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Thanks for buying our book! We really
love writing about this stuff, and we
hope you get a kick out of reading it...
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you're going to have a
great time learning C#.
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get productive with C#

Visual Applications, in 10 minutes or less

Want to build great programs really fast?

With C#, you've got a powerful programming language and a valuable tool
at your fingertips. With the Visual Studio IDE, you'll never have to spend hours
writing obscure code to get a button working again. Even better, you'll be able

to focus on getting your work done, rather than remembering which method

parameter was for the name for a button, and which one was for its label.

Sound appealing? Turn the page, and let's get programming.
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Goé' .NET Framework
solutions

Data access

Why you should learn C#
C# and the Visual Studio IDE make lots of things easy
Help the CEO go paperless

Get to know your users’ needs before you startbuilding your program

Here’s what you're going to build

What you do in Visual Studio. ..

What Visual Studio does for you...

Develop the user interface

Visual Studio, behind the scenes

Add to the auto-generated code

You can already run your application

We need a database to store our information

Creating the table for the Contact List

The blanks on contact card are columns in our People table
Finish building the table

Diagram your data so your application can access it

Insert your card data into the database

Connect your form to your database objects with a data source
Add database-driven controls to your form

Good apps are intuitive to use

How to turn YOUR application into EVERYONE'’S application
Give your users the application

You’re NOT done: test your installation

You built a complete data-driven application
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it’s all just code
Under the Hood

You’re a programmer, not just an IDE-user.

You can get a lot of work done using the IDE. But there’s only so far it
can take you. Sure, there are a lot of repetitive tasks that you do when
you build an application. And the IDE is great at doing those things for
you. But working with the IDE is only the beginning. You can get your
programs to do so much more—and writing C# code is how you do it.

Once you get the hang of coding, there’s nothing your programs can’t do.

When you're doing this. .. 44

...the IDE does this 45

Where programs come from 46

The IDE helps you code 48

When you change things in the IDE, you’re also changing your code 50

Anatomy of a program 52

Your program knows where to start 54

You can change your program’s entry point 56

* * Two classes can be in the same namespace 61
Build this form A Your programs use variables to work with data 62
* * C# uses familiar math symbols 64
Loops perform an action over and over again 65

Time to start coding 66

if/else statements make decisions 67

Set up conditions and see if they’re true 68

Every time You make a
define 5 namespace for
separate from the NE

new program, you
it so that its ¢ode is

T F"’Bmewok'( tlasses.

A ¢lass contains a pigte of your
program (although some very small

; ). \ L
ams ¢an have just one ¢lass |
program ) N > Method 1
statement Change the color if the = 5
b | Enable color changin:
statement box is checkad ™ 9ing
A ¢lass has one or more methods.

‘/owr methods always have to live | Method 2 _

inside a elass. And methods are
made up o statements — like

the ones you've already seen.

¥ Fun with if/felse statements!
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objects get oriented
Making Code Make Sense

Every program you write solves a problem.

When you’re building a program, it's always a good idea to start by thinking about what
problem your program’s supposed to solve. That's why objects are really useful. They
let you structure your code based on the problem it's solving, so that you can spend your
time thinking about the problem you need to work on rather than getting bogged down in
the mechanics of writing code. When you use objects right, you end up with code that's

intuitive to write, and easy to read and change.

How Mike thinks about his problems 86
How Mike’s car navigation system thinks about his problems 87
Mike’s Navigator class has methods to set and modify routes 88
Use what you've learned to build a simple application 89
Mike gets an idea 90
Mike can use objects to solve his problem 91
You use a class to build an object 92
Navigator When you create a new object from a class,
SelDestination) it’s called an instance of that class 93
ModifyRoute ToAvoid() . . |
ModifyRouteTolnclude() o A better solution... brought to you by objects! 94
GetR Jator . .
G:Iﬂ?:eteTQDQS“naﬁon() \ g d An instance uses fields to keep track of things 98
TotalDistance() % "E] s .
) » Let’s create some instances! 99
%V[gd(o“
Thanks for the memory 100
What’s on your program’s mind 101
@ 1) You can use class and method names to make your code intuitive 102
>
%Vigaxof ® Give your classes a natural structure 104
Class diagrams help you organize your classes so they make sense 106
Build a class to work with some guys 110

When You define a tlass, you define )
its methods, just like a blueprint Create a project for your guys 111
defines the layout of (:hc house.

Build a form to interact with the guys 112
““ :: g There’s an even easier way to initialize objects 115
A few ideas for designing intuitive classes 116

I:Ill I]I]
HH

You ¢an use one blueprint 4o
make any number of houses,

and you ean use one ¢lass to
make any number of objects
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Dog fido;
Dog lucky = new Dog() ;

fido = new Dog() ;

~
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lucky = null; \\ /
S~
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types and references

It’s 10:00. Do you know where your data is?

Data type, database, Lieutenant Commander Data...
it’s all important stuff. without data, your programs are useless. You

need information from your users, and you use that to look up or produce new

information, to give back to them. In fact, almost everything you do in programming

involves working with data in one way or another. In this chapter, you'll learn the

ins and outs of C#'s data types, how to work with data in your program, and even

figure out a few dirty secrets about objects (psstt... objects are data, too).

The variable’s type determines what kind of data it can store
A variable is like a data to-go cup
10 pounds of data in a 5 pound bag

Even when a number is the right size,
you can’t just assign it to any variable

When you cast a value that’s too big, C# will adjust it automatically
C# does some casting automatically

When you call a method, the variables must
match the types of the parameters

Combining = with an operator
Objects are variables, too
Refer to your objects with reference variables

References are like labels for your object

124
126
127

128
129
130

131
136
137
138
139

If there aren’t any more references, your object gets garbage collected 140

Multiple references and their side effects

5 Two references means TWO ways to change an object’s data
009 ob}@c‘ A special case: arrays
Arrays can contain a bunch of reference variables, too
Welcome to Sloppy Joe’s Budget House o’ Discount Sandwiches!
o Objects use references to talk to each other
ol Where no object has gone before
o9 o’ ! 8
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142
147
148
149
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C# Lab 1
A Day at the Races

Joe, Bob, and Al love going to the track, but they’re

tired of losing all their money. They need you to build a
simulator for them so they can figure out winners before
they lay their money down. And, if you do a good job,
they’ll cut you in on their profits.

The Spec: Build a Racetrack Simulator 164
The Finished Product 172

A Day at the Races
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encapsulation
Keep your privates... private

Ever wished for a little more privacy?

Sometimes your objects feel the same way. Just like you don’t want anybody you

table of contents

don’t trust reading your journal, or paging through your bank statements, good objects

don’t let other objects go poking around their properties. In this chapter, you're going

to learn about the power of encapsulation. You'll make your object’s data private,

add methods to protect how that data is accessed.

But is the realName field REALLY protected?

Kathleen is an event planner 174
What does the estimator do? 175
Kathleen’s Test Drive 180
Each option should be calculated individually 162
It’s easy to accidentally misuse your objects 184
Encapsulation means keeping some of the data in a class private 185

Use encapsulation to control access to your class’s methods and fields 186

187

Private fields and methods can only be accessed from inside the class 188

A few ideas for encapsulating classes

Encapsulation keeps your data pristine

Properties make encapsulation easier

Build an application to test the Farmer class

Use automatic properties to finish the class

What if we want to change the feed multiplier?

Use a constructor to initialize private fields

’b/'5 4 geX\"

A
Juice and soda.
(¢5 per person +
pr—— —y Yes 5% discount on
number of Healthy total cost)
PoLe |——> | Choice?
Food (229 per \
person) No A /
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191
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inheritance
Your object’s family tree

Sometimes you DO want to be just like your parents.

Ever run across an object that almost does exactly what you want your object to do?
Found yourself wishing that if you could just change a few things, that object would
be perfect? Well that’s just one reason that inheritance is one of the most powerful
concepts and techniques in the C# language. Before you're through this chapter, you'll
learn how to subclass an object to get its behavior, but keep the flexibility to make
changes to that behavior. You'll avoid duplicate code, model the real world more

closely, and end up with code that’s easier to maintain.

Kathleen does birthday parties, too 206
We need a BirthdayParty class 207
One more thing... can you add a $100 fee for parties over 12? 213
When your classes use inheritance,
you only need to write your code once 214
Build up your class model by starting general
and getting more specific 215
] How would you design a zoo simulator? 216
Use inheritance to avoid duplicate code in subclasses 217
Different animals make different noises 218
Think about how to group the animals 219
Create the class hierarchy 220
Every subclass extends its base class 221
Use a colon to inherit from a base class 222

We know that inheritance adds the base class fields,

properties, and methods to the subclass... 225
af A subclass can override methods to change or

replace methods it inherited 226
Any place where you can use a base class,

you can use one of its subclasses instead 227
A subclass can access its base class using the base keyword 232
When a base class has a constructor, your subclass needs one too 233
Now you’re ready to finish the job for Kathleen! 234
Build a beehive management system 239
First you’ll build the basic system 240
Use inheritance to extend the bee management system 245

xvi
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interfaces and abstract classes
Making classes keep their promises

Actions speak louder than words.

Sometimes you need to group your objects together based on the things they can

do rather than the classes they inherit from. That’'s where interfaces come in—they

let you work with any class that can do the job. But with great power comes great

responsibility, and any class that implements an interface must promise to fulfill all of

its obligations... or the compiler will break their kneecaps, see?

Abstraction

*

polymorp]mism
Location
Name
Exits
Description()
Room Outside
Decoration Hot

Living Room

Dining
Room

Kitchen [\

Garden

Back Yard

Let’s get back to bee-sics
We can use inheritance to create classes for different types of bees

An interface tells a class that it must implement
certain methods and properties

Use the interface keyword to define an interface
Get a little practice using interfaces
Now you can create an instance of NectarStinger that does both jobs

Classes that implement interfaces have to include ALL of

the interface’s methods

You can’t instantiate an interface, but you can reference an interface
Interface references work just like object references

You can find out if a class implements a certain interface with “is”
Interfaces can inherit from other interfaces

The RoboBee 4000 can do a worker bee’s job
without using valuable honey

is tells you what an object implements,
as tells the compiler how to treat your object

A CoffeeMaker is also an Appliance

Upcasting works with both objects and interfaces

Downcasting lets you turn your appliance back into a coffee maker
Upcasting and downcasting work with interfaces, too

There’s more than just public and private

Access modifiers change scope

Some classes should never be instantiated

An abstract class is like a cross between a class and an interface
Some classes should never be instantiated

An abstract method doesn’t have a body

Polymorphism means that one object can take many different forms

252
253

254
255
256
257

258
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261
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264
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289
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enums and collections
Storing lots of data

When it rains, it pours.

In the real world, you don’t get to handle your data in tiny little bits and pieces.
No, your data’s going to come at you in loads, piles and bunches. You'll need
some pretty powerful tools to organize all of it, and that's where collections
come in. They let you store, sort and manage all the data that your programs
need to pore through. That way you can think about writing programs to work

with your data, and let the collections worry about keeping track of it for you.

Strings don’t always work for storing categories of data 310
Enums let you enumerate a set of valid values 311
Enums let you represent numbers with names 312
E We could use an array to create a deck of cards... 315
Arrays are hard to work with 316
Lists make it easy to store collections of... anything 317
Lists are more flexible than arrays 318
Lists shrink and grow dynamically 321
List objects can store any type 322
Collection initializers work just like object initializers 326
Let’s create a list of Ducks 327
Lists are easy, but SORTING can be tricky 328
Two ways to sort your ducks 329
Use IComparer to tell your List how to sort 330
Create an instance of your comparer object 331
IComparer can do complex comparisons 332
Use a dictionary to store keys and values 335
The Dictionary Functionality Rundown 336
Your key and value can be different types, too 337
You can build your own overloaded methods 343
And yet MORE collection types... 355
A queue is FIFO — First In, First Out 356
A stack is LIFO — Last In, First Out 357

xviii
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C# Lab 3
The Quest

Your job is to build an adventure game where a mighty
adventurer is on a quest to defeat level after level of
deadly enemies. You’ll build a turn-based system, which
means the player makes one move and then the enemies
make one move. The player can move or attack, and then
each enemy gets a chance to move and attack. The game
keeps going until the player either defeats all the enemies
on all seven levels or dies.

The spec: build an adventure game 364
The fun’s just beginning! 484

F® The Quest
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reading and writing Yiles
Save the byte array, save the world

Sometimes it pays to be a little persistent.

So far, all of your programs have been pretty short-lived. They fire up, run for

a while, and shut down. But that's not always enough, especially when you'’re

dealing with important information. You need to be able to save your work. In

this chapter, we'll look at how to write data to a file, and then how to read that

information back in from a file. You'll learn about the .NET stream classes,

and also take a look at the mysteries of hexadecimal and binary.
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69 117 114 101 107 97 33
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XX

C# uses streams to read and write data

Different streams read and write different things

A FileStream writes bytes to a file

Reading and writing takes two objects

Data can go through more than one stream

Use built-in objects to pop up standard dialog boxes
Dialog boxes are objects, too

Use the built-in File and Directory classes to
work with files and directories

Use File Dialogs to open and save files

IDisposable makes sure your objects are disposed properly
Avoid file system errors with using statements

Writing files usually involves making a lot of decisions
Use a switch statement to choose the right option

Add an overloaded Deck() constructor that reads
a deck of cards in from a file

What happens to an object when it’s serialized?
But what exactly IS an object’s state? What needs to be saved?

When an object is serialized, all of the objects it refers to
get serialized too...

Serialization lets you read or write a whole object all at once

If you want your class to be serializable,
mark it with the [Serializable] attribute

NET converts text to Unicode automatically

C# can use byte arrays to move data around
Use a BinaryWriter to write binary data
You can read and write serialized files manually, too

StreamReader and StreamWriter will do just fine

386
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388
393
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397
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403
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exception handling
Putting out fires gets old

Programmers aren’t meant to be firefighters.

You've worked your tail off, waded through technical manuals and a few engaging
Head First books, and you’ve reached the pinnacle of your profession: master
programmer. But you’re still getting pages from work because your program
crashes, or doesn’t behave like it’s supposed to. Nothing pulls you out of

the programming groove like having to fix a strange bug . . . but with exception
handling, you can write code to deal with problems that come up. Better yet, you

can even react to those problems, and keep things running.

