete Glazing Program

This is a complete solution to the glazing problem. It uses all the tricks mentioned
above.
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Operator Shorthand

/I Complete Double Glazing Program
/l Rob Miles Oct. 2004

using System;

class GlazerCalc

{
static void Main()
{
double width, height, woodLength, glassArea;
const double MAX WIDTH =5.0;
const double MIN_ WIDTH=0.5;
const double MAX HEIGHT =3.0;
const double MIN_HEIGHT =0.75;
string  widthString, heightString;
do {
Console.Write ( "Giv e the width of the window between " +
MIN_WIDTH + " and " + MAX_WIDTH + " :" );
widthString = Console.ReadLine();
width = double.Parse(widthString);
} while ((width < MIN_WIDTH) || (width > MAX_WIDTH) ) ;
do {
Console.Write ( "Give th e height of the window between " +
MIN_HEIGHT + "and " + MAX_HEIGHT +":" );
heightString = Console.ReadLine();
height = double.Parse(heightString);
} while ((height < MIN_HEIGHT) || (height > MAX_HEIGHT) );
woodLength = 2 * (width + height ) * 3.25 ;
glassArea = 2 * ( width * height ) ;
Console.WriteLine ( "The length of the wood is " +
woodLength + " feet") ;
Console.WriteLine("The area of the class is " +
glassArea + " square metres" ) ;
}
}

Operator Shorthand

So far we have looked at operators which appear in expressions and work on two

operands, e.g.

window_count = window_count + 1

In this case the operator-isand is operating on the variabéndow_count
valuel. The purpose of thabove statement is to addo the variable

and the

window_count . However, it is a rather long winded way of expressing this, both in
terms of what we have to type and what the computer will actually do when it runs the

program. & allows us to benore terse if w wish, the line
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Operator Shorthand

window_count++

- would do the same thing. We can express ourselves more succinctly and the compile
can generate more efficient code because it now knows that what we are doing is
adding one to a particular variable. The is called a uary operator, because it works

on just one operand. It causes the value in that operand to be increased by one. There
a corresponding- operator which can be used to decrease (decrement) variables.
You can see examples of this construction in thedop ldefinition in the example

above.

The other shorthand which we use is when we add a particular value to a variable. We
could put :

house_cost = house_cost + window_cost
This is perfectly OK, but again is rather long winde#.nHas some additional operators
which allow us to shorten this to:

house_cost += window_cost

The+= operator combines addition and the assignment, so that the value in
house_cost is increased bwindow_cost . Some other shorthand operators are:

a+=b thevalue in a is replacea + b.
a-=b the value in ais replaced by - b.
al=b the value in a is replaced by b
a*=b the value in a is replaced hy* b

Thereare other combination operatotsyill leave you to find them!

Statements and Values

One of the really funky things aboutt@ that all statements return a value, which you
can use in another statement if you like. Most of the time you will ignore this value,
which is OK, but sometimes it can be very useful, particularly when we get around to
deciding things (see later). Indmr to show how this is done, consider the following:

i =(=0) ;

This is perfectly legal (and perhaps even sensible)t®as the effect of setting baith
andj to 0. An assignment statement always returns the value which is beingeaksig
(i.e. the bit on the right of the gozzinta). This value can then be used as a value or
operand. If you do thigou are advised tput brackets around the statement which is
being useds a value, this makes the whole thing much clearer for both yahend
compiler!

When you consider operators like there is possible ambiguity, in that you do not
know if you get the value before or after the increme#itpfOvides a way ofetting
either valuedepending on which effect you want. You determine whsathemwant to
see the value before or after the sum by the position afithe

i++ Means give me the value before the increment.
++i means give me the value after the increment.

As an example
int i=2,j;
j= 4+

- would makg equal to3. The other special operatots; etc all return the value after
the operator has been performed.
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Neater Printing

Pr ogr a miBoet Aways strive for simplicity

Don't get carried away with this. The fact that you can produce code like:

height = width = speed = count =size=0;

- does not mean that you should. Nowadays when | am writing a program my first consideration is
whether or not the program is easy to understand. | don't think that the statement above is very
easy to follow & so irrespective of how much more efficient it is, | still don't do it.

Neater Printing

Note that the way that a
number is printed does not
affect how it is stored in the
program, it just tellghe
printing method how it is
supposed to bprinted.

If you have run any of the above programs you will by now have discovered th
way in which numbers are printed leaves much to be desired. Integers seem t
out OK, butfloating pant numbers seem to haverand of their own. To get aroun
this C# provides a slightly different way in which numbers can be printed. This
provides more flexibility, and is also somewhat easier to use if you are printing
large number of values.

Using Placeholders in Print Strings

A placeholder just marks the place where the value is to be pridvedider:

int i=150;

double f=1234.56789 ;

Console.WriteLine ( "i: {0} f: {1} ")
Console.WriteLine ( "i: {1} f: {0} o),

This would print out:
i: 150 f: 1234 .56789
i: 150 f: 1234.56789

The{n} part of the string says "parameter number n, counting from 0". In the second
write statement | have swapped the order of the numbers, but since I've swapped the
order of the peameters too the output is the same.

Of course if | do something mad, for exam{#8} , theWriteLine  method will
fail with an error.

Adjusting real number precision

Placeholders can have formatting information added to them:

int i=150;
double f=1234.56789 ;
Console. WriteLine ("i: {0:0 }:{1:0.00 ¥ f);

This would print out:
i: 150 f: 1234.57

TheO characters stand for one or more digits. When placed after a decimal point they
can be used to control the number of decimal places whichsad texpressa value.

Note that doing this means that if the number is an integer it is printed DRtOGs .
Specifying the number of printed digits

| can specify a particulatumber of digitdy putting in a given number of zeroes:
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int i=150;
double f=1234.56789;
Console.WriteLine ( "i: {0:0000} f: {1:00000.00}", i, f);

This would print out:
i 0150 f: 01234.57

Note that if | do this | get leading zeroes printed out, which is useful if you are printing
things like cheques.

Really Fancy Formatting

If you want really fancy levels of control you can use#haharacter. A# in the format
string means "put a digit here if you have one":

int i=150;

double f=1234.56789 ;

Console.WriteLine ( "i: {O:#,##0} f: {1:##,##0.00}",i, f );

| have used th# character to get my thousands printed out with commas:
i: 150 f: 1,234.57

Note that the formatter only uses theharacters and commas that it needs. The value
150 does not have a thousands digit so it and the comma are left out. §tothalgh

that | have included @ as the smallest digit. This is so that when | print the value O |
actually get a value printed, otherwise when | print zero | get absolutely nothing on the

page.

Printing in columns

Finally | can add width value to the print layout information. This is very useful if you
want to print material in columns:

int i=150;

double f=1234.56789 ;

Console.WriteLine ( "i: {0,10:0} f: {1,15:0.00}", i, f) ;

Console.WriteLine ( "i: {0,10:0} f: {1,15:0.00}", 0,0);

This would produce the output:
i 150 f: 1234.57
i 0f: 0.00

The integer value is printed in a column 10 characters wide, and the double is printed
a 15 character wide column. At the moment the output g pugstified, if | want the
numbers left justified | make the width negative:

int i=150;

double f=1234.56789;

Console.WriteLine ( "i: {0, -10:0} f: {1, - 15:0.00}"i, f);
Console.WriteLine ( "i: {0, -10:0} f: {1, -15:0.00}",0,0);

This would producehie output:

i: 150 f: 1234.57
i:0 f. 0.00

Note that this justification would work even if you were printing a string rather than a
number, so if you want to print columns of words you can use this technique to do it.

There are other ways imhich you can control the printing process, for example you
can selecthe number base for the value to be printedll leave you to find out these!
Note also that you can specify the print width of any item, even a piece of text, which
makes printingn columns very easy.
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Methods

We have already come across thethoddvain , WriteLine  andReadLine .

Main is the method we write which is where our program stéftieLine  and
ReadLine were provided by the creators of C# to give us a way of displaying text and
reading information from the user.

This is what methods are all about. Your programs will contain methods that you creat
to solve parts of the problem and they will also usehoe that have been provided by
other people. In this section we are going to consider why methods are useful and how
you can create your own.

Methods So Far

In the glazing program above we spend a lot of time checking the values of inputs and
making sureghat they are in certain ranges. We have exactly the same piece of code to
check widths and heights. If we added a third thing to read, for example frame
thickness, we would have to copy the code a third time. This is not very efficient; it
makes the progm bigger and harder to write. What we would like to do is write the
checking code once and then use it at each point in the program. To do this you need
define amethodto do the work for you.

Method and Laziness

We have already established that a gpamjrammer isreatively lazy One of the
tenets of this is that a programmer will try to do a given job once and once only.

Up until now all our programisave been in a single method. The method is the block
of code which follows the main part in our program. However, C# lets us create other
methods which are used when our program runs. Methods give us two new weapons:

1. We can use methods to let ususe a piece of code which we have written.

2. We can also use methods to break down a large task into a number of smaller
ones.

We will need both of these when we start to write larger programs. Again, as with lots
of features of the C# language, methods don't actually make things possible, but they d
help with the organisation of our programs.

Essentially you take a block of code and give it a name. Then you can refer to this
block of code to do something for you. As aysdkample:

using System ;

class MethodDemo {

static void doit 0{
Console.WriteLine ("Hello");

}
public static void Main () {
doit();
doit();
}
}

In the main method | make two callsddit . Each time | call the method the code in
the block which is the body of the method is executed. In this case it contains a single
statement which print#Hello"  on the console. The result of running the above
program would be:
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Hello
Hello

So, we can wsmethods to save us from writing the same code twice. We simply put the
code inside a method body and then call it when we need it.

Parameters

At this point methods are useful because they let us use the same block of statements
manypoints in the program. However, they become more useful if we allow them to
have parameters.

A parameter is a means of passing a value into a method call. The method is given the
data to work on. As an example, consider the code below:

using System
class MethodDemo {

static void silly (int 0){

Console.WriteLine ("iis ) ;
public static void Main () {

silly (101) ;

silly (500) ;

}

The mehod silly  has a single integer parameter. Within thecklof code which is
the body of this method we can use the parametas if it was an integer variable.
When the method starts the value supplied for the parameter is copied into it. This
means that when the program runs we get output like this:

iis ;101

iis : 500

Return values

A method can also retn a value:

using System ;
class ReturnDemo {

static int sillyReturnPlus (inti) {
i=i+1;
Console.WriteLine ("iis ) ;
return i;

}

public  static void Main () {
int res;
res = sillyReturnPlus (5);
Console.WriteLine ( "res is ;" +res) ;

}

}
The methodsillyReturnPlus takes the value of the @aneter and returns it plus

one.