Brian needs his excuses to be mobile 440

When your program throws an exception,

NET generates an Exception object. 444
Brian’s code did something unexpected 446
All exception objects inherit from Exception 448

The debugger helps you track down and
prevent exceptions in your code 449

Use the IDE’s debugger to ferret out exactly

what went wrong in the excuse manager 450
Uh-oh—the code’s still got problems... 453
Handle exceptions with try and catch 455
What happens when a method you want to call is risky? 456
Use the debugger to follow the try/catch flow 458
If you have code that ALWAYS should run, use a finally block 460
Work's boring today. I want to Use the Exception object to get information about the problem 465

go scuba diving. Time to fire up

the Excuse generator. Use more than one catch block to handle multiple types of exceptions 466

One class throws an exception, another class catches the exception 467

Bees need an OutOfHoney exception 468
*, An easy way to avoid a lot of problems:
— using gives you try and finally for free 471
. Exception avoidance: implement IDisposable

to do your own clean up 472

The worst catch block EVER: comments 474

' Temporary solutions are okay (temporarily) 475
A few simple ideas for exception handling 476

Brian finally gets his vacation... 481

XXi
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events and delegates
What your code does when you’re not looking

Your objects are starting to think for themselves.

You can’t always control what your objects are doing. Sometimes things... happen. And
when they do, you want your objects to be smart enough to respond to anything that
pops up. And that's what events are all about. One object publishes an event, other
objects subscibe, and everyone works together to keep things moving. Which is great,
until you’ve got too many objects responding to the same event. And that's when

callbacks will come in handy.

Ever wish your objects could think for themselves? 484
But how does an object KNOW to respond? 484
When an EVENT occurs... objects listen 485
One object raises its event, others listen for it... 486
Then, the other objects handle the event 487
Connecting the dots 488
The IDE creates event handlers for you automatically 492
The forms you've been building all use events 498
Connecting event senders with event receivers 500
A delegate STANDS IN for an actual method 501
Delegates in action 502
Any object can subscribe to a public event... 505
Use a callback instead of an event to hook up

exactly one object to a delegate 507
Callbacks use delegates, but NOT events 508

The- ball was hit with 3 7o degree
{:vaJecﬁory Lrom homeplate, and it's

90ing to travel 82 feet.
£ We want the Pitther to
Ball.OnBallInPlay (70, 82) [* cateh this ball
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angle the ball was hit, and

the distante ( 0 ;
bt 0 ey
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Pitcher.CatchBall (70, 90)
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review and preview
Knowledge, power, and building cool stuff

Learning’s no good until you BUILD something.

Until you've actually written working code, it's hard to be sure if you really get some
of the tougher concepts in C#. In this chapter, we're going to learn about some new
odds and ends: timers and dealing with collections using LINQ (to name a couple).
We’re also going to build phase | of a really complex application, and make sure

you’ve got a good handle on what you’ve already learned from earlier chapters. So

buckle up... it's time to build some cool software.

You’ve come a long way, baby 516

We've also become beekeepers 517

The bechive simulator architecture 518

Life and death of a flower Building the bechive simulator 519
Life and death of a flower 523

Now we need a Bee class 524

Filling out the Hive class 532
The hive’s Go() method 533

We’re ready for the World 534

We’re building a turn-based system 535

Giving the bees behavior 542

The main form tells the world to Go() 544

We can use World to get statistics 545
Timers fire events over and over again 546
The timer’s using a delegate behind the scenes 547

Let’s work with groups of bees 554

A collection collects... DATA 555

LINQ makes working with data in collections and databases easy 557

age = 30291
nectar = .83
alive = false

)

PEA

o
Flowe*
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controls and graphics
Make it pretty

Sometimes you have to take graphics into your own hands.
We've spent a lot of time on relying on controls to handle everything visual in our
applications. But sometimes that’s not enough—Ilike when you want to animate a picture.
And once you get into animation, you’ll end up creating your own controls for your .NET
programs, maybe adding a little double buffering, and even drawing directly onto your
forms. It all begins with the Graphics object, Bitmaps, and a determination to not accept

the graphics status quo.

You've been using controls all along to interact with your programs 564

Form controls are just objects 565
Add a renderer to your architecture 568
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how to use this book

Who is this book for?

I vou can answer “ves’ to all of these:
@ Do you want to learn C#?

Do you like to tinker—do you learn by doing, rather than
just reading?

@ Do you prefer stimulating dinner party conversation
to dry, dull, academic lectures?

this book is for youl.

Who should probably back away from this book?
[ you can answer “yes™ to any of these:

Does the idea of writing a lot of code make you bored
and a little twitchy?

Are you a kick-butt C++ or Java programmer looking for
a reference book?

@ Are you afraid to try something different? Would
you rather have a root canal than mix stripes with
plaid? Do you believe that a technical book can't be
serious if C# concepts are anthropomorphized?

this book 15 not for you.

[Note from marh{-,ing,r this book is
for anyone with 3 tredit eard.]
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the intro

We know what you're thinking.

“How can this be a serious C# programming book?”
“What's with all the graphics?”

e, At 5 SRRy I L L
an [ actually fearn it this way:
Can I actually it this way Your brai,

And we know what your brain is thinking.

Your brain craves novelty. It's always searching, scanning, waiting lor
something unusual. [t was built that way, and it helps you stay alive.

So what does your brain do with all the routine, ordinary, normal things
vou encounter? Everyvthing it can to stop them from interfering with the
brain’s real job— recording things that matfer. It doesn’t bother saving
the boring things: they never make it past the *this is obviously not
important” filter.

How does your brain frew what's important? Suppose you're out for

a day hike and a tiger jumps in front of you, what happens inside your
head and body?

Neurons fire. Emotions crank up. Chemicals surge.

! : Great. Only
And that’s how your brain knows... 700 more dull,
This must be important! Don’t forget it! dry, boring pages.
L . - : : S o ik
S ou're : ENT carv [t's a s P free zone. am
But imagine you're at home, or in a library. It's a safe, warm, tiger-free zone \four "a'r 'k or 0

You're studying, Getting ready for an exam. Or trying to learn some
tough technical topic your boss thinks will take a week, ten days at
the most.

Just one problem. Your brain’s trving to do you a big favor. It's trying
to make sure that this ebeiows!y non-important content doesn’t elutter
up scarce resources. Resources that are better spent storing the really
big things. Like tigers, Like the danger of fire. Like how you should
never have posted those “party” photos on your Facebook page.

And there's no simple way to tell your bram, “Hey braim, thank you
very much, but no matter how dull this book 1s, and how little I'm
registering on the emotional Richter scale right now; 1 really 4o want
vou to keep this stull” around.”™
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how to use this book

we think of a “Head First’ reader as a learner.

5o what does it take to learn something? First, you have to getit, then make sure
you don’t forgetit. It’s not about pushing facts into your head. Based on the
latest research in cognitive science, neurobiology, and educational psychology,
learning takes a lot more than texton a page. We know what turns your brain on.

gome of the Head First learning principles:

Make it visual. Images are far more memorable than words alone, and
make learning much more effective (up to 89% improvement in recall and
transfer studies). It also makes things more understandable. Put the
words within or near the graphics they relate to, rather than on
the bottom or on another page, and learners will be up to twice as likely to

solve problems related to the content.

Use a conversational and persenalizad style. Inrecent studies,
students performed up @ 4004 better on post-learning tests if the content spoke
directly to the reader, using @ first-person, conversational style rather than
taking a formal tone. Tell stories instead of lecturing. Use casual language.
Don't take yourself too seriously. Which would you pay maore atte ntion to: a
stimulating dinner party companian, or a lecture?

Get the learner to think more deeply. In other waords, unless you
actively flex your neurons, nothing much happens in your head. A reader

has to be motivated, engaged, curious, and inspired to solve problems, draw
conclusions, and generate new knowledge. And for that, you need challenges,

exercises, and 'Lhought-pruw:king questions, and activities that involve both
sides of the brain and multiple senses.

Get—and keep—the reader’s attention. We've all had the “l really want to learn this but
| can't stay awake past page one” experience. Your brain pays attention to things that are out of
the ordinary, interesting, strange, eye-catching, unexpected. Learning a NEW, tough,
technical topic doesn' have to be bering. Your brain will learn much more quickly if
it's not.

Touch their emotions. We now know that your ability to remember
something is largely dependent on its ermotional content. You remember what

you care about. You remember when you feel something. No, we're not talking

heart-wrenching stories about a boy and his dog. Wwe're talking emotions like

surprise, curiosity, fun, "what the..?", and the feeling of "l Rule!” that comes when

you solve a puzzle, learn something everybody else thinks is hard, or realize you

know something that“I'm more technical than thou” Bob from engineeting doesn't.
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the intro

Metacognition: thinking about thinking

I vou really want to learn, and vou want to learn more quickly and more deeply,

. ) . ) l ! Ph
pay attention to how you pay attention. Think about how vou think. Learn how vou
learn.

I wonder how I
can trick my brain
into remembering

Most of us did not take courses on metacognition or learning theory when we were :
this stuff...

orowing up. We were expecied to learn, but rarely faught to learn.

But we assume that if’ you're holding this book, you really want to learn how to o
build programs in C#. And you probably don’t want to spend a lot of tme. If you

want to use what yvou read in this book. vou need to remember what vou read. And
for that, you've got to understand it. "o get the most from this book, ar any book or
learning experience, take responsibility for your brain. Your brain on #is content.

The wick 1s to get your brain to see the new material you're learning
as Really Important. Crucial to vour well-being. As important as

a tiger. (Mtherwise, vou're in for a constant battle, with your brain
doing its best to keep the new content from sticking,

So just how DO you get your brain to treat C# like
it was a hungry tiger?

There's the slow, tedious way, or the faster, more effective way.

The slow way is about sheer repetition. You obviously know that
vou are able to learn and remember even the dullest of topics

it you keep pounding the same thing mnto your brain. With enough
repetition, your brain says, “This doesn’t feel important to him, but he keeps looking
at the same thing over and ozer and over, so | suppose it must be.”

The faster way is to do anything that increases brain activity, especially different
types of brain activity. The things on the previous page are a big part of the solution,

and they're all things that have been proven to help your brain work m vour favor. For
example, studies show that putting words within the pictures they describe (as opposed to
somewhere else in the page, like a caption or in the body text] causes your brain to try to
makes sense of how the words and picture relate, and this causes more neurons to fire.
More neurons firing = more chances for yvour brain to gef that this 1s something worth
paying attention to, and possibly recording,

A conversational style helps because people tend to pay more attention when they
perceive that theyre in a conversation, since they re expected to follow along and hold up
their end. The amazing thing s, your brain doesn’t necessarily care that the “conversation™
1s between you and a book! On the other hand, if the writing style is formal and dry, your
brain perceives it the same way you experience being lectured to while sitting in a roomful
ol passive attendees. No need to stay awake.

But pictures and conversational style are just the beginning.

you are here » XXX



how to use this book

Here’'s what WE did: S

TR ~-'

We used pictures, because your brain is tuned for visuals, not text. As far as vour
brain’s concerned, a picture really is worth a thousand words. And when text and

pictures work together, we embedded the text in the pictures because your brain w
works more effectively when the text is within the thing the text refers to, as opposed
to in a caption or buried in the text somewhere. n-:an-.e-..:u.-.-.“.

27'.‘.":2“1“ defrar
We used redundancy, saying the same thing in different ways and with different media types, ™" "% S m
and mulfiple senses, to increase the chance that the content gets coded into more than one area
of your brain.

We used concepts and pictures n unexpected ways because your brain is tuned for novelty,
and we used pictures and ideas with at least some emotional content, because yvour brain

is tuned to pay attention to the biochemistry of emotions. That which causes you to_feel
something is more likely to be remembered, even if that feeling is nothing more than a little
humor, surpﬂse, or interest.

We used a personalized, conversational style, because your brain 1s tuned o pay more
attention when it believes you're in a conversation than il it thinks vou're passively listening
to a presentation. Your brain does this even when you're reading.

We included more than 80 actizvities. hecause vour brain is tuned to learn and remember
more when you do things than when you read about things. And we made the exercises
challenging-yet-do-able, because that’s what most people prefer.

We used multiple learning styles, because you might prefer step-by-step procedures,
while someone else wants to understand the big picture first, and someone else just

wants to see an example. But regardless of your own learning preference, r“i‘f'i_'_l'ﬂlm' \ BULLET POINTS

benefits from seeing the same content represented m multiple ways.

We include content for both sides of your brain, because the more of vour brain you

engage, the more likely you are to learn and remember, and the longer yvou can stay focused.

Since working one side of the brain often means giving the other side a chance to rest, you

can be more productive at learning for a longer period of time. Fireside Chats

e

And we ncluded stortes and exercises that present more than one point of view,
hecause vour bram is tuned to learn more deeply when it’s forced to make evaluations and
Judgments.

We included challenges, with exercises, and by asking guestions that don’t always have

a straight answer, because your brain is tuned to learn and remember when it has to west at
something. Think about it—you can’t get your #edy in shape just by watching people at the
gym. But we did our best to make sure that when you're working hard, it’s on the rght things.
That you’'re not spending one extra dendrite processing a hard-to-understand example,
or parsing difficult, jargon-laden, or overly terse text.

We used people. In stories, examples, pictures, etc., because, well, because you're a person.
And vour brain pays more attention to pesple than it does to things.
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Cut this out dnd stigk it
on Your rcfrigerﬂfpr.

Slow down. The more you understand,
the less you have to memorize.

Don’t just read. Stop and think. When the
book asks you a question, don't just skip to the
answer. Imagine that someone really 75 asking
the question. The more deeply you force your
brain to think, the better chance vou have of
learning and remembering,

Do the exercises. Write your own notes.

We put them in, but il we did them lor you,
that would be like having someone else do
vour workouts for yvou. And don’t just food at
the exercises. Use a pencil, There’s plenty of
evidence that physical activity i learning
can increase the learning,

Read the “There are No Dumb Questions”
That means all ol them. They're not optional

sidebars—they're part of the core content!
Don't skip them.

Make this the last thing you read before
bed. Or at least the last challenging thing.
Yart of the learning (especially the transfer to
long-term memory) happens g you put the

book down. Your brain needs tume on its own, to
do more processing. I you put i something new
during that processing time, some of what you

Jjust learned will be lost.

Drink water. Lots of it.

Your brain works best in a nice bath of {luid.
Dehydration (which can happen before you ever
feel thirsty) decreases cognitive function.

the intro

Here’s what YOU can do to bend
your brain into submission

So, we did our part. The rest is up to you. These tips are a
starting point; listen to your brain and hgure out what works
for you and what doesn’t. Try new things.

@ Talk about it. Out loud.

Speaking activates a diflerent part of the brain.
If you're trying to understand something, or
increase your chance of remembering it later, say
it out loud. Better sull, try to explain it out loud
to someone else. You'll learn more quickly, and
you might uncover ideas you hadn’t known were
there when you were reading about it,

Listen to your brain.

Pay attention to whether your brain is getting
overloaded. Il vou lind voursell” starting 1o skim
the surface or forget what you just read, it’s tme
for a break. Once you go past a certain point, you
won't learn faster by trying to shove more in, and
vou might even hurt the process,

Feel something.

Your brain needs to know that this matters. Get
involved with the stories. Make up your own
captions lor the photos. Groaning over a bad joke
15 still better than feeling nothing at all.

Write a lot of software!