A Useful Method

If we put thesdwo abilities together we can start to write genuinely useful methods:
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class MethodDemo {

static double readValue (
string prompt, // prompt for the user
double low, //lowest allowed value

double high /I highest all owed value
)

double result =0;

do {

Console.WriteLine (prompt +
"between " + low +
"and " + high );
string resultString = Console.ReadLine ();
result = double.Parse(resultString);
} while ((result <low) || (result > high) );
return  result

}
public static void Main () {
double age =readValue (
"Enter the age ", 0,100.0) ;
Console.WriteLine ( "Age is :"+age) ;
}

}

ThereadValue method is told the prompt to use and the lowest and the highest
allowed values. It can then be used to read values and make sure that they are in ranc
We can use this method to read the aggeople as in the example above. However,

we can also use exactly the same method to read in the width and height of our
windows:

double  windowWidth = readValue (
"Enter width of window: ", MIN_WIDTH, MAX_WIDTH) ;

Pr ogr a mioet @esign with methods

Methods are a very useful part of the programmer's toolkit. They form an important part of the
development process. Once you have worked out what the customer wants and gathered your
metadata you can start thinking about how you are going to break the program down into methods.
Often you find that as you write the code you are repeating a particular action. If you do this you

should consider taking that action and moving it into a method. There are two reas ons why this is a
good idea:

1. It saves you writing the same code twice.
2. If afaultis found in the code you only have to fix it in one place.

Moving code around and creating methods is called refactoring. This will be an important part of the
Software Engin eering we do later.

Method Limitations

The method is very good for gettimgrk done, but it is a bit limited because of the

way that it works. For example, if | want to write a method which reads in the name an
age of a person | have a problem. From whahave seen of methods, they can only
return one value. So | could write a method which returns the name of a person, or
write on which returns an age. But not both values at the sameTtisdimitation is
because, unless you specify otherwise, dmyalue of a parameter is passed into a

call to a method.
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It is very important that you
understand how references
work. Ifyou don't understand
these you can't call yourself a
proper programmer!

Methods So Far

Parameter Passing By Value

So, what do | mean by "passing parameters by vaterisider:
static void addOneToParam ( int i){
i=i+1;
Console.WriteLine ("iis: "+i);

}

The methodaddOneToParam adds one to thparameterprints he result out and
then returns:
int test=20;

addOneToParam(test);
Console.WriteLine ( "testis : " + test) ;

The piece of C# above calls the method with the variaste as the parameter. When
it runs it prints out the following:

iis: 21

testis: 20
It is very important that you understand what is happening h€hevalue of test  is
being used in the call @ddOneToParam. The program works out the result of the
expression to be passed into the method call as a parameter. It then passes this value
into the call. This meanthat you can write calls like

test=20;
addOneToParam(test + 99);

This would print out:
iis: 1 20

Pass by value is very safe, because nottiiagriethod does will affect variables in the
code which calls it. However, it is a limitation when we want to create a method which
returns more than one value

Parameter Passing By Reference

Fortunately C# provides a way that, rather than sending the ebéueariablento a
method, instead a reference tothariable is supplied insteabhside the method,
rather than using the value of the variable the reference is used to get the actt
variable itself. Effectively the thing that is passed into the method is the positit
address of the variable in memgprather than the content of the variable.

So, rather than passing in "20" in our above call the compiler will generate code which
passes in "memory location 5023" instead (assuming that the variable test is actually
stored at 5023). This memory locatis used by the method, instead of the value. In
other words:

"If you pass by reference, changes to the parameter change the variable whose
reference you passed"

Consider the code:

static void addOneToRefParam ( ref int i)

{
i=i+1;
Console.WriteLin e("iis:"+i);

}

Note that the keywortef has been added to the information about the parameter.
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test=20;
addOneToRefParam (ref test);
Console.WriteLine ( "testis : " + test) ;

The code above makes a call to the new method, and also has theefvorih front of
the parameter. In this case the output ifolsws:

iis: 6

test is:6
In this case the method call has made changes to the content of the vidoédbkbat

C# iscareful about when a parameter is a reference. You have to put thesfvonal
the method heading and also in the call of the method.

Pr ogr a mioett @osument your side - effects

A change by a method to something around it is called a s/de effect of the method. Generally
speaking you have to be careful with these, as someone reading your program has to know that your
method has made changes in this way.

Passing Parameters as "out" references

When you pass a parameter as a reference you are giving the method complete contre
of it. Sometimes you don't want this. Instead you want to just allow the method to
change the variable. This is the case when we want to read in the nange afica

user. The original value of the parameters is of no interest to the method. Instead it jus
wants to deliver results to thein.this case | can replace thef with the keyword

out :

static  void readPerson ( out string name, out int age)

{

name = readString ( "Enter your name : ") ;
age = readint ( "Enter your age : ", 0, 100 ) ;
}

The methodeadPerson reads the name and the age of a person. Note that it uses
two more methods that | have createghdString  andreadint

| can callreadPe rson as follows:

string name ;
int age;
readPerson ( out name, out age);

Note that | must use ttmut keyword in the call of the method as well.

ThereadPerson method will read the person and deliver the information into the
two variables.

Pr o gr a miboet Larsggyuages can help programmers

The out keyword is a nice example of how the design of a programming language can make programs
safer and easier to write. It makes sure that a programmer can't use the value o f the parameter in
the method. It also allows the compiler to make sure that somewhere in the method the output
parameters are assigned values. This is very useful. It means that if | mark the parameters as out |
must have given them a value for the progra m to compile. This makes it harder for me to get the
program wrong, as | am protected against forgetting to do that part of the job.
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Method Libraries

The first thing that a good programmer will do when they start writing code is to create
a set of librarie which can be used to make their job easier. In the code above | have
written a couple of library methods which | can use to read values of different types:

static string readsString ( string prompt )
{

string result ;

do

{

Console .Write ( prompt)
result = Console.ReadLine ();
} while (result= =");
return  result;

}

static int  readint ( string  prompt, int low, int high)

{

int result;

do

{ string intString = readString (prompt) ;
result = int .Parse(intString);

} while ((resul t<low) || (result > high));

return  result;

}

ThereadString  method will read text and make sure that the user does not enter
empty text. Theeadint method reads a number within a particular range. Note how
| have rather cleverly used mgadString  method in myreadIint  one, so that the
user can't enter an empty string when a number is required.

Pr ogr a miBoet Aiways consider the failure behaviours

Whenever you write a method you should give some thoughtt o the ways that it could fail. If the
method involves talking to the user it is possible that the user may wish to abandon the method, or

that the user does something that may cause it to fail. You need to consider whether or not the

method should deal wit h the problem itself or pass the error onto the system which tried to use it.

If the method deals with the error itself this may lead to problems because the user may have no

way of canceling a command. If the method passes the error on to the code which ¢ alled it you have
to have a method by which an error condition can be delivered to the caller. | often solve this

problem by having my methods return a code value. If the return value is 0 this means that the

method returned correctly. If the return value is non-zero this means that the method did not work

and the value being returned is an error which identifies what went wrong. This adds another
dimension to program design, in that you also have to consider how the code that you write can fail,
as well as making sure that it does the required job! ~ We are going to discuss error management
later

Variables and Scope

We have seen that when we want to store a quantity in our program we can create a
variable to hold this information. The C# compiler makes sure that the correctly sized
chunk of memory is used to hold the value and it also makes sure that we only ever us
that value correctly. The C# compiler also looks after the part of a program within
which a variable has an existence. This is calledtopeof a variable.
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Scope and blocks

We have already seen that a block is a number of statements which are enclosed i
curly brackets. Any block can contain any numbelooél variables, i.e. variables
which are local tahatblock.

The scope of a local variable is the block within which the variable is dechksddr

as the C# language is concerned gan declare @ariable at any point in the block,

but youmust declare it before you use it. When the execution of the program moves
outsideablock anylocal variabls which are declared in the block atrgomatically
discarded. The methods that we have created ¢fteme contained local variabletie
variableresult in thereadIint method is local to the method block.

Nested Blocks

We have seen that in C# the programmer can create blocks inside blocks. Each of the
nestedblocks can havis own set of local variables:

t
int i
{ o
int j;
}
}

Thevariable | has the scope of the inner block. This means that only statements in the
inner blockwhich areafter the declaration can use this variable. In other words the

code:

t
int i;
{ .

int j;

}
j=99;

}

- would cause an error, as the varigbléoes not exist at this point in the program.

In order to keegyou from confusing yourself by creating two versions of a variable
with the same nam@# has an additional rule about theighles in the inneblocks

t
int i
{ o
int i
}
}

This is not a valid program because C# does not let a variable in an inner block have
the same name as one in an outer block. This is because inside the inner block there i
the possibility that yo may use the "inner" version iofwhen you intend to use the

outer one. In order to remove this possibility the compiler refuses to allow this. Note
that this is in contrast to the situation in other languages, for example C++, where this
behaviour is abiwed.

If is however perfectly acceptable to reuse aalde name in successive blocks
because in this situation there is no way that one variable can be confused with anothe
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t
int i
}
t
int i
{ o
int j;
}
}

The first incarnation of has beemlestoyed before the second, so this code is OK.

For loop local variables

A special kind of variable can be used when you create a for loop construction. This
allows you to declare a control variable which exists for the duration of the loop itself:
for (int i=0;i<10;i=i+1){
Console .WriteLine ( "Hello") ;
}

The variable is declared and initialized at the start of the for loop and only exists for
the duration of the block itself.

Pr ogr a mioet Rlas your variable use

You should plan your use of variables in your programs. You should decide which variables are only
required for use in local blocks and which should be shared over the entire class.

Arrays

We now know how to create programs that can read values in, calculate results and
print them. Our programs can also make decisions based on the values supplied by th
user and also repeat actions a given number of times.

It turns out that you now knoabout nearly all the language features that are required

to implement every program that has ever been written. Only one thing is missing, and
that is the ability to create programs which store large amounts of data. Arrays are one
way to do this, and ware going to find out about them next.

Why We Need Arrays

Your fame as a programmer is now beginning to spread far and wide. The next persor
to come and see you is the chap in charge of the local cricket team. He ik tid |

you write a program for him which allows the analysis of cricket results. What he wants
is quite simple; given a list of cricket scores he wants a list of them in ascending order.

"This is easy" you think. Having agreed the specification and the pou sit down
that night and start writing the program. The first thing to do is define how the data is tc
be stored:

int  scorel, score2, score3, score4, score5, score6, score7
score8, score9, scorelO, scorell ;

Now you can start putting the data imtach variable:
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Console.WriteLine("Enter the scores ");

string  scorelString = Console.ReadLine();
int scorel= int .Parse(scorelString);
string  score2String = Console.ReadLine();
int score2 = int .Parse(score2String);
string  score3String = Console.ReadLine();
int score3= int .Parse(score3String);
string  score4String = Console.ReadLine();
int score4 = int .Parse(score4String);
string  score5String = Console.ReadLine();
int score5= int .Parse(score5String);
string  score6String = Console.ReadLine();
int score6 = in t .Parse(score6String);
string  score7String = Console.ReadLine();
int score7 = int .Parse(score7String);
string  score8String = Console.ReadLine();
int score8 = int .Parse(score8String);
string  score9String = Console.ReadLine();
int score9 = int .Parse(score9St ring);
string  scorel0String = Console.ReadLine();
int scorel0= int .Parse(scorel0String);
string  scorellString = Console.ReadLine();
int scorell= int .Parse(scorellString);

All we have to do next is sort them..... Hmmmm..... This is awful! There seerasw b
way of doing it. Just deciding whethsgrorel is the largest value would take an if
construction with 10 comparisons! Clearly there has to be a better way of doing this,
after all, we know that computers are very good at sorting this kind of thing.

C# provides us with a thing called amray. An array allows us to declare a whole row
of a particular kind of box. We can then use things callégbscriptgo indicate which
box in the row that we want to use. Comsithe following:
using System ;
class ArrayDemo {
public static void Main ()

{
int [] scores = new int [11] ;
for ( int i=0;i<11; i=i+1) {
string scoreString = Console.ReadLine();
scores [i] = int .Parse(scoreString);

}

Theint [] scores part tells the compiler that we want to create an array variable.
You can think of this as a tag which can be made to refer to a given array.

The bit which makethearray itself is thenew int [ 11] . When C#sees this it says
"aha! What we need here is an array". It then gets some pieces of wood and makes a
long thin box with 11 compartments in it, each large enough to hold a single integer. It
then paints the whole box rethecause boxes whiclaw hold integers are red. It then
gets a piece abpeand ties the tag scores to this box. If you followrbgefrom the

scores tag you reach the array box. Actually, it probably doesn't use womukdout

you should get a picture of what is goinglare.

Array Elements

Each compartment in the box is called an element. In the program you identify which
element you mean by putting its number in square braEketsafter the array name.
This part is called thsubgript. Note that the thing which makes arrays so wonderful is
the fact that you can specify an element by using a variable, as well as a constant. In
fact you can use any expression which returns an integer result as a subscript, i.e.
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scores [i+1]

- is quite OK. (as long as you don't fall off the end of the array)

Array Element Numbering

C#numbers the boxes starting at 0. This means that you specify the first element of th
array by giving the subscript 0. There is consequently no elesoergs [11] f

you look at the part of the program which reads the values into the array you will see
that we only count from 0 to 10. This is very important. An attempt to go outside the
array bounds afcores cause your program to fakit runs.

Large Arrays

The real power of arrays comes from our being able to use a variable to specify the
required element. By running the variable through a range of values we can then scan
through an array with a very small program; indeed to change the program to read in
1000 scores we only have to make a couple of changes:

using System;

class ArrayDemo {

public static void Main ()
int [] scores = new int  [1000] ;
for ( int i=0;i<1000; i=i+1) {
string scoreString = Console.ReadL ine();
scores [i] = int .Parse(scoreString);
}
}
}
The variablé nowrangesrom 0 to 999, vastly increasing the amount of data we are
storing.

Managing Array Sizes

A good trick when working with arrays is to make use of conistariables to hold the
size of the array. This has two significant benefits:

1 It makes the program easier to understand
1 It makes the program easier to change

A constant variable is given a value when it is declared. This value can then only be
read by thgrogram, never updated. So, if | wanted to write a scores program that
could be easily changed for any size of team | could write:
using System;
class ArrayDemo {
public static void Main ()

{
const int SCORE_SIZE =1000;

int []scores = new int [SCORE_SIZE]

for ( int i=0;i< SCORE_SIZE; i=i+1) {
string scoreString = Console.ReadLine();
scores [i] = int .Parse(scoreString);

}

The variableSCORE_SIZEis an integer which hdseen marked witlonst . This
means that it cannot be chandwgdstatements withithe programlt will never have a
value other than 1000 here is a convention that constants of this kind are given in
LARGE LETTERS with an underscore between words.
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Everywhere | previously used a fixed value to represent the size of the array | now use
my constant instead. This means that if the size of the team changes | just have to
change the value assigned when the constant is declared and tbempike the

progam. The other benefit of this is that flee loop now looks a lot more

meaningful. Since the value bfis now going fron0 to SCORE_SIZEit is more

obvious to the reader that it is working through the score array.

Creating a Two Dimensional Array

However, sometimes we want to hold more than just a row. Sometimes we want a grid
We can do this by creatingt@o dimensionaarray. You can think of this as an "array
of arrays" if you like (but only if this doesn't make yoeal hurt). For example, to
hold the board for a game of noughts and crosses we could use:
int [,] board = new int [3,3];
board [1,1] = 1;

This looks very like our one dimensional array, but there are some important
differences. Th¢] now has a comma. Ehpresence of a comma implies something
each side of it. This means that the array now has two dimensions, rather than just one
So when we give the size of the board we must supply two dimensions rather than just
one. Then, when we want to specify an edathwe have to give two subscript values. In
the code above I've set the value in the middle square (the best one) to 1.

In the example above the array is square (i.e. the same dimansi@das up). We can
change this if we like:

int [,] board = new int [3,10];

- but this would make it rather hard to play a sensible game on...

You can think of a two dimensional array as a grid if you like. The subscripts become x
and y values which indicate a particular value in the grid.

More than Two Dimensions

Once in a blue moon you may need to use more than two dimensions. If you go to thre
dimensions you can think in terms of a pile of grids if you like, with the third dimension
(which you could call z) giving you the particular grid. If we wanted to playethre
dimensional noughts and crosses in a board which is a cube we can declare the array
do it as follows:

int [,]board = newint  [3,3,3];

board [1,1,1] = 1;

This code creates a three dimensional board and then gets the highly Vialcetine
right in the middleof the game cube

You can go to more than three dimensions if you like, in that C# does not have a
problem with this. However, you mighave big problembecause this is very hard to
understand and visualise.

Pr ogr a mioet Kesp your dim ensions low

In all my years of programming I've never had to use anything more than three dimensions. If you
find yourself having lots of dimensions | would suggest that you are trying to do things the wrong

way and should step back from the problem. It may be thatyo  u can get a much more efficient
solution by creating a struct and then making an array of the structure items. We will talk about
structures later.
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Switching

We now know nearly everything you need to know atwoumistructing a program in the
C# language. You may find it rather surprising, but there is really very little left to
know about programming itself. Most of the rest of C is concerned with making the
business of programming simpler. A good example ofishtiseswitch  construction.

Making Multiple Decisions

Suppose you are refining your double glazing program to allow your customer to selec
from a predefined range of windows. You ask something like

Enter the type of window:

1 = casement
2 =standard
3 = patio door

Your program can then calculate the cost of the appropriate window by selecting type
and giving the sizeEachmethodasks the relevant questions and works out the price of
that kind of item.

When you come to write the program ywili probably end up with
something like:

static  void handleCasement ()

Console. WriteLine ("Handle Casement");

}

static void handleStandard ()
Console.WriteLine("Handle Standard");

static void handlePatio ()

{
}

These methods are the ones which will eventually deal with each type of window. At
the moment they just print out that they have been called. Later you will go on and fill
the code in (this is actually quite a good way to construct your programs).

Console.WriteLine("Handle patio");

Selecting using the if construction

When you come to perform the actual selection you end up with code which looks a bi
like this:

int  selection ;
selection = readInt ( "Window Type : ", 1, 3) ;

if (selection==1)
handleCasement();
}

else

if (selec tion==2)

{
}

handleStandard();
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else
{
if (selection==3)
{
handlePatio() ;
}
else
{
Console.WriteLine ( "Invalid number");
}
}

}

This would work OK, but is rather clumsy. You have to write a large numbér of
construcions to activate each option.

The switch construction

Because you have to do this a lét €ntains a special construction to allow you to
select one option from a number of them based on a particular value. This is called the
switchconstruction. If you write the above using it your program would look like this.

switch  (selection)

{
case 1: handleCasement ();
break ;
case 2:handleStandard () ;
break ;
case 3:handlePatio () ;
break ;
default
Console.WriteLine ( "Inv alid number") ;
break ;
}

Theswitch constructiorntakes a value which it uses to decide which option to
perform.It executes thease which matches the value of tewitch variable. Of

course this means that the type of¢hees that you use must match the switch selection
value although, in true#xradition, the compiler wilfjive you an error if you make a
mistake.Thebreak statement after the call of the relevemdthodis to stop the

program running on and performirfgetcode which follows. In the same way as you
break out of a loop, when tleeak is reached thewitch s finished and the

program continues running at the statement after the switch.

Another other useful feature is thefault  option. This gives the switch somewhere
to go if the switch value doesn't match any of the cases available; in our case (sorry!)
we put out an appropriate message.

You can use the switch construction with types other than numbers if you wish:

switch  (command)

{
case "casement": handleCasement ();
break
case "standard": handleStandard () ;
break
case "patio": handlePatio () ;
break
default
Console.WriteLine ( "Invalid command" ) ;
break ;
}

This switch uses a string to control tledestion of the cases. However, your users
would not thank you for doing this, since it means that they have to type in the complet
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name of the option, and of course if they type a character wrong the command is not
recognised.

Pr ogr a moet sivicches are a good idea

Switches make a program easier to understand as well as quicker to write. It is also easier to add
extra commands if you use a switch since it are just a matter of putting in another case. However,
I'd advise against putting large amounts of program code into a switch case. Instead you should put
a call to a method as | have above.

Our Case Study: Friendly Bank

The bulk of the text is based on a case study which will allow you to see the features o
C# in a strong context. You are taking the role of a programmer who will be using the
language to create a solution for a customer.

The program we are making is for a bapk, the "United Friendly and Really Nice Bank
of Lovely Peopl e HeFriendly BaekWewiillhe creatmgthen a
entire bank application using C# and will be exploring the features of C# that make this
easy.

Bank System Scope

The scopeof a system is a description thie thing that the system is going to do.i$h

is also, by implication, a statement of what the systenmatlido. This equally as
important, ag customer will not usually have clear idea of what you are doing and may
well expect you to deliver things that you have no intentigprofiding By sdting out

the scope at the beginning you can make sure that there are no unpleasant surprises |
on.