There’s only one way 1o learn to program: writing
a lot of code. And that’s what you're going to do
throughout this book. Coding 1s a skill, and the only
way to get good at it is to practice. We're going to
give you a lot ol practice: every chapter has exercises
that pose a problem for vou to solve. Don’t just skip
over them—a lot of the learning happens when

you solve the exercises. We included a soluton to
each exercise—don't be afraid to peek at the
solution if vou get stuck! (It's easv to get snageed on
something small.) But try to solve the problem before
vou look at the solution. And definitelv get 1t working
before you move on to the next part of the book.

you are here » XXXV



how to use this book

What you need for this book:

We wrote this book using Visual Studio 2008 Express Edition. That means we used C# 3.0 and the NET
Framework 3.5. The thing is, when we wrote this book, Visual Studio 2008 was sall in beta, and it won't

be released untl after the first printing. But we know that every single exercise and piece of code in the
book works 100% with the current beta version of Visual Studio 2008 Express. So we recommend that you

download it from Microsoft’s website—it’s free to download and use.

— SETTING UP VISUAL STUDIO 2008 EXPRESS EDITION

® Before you start, keep in mind that if you bought this book in the first few months after it was released, you're
probably going to be using a beta version of Visual Studio 2008 Express Edition, so the usual beta version
warnings apply. We did that because there have been some really amazing improvements to C# and NET,
and we wanted to make sure that you leamed about them. And just so you know, we haven't had a single

problem using the VS2008 beta.

B |t's easy enough to download and install Visual C# 2008 Express Edition. Here's the link to the Visual Studio
2008 Express Edition download page:

http://msdn2.microsoft.com/en-us/express/future/bbd21473 .aspx

I you absolu‘:cly must use an

older version of Visual Studio,

CH# or the NET Fram:wark,

then please keep in mind that

% "_fou’” tome afross 'tnrlﬂs in this
== book that won't be compatible

with your vevsion The C# feam

Make sure that you check all of the options when you install it.

Seleck the spbonal prodzi(s) you wasd e b stal:
[7]MS0N Libr ary for Visual Studio 2008 Express Editions (Download Size: 77 ME)

Wﬁyﬁﬂhwmmwmwuawwm at Mi&rmo-F{-_ has added some
Readme more information.
[F]Micrasaft SQL Server 2005 Express Edition %86 (Downkosd Size: 36 MB) ?ﬁ:‘H‘,}r tool ‘Fc&{urgs to ‘H\t
xmmm;:mﬁWsmwmmMmmrw. lﬂnguﬂ&c. we'll give you wﬂrhihss
mﬂmwummum when W fﬂlk abou-f; an p—F
S Sarwer Compuact 1.5 i & compack datshase thak tan he deployed with appbcations on
Emmmm-rdl'ﬂm. ‘H\ESE {'DFIES- B'-'": dﬂ'['lhl{;tf
icrasoft S Server Compact 3.5 Design Tools (Downioad Size: 2.4 MB) :
Tocls for ¥isual Stueke that slow you tn wark with SOL Server Compact 3.5 kcc? in mind that if ‘fﬂlrl’t not

using the latest version, theve
will be some code in this book

4 For mare information, ses the Rzadms fie,
that won't work.

[<rrevous || mests [ cocm |

®  Download the installation package for Visual C# 2008 Express Edition. Make sure you do a complete
installation That should install everything that you need: the IDE (which you'll learn about), SQL Server

Express Edition, and NET Framework 3.5.

®  (Once you've got it installed, you'll have a new Start menu option: Microsoft Visual C# 2008 Express Edition.
Click on it to bring up the IDE, and you're all set.
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Read me

This 1s a learning expenence, not a reference book. We deliberately stripped out
everything that might get in the way of learning whatever it is we're working on at
that point in the book. And the first tme through, vou need to begin at the beginning,
because the book makes assumptions about what you've already seen and learned.

The activities are NOT optional.

The exercises and activities are not add-ons; thev're part of the core content of the
book. Some of them are to help with memory, some for understanding, and some o
help vou apply what vou've learned. Don't skip the exercises. The crossword puzzles
ave the only things you don’t fave to do, but they're good for giving your brain a chance
to think about the words from a different context,

The redundancy is intentional and important.

Ome cistinct difference in a Head First book 1s that we want you to really get it. And we
want vou to finish the book remembering what vou've learned. Most reference books
don’t have retention and recall as a goal, but this book 1s about learning, so you’'ll see
some of the same concepts come up more than once.

Do all the exercises!

The one big assumption that we made when we wrote this book is that you want to
learn how to program in C#. So we know you want to get your hands dirty right away,
and dig right into the code. We gave you a lot of opportunities to sharpen vour skills

by putting exercises in every chapter. We've labeled some of them Do this!*—when
vou see that, it means that we’ll walk vou through all of the steps to solve a particular
problem. But when you see the Exercise logo with the running shoes, then we've left
a big portion of the problem up to vou to selve, and we gave vou the solution that we
came up with. Don’t be afraid to peek ar the solution—it’s not cheating! But vou'll
learn the most if you trv to solve the problem first.

We've also placed all the exercise solutions’ source code on the web so vou can download
it. You'll find it at http: //www.headfirstlabs.com/books/hfcsharp/

The “Brain Power” exercises don’t have answers.

For some of them, there is no right answer, and for others, part of the learning
experience of the Brain Power activities is for you to decide if and when your answers
arve right. In some of the Brain Power exercises vou will find hints to point vou in the
right direction.

the intro

We use 3 lot of d'lagramsl to
make towgh Lanu?{:s gasier

4o understand- 2

“gent
.

You should do ALL of the

pencil” activities

“Sharpen Yfour ‘)'

&P&n Your penci

Activities marked with Lhe
Aerlise fn.nhina shoe) Jo
ave veally impor-fant/ Don?[',o
skip them if You're serious
about Iearnihg, C#.

ReiSe

1€ You see the Pool Puzzle 1050,
the activity is optiondl _amd

don't like twisty logie, Yyou
won't like these either.

you are here » xxxvii



the review team

The technical review team
Lisa ellner Joe Albahavi Jay Hilyard Daniel Kinnaer

Not pietured (but
jur!‘, as awesome):
Wa:,rnc Bradhc‘f,
Dave Murdoth,
and Br]dﬂc{:{z
Julie Landers

Prayam Singh Theodove Casser ﬁhdy Parker Peter Ritehie Bill Mietelski

Krishna Pala

Technical Reviewers:

When we wrote this book, it had a bunch of mistakes, 1ssues, problems, typos,
and terrible arithmetic errors. Okay, it wasn't quite that bad. But we're sull
really grateful for the work that our technical reviewers did lor the book. We
would have gone to press with errors (including one or two big ones) had it not
been for the most kick-ass review team EVER...

First of all, we really want to thank Joe Albahari for the enormous amount
of technical gmdance. He really set us straight on a few really important things,
and if' it weren't for him you'd be learning incorrect stufl. We also want to
thank Lisa Kellner —this is our third book that she’s reviewed for us, and @]MEFPC Turitto
she made a huge difference in the readability of the final product. Thanks,
Lisa! And special thanks to Jay Hilyard and Daniel Kinnaer for catching
and fixing a whole lot of our mistakes, and Aayam Singh for actually going
through and doing every one of these execises before we fixed them and

corrected their problems. Aayam, you're really dedicated. Thanks!
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1 get productive With c#

Visual Applications, in 10
minutes or less

Don't worry, Mother. With Visual

Studio and C#, you'll be able to

program so fast that you'll never
burn the pot reast again.

Want to build great programs really fast?
With C#, you've got a powerful programming language and a valuable tool

at your fingertips. With the Visual Studio IDE, you'll never have to spend hours

writing obscure code to get a button working again. Even better, you'll be able
to focus on getting your work done, rather than remembering which method
parameter was for the name for a button, and which one was for its Jabel.
Sound appealing? Turn the page, and let's get programming.

this is a new chapter 1



c# makes it easy

#
Why vou should learn C 4™ The [DE—or Visual Studio Inteqrated

Development Environment—is an

C# and the Visual Studio IDE make it easy for vou to get to the business Y

of writing code, and writing it fast. When vou're working with C#, the important part of working in Cé#. It's

! _ a program that helps you edit your
Eilcs, and publish your

IDE is your best friend and constant companion.
tode, manage ‘Your
?ro_f,:f.fs-

Here’s what the IPE automates for you...

Every time you want to get started writing a program,
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static class FProgram
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more Visual elements 1o the form
tould t3ke f_;_:q {l'LC_S 3s muth tode.

What you get with Visval Studio and C+...

With a language like C#, tuned for Windows
programming, and the Visual Studio IDE, you can focus
on what your program is supposed to de immediately:
The. result s 3 better
Imkmﬁ 3pplication that
kes |ess time £o i 5

/——_—\
Forrdh NET Framework . mrr =~
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get productive with c#

C# and the Visval Studio IPE make
lots of things easy

When you use C# and Visual Studio, you get all of
these great features, without having to do any extra
work. Together, they let you:

o

Build an application, FAST. Creating programs in C# is a snap. The
language is powerful and easy to learn, and the Visual Studio IDE does a lot
of work for vou automatically. You can leave mundane coding tasks to the IDE
and focus on what your code should accomplish.

Design a great looking user interface. The Form Designer in the
Visual Studio IDE 1s one of the easiest design tools to use out there, i
does so much for you that vou’ll find that making stunning user interfaces
15 one of the most satisfving parts of developing a C# application. You can
build full-featured professional programs without having to spend hours
writing a graphical user interface entirely from scratch.

Create and interact with databases. T'he IDE includes a simple
interface for building databases, and integrates seamlessly with SQL Server
Express, as well as several other popular database systems,

Focus on solving your REAL problems. The IDE does a lot for you, but
you are still in control of what you build with C#. The IDE just lets you focus on
your program, your work (or fun!), and vour customers. But the IDE handles all the
grunt work, such as:

* Keeping track of all of your projects
*  Making it easy to edit your project’s code
*  Keeping track of vour project’s graphics, audio, icons, and other resources
*  Managing and interacting with databases
All this means you'll have all the time you would've spent doing this routine

programming to put into building killer programs.

B You've going to see exattly

wha{, wWe medn M‘J‘JC

you are here »
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the boss needs your help

Help the CEQ go paperless

The Objectville Paper Company just hired a new CEO. He loves hiking,
coffee, and nature... and he’s decided that to help save forests. He wants
to become a paperless executive, starting with his contacts. He's heading
to Aspen to go ski for the weekend, and expects a new address book
program by the tme he gets back. Otherwise... well... it won't be just
the old CEO who's looking for a joh.

£ Vou'd better find 3 way

- ‘ 4o et this data onto the
Name: Laverne Smith e Papar company CE?;'S laptop quitk.
Company: X412 ndustries

Telephone: (3)2)ss5-8130

Email: Laverne.smith@aZindustriescom
Client: Yes Last call: 0s/ab/o7

4 Chapter 1



get productive with c#

Get to know your users’ needs before you
start building your program

Belore we can start writing the address book application-

-0 any
apphecation

we need to take a minute and think about whe’s going to
be using it. and what they need [rom the application.

(‘D The CEO needs 1o be able to run his address book program
at work and on his laptop too. He'll need an mstaller to
make sure that all of the right files get onto each machine.

T R e N b e e

Program on his desktop and laptop, so
an installer is 3 must. =

@ The Ohbjectville Paper company sales team wants to
access his address book, too. They can use his data to

build mailing lists and get client leads for more paper
sales,

The CEO figures a database would be the best way that
everyone in the company to see his data, and then he
can just keep up with one copy of all his cantacts.

hat \fisual CH#
We ahﬁd‘f kno t‘h databases

makes working W fimen
. Hraving contacts o
oy ma

{he sales

: .cerma{,noh. even Ehouth H\t’ris—/

"y one copy of the 47

you are here » 5



here’s your goal

Here’s what you're going to build

You're going to need an application with a graphical user
interface, objects to talk to a database, the database itself, and
an installer. It sounds like a lot of work, but yow'll build all of
this over the next few pages.

Here's the structure of the program we're going to create:

_ vate dat,
o s fom 02 2 kvt
b.\"'t-h Wi

( SELECT command ‘

NET Database Objects | "NSERT “""““'“‘L'

| uPDATE command |

l DELETE command )

4

Too®?*

Eath of these objetts
sents 3 tonbrol

u?'l't
on ‘the address s k
O e We'll need objec{:s. to talk 4o
= ate oulr', f:g:s, a diagram 4, let our
application kn,
sﬂmcﬁ‘w 4 ow wh&f 'Hlt da{:abase

6 Chapter 1 » and more.



The datj is all stored in a table in
3 SQL Server Express database.

Y

Pata Storage

Table

DB diagram
su ppnrtacg:bjects

C

Heve's the database itself, which
Visual Studio will 'n:h? us treate
and maintain.

—

get productive with c#

Onte the program's built,
Wl be packaged up into 3

Windows installer Z

Peployment Package

you are here » 7



let’s get started

What you do in Visval Studio...

Go ahead and start up Visual Studio, if’ you haven't already. Skip over
the start page and select New Project from the File menu. Name your
project “Contacts™ and click OK.

New Project 7”*

Templates: [E=
| wisual Stuio Instalied templates

# 2 & & ¥ =
Class Library WFF WAIFF Browser Conenis Empiy Projact
Al ation Application Application
| My Templates
Search Onling
Ternplates..

I“l._. S T S AT '{,lErn;'ssj

Kama: | contacts |

o J[ comn ]

What Visval Studio does for you...

As soon as vou save the project, the IDE creates a Form|.cs, Form|.
Designer.cs, and Program.cs file when vou create a new project. It adds

these to the Solution Explorer window, and by default, puts those files in My

Documentsi\Visual Studio 2008\ Projects\Contacts\.

This file contains the C#
tode that defines the
behavior o-'; the J:awn.

This has the tode
that starts ¥
Lhe program 3nd

Form1.cs Program.cs

T_\_—‘ Visual Studio treates all three of ———j
these -F'llcs au{ma—ticaliy.

8 Chapter 1

Things may
look a bit
different in

Watch it! your IDE.

This is what
the “New Project” window
looks like in Visual
Studio 2008 Express
Edition. If you're using
the Professional or Team
Foundation edition, it
might be a bit different. But
don’t worry, everything still
works exactly the same.

Make sure that you save Your project
as soon s you treate it by selecting
"Savc :ﬁ“" rom {:he Fil: m:m-—fha{’:"
save all of the project files out to
the folder. [£ You select “Save”, it
Just saves the one you're working on.

The tode that
defines the form
and its objects
Ii\‘e_s hc'.«-c_

Form1.Designer.cs



get productive with c#

rpen your penci
Below is what your screen probably looks like right now. You should be

able to figure out what most of these windows and files are based on
what you already know. In each of the blanks, try and fill in an annotation
saying what that part of the IDE does. We've done one to get you started.