At the moment we are simply concerned with managing the account information in the
bank.The bank manager has told us thagtomers of the bank eachvikaan account

which holds their name, address, account number, balance and overdraff hahee.

are many thousands of customers and the manager has also told us that there are alst
number of different types of accounts (and that types of accourdare invented from

time to time).The systenmustalso generate warning letters and statements as required.
The scope does not include to telephone or web based banking, yet.

Bank Notes

At the end osomesectiors there will be a description of how this new piece of C# will
affect how we create our bank systérhese notes should put the feature into a useful
context.

Enumerated Types

These sound really posh. If anyone asks you what yout lesattaly you can say "l learnt
how to use enumerated types" and they will be really impressed. Of course if they knoy
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about programming they'lIl just say " Oh
not be that taken with it.

Enumeration and states

Enumerged sounds posh. But if you think of "enumerated” as just meaning "numbered"
things get a bit easier. To understand what we are doing here we need to consider the
problem which these types are intended to solve.

We know that if we want to hold an integedue we can use ant type. If we want
to hold something which is either true or false we can um®hk . However, sometimes
we want to hold a range of particular values or states.

Sample states

Enumerated types are very useful when stostateinformation. States are not quite
the same as other items such as the name of a customer or the balance of their accou

For example, if | am writing a program to play the game Baitssfwhere squares of
the "sea" hold different types of craft whican be attacked) | may decide that a given
square of theea can have the following thing in it

Empty sea
Attacked
Battleship
Cruiser
Submarine
Rowing boat

=A =4 -8 -8 -8 A

If you think about it, | am sort of assembling more metadata here, in that | have decide
that | need to keep track of the sea and then | have worked out exactly what | can put i
it. | could do something with numbers if | like:

T Emptysea=1

1 Attacked =2

1 Battleship=3

T Cruiser=4

i Submarine =5
1 Rowing boat =6

However, this would mean that | have to keep track of the values myself and remembe
that if we get the value 7 in a sea location this is clearly wrong.

C# has a way in which we can create a type which has just a particular set of possible
values. Theseypesare called "enumerated types":

enum SeaState {
EmptySea,
Attacked
Battleship,
Cruiser,
Submarine,
RowingBoat

b

| have created a type call&&aState which can be used to hold the state of a
particular part of the se It can only have the given values above, and must be manage
solely in terms of these named enumerations. For example | must write:
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SeaState openSea ;
openSea = SeaState .EmptySea;

My variableopenSea is only able to hold values which represent tla¢esof the sea
contents. Of course C# itself will actually represent these stafestasilarnumeric
values, but how these are managed is not a problem for me.

Creating an enum type

Theenumtype must be created outside any program block and is hiklioh whe
enclosing class:

using System;

class EnumDemonstration {

enum TrafficLight {
Red,
RedAmber,
Green,
Amber
b
public static void Main () {
TrafficLight light
light = TrafficLight . Red;
}

}

Every time that you have to hold something which can take a limited number of
possible values, or states (for exampihSsale , UnderOffer |, Sold ,

OffTheMarket etc) then you should think in terms of using enumerated types to hold
the values.

Programmer 6 s Point: Use enumerated types

Enumerated types are another occasion where everyone benefits if you use them. The program
becomes simpler to write, easier to understand and safer. You should therefore use them

Forthe bank you want to hold the state of an item as well as other information about th
customer. For example, we could have the states "Frozen", "New", "Active", "Closed"
and "Under Audit" as states for our bank account. If this is the case it is sensible t
create an enumerated type which can hold these values and no others

enum accountState {
New,
Active,
UnderAudit,
Frozen,
Closed

b

We now have a variable which can hold state information about an account in our ban!
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Structures

Structures let us ganise a set of individual values into a cohesive lump which we can
map onto one of the items in the problem that we are workingtos.is important in
many applications.

What is a Structure?

Often when you are dealing with information you will want to hold a collection of
different things about a particular itefthe FriendlyBankhascommissionedn
account storagsystemand you can use structures to make this edsiex any good
programmewho has been on my course you would start by doing the following:

1. Establish precisely the specification, i.e. get in written form exactly what
they expect your system to do.

2. Negotiate an extortionate fee.

3. Consider how you will go about storitige data.

A sample structure

From your specification you know that the program must hold the following:
1 customer namestring
1 customer addressstring
1 account number integer value
1 account balanceinteger value
91 overdraft limit- integer value

The Friendly Bankhave told you that they will only be putting up to 50 people into
your bankstorageso, after a while you come up with the following:

const int MAX_CUST =50;

string [] names = new string [MAX_CUST];
string [] addresses = new string [MAX_CUST];
int [] accountNos = new int [MAX_CUST];

int [] balances = new int [MAX_CUST];

int [] overdraft = new int [MAX_CUST];

What we have is an array for each single piece of data we want to store about a
particular customer. If we were talking about a database (which is actually what we are
writing), the lump of data for each customer wbhbe called a record and an individual
part of that lump, for example the overdraft value, would be called a field. In our
program we are working on the basis thatance[0 ] holds the balance of the first
customer in our databaseserdraft [0 ] holds theoverdraft of the first customer,

and so on(Remember that array subscript values start at 0).

This is all very well, and you could get a database system working with this data
structure. However it would me much nicer to be able to lump your recordh¢ogeta
more definite way.
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Creating a Structure

C# lets you create data structures. A structure is a collectio# waableswhich you

want to treat as a single entity. I# & lump of data would be called a structure and
eachpart of it would be called feld. To help us with our bank database we could

create a structure which could hold all the information about a customer:

struct Account

{
public string Name ;
public string Address ;
public int AccountNumber ;
public int Balance;
public int Overdraft ;

b

This defines a structure, calledstomer , which contains all the required customer
information. Having done thisevcan now define some variahles

Account RobsAccount ;
Account [] Bank = new Account [MAX_CUST];

The first declaration sets up a variable caRmbsAccount , which can hold the
information for a single customer. The second declaration sets up an entire array of
customers, calleBank which can hold all the customers.

We referto individual members of a structure by puttthgir name after the struct
variable we are using with dfull stop) separating them, for example

RobsAccount . AccountNumber

- would refer to the integdield AccountNumber in the structured variable
RobsAccount . (i.e. theAccountNumber value inRobsAccount )

You can do this with elements of amay of structures too, so that
Bank [25].N ame

- would be thestringcontaining the name tfie custometin the element with subscript
25.

Using a Structure

A program which creates and sets up a structure looks like this:
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Using a Structure

using System;

class

BankProgram {

/I structure

struct  Account

{
public  string Name ;
public string Address ;
public int AccountNumber ;
public int Balance ;
public int Overdraft ;

1

/[ program

public static void Main () {
Account RobsAccount ;

RobsAccount.Name = "Rob Miles";

RobsAccount.Address = "His house";
RobsAccount.AccountNumber = 1234;

RobsAccount.Balance = 0;

RobsAccount.Overdraft = - 1000;

Console.WriteLine ( "Name is : " + RobsAccount.Name ) ;
Console.WriteLine ( "Balance is : " + RobsAccount.Balance ) ;

Note how the structure is declared outsideMiaén method. This is so that it can be
used by any methods in the class. Note also that once | have created my structure | ce
use it in the same way that | would use somethingitike or float

This program doesndt
the various fields in a single structure variable.

create an arr ay [0)

Initial values in structures

When a structure is created as a local variable (i.e. in a block) the values in it are
undefined. This means that if you try to use them in your program you will get a
compilation error. This is exactly the same as if you use a variable in a program before
giving it a value. In other words:

Account RobsAccount ;

Console.WriteLine ( "Name is "+ RobsAccount.Name ) ;

- would produce a compilation error. It is your job as programmer to make sure that
you always put a value into a variable before you try to get something out of it.

Poi Structures are ci

In a commercial system it is common to spend a very long time designing the structures which make
up the data storage. They are the fundamental building blocks of the program since they hold all

the data upon which everything else is built. You can regard the design of the structures and the
constraints on their content as another big chunk of metadata about a system that you create.

Programmer 0s nt

Enumerated Types in Structures

Since any given account instance will have a particular state énsase to add a
state value to each ane
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enum accountState {

New,
Active
UnderAudit,
Frozen,
Closed

b

struct Account

{
public  accountState state ;
public string Name ;
public string Address ;
public int AccountNumber ;
public int Balance ;
public int Overdraft ;

b

Objects, Structures and
References

You have seen that you want to store a block of information about a particular item
you can bring all this together in a structure. Structures are useful, but we would like to
be able tasolve other problems when we write large programs:

1 We want to make sure that a given item in our program cannot be placed into
an invalid state, i . e. we dondét war
incorrect account numbers.

1 We want to be able to breakaage system down into distinct and separate
components which can be developed independently and interchanged with
others which do the same task, i.e. we want to get one team of programmers
working on accounts, another on cheques, another on creditatards

1 We want to make sure that the effort involved with making new types of bank
account is as small as possible, i.e. if the bank decides to introduce a new hig
interest deposit account we want to be able to make use of existing deposit
account

To do all these thingse are going to have to start to consider programs from the point
of view of object based design. This section should come with some kind of a health
warning along the lines of "some of these ideas might hurt your head aheitstart”.

But the following points are also very important:

1 obj ec tadd adymewhehaviours to our progrdmee know just about
everything we needtknow to write programs when we have learnt about
statements, loops, conditions and arrays.

1 objecs are best regarded as a solution to the problem of design. They let us
talk about systems in general terms. We can go back and refine how the
objects actually do their tasks later.

You can write just about every program that has ever been written jusirigythe
technologies that we have so far looked at. But objects allow us to work in a much nice
way. And so we are going to have to ge
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Objects and Structures

In C# objects and structures have a lot in common. Thebatfnhold data and contain
methods. However, there is a crucial difference between the two. Structures are
managed in terms efluewhereas objects are managed in termefgrence

It is very important that you understand the distinction between thedwib has a big
impact on the way that they are used.

Creating and Using a Structure

Consider the code:
class  StructsAndObjects {

struct AccountStruct

public  string Name ;

b

public static void Main () {
AccountStruct RobsAccountStruct ;
RobsAccountStruct.Name = "Rob";
Console.WriteLine ( RobsAccountStruct.Name ); }

}

This implements a very simplank account, where we are only holding the name of
the account holder. THé&in method creates a structure variable called
RobsAccountStruct

RobsAccountStruct

Name: Rob

It then sets the name property of the variable to the string "Rob". If we run this progran
it does exactly what you would expect, in that it prints oatrthme "Rob"If the

structure contained other items about the bank account these would be stored in the
structure as well, and | could use them in just the same way.

Creating and Using an Instance of a Class

We can make a tiny change to the program amgext the bank account to a class:
class  StructsAndObjects {

class Account

public  string Name ;

s

public static void Main () {
Account RobsAccount
RobsAccount .Name = "Rob";
Console.WriteLine ( RobsAccount .Name ); }

}

The account information is now being held in a class, rather than a structure. I've
changed the names to make it even clediae.problem is that ken wecompile the
program we get this:
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ObjectDemo.cs(12,3): error CS0165: Use of unassigned local
variable ' RobsAccount '

So, what is going on?

To understand what is happening you need to kwbat is performed by the line:
Account RobsAccount ;

This looks like a declaration of a variable calRobsAccount . But in the case of
objects, this is not what it seems.

RobsAccount O |

What you actually get when the program obeys that line is the creatioefefence
calledRobsAccount . Such referencesre allowed taeferto instances of the

Account . You can think of them as a biké a luggage tag, in that they can be tied to
somethingwith a piece of ropedf you have the tag you can then follow tlopeto the
object it is tied to.

But when we create a reference we don't actually get one of the things that it refers to
The compiler knows this, and so it gives me an error because the line:

RobsAccount .Name ="Rob ";
- is an attempt to find the thing that is tied to this tag anchsetdme property to
"Rob". Since the tag is presently not tied to anything cogmam would fail at this
point. The compiler therefore says, in effect, "you are trying to follow a reference

which does not refer to anything, therefore | am going to giveaywariable undefined'
error'.

We solve the problem by creating an instance of the class andaheectingour tag
to it. This is achieved by adding a line to our program:

class  StructsAndObijects {

class Account

{
public  string Name ;
b
public static void Main () {
Account Class RobsAccount ;
RobsAccount=  new Account ();
RobsAccount .Name = "Rob";
Console.WriteLine ( RobsAccount .Name ); }

}

The line | have added creates a meveountClass  object andsetsRobsAccount
to refer to it.

Account

RobsAccount
Name:

We have seen this keywongw before. We use it to create arrays. This is because an
array is actually implemented as an object, and so waaw¢o create it. The thing

that new creates is aject.An objed is an instance of a class. I'll repeat that in a posh
font:
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OAn object 1is

| have repeated this because it is very important that you understand this. A class
providesthe instructions to C# as to what is to be made, and what daal henew
keyword causes C# to use the class information to actually ameketanceNote that
in the above diagram | hawcalled the obje@nAccount , notRobsAccount . This

is because the objeictstancedoes not have the identifiobsAccount |, it is simply
the one whiclRobsAccount is connnectedb at the moment.

References

We now have to get used to the idea that if we want to use objects, we have to use
references. The two come hand in hand and are inseparable. Structlied afe

useful, but for real object oriented satisfaction you have to have an object, and that
means that we must manage our access to a particular object by making use of
references to it. Actually this is not that painful in reality, in that you can &re

reference as if it really was the object just about all of the time, but you must remembe
that when you hold a reference yowmbt hold an instan¢gouhold a tag which is tied
onto an instanee

Multiple References to an Instance

Perhaps another ample of references would help at this point. Consider the following
code:

Account RobsAccount ;

RobsAccount = new Account();
RobsAccount .Name = "Rob";
Console.WriteLine ( RobsAccount.Name );
Account Temp ;

Temp = RobsAccount;

Temp.Name ="Jim ";

Console.WriteLine ( RobsAccount.Name );

The question is; what would the second o&WriteLine  print out? If we draw a
diagram the answer becomes clearer:

Account

RobsAccount )
Name: Jim

Temp

Both of the tags refer to the saimstance ofAccount . This means that any changes
which are made to the object tif@mprefers to will also be reflected in the one that
RobsAccount refers tobecause they are the same ohjéttis means that the
program would print out Jim, since that is the name in the objedRtitzAccount

is referring to.
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This indicates a trickiness with objects and references. There is no limit to the number
of references that can be attached to a singtance, so you need to remember that
changing the object that a reference refers to may well change that instance from the
point of view of other objects.

No References to an Instance

Just to complete the confusion we need to consider what happerabjeahhas no
references to it:

Account RobsAccount ;

RobsAccount=  new Account();
RobsAccount .Name = "Rob";
Console.WriteLine ( RobsAccount.Name );
RobsAccount=  new Account();
RobsAccount .Name ="Jim ";
Console.WriteLine ( RobsAccount.Name );

This code mads an account instance, sets the name property of it to Rob and then
makes another account instance. The referBodsAccount is made to refer to the
new item, which has theame set to Jim. The question\fghat happens to the first
instance? Again, thisan be made clearer with a diagram:

Account
RobsAccount
Name: Rob
Account
Name: Jim
The first instance is shown fAhangingbo
making use of data in the instance is concerned, it might as well not be there. Indeed t
C# language implementation has a spgeialo c e s s called the i
which isgiven the job ofinding such useless items and disposing of them. Note that
the compiler wildl not stop us from Al e

You should also remember that you can get a aimgitfect when a reference to an
instance goes out of scope:

{
Account local Var
local Var = new Account();

}

The variabldocal Var is local to the block. This means that when the program
execution leaves the block the local variable is discarded. This means that the only
reference to the account is also removed, meaning another job for the garbage
collector.
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Pr ogr a miboet Toys o avoid the Garbage Collector

While it is sometimes reasonable to release items you have no further use for, you must remember

that creating and disposing of objects will take up computing power. When | work with objects |
worry about how much creating and destroying | am doing. Just because the objects are disposed of
automatically doesndt m¢hafacilityhat you should abuse

Why Bother with References?

References dondédt sound much fun at the
and use objects and magthe source of much confusion. So why do we bother with
them?

To answer this we can consider ®acific Island of Yap. The currency in use hist
islandis based arountl2 feet tall stoneshich weigh several hundred poundsteac
The value of aurrBncyds dinedtly ielatedttolthe nuiiaepof men who
died in the boat bringinthe rockto the island. When you pay someone with ohe o
thesecoi ns you donét actwually pick it wup
coin in the road on top of the hill is
manage objects that they don6ét want to

That is why we ge references in our programs. Consider a bank which contains many
accounts. If we wanted to sort them into alphabetical mflenstomer namee have
to move them all around.

HE [ 2

=N

Sorting by moving objects around

If we held the accounts as an array ofictiire itemsve would have to do a lot of work
just to keep the list in order. The bank may well wardrtter the information in more
than one way too, for example they might wianorder it on both customer surname
and also on account numb®Vithout references this would be impossible. With
references we just need to keep a number of arrays of references, each @ which
ordered in a particular way:

Sorting by using references.
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I f we just sort the references wewdonb
objects can be added without having to move any objects, instead the references can
moved around.

References and Data Structures

Our list of sorted references is all very good, but if we want to add something to our
sorted list we still have to move the references around. We can get over this, and also
speed up searching, by structuring data into a tree form.

!

Sorting by use of a tree.

In the tree above each node has teferencesone carreferto a node which is

il i gthteadthetdcg a node which is fidarker 0. | f
have to go as fsaleastcamnvand | wilhemd uptht lightest. 8 hed

| go up to the one above thathich must be the next lightest). Then | go down the dark
side (Luke) and repeat the process. The neat thing about this approach is also that
adding new items is very easy; | just find the place on the tree that they need to be hur
on and attach the reference there.

Searching is also very quick, in that | cand@t each node and decide which way to
look next until | either find what | am looking for or | find there is no reference in the
required direction, in which case the item is not in the structure.

Pr ogr a mioet @at Structures are Important

This is not a data structures document, it is a pr
about trees just yet, dondt worry. Just remember t
building up structures of data and leave it at that. But some time in the future you are going to have

to get your head around how to build structures using these things.

Reference Importance

The key to this way of working is that an object can contain referencesaioaftjects,
as well as the data payloatfe will consider this aspect object use lateffor now we
just need to remember that the reference and the object are distinct and separate.

Bank Notes: References and Accounts

For a bank with many thousandsaooistomers the use of references is crucial to the
management of the data that they hold. The accounts will be held in the memory of the
computer and, because of the size of each account and the number of accounts being
stored, it will not be possible to me them around memory if we want to sort them.
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Why Bother with References?

This means that the only way to manipulate them is to leave them in the same place al
have lists of references to them. The references are very small "tags" which can be us
to locate the actual item in meny. Sorting a list of references is very easy, and it

would also be possible to have several such lists. This means that we can offer the
manager a view of his bank sorted by customer name and another view sorted in orde
of balanceAnd if the manager cuoes along with a need for a new structure or view we
can create that in terms of references as well.

Designing With Objects

We are now going to start thinking in terms of objects. The reason that we do this is
that we would like a way of makg the design of our systems as easy as possible. This
all comes back to the fAcreative |l azine
that we are trying to do here is best expressed as:

APut off all the hard wo ibl get someore slseltoam g
it. o

Objects let us do this. If we return to our bank account we can see that there are a
number of things that we need to be able to do with our bank account:

pay money into the account

draw money out of the account

find thebalance

print out a statement

change the address of the account holder

print out the address of the account holder

change the state of the account

find the state of the account

change the overdraft limit

find the overdraft limit

= =4 -8 _—a_-a_9_9_29._-4._-2°

Rat her than saydogthA®WWeenepdrations on
design turns this on its head, a bit like President Kennedy did all those years ago:

AANd so, my fellow Americans: ask not what your country can do fér gskiwhat
you can do for your countéy(hugecheers)

We dondt do things to the bank fauoscTbeu nt
design of our banking application cantbheught of in terms of identifying the objects
that we are going to use to represent the information and then épgeifyat things

they should be able to do. The really clever bit is that once we have decided what the
bank account should do, we then might be able to get somebody else to make it do
these things.

If our specification is correct and they implementitp®r | vy, we dondt
precisely how they made it workwe just have to sit back and take the credit for a job
well done.

This brings us back to a couple of recurring themes in this documetagataand

testing What a bank account object shobklable to do is part of the metadata for this
object. And once we have decided on the actions that the account must perform, the
next thing we need to do is devise a way in which each of the actions can be tested.

In this section we are going to implemamt object which hasome ofthe behaviours
of a proper bank account.
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Data in Objects

Pr o gr a mioat NbsEverything Should Be Possible

Note that there are also some things that we should not be able to do with our bank account
objects. The account number of an account is something which is unique to that account and should
never change. We can get this behaviour by simply not providing a means by which it can be changed.
It is important at design time that we id entify what should not be possible, along with what should
be done. We might even identify some things as being audited, in that an object will keep track of
what has been done to it. That way we can easily find o ut if bad things are being done

Data in Objects

So, we can consider our bank account in terms of what we want it to do Tdreusirst

thing is to identify all the dataeins that we want to store in it. For the sake of
simplicity, for now I 6m just @meaithe t o
accounts. This will let me describe all the techniques that are required without getting
bogged down too much.

class Account

public  decimal Balance ;

b

TheAccount class above holdhie member thate need to store abotlte balance of

our bank account®lembers of a class which hold a value which describes gatae

which the class is holding are often calfgdperties] 6 ve used t foreahed e c
account balangesince this is specially digned to hold financial values.