This toolbay h . £ Your IDE doesn't look :ﬂacﬂy like this
that 3PPy to what Y"‘**"ﬂ Ecurc, You £an seleet “Reset Window La:fou{"
ﬂl-l'l"l‘tnﬂ\'f dg.“.ﬁ in 'H'\C IIDE om {}IE Mhdow menu.

We've blown up this
window below so You

have more room.

N bmmalien .
] -
g 5 Sobdson Cortacsy” (1 orogec®]
ST
o Propetis
s e RcRreos
& @Famis

nnnnnnnnn

S el el | D ' . h we
||| Emrptk Fis bE cem M:';srr-:ﬂ Ln
e T
................. ks ;‘:“ " s
................. :':'."_q :onnl ansnr
gy L masa] ) -nm-numv-m l ..................
Tart = A1
............................ t"_' n E = ']
......... [ Solution 'Contacts' (1 project)
""""""""""""" = (@ Contacts
W G#Propertes /B [f..
............. ® [ References
________ —— EFormlcs ’
............................ & Program.cs

you are here » 9



know your ide

n vour Pencil

Solution

This toolbay has but tons
that apply to what You're
curvently doing in the [DE.

We've filled in the annotations about the different sections of the Visual

Studio C# IDE. You may have some different things written down, but you
should have been able to figure out the basics of what each window and

section of the IDE is used for.

We've blown up this
window below so you
have more voom.

aycusen pkw (i |
T‘h-“ o thc | Fanml Svtem sk s Eom ‘
toolbox. [t (RN, o e
'nas a 'Dunf.-h - pemtn E.] l'_"ﬂLm_]"fw":"J B0 .
of vicwal : o This window
vis a2 dhows al of the

f-ﬂ"h'b"ols enenatui acafn ( rl: 0£
{,hal: tan Form1 | ?ro?f, 15

Tm | | e e W] e s et et e, ! Jc.h: f.on'bfo.'S on
drag onte G2 ril| for

: your form-
\I.'mr oNin.-

This botkom gane i for
d:'uua"_‘,i“ﬁ' [+ shows Yyou

when theve are ervors n

Your tode.

THQ Fﬂhull [
: €5 and Py,

Files that the IDE .‘.:3::::5 =
h:: ::u,wj:“ You added {he
oject g i
Solution EnanPl"z:‘-‘r i

10 Chapter 1

b | (2] 1] B
[ Solution 'Contacts' (1 project)
& @ Contacts
®- [E Properties
References
- ElFormlcs
& Program.cs

/

}'."ou an switeh bc{wgcn
Files using the Solution

Ex]’lo\rtr in the IDE.



Q_: So if the IDE writes all this code
for me, is learning C# just a matter of
learning how to use the IDE?

A: No. The IDE is great at automatically
generating some code for you, but it can
only do so much. There are some things it's
really good at, like setting up good starting
points for you, and automatically changing
properties of controls on your forms, But

the hard part of programming—figuring
what your program needs to do and making
it do it—is something that no IDE can do

for you. Even though the Visual Studio IDE
is one of the most advanced development
environments out there, it can only go so far.
It's you—not the IDE—who writes the action
code, or the code that does the work.

Q_; | created a new project in Visual
Studio, but when | went into the “Projects”
folder under My Documents, | didn't see it
there. What gives?

A: First of all, you must be using Visual
Studio 2008—in 2005, this doesn't happen.
When you first create a new project in
Visual Studio 2008, the IDE creates the
projectin your Local Settingsh
ApplicationData\Temporary
Projects folder. When you save the
project for the first time, it will prompt you
for a new filename, and save it in the My
Document=\Visual Studio
200B\Projects folder. If you try to
open a new project or close the temporary
one, you'll be prompted to either save or
discard the temporary project.

Q__: What if the IDE creates code | don’t
want in my project?

there;are no 3
Dumb Questions

A: You can change it. The IDE is set up o
create code based on the way the element
you dragged or added is most commonly
used. But sometimes that's not exactly what
you wanted. Everything the IDE does for
you—every line of code it creates, every file
it adds—can be changed, either manually by
editing the files directly or through an easy-
to-use interface in the IDE.

Q ) Is it OK that | downloaded and
installed Visual Studio Express? Or do

| need to use one of the versions of
Visual Studio that isn’t free in order to do
everything in this book?

A: There's nothing in this book that you
can't do with the free version of Visual Studio
{which you can download from Microsoft's
website). The main differences between
Express and the other editions (Professional
and Team Foundation) aren't going to get

in the way of writing C# and creating fully
functional, complete applications.

Q_: Can | change the names of files the
IDE generates for me?

A: Absolutely, you can change any aspect
of your program. But the IDE is set up to
name your files sensibly. When you add a
file to your project, the filename you choose
affects the way the code is generated, and
the code it generates will include that name.
In some cases, if you rename the file you'll
either have to go through and change other
parts of the code, or live with the difference
between the filename and the code inside it.
Since that's a bit of a pain, we recommend
you don't change filenames unless you've
got a really good reason fo.

get productive with c#

Q__: I'm looking at the IDE right now,
but my screen doesn't look like yours! It's
missing some of the windows, and others
are in the wrong place. What gives?

A: If you click on the “Reset Window
Layout” command under the “Window" menu,
the IDE will restore the default window layout
for you. Then your screen will lock just like
the ones in this chapter.

Visual Studio will

generate code
you can use as a
starting Point for
your applications.

Malcing sure

the application
does what it's
supposeJ to do is
still up to you.

you are here » 11



a picturebox is worth a thousand words

Pevelop the user interface

Adding controls and pohshing the user interface is as easy as
dragging and dropping with the Visual Studio IDE. Let’s add a

logo to the form:

€@  Usethe PictureBox control to add a picture.
Click on the PictureBox control in the Toolbox, and drag it
onto your form. In the background, the IDE added code to
Forml.Designer.cs for a new picture control.

If you don't see i

the toolbox, try 7 b . | Forml.cs [Design]* | Start Page |
hovering over the, | || — P N
word “Toolbox" MonthCalendar
that shows up =1 Notifylcon
nheupper || Ghwlase
left-hand corner | | [ pictureBox —
of the IDE. Ifit's E._ml‘o\n e\l \
not there, select ® RQM\AL
“Toolbox" from -
82 RichTextBox
the View menu to o
make it appear. B e
T TreeView :
k Pointer
[*"] GroupBox
] Panel
[1] spiitcontainer
L™ TahCantrol ~
|‘}{\-Tnnlbnx ¥y Database ... |mD_at;Su.rr.as_

12 Chapter 1

EVC\""T‘ t"hc .fbll *“akf a

tha to ol’
Properties on the form, ﬁh:a:od: ic;:::f .I ’

esigner-cs is getting thanged by the DE.

< It’s OK if you’re not a pro at user |

interface design.

We'll talk a lot more about designing
good user interfaces later on. For now,

Form1.Designer.cs i
gne i Just get the logo and other controls on your form, and

i worry about behavior. We'll add some style later.

.........................................................................................................................



o

f@rﬂ ire ]‘k‘[‘f‘ —

Set the PictureBox to Zoom mode.

Every control on your form has properties that you can
set. Click the little black arrow for a control to access
these properties. Change the PictureBox’s Size property
o “Zoom” to see how this works:

Download the Objectville Paper Company logo.
Download the Objectville Paper Co. logo from Head First Labs
ihttp://www.headfirstlabs.com/books/hfcsharp)

MNET Visual
Objeets

N

and save it to your hard drive. Then click the PictureBox properties

arrow, and select Choose Image. Click Import, find your logo, and
vou're all set:

get productive with c#

MNET Pata Storage

Patabase ==
Objeets | ==

\_)y &

the OPC oo
‘;::3:,\-.: ittureBor
zaowﬁ 'hd‘ the sz

"}usl; ""ﬂh{-‘

you are here »

Peployment
Package

13



conserving c#’s natural resources

Visual Studio, behind the scenes

Every time you do something in the Visual Studio IDE, the IDE is
writing code for you. When vou created the logo and told Visual
Studio to use the image you downloaded, Visual Studio ereated a resource
and associated it with your application. A resource is any graphics [ile,
audio file, icon, or other kind of data file that gets bundled with vour
application. The graphic file gets integrated into the program, so that
when it’s installed on another computer, the graphic is installed along with
it and the PictureBox can use it.

When you dragged the PictureBox control onto vour form, the IDE
automatically created a resource [ile called Form1.resx to store that
resource and keep it in the project. Double-click on this file, and vou'll be
able to see the newly imported image.

Solution Explorer - Solution ‘Conta...|

o

This image is now @ vesource of the
Contaet List application.

|£ You elick on Forml vesx in the

Solution Explover, You tan see the |
= :(?.onta:cts f_hi"f: imported. That file is whaoﬁa
@ 58 Properties links it 4o the PictureBox, and the IDE
@ (28 References added tode to do the linking.

BB Form1.cs

) Form1.Designer.cs
baForm 1.resx
- @ Program.cs

14 Chapter 1

When You imported Lhe image, the
= IDE :.Eca&d this file for Yo

|t eontains all of the vesourtes

(araphics, video, audio and'o-i'.h:r |

stored da{a} associajc,:d with Forml.



get productive with c#

Add to the auto-generated code

The IDE creates lots of code for you, but vou'll still want to get
into this code and add to it. Let’s set the logo up to show an About
message when the users double-click on it.

Make sure you've got your [orm showing in the IDE, and Gn——.
double-click on the PictureBox control. You should see some code

pop up that looks like this:

public partial class Forml : Form

{
public Formi () When You double—clicked on the PictureBox tontrol,
{ the [DE ereated this method. £ will vun every time

B — a user tlicks on the logo in the vunning application.
InitializeComponent () :

This method name gives ‘you a
}

e good idea about when '.{*J,c;uhs:
. [ is
private void pictureBoxl Click(object sender, EventiArgs e) i sowEON ek on
PE{M’:&O% -.'.nh{roi.
{ K—_—_'—-—_-__——

‘MessageBox.Show ("Contact List 1.0.\nWritten by: Your Name”, “About”);

When you double—clitk on the  box i L1 1th the text
PictureBox, it will open this

Onte \rou’ve typed in the line

tode up with a cursor blinking of tode, save it -..i:s;:?b{:'n: Save
vight here. [anore any windows \Lon on {:'.nc |PE - ;,.ar a;’h ¢
the [DE pops up as you type; by selecting Sa'“th :'nit ¢
it’s trying to help you, but we File men éct’ln tl J'
don't need that vight now. doing “Save Al veoularly!

therejare no
Dumb Questions

Q_T What's a method? Q What does that \n thing do?

A: A method is just a named block of code. A: That's a line break. It tells C# to put
We'll talk a lot more about methods in Chapter 2. “Contact List 1.0." on one line, and then start a

new line for “Written by.".

you are here »
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run the app {already!)

You can already run your application

Press the F5 key on vour keyboard, or click the green
arrow button {_j ] on the toolbar to check out what you've
done so far. (This is called “Debugging”, which just means
running your program using the IDE.) You can stop
debugging by selecting “Stop Debugging” from the Debug
menu or chicking this toolbar button: -!-

Clicking on the

OPC logo brings up

the About box you
Griaztit LD “_‘: just coded

aremo
Where are wy files? — Dumb Questions

C# {',urn.s Eur
i e e rodram into 4 .
j\"l«lllt}{l you lrl'“,l.}mu program, ‘tl!ﬂl:ll 'SLI.'IihD Llupnu:s Eile that You tan Q_ In my IDE, the green arrow is marked as
all of vour files to My Documents\Visua v talled 26 “Debug”. Is that a problem?

Studio 2008\Projects\Contacts\
Contacts\bin\debug. You can even hop over
to that directory and run your program by double-
clicking on the .exe file the IDE creates.

executable. You'll A_

find it in here, in + No. Debugging, at least for our purposes

the dcbu5 folder-. right now, just means running your application
inside the IDE. We'll talk a lot more about
debugging later, but for now, you can simply think
about it as a way to run your program.

- Q._: | don't see the Stop Debugging button
on my toolbar. What gives?

Contacts.csproj bin
kormtox Formi-Ten Properties A: The Stop Debugging button only shows
- : up in a special toolbar that only shows up
This isn't @ mistake; theve ave two levels of folders The inner when your program is running. Try starting the
folder has the actual C# code files. application again, and see if it appears.
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get productive with c#

Here’s what we've done so far

We've built a form and created a PictureBox object that pops up a
message box when it’s clicked on. Next, we need to add all the other
fields from the card, like the contact’s name and phone number.

Let’s store that information in a database. Visual Studio can connect
fields directly to that database {or us, which means we don’t have to
mess with lots of database access code {which is good). But for that

to work, we need to create our database so that the controls on the
form can hook up to it. So we're going to jump from the NET Visual
Objects straight to the Data Storage section.

.NET Visval
Objeets

NET Pata Storage  Veployment

Patabase == Package
Objeets =

F—~ D

N So we need to fotus

This step is abow on this step next
ﬁunhcc{:izs ot -Ffrr.. treating our database,
to the database, so and ?u-i',{inglsnmc.
we're not ready £ initial data into it
y it ‘,'C{',, sinte we don't
Here's what we've buk we stil need some have a database.
ahr‘ead}' done... mob'tf-Jf-s to in{ﬂaf;‘t
"L the data well it
n our database

Visual Studio can generate code to connect your
form to a Jatal:ase, but you need to have the
database in place BEFORE generating that code.

you are here » 17



save it for later

We need a database to store our information

Betore we add the rest of the lields to the form, we need Makc Sure
to create a database to hook the form up to. The IDE ped deb
i : in
can create lots of the code for connecting our form to Em You ;13{-45
Nle.

our data, but we need 1o deline the database wsell’ [irst.

Add a new SQL database to your project.

In the Solution Explorer, right-click the Contacts project.
select Add, and then choose New Item. Choose the SQL
Database icon, and name 1t ContactDB.mdf

(\_//

Add New Item - Contacts

This file is ouwr >
new database.

ContactDB.mdf

Cancel the Data Source Configuration Wizard.
For now, we want to skip confliguring a data source, so

click the
we've set up our database structure,

Cancel button. We'll come back to this once

View your database in the Solution Explorer.
(o to the Solution Explorer, and vou'll see that
ContactDB has been added to the file list. Double click
ContactDB.mdf in the Solution Explorer and look at the
lefi side of your screen. The Toolbox has changed o a
Database Explorer.

18 Chapter 1

TH
: Visual Studio kstalled templates The SRL-
Pick the -
righticon for ™7 | i al 2 & ) 2@ Database i¢ T
the version MpoutBox  Applicabon  Application  Assambly Class Cda File Dataset onl works b
_VOLI'TE using, Configurati...  Manifest File  Information Fils have SGL- si';l“;
Choose SQL ~ o (8 i = B Express installe
Database if :Ega :n;-i:le Lm%sm LocalDatabase  MET Parent  Resources Fil [ B 'F'],. batk {'ﬁ the
Visual Studio = i = = a'c sure
= i) E . gu'l’t L
Express 2005 ﬁntt;s]ke r-lﬁ.h ’Q'.IIEWEI Lser Corol Windows Form yﬁ.h do this.
c how to
i and Service- QAFE) |
Based [An 8oty 5 Server databsss for serve-based data ccess —————————— ==
Dﬂtﬂbﬂse If Hame: | ContactDR. melf
youfm using ——
2008.