We have seen thaach of the data items anclasds amembeiof it and stored as part

of it. Each time | create an instance of the class | get all the members as well. We have
already seen that it is very easy to create an instance of a class and set the value of a
member:

Account RobsAccount ;
RobsAccount=  new Account( );
RobsAccount . Balance = 99;

The reason that this works is that the members of the object arebdd and this
means that anybody has direct access to them. This means that any programmer writi
the application can do things like:

RobsAccount . Balance = 0;

- and take away all my money. If we are going to provide a way of stopping this from
happening we need to protect the data inside our objects.

Member Protection inside objects

If objects are going to be useful we have to haweof protecting the data within

them. Ideally | want to get control when someone tries to change a value in my objects
and stop the change f oThmpobhevordfgrthmasde i f
encapsulationl want all the important data hiddarside my object so that | have
complete control over what is done with it. This technology is the key tefiensive
programmingapproach which is geared to making sure that, whatever else happens, rr
part of theprogram does not go wrong.

For example,n our bank program we want to make sure that the balance is never
changed in a manner that we can't conffble first thing we need to do is stop the
outside world from playing with our balance value:
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class Account

{
b

The property is no longer markedm@sblic . Instead it is nowprivate . This means
that the outside world no longer has direct access to it. If | write the code:

private decimal balance ;

RobsAccount . balance = 0;

- | will get an error when | try to compile the program:

Pri vateDemo.cs(13,3): error CS0122:
'PrivateMembers.Account.balance' is inaccessible due to its
protection level

The balance value is how held inside the object and is not visible to the outside world.

Changing private members

I can tell what vyou are thinking at th
making it private, now you candt chang:
confidence folks. It turns out that | can change the value, but only using code actually
running in theclass Consider thgprogram

class Account

{

private decimal balance =0 ;
public  bool WithdrawFunds ( decimal amount)

if (balance < amount)

{

return false ;

balance = balance - amount;
return  true ;

}
}
class Bank {
public static void Main () {
Account RobsAccount;

RobsAccount=  new Account();
if ( RobsAccount.WithdrawFunds (5) )

Console.WriteLine ( "Cash Withdrawn ") ;
}
else

Console.WriteLine ("Insufficient Funds" ) ;
}

}
}

This creates an account and then tries to draw five pounds out of it. This will of course
fail, since the initial balance on my account is zero, but it showd lgovabout

providing access to members in an accodifte methodVithdrawFunds is a

member of thé\ccount class and can therefore access private members of the class.
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Pr ogr a mboat Metadata makes Members and Methods

I havendt me n taifooatleadt five minuded. 8d perhaps now is a good time. The

metadata that | gather about my bank system will drive how | provide access to the members of my
classes. Inthe code above the way that | am protecting the balance value is a reflection of h ow the
customer wants me to make sure that this value is managed properly.

public Methods

You may have noticed that | made tMthdrawFunds methodpublic . This

means that code running outside the class can make calls to that method. This has go
be the case, since we want people to interact with our objects by calling methods in
them.In general the rules are:

91 ifitis a data membe(i.e. it holds datapf the class, make ftrivate
9 ifitis a method membsdi.e. it does somethinghake itpublic

Of course, the rules can be broken on
possiblecorruption of the member and you want your progtamunasquickly as
possibleyou can make a data memlperblic . If you want to write a method which is
only used insida class and performs some special, secret, task you can make it
private

Pr o gr a mbPoet pdivate data and p ublic methods

If you look closely at the code | write (and | would advise you to do this dit is good stuff) you will
find that when | write the name of a public item | use a capital letter to start the name (as in the

case of WithdrawFunds to withdraw from our bank acc ount). But | make the first letter of private
members lower case (as in the case of the balance data member of our bank account). This makes it
easy for someone reading my code, because they can see from the name of a class member whether
or not it is publ ic or private. The convention also extends to variables which are local to a block.
These (for example the ubiquitous i) always start with a lower case letter.

A Complete Account Class

We can now create a bank account class which controls access ttatite balue:
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public class Account

{

private decimal balance = 0;

public  bool WithdrawFunds ( decimal amount)

{

if (balance < amount)

{
}

balance = balance - amount ;
return  true ;

return false ;

public  void PaylnFunds ( decimal amount)

balance = balance + amount ;

public decimal GetBalance ()

return balance;

The bank account class that | have created above is quite well behaved. | have create
three methods which | can use to interact with an account objt pay money in,
find out how much is there and withdraw cash, for example:

Account test = new Account();
test.PaylnFunds(50);

At the end of this set of statements the test account should have 50 pounds in it. If it
does not my program is faultfhe method>etBalance is calledanaccessosince it
allows access to data in my business objemuld write alittle bit of code to test these
methods

Account test = new Account();

test.PaylnFunds(50);

if (test.GetBalance()!=50){
Console.WriteLine ( "Pay In test failed" );

}

My program now tests itself, in that it does something and then makes sure that the
effect of that action is correct. Of course | must still read the output from all the tests,
which is tediousLater in the cours we will consider the use ahit testavhich make

this much easier.
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Pr ogr a miboet T@s Driven Development & the only way

I love test driven development. If | ever write anything from now on you can bet your boots that |
will write it using a test driven approach.  This sol ves three problems that | can see:

Firstly you don't do the testing at the end of the project. This is usually the worst time to test,

since you might be using code that you wrote some time back. If the bugs are in an old piece of code
you have to go through the effort of remembering how it works. Far better to test the code as you
write it, when you have the best possible understandin g of what it is supposed to do.

The second good reason for using a test driven approach is that it lets you write code early in the
project which will probabl y be useful later on. Many projects are doomed because people start

writing code before they have a proper understanding of the problem. Writing the tests first is

actually a really good way of refining your understanding. And there is a good chance that t he tests
that you write will be useful at some point too.

The final reason for using tests is that when | fix bugs in my program | need to be able to convince
myself that the fixes | have applied have not broken some other part (about the most common way
of introducing new faults into a programisto mend a bug). If | have a set of automatic tests that |
can run after every bug fix | have a way of stopping this from happening.

Bank Notes: Protecting Account Members

The bank manager approves of our usprofate  andpublic . This means that
other programmers (i.e. the people who write systems which ugetioeint class
instances in the bank) will not be allowed unrestricted access to the very important
information held inside them. This is very important.

Static Iltems

At the moment all the members that we have created in our class have beempart of
instance of the class. This means that whenever we create an instanc&oobilngt

class we get halance member. However, we can also create members vetnech

held as part of the class, i.e. they exist outside of any particular instance.

Static class members

Thestatic  keyword lets us create members which are not held in an instance, but in
the class itself.

It is very important that you learnhatstatic  means in the context of C# programs.
We have used it lots in just about every program that we have ever written:
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class AccountTest {
public  static void Main () {
Account test = new Account();
test.PayIinFunds (50);
Console.WriteLine ("Balance:" + test.GetBalance());

}
}

TheAccountTest class has atatic  member method calledain . We know that
this is the method which is calledrianthe program. It is part of tredass

AccountTest . If | made fiftyAccountTest instances, they would aharethe
sameMain method. In terms of C# the keywosthtic  flags a member as being part
of the classnot part of an instance of the class. | will write that down again in a posh
font, for it is important:

OA static mendaramber of the cl:
a member of an instana® of tr

| don't have to make an instance of fezountTest class to be able to use the

Main method. This is how my program actually gets to work, in that when it starts it
has not made any instana#sanything, and so this methoalist be there already,
otherwise it cannot run.

Static does not mean "cannot be changed". | think this is time for more posh font stuff:

Static does not mean "cannot b

Members of a class which have been mstdé ic can be used just like any other
member of a class. Either a data member or a method can bestadcle .

Using a static data member of a class

Perhaps an example stiatic ~ data would help at this point. Consider the interest
rates of our bank accounts. The customer has told us that one of the members of the
account class will need to be the interest rate on accounts. In the program we can
implement this by adding another mieer to the class which holds the current interest

rate:
public class Account {
public decimal Balance ;
public  decimal InterestRateCharged ;
}

Now | can create accounts and set balances and interest rates on them. (of course if |
was doing this propsr I'd make this stuff private and provide methods etc, but I'm
keeping things simple just now).

Account RobsAccount = new Account();

RobsAccount.Balance = 100;
RobsAccount.InterestRateChanged = 10;

The snag is; I've been told that the interest rate dsfoelall the accounts. If the
interest rate changes it must changeafbaccounts. This means that to implement the
change I'd have to go through all the accounts and update the rate. This would be
tedious, andfil missed one account, possildypensie.

| solve the problem by making the interest rate meratagic
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public class Account {
public  decimal balance ;
public  static decimal interestRateCharged ;

}

The interest rate is now part of the class, not part of any instance. This means that |
haveto change the way that | get hold of it:

Account RobsAccount = new Account();
RobsAccount.Balance = 100;
Account.InterestRateChanged =10;

Since it is a member of the class | now havadethe class nami get holdof it
instead of the name ttie insance reference.

Pr ogr a mioet Siasic Data Members are Useful and Dangerous

When you are collecting metadata about your project you should look for things which can be made
static. Things like the limits of values (the largest age that you are going to permit a person to
have) can be made static. There might be a time where the age limit changes, and you don't want to
have to update all the objects in your program.

But of course, as Spiderman's uncle said, "With great power comes great responsibility”. You should

be careful about how you provide access to static data items. A change to a single static value will
affect your entire system. So they should always be mad e private and updated by means of method
calls.

Using a static method in a class

We can make methodsatic  too. We have been doing this for ages withNten
method. But you can also use them when designing your system. For exaenple,
might have a method which decides whether or not someone is allowed to have a ban
account. It would take in their age and income. It would then return true or false
depending on whether these are acceptable or not:
public bool Allowed ( decimal income, int age){
if ((income >=10000) && (age >=18)){
return true ;

else {
return false;
}

}

This checks the age and income; you must be over 17 and have at least 1000 pounds
income to be allowed an account. The snag is th#teamoment, we can't call the
method until we have afsxccount instance. We can solve this by making the method
static
public  static bool Allowed ( decimal income, int age){
if ((income >=10000) && (age >=18)){
return true ;

els e {
return false
}

}

Now the method is part of the class, not an instance of the class. | can now call the
method by using the class name:
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if  (Account.Allowed ( 25000, 21) ) {
Console.WriteLine ( "Allowed Account");

}

This is nice because bltie not had to make an instance of the acciufitid out if one
is allowed.

Using member data in static methods

TheAllowed method is OK, but of course | have hard wired the age and income
methods into it. | might decide to make the method more flexible:

public class Account {

private d ecimal minincome = 10000;
private int minAge = 18;

public  static bool Allowed( decimal income, int age){
if  ((income >= minincome) && (age >= minAge) ) {
return true ;

}
else {

return false ;
}

}
}

This is a better design, in that | now have members of the class which setuppé¢he
limits of the age ashincome. However it is a bad program, since the class above will
not compile:

AccountManagement.cs(19,21): error CS0120: An object
reference is required for the nonstatic field, method, or
property 'Account.minincome’

AccountManagement.cs(19,43): error C S0120: An object
reference is required for the nonstatic field, method, or
property 'Account.minAge'

As usual, the compiler is telling us exactly what is wrong; using language which makes
our heads spin. What the compiler really means is'thatatic méhod is using a
member of the class which is not static"

I f that doesndét hel p minlnoome andninAge atelnelds :
within instanceof the Account class. However, a static method can run without an
instance (since it is part of tlséass). The compiler is unhappy because in this situation
the methodvould not have any members to play with. We can fix this (and get our
program completely correct) by making the income and age kiteite  as well:
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public class Account {

private sta ticd ecimal minincome ;
private static int minAge ;

public  static bool Allowed( decimal income, int age){
if  ((income > minincome) && (age > minAge) ) {
return true ;

else {
return false ;
}

}
}

If you think about it, this makes perfect sense. The limit values should not be held as
members of a class, since we want them to be the same for all instances of the class,
therefore, making themstatic  is what we should have done in the first place.

Progr a mm e PofintsStatic Method Members can be used to make
Libraries

Sometimes in a development you need to provide a library of methods to do stuff. In the C# system
itself there a re a huge number of methods to perform maths functions, for example sin and cos. It
makes sense to make these methods static, in that in this situation all we want is the method itself,

not an instance of a class. Again, when you are building your systemy ou should think about how you
are going to make such methods available for your own use.

Bank Notes: Static Bank Information

Thekind of problems that we can usgtic  to solve in our bank are

static member variable:the manager would like us to be aldeset the interest rate

for all the customer accounts at once. A single static member of the Account class will
provide avariablewhich can be used inside all instances of the class. But because ther
is only a single copy of this value this can be cleangnd thereby adjust the interest

rate for all the accounts. Any value which is held once for all classes (limits on values
are another example of this) is best managed as a static value. The time it becomes
impossible to use static is when the managgs %@h, accounts for five year olds have

a different interest rate from normalone&t t hi s point we know
because we need to hold different values for some of the instances.

static member method:the managetells us that we need a method to determine
whether or not a given person is allowed to have an account. | can't make this part of
anyAccountinstancebecause at the time it runs an account has not been generated. |
must make istatic , so that it can exgite without an instance.

The Construction of Objects

We have seen that our objects are created when wesus® bring one into being:

test= new Account();

If you look closely at what is happening you might decide that isHappening looks
quite a bit like a method call.
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The Default Constructor

This is actually exactly what is happening. When an instance of a class is created the
C# system makes a call tocanstructormethod in that class. The constructor method is
a member of the class anddtthere todt the programmer get control aset up the
contents of the shiny new object. One of the rules of the C# game is that every single
classmust have a constructor method to be called when a new instance is created.

ABut wait a minuteo, you say, fAWedve b
had to provide a constructor methodo.
being friendly here. Rather than shout at you for not progidiconstructor method,

the compiler instead quietly createdefaultone for you and uses that.

You might think this is strange, in that normally the compiler loses no time in telling
you off when you donét do s dvingthelpiomegn, b
without telling you. There are two ways to look at this:

1 nice compiler: the compiler is trying to make life easier for you

1 evil compiler: thecompilerknows that if it does this automatically now you
will suffer morelaterwhenyoutryé under st and why you
one

How you regard the action of the compiler is up to you.

The Default Constructor

A constructor method has the same name as the class, but it does not return anything.
is called when we performew. I f ysouup pdioyn 6at constructor
far) the compiler creates one for us.

public class Account {

public  Account () {
}
}

This is what the default constructor looks like. Ipigolic  so that it can be accessed
from external classes who might want to make instances of the class. It accepts no
parameters. S create my own constru
doing and stops providing the default one. This can cawddems, which we will

discuss later.

Our Own Constructor

For fun, we could make a constructor which just prints out that it has been called:

public class Account {

public  Account () {
Console.Wri teLine ( "We just made an account" );

}
}

This constructor is not very constructive (ho ho) but it does let us know when it has
been called. This means that when my program executes the line:

robsAccount = new Account();

- the program will prinbut the message:

We just made an account

Note that this is not very sensible, in that it will result in a lot of printing out which the
user of the program might not appreciate, but it does show how the process works.
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Feeding the Constructor Information

It is useful to be able to get control whenftount is created, but it would be even
nicer to be able to feed information into #hecount when | creatdt. As an example,

I might want to set the name, address, and initiarixad of an account holder when the
account is created. In other words | want to do:

robsAccount = new Account( "Rob Miles", "Hull", 0 );

This could create a new account and set the namopertyto Rob Miles |, the address
toHull and the initial balance to zero. It turns out that | can do this very easily, all |
have to do is make the constructor method to accept these parameters and use them
set up the members of the class:

class Account {

private st ring name;
private string address;
private decimal balance;

public  Account (  string inName, string  inAddress,
decimal inBalance) {
name = inName;
address = inAddress;
balance = inBalance;

}
}

The constructor takebé values supplied in the parameters and uses them to set up the
members of théccount instance that is being created. In this respect it behaves
exactly as any other method call.

Note that adding a constructor like this has one very powerful ramificatio

You must use the new constructor to make an instance of a class, i.e. the only way | ce
now make am\ccount object is by supplying a name, address and starting balance. If
| try to do this:

robsAccount = new Account();

- the compiler will stop being oé to me and produce the error:

AccountTest.cs(9,27): error CS1501: No overload for method
‘Account’ takes '0' arguments

What the compiler is telling me is that there is no constructor in the class which does
not have any parameters. In other words, thepiler only provides aefault
constructor if the programmer doegrtvide a constructor

This can cause confusion if we have made use of the default constructor in our progra
and we then add one of our own. The default constructor is no longer supyliee
compiler and our program now fails to compile correctly. In that situation you have to
either find all the calls to the default one and update them, or create a default
constructor of your own for these calls to use. Of course you don't havehis do

because your design of the program was so good that you never have this problem. Ju
like me, hem hem.

Overloading Constructors

Overload is an interesting word. In the context of the "Btek" science fiction series
it is what they did to the warp engines in every other episode. In the context of a C#
program it means:

"A method has the same name as another, but has a different set of parameters"
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The compiler is quite happy for you to el@ad methods, because it can tell from the
parameters given at the call of the method which one to use. In the context of the
constructor of a class, what this means is that you can provide several different ways ¢
constructing an instance of a classt Eeample, many (but not all) of your accounts

will be created with a balance value of zero, i.e. nothing in the account. This means th:
we would like to be able to write

robsAccount = new Account( "Rob Miles","Hull" );

I've missed off the balance valuem? | want to use the "default” one of zero. If your
code does this the compiler simply looks for a constructor method which has two
strings as parameters, and nothing else. Something a bit like this:

public  Account (  string inName, string inAddress){
name = inName;
address = inAddress;
balance = 0;

}

Overloading a method name

In fact, you can overload any methoamein your classes. This can be useful if you
have a particular action vdih can be driven by a number of different items of data, for
example you could provide several ways of setting the date of a transation:

SetDate ( int year, int month, int day)
SetDate ( int year, int julianDate)

SetDate ( string  datelnMMDDYY)

A call of:
SetDate (23, 7, 2005 );

- would be matched up with theethod which accepts three integer parameters and that
code would be executed.

Constructor Management

If the Account class is going to have lots of constructor methods this can get very
confusing for the programmer:

public  Account ( string inName, string inAddress,
decimal inBalance) {
name = inName,;
address = inAddress;
balance = inBalance;

}

public  Account (  string inName, string inAddress){
name = inName;
address = inAddress;
balance = 0;

}

public  Account ( strin g inName) {
name = inName;
address = "Not Supplied";
balance = 0;

}

I've made three constructors for Aocount instance. The first is supplied with all the
information, the second is not given a balance and sets the value to 0. The third is not
given the address either, and sets the addresd¢abSupplied
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A constructor cannot fail

To do this | have had to duplicate code. Good programhaeduplicating code. It is
regarded as "dangerous extra work". The scary thing is that it is quite easy to do, just
use the block copgommand in the text editor and you can take the same piece of
program and use it all over the place. But you should not do this. Because it is bad. If
you need to change this piece of code you have to find every copy of the code and
change it.

This happas more often than you'd think, even if you don't put a bug in your code, you
still might find yourself having to change it because the specification changes. So, C#
provides a way in which you can call one constructor from another. Consider:

public  Account( string inName, string  inAddress,
decimal inBalance) {
name = inName,;
address = inAddress;
balance = inBalance;

public  Account (  string inName, string inAddress ) :

this  (inName, inAddress, 0 ) {
}
public  Account( string inName):

this  (inName, "Not Supplied", 0) {
}

The keywordhis means "another constructor in this class”. As you can see in the
code sample above, the highlighted bits of the code are calls to the first constructor.
They simply pass the parameters which are sup@iedg with any default values that

we have created, on to the "proper" constructor to deal with. This means that the actu:
transfer of the values from the constructor into the object itself only happens in one
method, and the other constructor methodsrwke calls to it.

The syntax of these calls is rather interesting, in that the call to the constructor takes
place before the body of the constructor method. In fact it is outside the block
completely. This is sensible, because it reflects exactly whatppening. TheHis
constructor runs before the body of the other constructor is entered. In fact, in the codt
above, since the call tis does all the work, the body of the constructor can be
empty.

Pr ogr a mioetObject Construction Should Be Planned

The way in which objects are constructed is something that you should plan carefully when you write
your program. You should create one "master " constructor which handles the most comprehensive
method of constructing the object. Then you should make all the other constructor methods use

this to get hold of that method.