If you’re not using
the Express edition,
you’ll see “Server

Wﬂtﬂh Iﬂ Explorer” instead of
“Database Explorer”.

The Visual Studio 2008 Professional
and Team Foundation editions don't
have a Database Explorer window.
Instead, they have a Server Explorer
window, which does everything the
Database Explorer does, but also lets
you explore data on your network.



get productive with c#

The IPE created a database L

Objeets

' : 7 'S . — | - 3 B
When you told the ]l‘)[. to add a new SQL database to Q @+ - U e
vour project, the IDE created a new database for you. A L - P S —
SOL database is a system that stores data for you in an @ @1 \:_')/ 1 u
organized, interrelated way. The IDE gives you all the ‘ig

tools you need to maintain your data and databases.

Data in a SQL database lives in tables. For now, you :

can think of a table like a spreadshecet. It organizes your fou e Here
information into columns and rows. The columns are the

data categories, like a contact’s name and phone number,

and each row 1s the data for one contact card,

A SQL database stores

data, ?nd has informaﬁo{o:;ou{
how it's struttured and SQL
tode to help You attess it.

Your data's stoved m 3
Lable wikh tolumns and

vows, like in 3 s?‘rt.ads\wt’c-- Tables .

Procedures

Stored protedures are
Sﬁi&mtn{s Jt,ha{: |¢+. \'l'ou
work with your data easily.

SQL is its own language

SOL stands for Structured Query Language. p
Lt’sl ell-’pmgr;tt{nmilll;;{t language li'ur ;:-.ui:ssiuj{ dala;iu — The SQL. database is in s file.

atabases. It's got its own syntax, keywords, an ' ;
4 ! ;. We've Jus{: about 4o define tables

structure, SQL code takes the form of statements y
and queries, which access and retrieve the data. and data for it, and all of that
will be stoved in heve too.

A SOQL database can hold stored procedures,
which are a bunch of SQL statements and queries
that you are stored in the database and can be run
at any time. The IDE generates SQL statements
and stored procedures for vou automatically to let
your program access the data in the database.

=—— [note from marketing: Can we get a plug
Lor ‘Head Fivst SQL' in heve?]
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data storage made easy

Creating the table for the Contact List

We have a database, and now we need to store information
in it. But our information actually has to go into a table, the
data structure that databases use to hold individual bits of
data. For our application, let’s create a table called “People™
to store all the contact information:

o Add a table to the ContactDB database.
Right click on Tables in the Database Explorer, and select
Add New Table. This will open up a window where you can
define the columns in the table you just created.

Diatabase Explorer

H. J M b i-r.

& [ Data Connections
= [ ContactDB.mdf

[ Database Diagrams

O3 Tvpes| ;5

=

BB

Now we need to add columns to our table. First, let’s add a
column called Contactl) to our new People table, so that
cach Contact record has its own unique [D.

©  Adda ContactID column to the People table.
Type “Contact]D” in the Column Name field, and
sclect Int from the Data Type dropdown box. Be sure to
uncheck the Allow Nulls checkbox.

Finally, let’s make this the primary key ol our table.
Highlight the ContactID) column you just created, and
click the Primary Kev button. This tells the database
that each entry will have a unique primary key entry.

t‘ .
This is the Primary Key button. A primary key helps
Your database look up records quickly.

20 Chapter 1

therejare no
Dumb Questions

Q_: What's a column again?

A: A column is one field of a table.

So in a People table, you might have a
FirstName and LastName column. It will
always have a data type, too, like String or
Date or Bool.

Q: Why do we need this ContactiD
column?

A: It helps to have a unique ID for each
record in most database tables. Since
we're storing contact information for
individual people, we decided to create a
column for that, and call it ContactiD.

Q_,: What's that Int from Data Type
mean?

A: The data type tells the database what
type of information to expect for a column,

Int stands for integer, which is just a whole

number. So the ContactlD column will have
whole numbers in it.

Q,: This is a lot of stuff. Should | be
getting all of this?

A: No, it's OK if you don't understand
everything right now. Focus on the basic
steps, and we'll spend a lot more time on
databases in the later chapters of the book.
And if you're dying to know more right away,
you can always pick up Head First SQL to
read along with this book.
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Objeets Patabase =—| Package

Objects

Ofﬂ-@, -@

oo @

©  Tellthe database to auto-generate IDs.
Since ContactlD 15 a number for the database, and not
our users, we can tell our database to handle creating and
assigning IDs for us automatically. That way, we don’t have
to worry about writing any code to do this.

I the properties below your table, scroll down o Identity
Specification, click the + button, and select Yes next to the
(Is Identity) property.

i what you use
.£:|sd:FTh¢ s 'r {’jblc ahd
the data f«wll SJDOH!

| i)

|

b

: .MDFY" Browser | Forml.resx | Forml.cs | Formi.cs [Desig

It's imf‘dr{'ﬂh‘l',
that you leave this
unthecked. Sinte
the primary key is
the main wa r

rodram WIIFIraﬂ
vetords, it always
needs to have a
value.

D15 published
H Full-text Specification {No
Has Non-SQL Server Subscriber |

&U‘Emabc.ally

whencvep a new
vecord is added.
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let’s table this discussion

The blanks on contact card are
columns in our People table

Now that you've created a primary key for the table, you need
to define all of the fields your going to track mn the database.
Each field on our written contact card should become a
column in the People table.

peop\e

Name: Laverne Senith GPmrww

Company: x72 Industries

Telephone: (313)555-8139 #
Email: Laverne.Smith@xyZindusiriescom

Client: Yes Last call: 05/36/01

\———V—\——/ \ Each bf&hk g

For eath th
Person, we want ‘!:o s{grg da{:a, Shouid to ¢ &rd
her ndme, ':O'h?&h}‘, Phone humb:\—, email H!E Pfo;firhuj quumh i

address, if she's OPC client,
n ient; and
of the last time she was talled. ke

*%??AEN
‘PQAQWEWR
What kinds of problems could result from having
multiple rows stored for the same person?

22 Chapter 1



*

Now that vou've created a People table and a primary key column, you need to add columns for all of the data
fields. See if vou can work out which data type goes with each of the columns in your table, and also match the

data type to the right description.

Column Name

Data Type
Last Call
inl
Naiis
bit
Contact]D
nvarchar(50)
Client?
datetime

‘Wwae ve ¥

get productive with c#

&
W+ AT P

Description
This type stores a date

and time

A Boolean true/false type

A string of letters,
numbers and other
characters with a

maximum length of 50

A whole number

you are here » 23



it's just my type

* +
W+ DO ~

data type to the right description.

Column Name Data Type

Last Call

Name
bit

ContactlD

,*.
WH AT

nvarchar(50) —

Client?

Now that vou've created a People table and a primary key column, you need to add columns for all of the data
fields. See 1’ you can work out which data type goes with each of the columns in yvour table, and also match the

Description

This type stores a date
and time

A Boolean true/false type

A string of letters,
numbers and other
characters with a
maximum length of 50

A whole number

24 Chapter 1




get productive with c#

Objeets ‘===t

Finish building the table ol — T

| e |
Go back to where vou entered the ContactlD) column Q_}lﬂ-{;‘b Q}t 4 Q A _,Q
and add the other five columns from the contact card. - Yt o a=a
Here’s what vour database table should look like D | @ !
when vou're done: . @Q

! int O
revarchar(50) & anthetk
Lt
Company nvarchar{S0) ™ Allow Nulls, oA
== oSt
Telephone nwvarchar(50) :‘i:": e
—— I
Bi{', Ficrﬂs N nvar':har(ﬁn}
hold True or ~ Client bit
False values LastCall datetime 2] Some Lards miak
and tan be — i might
vepresented F -Ff SOme missin,
asFa ¢heekb o Intormation, so we'l|
s IC-E tertain Go'umns
be blank.
Click on the Save button on the toolbar to save your new table, You'll be
asked for a name. Call it “People™ and click OK.
Choose Name
We've been +alkimg, a'f:w{ Jd‘i:;ﬁ
Lable as the “People fﬂ;; N
it's not wntil this step 1

ai\r: it

an offitial name:
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map it out

Piagram your data so your
application can access it

Once you've created your database and tables, you have to let your
application know about it. That's where a database diagram comes in.
A database diagram is a simple description of your table that the
Visual Studio IDE can use to work with the table. It also lets the IDE
automnatically generate SQL statements to add, change, and delete
rows in the table.

€ Create a new database diagram.
Go Lo the Database Explorer window and right-click on the
Database Diagrams node. Select Add New Diagram.

©  Letthe IDE generate access code. Remember, these options
Belore you tell the IDE about your specilic table, it needs to are all under ContaetDB,
create some hasic stored procedures for mteracting with your so ‘thq‘ all &?Pl’f to that
database. Just click Yes here, and let the IDE go to work. specific database.

Microsell Visual C8 2005 Express Edilion

\v This server does ot hive one or more of the detsbess objects requined to Lse database dagramming. Do you wish ko creste them?

(= ]
Ty [DE ereates severd
stpred proted e
¢
©  Select the tables you want to work with. that allow Ja::"ch the
Select the People table from the window that pops up, and fo nterat preated
click Add. Now the IDE is ready to generate code specific database Y

Lo your table.

When Yeu have d

_ atabase
with mui{i}‘fit 'EGHES, Eal::l
table will show uP 3s gp
:nfry on this window.
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e Name your diagram PeopleDiagram.

get productive with c#

NET Visual MNET Pata Storage  Peployment
Objests Patabase == Package
| Objeets —= |

- | = | === | =
) | @ 2 | (B U
L .¢ } | < )
1 Ya | | @

R ad

S —if

!

-

Jou are Here

Select File=Save Diagram. You'll be asked to name your é'—\ |£ you'rc using Visual

new database diagram. Call it PeopleDiagram, and you're

all set.

The database diag.,ram' is
chown heve visually. Itsa
very s.'mfﬂc rcprcscnjcaﬁon

of your {'.ablc-\, @ ContactID
MName

! Company
Telephone

| Email
Clienk

| LastCal

1£ you had any other
tables in the database You
wanted diagrammed, they

would appear heve, too. ___ﬂ

Shudio 1005, select
File>Save All instead.

A database Jiagram describes your tables
to the Visual Studio IDE. The IDE then
uses the database c[iagram to auto-generate
code to work with your datahase.
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adding your data

Insert your card data into the database

Now you're ready to start entering cards into the database.
Here are some of the boss’s contacts—we’ll use those to

set up the database with a few records.

®

Expand Tables and then right click
on the People Table in the Database
Explorer (or Server Explorer) and
select Show Table Data.

Once vou see the Table grid in the
main window, go ahead and add all of
the data below. (You'll see all NULL
values at first—just type over them
when you add your first row. And

ignore the exclamation points that 1

appear next to the data.) You don’t
need to fill in the ContactID column,
that happens automatically.

Papar company

Name: L‘O_\jd. Jones
Company: Biack Box inC.

Telephone: (718)555-538
Email: Liones@¥blackooxint.com
Last call: 05/36/07

Client: “es

28 Chapter 1

Database Explorer

GIEE .

= [ Data Connections

= [k ContactDB.mdf
[l Database Diagrams
23 Tables

D@

Cl Viewes
E3 =tored Proo

W
) o VRS

/

our icb is to enter the data
Lrom all six of these cavds
into the People table.

pagor smpan
Name: -7 Nelson G.

“Teue Ry . 3TP
ok, LW mpany:
; ﬁhc Claer aL chores 2 ’ -)555.-3573
'I“‘nak:s o g Talephona. (A—m Pm
0 oc O '\nno- Ewalt Limg,\wﬁ@-jf 0ROy e
\1{‘ g Last call: O%/OAL

Name: LUCinda Ericaon

T ——
Company: Ericson events

Telephone: (313)555-9533

Email: LU%@EHC&GH&UBME..H\%

Last call: 0s/17/o1

Client: wo




Name: Matt Franks
Company: 42 industries

Telephone: (3,5)555-g)35
Email: W\a{{.Franﬁs@xHZhdusir i250.0m

Client: Jes Last call: 0s/ak/o7

Papar gompany

Company: x9YZ Industries

Telephone: (3)3)s55-R139
Email: Laverne.smith@xyzindustriescom

Last call: 05/ak/o7

Client: e

Once you've entered all six records,
select Save All from the File menu
again. That should save the records
to the database.

Dum

(a)_,: So what happened to the data after | entered it? Where
did it go?

A: The IDE automatically stored the data you entered into the
People table in your database. The table, its columns, the data
types, and all of the data inside it is all stored in the SQL Server
Express file, ContactDB.mdf. That file is stored as part of your
project, and the IDE updates it just like it updates your code files
when you change them.

Name: Sarah valer
Company: kalter, Riddle, a

Telephone: ((514)555-5/041
Email: Sarah@uﬁs.ora

Client: no

That's di

jusi: saves the file ‘f"“"’" wiovking on.

therejare no
b Questions

get productive with c#

Papar company

<ot

Last call: 13/10/05

“Cave Al tells the IDE {n_save
cu:v']rthir? in Yyour application

event from “Save”, which

(.)__,: Okay, | entered these six records. Will they be part of
my program forever?

A: Yes, they're as much a part of the program as the code

that you write and the form that you're building. The difference

is that instead of being compiled into an executable program,

the ContactDB.mdf file is copied and stored along with the
executable. When your application needs to access data, it reads
and writes to GontactDB . mdf, in the program’s cutput directory.

This file is actually 5 s ——>

database, and Your Program

Can use it with the code the
E genevated for You.

ContactDB.mdf
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the data’s all in there

Connect your form to your database
objects with a data source

We're finally ready to build the NET database objects that our
form will use to talk to your database. We need a data source,
which is really just a collection of SQIL statements vour program
will use to talk to the ContactDB database.

o Go back to your application’s form.
Close out the People table and the ContactDB database
diagram. You should now have the Forml.cs [Design] tab visible,

You need to tlose both the

data grid and the g
to 8 back o yape 137"

| LastCall |

1 Lloyd Jones Black Box Inc 718555638 liones@blackboz:, ., True 5{26/2007 12:0.., |
2 lucnda Ericson Ericson Everts 2125559523 Lucy@ericsonev. . False 5(17/2007 12:0..,
3 Liz Nelson P 4195552578 lanelson@itp.org  Trus 314/2006 12:00:...
4 Matt Franks XZlndustries 2125558125 makt franks@ooy... True 5/26/2007 12:0...
5 Sarah Kalter Kalter, Riddle, 5... 6145555641 sarah.kater@k... False 12/10/2006 12:...
e Laverne Smith A Industries 2125558129 Laverne. Smitth..,  True Si2ej2007 12:0...
L BT ALEL ALEL AL AL AL AREL |
|
|
9 Add a new data source to your application.
This should be easv by now. Click the Data menu, and then
select Add New Data Source.... from the drop down.
Fie Edt View Project Buid Debug [Deta | Format Tooks  Window Heb The data sourte vou've
e ereating will handle all the

[l Database Diagrams

-

gy Er——T
= [ ContactD®.mdf
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MNET Visual NET Vata Storage  Peployment
Objeets Vatabase =——= Package
oete (== |

Jout are Here

Configure your new data source.
Now you need to setup your data source to use the ContactDB
database. Here’s what to do:

*  Select Database and click the Next button.

*  (lick Next in the “Choose your Data Connection”™
sCreen, - These Ff:-c?s Conneet Your
o % 2 e_:-— hew da{'.ﬂ Sourle with
*  Make sure the Save the connection checkbox is checked the People table in the

in the “Save the Connection” screen that follows and / COn{a.:ﬂ}B database.
click Next.

* i the “Choose Your Objects” sereen, chick the Table
checkbox.

*  In the Dataset Name field, make sure it says
“ContactDBDataSet” and click Finish.
ND‘W v Forrn £an use ‘l',.hﬂ d-ata
mr.;ﬁn intevact with the

E/F COH{'.-BE-*-DB aSl!-

-  ContactDBDataSet. =g

About

ContactDB.mdf
C ContactDBDataSet. This file is your database.
' Designer.cs
t Here's Your exis{jns Form. ’
These files ave what's
thcrﬂ{,cd b\ll {"\C da{'.a
sourte You J“‘S{' setup.
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bind it all together

Add database-driven controls to your form

Now we can go back to our form, and add some more controls. But

these aren’t just any controls, they are controls that are found to our 6._\ It took 3 k4l L :
- - - T Wor
database, and the columns in the People table. That just means that back 4o er a{_,t L ’ b"‘:' ""'E: :‘"
€dling Torm objetts that

a change to the data in one of the controls on the [orm automatically ;
g / Ihﬁﬁaﬂ‘t WI{'..h our da‘tﬁ I"QBC- \

changes the data in the matching column in the database.

Here’s how to create several database-driven controls:

£ you don't see this tab,
€  Select the data source you want to use. seleet “Show Data Sourtes”
Seleet Show Data Sources from the Data pull down menu. This from the Data menu.
will bring up the Data Sources window, showmg the sources you
have setup for your application.

. You can also
look for, and
click on, the
Data Sources
tab along the
‘bottom of your

abase
Explorer window.
o Select the People table.
Under the ContactDBDataSet, you should see the People table
and all of the columns in it. Iff vou don’t see the columns, click
the arrow for the drop down menu, and select Details.
Data Sources e the
libtle avrow You
;'nqu!d C-hvf.k an-
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NET Visual MNET

|:.||-'.i epfs

Pata Storage  Peployment
Package

€) Create controls that bind to the People table.
Drag and drop the People table onto vour form. You should see
controls appear [or each column in your database. Don’t worry

too much about how they look right now; just make sure that
they all appear on the form.

If you accidentally click out of the form you're working on, you
can always get back to it by clicking the “Form1.cs [Design]’
tab, or opening Form.cs from the Solution Explorer.

1
. Stat Page | Chiject Brosessr | Formlress® | wuﬁw - X
The IDE i :
eveates {:'ni:.\+ A :
toolbar for i
navigating When you dragae
‘t'ﬂ'fmiah the H“._ PCO?!E 'IQ&HQ
People table. onto the form, 3
control was ereated
'FW Cal:h f_o‘umh in
£he table.
These won't

show up on /—\}3 i contactDg0ataset  Uilpeopk@indngsouce 2] peopleTableAdepher (57 tableAdapkerir - -

Yyour form, but

vepresent the
d:;%'-,a ufaf:: to This ob navigato
| tr is objeet ¢o 2
interatt with form {:3 Your ;::;Es ;;I; This adapter allows Your Conneets the
{he People table ¢ tontrols to interact e ¥ Controls
and ContactDB with SOL tommands Your table.
database. that the [DE and data

sourte Stnt'ra{‘.ed For You.
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make it pretty

Good prograwms are infuitive to use

Name: Laverme Smith RS —

Right now, the form works. But it doesn’t look that great. Your = Company: 12 ndustries
application has to do more than be functional. It should be Our form would Telephone: (1)2)=25-2120
casy to use. With just a few simple steps, you can make the b inkuitive :

d i 2 ) ¢ movE In : Lave it 5 ! -
form look a lot more like the paper cards we were using at the if it looked Ernadk et o e
beginning of the chapler. a lot like the Client: e Last call; 05/36/01

tontact tavd.

@ Line up your fields and labels.
Line up vour fields and labels along the left edge of
the form. Your form will look like other applications,
and make vour users feel more comfortable using it

* Form1

Blue lines will show
hl? on {hﬂ g(*""‘ as

you dray eontrols o 1

around. Thel*]rr: E:‘"‘ :: |
there 1o he P fou e T

line the Fidds wp- = Clent: checkBoxl hﬂ?g“m Sunday . Awill

@ Change the Text Property on the Client checkbox.
When you first drag the fields onto the form your Client
Checkbox will have a label to the right that needs to be
deleted. Right below the Solution Explorer, you'll see the
properties window. Scroll down to the Text property and
delete the “checkbox1” label,

Delete this word to make
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Make the application look professional.

get productive with c#

You can change the name of the form by clicking on any space
within the form, and finding the Text property in the Properties

window of your IDE. Change the name of the form to

“Objectville Paper Co. - Contact List.”

You can also turn off the Maximize and Minimize buttons
in this same window, by looking for the MaximizeBox and

MinimizeBox properties. Set these both to False.

/—~>|Fn¢ml Siystem, Wirdaves. Farms.Form
EIT A=

Bl Font Microsoft Sars Serf, B

The P‘f"?‘di'cs vindow BackgroundimageL s Tia

5\10‘-"\ d be ..-15'#.3:, .I?C!.Ow Cursor Defenit
Colution Exglorec FareCaor B e
Lhe lower viaht ¢an¢ S S

Right ToleftLayout  Fake

(DE- TR i 7o
e | UssWiskCurece ;::dm st

Tient

The text assocated with the contral.

..... -3

NET Visval  NET Pata Storage  Veployment
Objects Patabase === L
Objects —==' = G i
J 4 jl g U R
= J -
é’ ; o; ‘.,L\ 3 >
'_'_._._,_—-—-r.\__._:';l _"_.‘-
=
- et
Thc reédson \fou wah{; fp {_urn
off the Maximize but-ton is
that maximizina Your Falrm
won £ thange the positions of

the tontrols, so it look weird.

The Text propert
tontrols the hcadiyng on
Your Forn's title bar.

flf you Hon’t have a Properties window, you can turn
iit on by selecting it from the View drop-down menu.
b3

A good application not only works, but is easy
to use. [t's always a good idea to make sure it
hehaves as a typical user would expect it to.
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okay, one last thing...

Test drive

Okay, just one more thing to do... run vour program

and make sure it works the way vou think it should! Do it
the same way you did before—press the F5 key on your
keyboard, or click the green arrow button | on the toolbar

Cliek the 5 ba
to S{"DF the Preg

rdm so

€an move on fo the pext step.

in the Lorner
(or choose “Run™ [rom the Debug menu).

You can always run your programs at any time, even when
thevre not done—although if’ there’s an error in the code,
the IDE will tell vou and stop you from executing it,

=% Objectville Paper Co. - Contact List

= s

These tontrols

let you Page
Hhrough the
diffevent vetords Contact ID:
in £he database. % ;
Mame: Lloyd Jones
Company:  |Black Box Inc
We'll spend move time Telephone: | 718555638
is in the next - :
Z:.::;nrl-h = Email liones@blackboxinc. com
Client: LastCal: | Satwrday . May 26,2007 (&

The IPE builds first, then runs,

When you run your program in the IDE it actually does two things. First it

L] L]
builds vour program, then it executes it. This involves a few distinct parts, Bull({lng your

It compiles the code, or turns it into an executable file. Then it places the

compiled code, along with any resources and other files, into a subdirectory Prograﬂl

underneath the hin folder.

In this case, you'll find the executable and SQL database file in bin/ o‘rerwriteS

debug. Since it copies the database out each tme, any changes you

make will be lost the next time you run mside the IDE. But if’ you run the ]1 J .
executable [rom Windows, it'll save your data—untl yvou build again, at t € ata m
which point the IDE will overwrite the SQL database with a new copy that

contains the data you set up from inside the Database Explorer. your c[atal)ase .
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. M MNET Visval MNET Pata Storage  Peployment
ow fo furn YOUR application Ohjets Fatabaser= Package
. Objects | - N
into EVERYONE'S application Q. ol ™"l
- 21 = |
. . . . = I -~ | o 3
At this point, you've got a great program. Bul it only runs [ \\ l . | " 1 E j ‘
on vour machine. That means that nobody else can use the 2 2 | - }{ | |
2 x - == - |
app, pay vou for it, see how great you are and hire you... | B

and vour boss and customers can’t see the reports you're
generating from the database,

C# makes 1t easy o take an application vou've created, and
deploy it. Deployment is taking an application and installing
it onto other machines. And with the Visual C# IDE, you
can set up a deployment with just two steps.

® Objectville Paper Contact List - Microsoft Visual C# 2008 Expre:
Fle Edt WView Project |Buld | Debug Dafa Format  Tooks  Windo
20 e b d | Ti <6 3 Buid Sohton

Select Publish Cantacts from the
Buld menu.

Fé&

Publish Objectville Paper Contact List

Just accept all of the defaults in the

o

fou are Here

Bulldms the solution usjc
topies the files 4o

lotal mathine. Puhhsh
ereates a Setup executable
and a l.‘.cn-rlguva‘!:mh 'F le

so H‘h&f in\f mathine tould
install your program.

Publish Wizard by clicking Finish. Where do you want to publish the application?
You'll see it package up your
apphication and then show you a
folder that has vour Setup.exe n it Specky the location to publsh this applcation:
You may publish the application to a web site, FTP server, or file path,
Examples:
Disk path:  c:\deplovimyappication
Fleshare:  \\serverimyapplication
FTF server:  Ftp:ffftp.microsoft.comfmyapplication
Webske:  http:ffveww.microsoft comfmyappication
evious |[_pet> ][ poish ][ cones |
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share the love

Give your users the application

Once you've created a deployment, you'll have a new folder
called pub1ish/. That folder has several things in it, all
used for installation. The most important for your users is
setup, a program that will let them install your program on
their own computers.

This is where all ot ’cJ‘:c
su??orflhg i:'df,s £a¥ he
installer ave skoved-

® publish - Microsoft Internet Explorer
File Edt View Favorites Tools Help

Qi - © - ¥ | Pseach [~ Foiders [T~
Adcress u C:\Documents and Setings\administrator\My E-."‘-| Go |brks *

(;_‘_ Applcation Fie s it selp.axe
i Appication Marsfest “ P

KL

[

Tl'lis 15 hgw you'_

users will insta|
the Program on
their Computers/

de Lells the installer

: eeds
everythind tha‘kw:m the

be intluded
bl Lalled:

progyr am 15 InS

This ¢

My secretary just told me that you've
got the new contact database working
already. Pack your bags—we've got room on
the jet to Aspen for a go-getter like youl

iiig
pinmnEE ENER h

FEEEEE BHRE

Counds like the boss is pleased.
There's
Yyou tan J:‘; 0
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You're NOT done: test
your installation

Betore vou pop the cork on any champagne bottles, yvou need
to test your deployment and installation. You wouldn’t give
anyone vour program without running it first, would you?

Close the Visual Studio IDE. Click the setup program,

and select a location on your own computer to install the
program. Now run it from there, and make sure it works like
vou expect. You can add and change records, too, and theyll
be saved to the database,

Yau Lan use the
drrows and the
text field to switeh

between vecords.

Caontact ID:
L - |

Mame: ‘ Lloyd Jones

Company: | Black Box Inc

Telephone: | 718555638 |

Go ahead... make

get productive with c#

MET Visual JNET Vata Storage  Peploywent
Objects ]

“feu are Hete

Now You £an g
dd, ¢ha
delet, records, and {'.:cs E:Hahd

9et saved 4o 44, databa?;:.

= Objectville Paper Co. - Contact List

some Changes.

Email: ‘ liones@black boxine, com

You've deployed
it so JC.HIS time,

Client: LastCalt | Satuday . May 26,2007 &

The six retords vou

they'll stick.

TEST EVERYTHING!
Test your program, test
your Jepluymem, test the
data in your application.

mitially entered are
all theve.
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super fast!

NET Visval NET Pata Storage  Peployment

You built a complete I — S
data-driven application @, | Y. .

The Visual Studio IDE made it pretry easy to create é b

a Windows application, create and design a database,

and hook the two t::gl.’.lht"]'. You even were able to
build an installer with a few extra chicks.

From this

% Objectville Paper Co. - Contact List

por. y . ru i 4 I
Name: Lioﬂd Jones | lin Papar compary

Company: Black Box inC. Contact ID:

Telephone: (718)555-56:38 10 ﬂﬁs Name:  |Lloyd Jones |
Email: L Jones(@xolackiboxine.com Company:  |Black Box Inc |

Client: Jes Last call: 05/ak/07 Telephore: | 718555638

E mail: |Iimes@hlackhm<inacom |

Clent [4]  LastCal| Satuday . May 26.2007 4|

in no time flat.

The power of Visual C# is that you can c[uic]cly
get up and running, and then focus on your
what your' Program’s su];]:oseJ 1o do... not lots

of winJows, Luttons, and SQL access code.
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get productive with c#

CSharpeross

Take some time to sit back and exercise your C# vocabulary with

this erossword; all of the sclution words are from this chapter.

RN

Across
1. When you do this from inside the IDE, it's called "debugging”.
3. The explorer is where you edit the contents of your

SQL tables and bind them to your program.

5. The "About” hox in the Contact List program was one of these
6. You build one of these so you can deploy your program to
another computer.

8. Animage, sound, icon or file that's attached fo your project in
a way that your objects can access easily.

11. Before you can run your program, the IDE does this to
create the executable and move files to the output directory.

14. The database gives the IDE information
about your database so it can generate SOL statements
automatically.

16. The

files in your project.
17. Drag one of these objects onto your form to display an
image.

18. A stored _____isaway for a SCL database to

save queries and statements that you can reuse later.

explorer in the IDE is where you'll find the

Down

2. What's happening when code is turned into an executable.

4. A SOL database can use many of these to store its data.

7. What you change to alter the appearance or behavior of
objects on your form.

8. What you're doing to your program when you run it from
insice the IDE.

10. Every row in a database contains several of these, and all of
them can have different data types.

12. Before you start building any application, always think about
the users and their

13. You drag objects out of this and onto your form.

15. When you double-clicked an a visual control, the IDE
created this for you and you added code to it

you are here »
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crossword solution

42
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2 it’s all just code

g Unde;1j the Hood *

One of these days
I'll figure out what's
going on under there...