A constructor cannot falil

If you watch a James Bond movie there is usually a point at which 004@ thatdlthe
fate of the world is in his hands. Failure is not an option. Constructors are a bit like this
Constructors cannot fail. And this is a problem:

Whenever we have written methods in the past we have made sure that their behaviot
is error checkedo that the method cannot upset the state of our object. For example,
attempts to withdraw negative amounts of mofmesn a bank accourghould be

rejected.

The whole basis of the way that we have allowed our objects to be manipulated is to
make sure thahey cannot be broken by the people using them. If you try to do
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The Construction of Objects

A constructor cannot fail

something stupid with a method call it should refuse to perform the action and return
something which indicates that it could not do the job.

So we know that when we create a method whi@mnghs the data in an object we have
to make sure that the change is always valid. For example, we would not let the
following call succeed:

RobsAccount. PaylnFunds (1234567890);

There will be an upper limit to the amount of cash you can pay in at once, so the
PaylnFunds method will refuse to pay the money in. But what is to stop the
following:

RobsAccount=  new Account ("Rob","Hull",1234567890);

Like James Bond, constructors ar allowed to fail. Whatever happens during the
constructor call, it will complete and a new instance will be created.

This poses a problem. It looks as if we can veto stupid values at every point except the
one which is most important, i.e. when the abjs first created.

Pr ogr a mbPomt:Marsaging Failure is Hard Work

This brings us on to a kind of recurring theme in our quest to become good programmers. Writing
code to do a job is usually very easy. Writing code which will handle all the possible failure

conditions in a useful way is much trickier.  Itis a fact of prog ramming life that you will (or at least
should) spend more time worrying about how things fail than you ever do about how they work

correctly.

Constructors and Exceptions

The only way round this at the moment is to have the constructor throw an exception i
it is unhappy. This means that the user of the constructor must make sure that they ca
exceptions when creating objects, which is not a bad thing. The really clever way to dc
this is to make the constructor call the set methods for each of the @epest it has
been given, and if any of them returns with an error the constructor should throw the
exception at that point:

public  Account ( string inName, string inAddress){

if (SetName (inName) == false ){
throw new Exception ( "Bad name " + inName) ;

}
if ( SetAddress (inAddress) == false ) {

throw new  Exception ( "Bad address" + inAddress) ;

}
}

If we try to create an account with a bad name it will throw an exception, which is what
we want. The only problem here is thiathie address is wrong too, the user of the
method will not know this until they have fixed the hame and then called the
constructor again.

| hate it when I'm using a program and this happens. It is normally when I'm filling in a
form on the web. | typenimy name wrong and it complains about that. Then | put my
name right, and it complains about my address. What | want is a way in which | can ge
a report of all the invalid parts of the item at once. This can be done, at the expense of
little bit of conplication:
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Bank Notes: Constructing an Account

public  Account (  string inName, string inAddress){
string  errorMessage =";
if (SetName (inName ) == false ){
errorMessage = erro rMessage + "Bad name " + inName

}
if ( SetAddress (inAddress) == false ) {

errorMessage = errorMessage + " Bad addr " + inAddress;
}
if (errorMessage =" ) {
throw new  Exception ( "Bad account" + errorMessage) ;
}

}

This version of the constructor assembles an error message which describes everythir
which is wrong with theccount. Each new thing which is wrong is added to the
message antthen the whole thing is put into an exception and thrown back to the caller.

Pr ogr a mioetCorsider the International Issues

The code above assembles a text message and sends it to the user when something bad happens.
This is a good thing. However, if you write the program as above this might cause a problem when
you install the code in a French branch of the bank. During the specif ication process you need to
establish if the code is ever going to be created in multiple language versions. If it is you will need

to manage the storage and selection of appropriate messages. Fortunately there are some C#
libraries which are designed to m ake this easier.

Bank Notes: Constructing an Account

The issuesevolving around the constructor of a class are not directly relevant to the
bank account specification as such, since they really relate to how the specification is
implemented, and not whtte system itself actually does.

That said, if the manager says something like "The customer fills in a form, enters theil
name and address and this is used to create the new account” this gives you a good i
of what parameters should be supplied tociwestructor.

From Object to Component

| take the view that as you develop as a software writer you go through a process of
"stepping back" from problems and thinking at higher and higher levels. Posh people
call this "abstraction". This is thgrogress that we have made so fa

1 representing values by named locations (variables)

9 creating actions which work on the variables (statements and blocks)

1 putting behaviours into lumps of code which we gare names to. Wean
reusethese behaviours and also use tliette design process (methods)

i creating things which contain member variables as propertiememter
methodsas actiongobjects)

Rather than spend a lot of time at the start of a project worrying just how we are going
represent aaccount and precisely what it should do, we just say "We need an account
here" and then move on to other things. Later we will come back and revisit the
problem in a greater level of detail, and from the point of view of whaAtteunt

class needs to do.
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Components and Hardware

The next thing to do is consider how we taKarther step back and consider
expressing a solution usimgmponergandinterfaces In this section yowill find out
the difference between an object and a component, and how to sgsigmsising
them.

Components and Hardware

Before we start on things from a software point of view it is probably worth considering
things from a hardware point of view. Yshould be familiar with the way that, in a
typical home computer, some parts are not "hard wired" to the system. For example, tt
graphicsadapteiis usually a separate devietich is plugged intéhe main board. This

is good; because it means that | bay a new graphicadapterat any time andit it

into themachine to improve thegerformance.

For this to work properly the people who makain boardsaind the people who make
graphics adapters have had to agree antanfacebetween two devices. Thiakes the

form of a large document which describes exactly how the two components interact, fo
example which signals are inputs, which signals are outputs and so on. Any main boar
which contains a socket built to the standead accept a graphics card

So, from the point of view of hardware, components are possible because we have
created standardterfaceswhich describeexactly how they fit together.

Software components aexactly the same

Why we Need Software Components?

At the moment you might nsee a need for software components. When we are
creating a system we work out what each of the parts of it need to do, and then we
create those parts. It is not obviaighis stagevhy components are required.

Well, a system designed without componessxactlylike a computer with a graphics
adapter which part of the main board. It is not possible for me to improve the graphics
adapter because it is "hard wired" into the system.

However, it is unfortunately the case that with our bank system we naayah@eed to
create different forms of bank account class. For example, we might be asked to creatse
a "BabyAccount" class which only lets the account holder draw out up to ten pounds
each time. This might happen even after we have installed the systenisareing

used.

If everything has been hard wired into place this will be impossible. By describing
objects in terms of their interfaces however, we can use anything which behaves like a
Account in this position.

Components and Interfaces

One point Ishould make here is that we ai@t talking about theiser interfaceo our
program. The user interfacetheway a person using our program would make it work
for them.These are usually either text based (the user types in commands and gets
responses) or graphical (the usitcksonibut t ons o on a screen

An interfaceon the other hand just spfées how a software componerdudd be used

by anothersacf war e component . Pl ease dondt be
about the C# interface mechanism with a long description of how windows and buttons
work. This will earn you zero marks.
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Implementing an Interface in C#

Interfaces and Design

So, instead of starting off by designing sles we should instead be thinking about
describing their interfaces, i.e. what it is they have tdr@# we express this
information in a thing called anterface An interface is simply a set of method
definitions which are lumped together.

Our firstpass at a bank account interface could be as follows:

public interface IAccount {
void PayInFunds ( decimal amount);
bool WithdrawFunds ( decimal amount);
decimal GetBalance ();

}

This says that thEAccount interface is comprised of three medlspone to pay

money in; another to withdraw it and a third which returns the balance on the account.
From the balance management point of view this is all we need. Note that at the
interface level | am not saying how it should be done, | am insteadchjtistysvhat

should be done. An interfaéeplaced in a source file just like a class, and compiled in
the same waylt sets out anumberof methods which relatto a particular task or role,

in this case what a class must do to be considered a bank account

Implementing an Interface in C#

Interfaces become interesting when we make a stggementhem. Implementing an
interface is a bit like a setting up a contract between the supplier of resources and the
consumer. If a clagmplements an interface it is saying that for every method
described in the interface, it has aresponding implementation

In the case of the bank account, | am going to create a class which implements the
interface, so that it can be thought of amecount component, irrespective of what it
really is:

public class CustomerAccount : IAccount {

private decimal balance = 0;

public bool
{

WithdrawFunds ( decimal amount)
if (balance <amount)
return false ;

balance = balance
return true :

- amount;

}

public void PaylnFunds ( decimal amount)
balance = balance + amount ;

}

public decimal GetBalance ()

i return balance;

}

The code above does not look thateli#int from the previous account class. The only
difference is the top line:
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public class CustomerAccount  : IAccount {

The highlighted part of the line above is where the programmer tells the compiler that
this class implements thAccount interface. "his means that the class contains
concrete versions of all the methods described in the interface. If the class does not
contain a method that the interface needs you will get a compilation error:

error CS0535: 'AccountManagement.CustomerAccount' does not

implement interface member
'‘AccountManagement.lAccount.PaylnFunds(decimal)'

In this case | missed out tRaylnFunds method and the compiler complained
accordingly.

References to Interfaces

Once we have made tiistomerAccount class compile, we have now got
something which can be regarded in two ways:

1 as aCustomerAccount (because that is what it is)
i asanAccount (because thatis what it can do)

People do this all the time. You can think of me in a whole variety of \&ye a¢
two:

1 Rob Milesthe individual(because that is who | am)
1 A university lecturer (because that is what | can do)

If you think of me as a lecturer yauould be using the inteaice that contains methods

like GiveLecture . And you can use the same methods witi other lecturer (i.e.
person who implements that interface). From the point of view of the university, which
has to manage a large number of interchangeable lecturers, it is much more useful for
to think of me as a lecturer, rather than Rob Milesitidividual.

So, with interfaces we are moving away from considering classes in terms of what the)
are, and starting to think about them in terms of what they can do. In the case of our
bank, this means that we want to deal with objects in terd#scobu nt ,(the set of
account abilities) rather th@ustomerAccount (a particularaccountclass).

In C# termghis means that we need to be able to create reference variables which refe
to objects in terms of interfaces they implement, rather than the partipsathat they
are. It turns out that this is quite easy:

IAccount account = new CustomerAccount();
account.PaylnFunds(50);

Theaccount variable is allowed to refer to objects which implement &ezount
interface. The compiler will check to make sure thastomerAccount  does this,
and if it does, the compilation is successful.

Note that there will never be an instancéAafcount interface. It is simply a way
thatwe can refer to something which hastthaility (i.e. contains the required
methods).

This is the same in real life. There is no such physical thing as a "lecturer”, merely a
large number of people who can be referred toaagng that particular ability or role.

Using interfaces

Now that we lve our system designed with interfaces it is much easier to extend it. |
can create BabyAccou nt class which implements thAccount interface. This
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