You’re a programmer, not just an IDE-user.

You can get a lot of work done using the IDE. But there’s only so far it
can take you. Sure, there are a lot of repetitive tasks that you do when
you build an application. And the IDE is great at doing those things for
you. But working with the IDE is only the beginning. You can get your
programs to do so much more—and writing C# code is how you do it.

Once you get the hang of coding, there's nothing your programs can't do.

this is a new chapter
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at your service

When youre doing this... Al o6 Lhese: basks have &

do with standard attions,
and boilerplate code. Those
ave the things the [DE is
great for helping with.

The IDE is a powerful tool—but that's all it is, a fool for you to use. Every time
vou change vour project or drag and drop something in the IDE, it creates code
auntomatically. It's really good at writing beilerplate code, or code that can be
reused easily withoul requiring much customization.

Let’s look at what the IDE does in typical application development, when you're...

o Creating a new Windows Application solution

I'here are several kinds of applications the IDE lets A rr— . - a3
you build, but we’ll be concentrating on Windows 2 2 &8 @ 3 =3
applications for now. Those are programs that have n L, i (o
visual elements, like forms and buttons, o
o
Malkﬂ Sure )'OH a!‘h@"fs f.rca{g a mhdws Fm ﬁ??llﬂa‘t!ah
Project—that tells the IDE to create an empty form
and add it to your new project. N e |

o Dragging a button out of the toolbox and
onto your form, and then double-clicking it
Buttons are how you make things happen in vour form.
We'll use a lot of buttons to explore various parts of the
C# language. Thev're also a part of almost every C#
application you'll write.

| buttonl 7

TS C ——

Projperiies [
Forml System. Windows Forms Form %
e Setting a property on your form B E 8
The Properties window in the IDE is a really ?ﬁg"?’-‘f‘* i Mm”
. . ol 2
powerful tool that you can use to change attributes of Ti
just about everything in your program: all visual and T Ui P
[unctional properties for the controls on your form, Trangpareryien[ ] 4
. - L UseW st Fise =
attributes of your databases, and even options on vour _mg,::f  oomad N
o S Text -
project itsell /'v The text associated wab the control
Th rbies w
A P""'i* s window in the IDE ;s
Just a veally easy way to edit s
thunk of ¢ode ; €dit 3 specific
€ in Fob'mf. i
3 {m i {!Slsnﬂ— &3
{': éf;ncalltf. [t would +ake 3 lot |
do it b-r hand. onger
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it’s all just code

..the IPE does this

Every time you make a change in the IDE, it makes a

change to the code, which means it changes the files that

contain that cade. Sometimes it just modifies a few lines,

but other times it adds entire files to your project. These files are ereated from
a predefined ‘Etrnf'laﬁg that
tontains the basie £ode ts
treate and dispia\’- 3 fovm.

o ... the IDE creates the files and
folders for the project.

WindowsApplication1 Form1.cs Form1.Designer.cs Properties

.csproj

o ... the IDE adds code to the Forml.Designer.cs file that adds
the button to the form, and then adds code to the Forml.cs
file to handle the button click.

q private vold buttonl Click(object sender, EventArgs e)
{ /K Form1.Designer.cs
}

The IDE knows how o add an empty method This eoq
to handle a button ¢lick. But it doesnt know g4 addcd
what to put inside it—that's your job. Forml.gs. 4

Form1.cs

e ... the IDE opens the Forml Designer.cs file and
updates a line of code.

The |IDE went inko this

file...
partial class Forml L} s

t !

~ ) this.Text = “Contacts”; - i

Form1.Designer.cs

..and updated this line of tode-

you are here » 45



great, the “talk”

Where programs come from

A C# program may start out as statements in a bunch of
files, but it ends up as a program running in your computer.
Here's how it gets there,

46

Every program starts out as source code files

You've already seen how to edit a program, and how the IDE saves your program
to files in a folder. Those files are your program—you can copy them to a new
folder and open them up, and everything will be there: forms, resources, code, and
anything else vou added to vour project.

You can think of the IDE as a kind of fancy file editor. It automatically does the
indenting for you, changes the colors of the kevwords, matches up brackets for vou,
and even suggests what words might come next. But in the end, all the IDE does is
edit the files that contain your program.

There's no reason You

The IDE bundles all of the files [or your program into a selution by creating a couldn’t build vour
solution (.sln) file and a folder that contains all of the other files for the program. programs in Notepad
. - - ¥ - a - . . - i "
I'he solution file has a list of the project files (which end in .csproj) in the solution, but it'd be a lot

and the project files contain lists of all the other files associated with the program.
In this book, you'll be building solutions that only have one project in them, bul
you can easily add other projects to your solution using the IDE’s Solution Explorer.

more ’cimc—r.onsuming.

The .NET Framework gives you the right tools for the job

Ci# is just a language by itsell; it can’t actually do anvihing, And that's where
the .NET Framework comes in. Remember that Maximize button vou turned
off’ for the Contacts form? When vou click the Maximize button on a window,
there’s code that tells the window how to maximize itsell’ and take up the whole
screen. That code is part of the NET Framework. Buttons, checkboxes, lists...
those are all pieces of the NET framework. So are the internal bits that hooked
your form up to the database. [t's got tools to draw graphics, read and write files,
manage collections of things... all sorts of tools for a lot of jobs that programmers

have to do every day.

The wols in the NET Framework are divided up into namespaces. You've

seen these namespaces before, at the top of vour code in the “using” lines. One
namespace is called System. Windows. Forms—it’s where your buttons, checkboxes,
and forms come from. Whenever vou create a new Windows Forms Application
project, the IDE will add the necessary files so that your project contains a form,
and those files have the line “using System.Windows.Forms;™ at the top.

Chapter 2



it's all just code

Build the program tfo create an executable

When vou select “Build Solution™ from the Build menu, the IDE
compiles vour program. It does this by running the compiler, which
18 a tool that reads vour program’s source code and trns it into an
executable. The executable is a file on your disk that ends in .exe—
that’s what vou double-click on to run vour program. When vou build
the program, it creates the executable inside the bin folder, which

is inside the project folder, When you publish your solution, it copies
the executable (and any other files necessary) into the folder you're
publishing to.

When you select “Start Debugging” from the Debug menu, the IDE
compiles your program and runs the executable. It’s got some more
advanced tools for debugging vour program, which just means running
it and being able to pause (or “break™) it so you can figure out what's
going o,

Your program runs inside the CLR

When you double-click on the executable, Windows runs your program.
But there’s an extra “layer” between Windows and your program called
the Commeon Language Runtime. or CLR. Onee upon a time, not
so long ago (but before C# was around), writing programs was harder,
because you had to deal with hardware and low-level machine stufl. You
never knew exactly how someone was going to configure his computer.
The CLR—often referred to as a virtual machine —takes care of all
that for you by doing a sort of “translation”™ between your program and
the computer running it. Y‘:’"‘ don't veally have to worry
You'll learn about all sorts of things the CLR does for you. For example, about the CLR muth right

e ] il J know
it tightly manages your computer’s memory by figuring out when vour “"-‘:""" Its E“wd?lh;: “.:

. . . . . . . . . - s Lare
program is finished with certain pieces of data and getting rid of them it's there, an ¢

. . i rolydm TOV
for you. That's something programmers used to have to do themselves, of T“““'"?Iangl 4 W s
i : : : z 2 fomati . You n
and it's something that vou don’t have o be bothered with. You won’t You aw T H
i ; : : : . : i o.
know it at the time, but the CLR will make your job of learning C# a move about it as you §

whole lot easier.
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mother’s little helper

The IPE helps you code

You've already seen a few of the things that the IDE can do.
Let’s take a closer look at some of the tools it gives you.

o The Solution Explorer shows you everything in your project
You'll spend a lot of time going back and forth between classes, and the easiest
way to do that is to use the solution explorer. It's got two views: a Solution
Explorer view (which shows you the files in your project) and a Class View
(which shows you how vour code logically breaks down into classes).

Solution Explorer |E| h Class View
) The Solution [l

|!-:-'::=:-. Contacts (1 project) Explorer shows | <Search>
= (3 Contacts ou how the  [[m—
@ (@4 Properties Ziﬁmn{: [P Lo Contacts
- = References in the solution 3 Project References
— B app.corfig i =-{} Contacts
@ [ ContactDB.mdf - @ ContactDBDataSet
@ (2 ContactDBDataSet. xsd @4 Form1
@ B Formlcs I {E; ?mﬁga;nmpemes
e ‘fauJ" learn @ &% Resources
move about 3‘5&tthgs
tlasses in a
minute.
e Soltion Explorer & Class View] | = |55 Exlorer| gy Cas vew ||

Here's the form's

©  Use the tabs to switch between open files resource file that
Since vour program is sphit up mnto more than one file, you’ll usually have several l?‘m‘ add_td the
code files open at once. When vou do, each one will be in its own tab in the code ﬂ'thf.{:wll: Paper
editor. The IDE displays an asterisk (¥) next to a filename if it hasn’t been saved yet, Company logo to.

_ Form1.cs [Design] Forml.cs| Program.cs | Form1resx |

. T

: i £abs for
When working on 3 form, You £an have two
it :-l: I:::me {-.img-—ohe for the form designer, and one

+o view the Lorm's tode.
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° The IDE helps you write code

it's all just code

Did you notice little windows popping up as you typed code into the IDE? Thats
a feature called IntelliSense, and it’s really useful. One thing it does is show you
possible ways to complete vour current line of code. Il you type MessageBox and

then a period, it knows that there are three valid ways to complete that line:

MessageBox.

The IDE knows that MessageBox has three

. methods called Eq.uals, ReferenteE wals, and
@ Equals Show. [ you type S, it seleets Sho::l- Prcs:

¥ ReferenceEquals the tab or enter key fo select it That ean
® Show be 3 veal timesaver if \'raul\-: {'-']"P""’& alot of

veally long method names.
If you select Show and type (. the IDE’s IntelliSense will show you information

about how you can complete the line:

is means that theve
::slf;:i{fﬂjh{ ways ) MessageBox.Show {
that you ean call the  (Jm30f 21

MessageBox's Show text: The text to display in the message box.
method (like ways to

DialogResult MessageBox.Show (string text, string caption)

display diffevent buttons

o itons).

The IDE also has shortcuts called snippets that let you type an abbreviation to tell

it to fill in the rest of the code. Here's a useful one: type mbox and press the tab key

twice, and the IDE will fill in the MessageBox . Show method for yow:

MessageBox . Show (NSRS

The Error List helps you troubleshoot compiler errors

If you haven't already discovered how easy it 1s to make tvpos in a C#
program, vou'll find out very soon! Luckily, the IDE gives you a great tool for
troubleshooting them. When you build your solution, any problems that keep it
from compiling will show up in the Error List window at the bottom of the IDE:

Error List

When You use Cart Dck_:;-wng
yun Your oﬁram nsige

JJcr.‘;u: |DE, thrrgivst thing it
does is build your program

it tompiles, then Yyour program
k. | weks e wont vun, and
will show You errors in the
Exvvor List

@ 2 Only assignment, cal, increment, decrement, and
new object expressions can be used as a statement

Forml.cs 1e

Double-click on an error, and the IDE will jump to the problem in the code:

private void pictureBoxl Click(object sender, EventArgs e)
{

The [DE will show 3 ved
MessageBox.8how("Contact List 1.0")_ underscore where it finds

b‘?buirc m]ssina a semitolon.
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let’s dig in

When you see @ Do hisl”, pop open the IDE

When you change things in the IDE, .. 7tl5. Sons Wl 2ell you exaetly what

to do, and point out what 1:9 look for to get

The IDE is great at writing visual code for vou. But don't

you're also changing your code B i i oo 2

take our word for it. Open up Visual Studio, ereate a new *
Windows Application project, and see [or voursell. ‘*'

(1)

50

Open up the designer code

Open the Forml . Designer.cs file in the IDE. But this time, instead ol opening it in *—
the Form Designer, open up its code by right-clicking on it in the Solution Explorer and
selecting “View Code”, Look for the Forml class declaration:

Notite how it's 4

L , . artial elass?
public partial class Forml : Form <~/ P lass?

Open up the Form designer and add a PictureBox to your form
Get used to working with more than one tab. Go to the Solution Explorer and open up the
Form designer by double-clicking on Forml . cs. Drag a new PictureBox onto a new form.

Find and expand the designer- genem’red code for the PictureBox control
Then go back to the Forml . Designer.cs tab in the IDE. Scroll down and look for this line in
the code:

Click on the plus sign
) Windows Form Designer generated code

Click on the + on the lefi-hand side of the line to expand the code, Scroll down and find these hines:

i

// pictureBoxl Don £ worvy ik the
.‘ffll umbcrs W Tm? I:-'Ddc
for the Lotation and
this.pictureBoxl.Location = new System.Drawing.Point (276, 28} J Gize lines ave 3 litte
hese...
this.pictureBoxl.Name = “pictureBoxl”; / dl‘qt\“ﬂht than t

this.pictureBoxl.Size = new System.Drawing.Size (100, 50);
this.pictureBoxl.TabIndex = 1;

this.pictureBoxl.TabStop = false;
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it's all just code

Wait, wait! What did that say?

Scroll back up for a minute. There it 1s, at the top of the Windows
Form Designer generated code section.

Mns't L‘.ornmcn{‘,s rm‘j‘ start
with two slashes (/7).
Bu‘t the [DE sometimes

/) <summary>

/// Required method tur. Desidgner .~I>1.p£.uml' 1o nr modlfy adds these three—slash
/// the contents of this method with the code editor.

) : ¢ omments
Ht </summary>

There’s nothing more attractive to a kid than a big sign that says, “Don’t
touch this!” Come on, you know you're tempted. .. let’s go modify the
contents of that method with the code editor! Add a button to your
form, and then go ahead and do this:

©

Change the code that sets the buttonl.Text property. What
do you think it will do to the Properties window in the IDE?
Give it a shot—see what happens! Now go back o the form designer and
check the Text property. Did it change?

Stay in the designer, and use the Properties window to
change the Name property to something else.
See if you can find a way to get the IDE to change the Name property. It’s

n the Properties window at the very top, under “{Name)”. What happened Y"‘"‘ don't have to save the
to the code? What about the comment in the code? form o vun the program

}o see the changes: Just
Change the code that sets the Location property to (0,0) and make the thange Ih&cd-tk
the Size property to make the button really big. tode cdi‘ba'r. and bmho o
Did it work? on the designer tab 1o TP

over {p ‘;'hc -Fo'rm dcs@ntr...

hould show up

Go back to the designer, and change the button's BackColor #hc chl?hgc.[s shou
property to something else. immediately-

Look closely at the Form 1. Designer.cs code. Were any lines added?

It'’s always easier to use the [DE to cltange your form'’s
Designer—generate:[ code. But when you Jo, any cl-lange you
make in the IDE ends upasa change to your ijects' code.
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your program makes a statement

Euc'ry '[:irne You make 3 néw

Program, you

de ine 3 name ace for it so : _
Anatomy of a program cpinate foom e g 22 B3 i code i

T Framework Llasses.

Every C# program’s code is structured in exactly the
same way, All programs use namespaces, classes,
and methods to make vour code easier to manage,

A elass conbains 3 pigte of your
program (although some very small

st one tlass).
programs tan have jw \/%

A elass has one or more methods.

Your methods always have +o
live inside a elass. nd mcﬁhﬁm
are made up of statements—I;

the ones You've already seen.

Let’s take a closer look at your code

Open up the code from your Contact project’s Forml . cs so
we can go through it piece by piece.

52

The code file starts by using the .NET Framework tools

You'll find a set of using lines at the top of every program file. They tell C# which parts of
the NET Framework to use. Il you use other classes that are in other namespaces, then you'll
add using lines for them too. Since forms often use a lot of different tools from the NET
Framework, the IDE automatically adds a bunch of using lines when it creates a form and
adds it to your project.

using System;

using System.Collections.Generic; EfS:Fusing lines ave at the
_ _ P ot every code file. They fell
using System.ComponentModel; CH# 1o use all of those N"E‘?‘
using System.Data; Framework ¢lasses. Each one tells
. i . v program that the ¢lasses in
using System.Drawing; ms parficular . s file will use sl
using System.Ling; of the classes in one specific NET

Fra k
using System.Text; i

using System.Windows.Forms;
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it's all just code

QO = programs are organized into classes
Every C# program is organized into classes. A class can do anything, but most classes do one
specific thing. When you created the new program, the IDE added a class called Forml that
— When you talled your program Contacts, the [DE eveated a

namespate for it called Contacts by adding the namespace
namespace Contacts keyword at the top of your tode file. Everything inside its

pair of curly brackets is part of the Contatts namespace.

displays a form.

public partial class Forml : Form

K—T'n'.s s 3 tlass called Forml. [t contains all of the tode to draw the
{ -farm and the Toslboxr .:ofn‘l;rois on 'I'I;- The rDE f-ﬂ!i{.td it when Yfou
4old it to treate 3 new Windows Forms Application project-

© Classes contain methods that perform actions
When a class needs to do something, it uses a method. A method takes an input, performs
Laok for the some action, and sometimes produces an output. The way you pass input into a method is by
matehing paivs using parameters. Methods can behave differently depending on what input they’re given.
of bratkets  Some methods produce output. When they do, it’s called a return value. If you see the
Evcb"‘}' {is keyword void in front of a method, that means it doesn’t return anything,

tuall
;::e ¥ m: wirkh public Forml () This line ealls 3 method named
3] G Ihi‘b&hqufantnf{}, whith the
aivt ean be { IDE also eveated for You.

inside others. InitializeComponent (

}

9 A statement performs one single action
When you added the Message Box.Show() line to your program, you were adding a statement.
Every method is made up of statements. When your program calls a method, it executes the
first statement in the method, then the next, then the next, etc. When the method runs out of

staternents or hits a return statement, it ends, and the program resumes alter the statement
that nrig‘ina]]}f called the method.

_Cliek0) that This method has two pavameters ealled

b iebuve boi sender and e
the p l{ 7

private void pictureBoxl_Click(object sender, EventArgs e)

{

This is a methed talled ?*-t.{:chu-r.l
5&,5 called when the user tlicks on

MessageBox.Show(“Contact List 1.0”, “About”);

} }Y Your statement called the Chow() methed,
This is a statement. You alﬂad? T whith is ?ar‘E of the Mcssaa-:ﬁm«. tlass, whith
¥ know what it does—it pops up is inside the S\F{:ﬁm.\'ﬁhdows-ﬁrms namespate.

little message box window. /
‘(aur statement passed two ?aramt{'.cr's to the Showl()
method. The first one was a string of text to display
in the message box, and the setond one was a string to
display in its title bar.
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a closer ook

Em-y C# Program ¢an only

Your program knows where to start pave one entry point method,

and s ahuays called Main)
When vou created the new Windows Application solution, one of the files the SE:‘:_J;S hhw R k"w"_ where to
IDE added was called Program.cs. Go to the Solution Explorer and double- when You run it.
click on it. It’s got a class called Program, and nside that class 1s a method called
Main{). That method is the entry point, which means that it’s the very first thing
that’s run in your program.

Heve's some tode the IDE built for You

automatically in the last chapter. You'll
find it in Program.¢s.

Your Code Up Clsse

using System;

using System.Ling;

using System.Collections.Generic;
using System.Windows.Forms;

(2 ) e Cor all this tode is
The namespace ror
namespace Contacts Contatts. We'll Lalk about namespates
{ more in 3 -'FC“-' pages-
static class Program Lines that begin with slashes are comments, which
{ you £an add anywhere you want. The slashes tell

C# to ignore them.
/// <summary> _ '
/// The main entry point for the application.
/// </summary>

E‘-'ﬂ"}f time You Fun Your
[STAThread] /——\ it starts heve, at ﬁ?:u cn{z::s ;::i;
static void Madn ()
: (s}

Application.EnableVisualStyles();
O-Application.SetCompatibleTextRenderingDefault (false) ;

. N ; €&——This statement treates and
Application.Run(new Forml()) M Rk T i

} ends the program when the

‘Forrn’s tlosed.

}
)| do declare!
T'lC'Fwi{','mgg-Fe ¢lass Remember, this is just a stavti i
& ) 15 15 1jl.l a 'I'{',ma 'th'{‘, A{:qalr i {g
method is ¢alled ,Emtd*a;:“ dig into the code. But before you do, you'll T:::d to

know what ‘,foqu-e Imking, at.
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it's all just code

C# and .NET have lots of built-in features.

You'll find lines like this at the top of almost every C# class

file. System.Windows.Forms is a namespace. The \l’aur prodyrams will use move and move
using System.Windows.Forms line makes everything <—— namespates like this one as you learn
in that namespace available to your program. In this case, that sbout 3 and NET's other built=in
namespace has lots of visual elements in it like buttons and Leatuves {hroughouf the book.
forms.

The IDE chose a namespace for your code.
Here's the namespace the IDE created for you—it chose
Contacts based on your project’s name. All of the code in

your program lives in this namespace. IQ/ 05 Jo nhes i
Nam me
in difterent Programs, as fong as those

Frograms aren't also in the same na
Your code is stored in a class. mespace.

This particular class 1s called Program. The IDE created it
and added the code that starts the program and brings up the » Ikiple

i 3 have mw
Contacts form. '{'-"‘-‘ tan

¢lasses in 3 single pamespate-

This code has one method, and it

contains three statements.

A namespace has classes in it, and classes have methods.
Inside each method is a set of statements. In this
program, the statements handle starting up the Contacts

form. Methods are where the action happens—every E‘rery C# Program I]“.[St

method does something.
have exactly one method

Each program has a special kind of called Main. That method
method called the entry point.

Every C# program must have exactly one is tl‘le ent Dmt {or
method called Main. Even though your == P—"
program has a lot of methods, only one can be your Cﬂc[&

the first one that gets executed, and that’s your
Main method. C# checks every class in your

code for a method that reads static void Wllﬁﬂ you run ynuf CD(IE!

Main(}. Then, when the program is run, the

first statement in this method gets executed, and tllE CDJE m yﬂut‘ M&ln()

everything else [ollows from that [irst statement. mtllﬁﬁ[ is Exemte‘:[ FIRST.
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classy things

You can change your
program’s eniry point +

As long as your program has an entry point, it doesn’t

matter which class your entry point method is in, or
what that method does, Let’s remove the Main method

To this!
in Program. cs, and create a new entry point. (- * Wiite down what happened

56

when You thanged the
o method name, and wh‘j‘ ou

Go har‘l-f to Program.cs :'md change the name of the [\:Iain I'I]Hhﬂ(:l to Ehink that 'ha\’?thf!d'
NotMain. Now try to build and run the program. What happens?

Right—tlick on the

= = voiett in Pro vLies
e Now let’s create a new entry point. Add a new class called AnotherClass. EndJsc!cct uﬁﬁu Sl
* . . qw . 4
cs. You add a class to your program by right-clicking on the project name “Class..”

in the Solution Explorer and selecting “Add>>Class...”. Name your class
file AnotherClass.cs. The IDE will add a class to your program called N
AnotherClass. Here's the file the IDE added:;

using System; These Four standard using

using System.Ling; lines weve added to the file.
using System.Collections.Genericy

using System.Text;
o This elass is in the same Contacts namespate

é—_-__\-———-“fha{'. fhe IDE— added when }«ou 'FITS'{'. t.rta{:td

namespace Contacts

{ the Windows Application project.
class AnctherClass
{
The IDE aclocai:
! du Ei{',rf.aHY named Lh
} tlass based op the -Fif:h.;mc, .

9 Add a new using line to the top of the file: using System.Windows.Forms;
Don't forget to end the line with a semicolon!

e Add this method to the AnotherClass class by typing it in between the curly brackets:

Mcssi&g&oi- is a elass that lives class AnotherClass
in the S‘fs{zm-lu"ﬁndows.f:urms {
namespace, which is why you had public static void Main()

4o add the using line in step #E-M[
Chowl) is 3 mebhod that's part of Moanaguiox. Show (Rowl 7))
+he Mcssachov. ¢lass. }

}
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* *
Now Fun if! \ *

*

Pow!

QK

it's all just code

So what happened?

Instead of popping up the Contacts application, your
program now shows this messagebox. When you made

the new Main(} method, you gave your program a new
entry point. Now the first thing the program does is run
the statements in that method—which means running that
Message Box.Show() statement. There's nothing else in that
method, so once you click the OK button, the program
runs out of statements to execute and then it ends.

= : . il v
9 Figure out how to [ix your program so it pops up Contacts again, Hint: you only have

ko thange two lines in
two files 1o do it

_ n your pencil

Fill in the annotations so they describe the lines in this C# file
that they’re pointing to. We've filled in the first one for you.

W, ’ i
using System; C#.Fll.&i".f-? .‘!‘.3?‘.‘?—..{3.\','!5.5,‘?. .!'E?:;“f‘ﬁ
using System.Ling; h“r_s{paddmt{hodi“ﬂ
using System.Text; obher namespates ..
using System.Windows.Forms:

.....................................

namespace SomeNamespace

( [ .....................................

S e R

public static void DoSomething() {

MessageBox.Show(“This is a message”);

you are here »
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get some answers

Q- What's with all the curly brackets?

A: C# uses curly brackets (or *braces”) to
group statements together into blocks. Curly
brackets always come in pairs. You'll anly
see a closing curly bracket after you see an
opening one. The IDE helps you match up
curly brackets—just click on one, and you'll
see it and its match get shaded darker.

(vl: | don't quite get what the entry
point is. Can you explain it one more
time?

there are no %
Dumb Questions

A: Your program has a whole lot of
statements in it, but they're not all run at
once. The program starts with the first
statement in the program, executes it, and
then goes on to the next one, and the next
one, efc. Those statements are usually
organized into a bunch of classes. So when
you run your program, how does it know
which statement to start with?

That's where the entry point comes in. The
compiler will not build your code unless there
is exactly one method called Main() which
we call the entry point. The program starts
running with the first statement in Main().

Q; How come | get errors in the
Error List window when | try to run my
program? | thought that only happened
when | did "Build Solution.”

A: Because the first thing that happens
when you choose “Start Debugging” from
the menu or press the toolbar button to
start your program running is that it saves
all the files in your solution and then tries to
compile them. And when you compile your
code—whether it's when you run it, or when
you build the solution—if there are errors,
the IDE will display them in the Error List
instead of running your program.

_ en your pencil
(g

using System;
using System.Ling;
using System.Text;

namespace SomeNamespace

class MyClass {

Fill in the annotations so they describe the lines in this C# file
that they're pointing to. We've filled in the first one for you.

w - "
C# elasses have these usind

lines to add methods from

sther namespaLes

using System.Windows.Forms;

All of the tode lives in
tlasses, so the program

( [ needs a tlass here.

This is a method. E\'ﬂr’f
method in the program
does Saml!‘l:.'l'nin?]- Methods
ave used to group

h——— statements fogether

public static veoid DoSomething() {

MessageBox.Show(“This is a message”);

This is a statement:
Whﬁh i.l;'; ﬂ.cf.u{.:d:
&+ pops wp 3 liktle
windo"’ witlh d ~
message inside ot it
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S +
* wWHaAT'S D? PURPQSET?
+*

it's all just code

Match each of these fragments of code generated by the IDE to what it does.

(Some of these are new—take a guess and see il you got it right!)

partial class Forml

this.BackColor = Color.DarkvViolet:

// This loop gets executed three times

partial class Forml
I

number of pit stopsLabel.Name
= “"number_of pit_stopsLabel®:
number of pit stopsLabel.Size
= new System.Drawing.Size (135, 17);
number of pit stopsLabel.Text
= "Number of pit stops:”;

ff) <summary>

/// Bring up the picture of Rover when
/4 the button is clicked

fA </summary>

partial class Forml
{

this.MaximizeBox = false;

Set properties for a label

Nothing—it’s a comment that the
programmer added to explain the code
to anyone who's reading it

Disable the maximize icon [ﬂj n the
title bar ol the Form1 window

A special kind ol comment that the IDE
uses to explain what an entire block of
code does

Change the background color of the
Form1 window

A block of code that executes whenever
a program opens up a Form1 window

you are here »
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exercise solution

., +
* wWHaAT'S a? TLURPQSE™T?
-

Match each of these fragments of code generated by the IDE to what it does.
(Some of these are new—take a guess and see if vou got it right!)

partial class Forml

{

Set properties for a label

this.BackColor = Color.DarkViolet;

Vothing—it’s a comment that the
Nothing—it’s a comment that th
programmer added to explain the code

// This loop gets executed three times

to anyone who's reading 1t

partial class Forml

Disable the maximize icon (gl ) in the
title bar of the Form | window

number of pit stopsLabel .Name
= "number of pit stopsLabsl®;
number of pit stopslabel.Size
= new System.Drawing.Size(l35, 17);
number of pit stopslLabel.Text
= "Number of pit stops:”;

A special kind of comment that the [DE
uses to explain what an entire block of
code does

LSUmmary.>
/74 Bring up the picture of Rover when
/// the button is clicked

</summary:>

Change the background color of the
Form1 window

partial class Forml
{ A block of code that executes whenever

a program opens up a Form1 window

*

this.MaximizeBox = false;
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it's all just code

Two classes can be in the
samg HaMGSPﬂBE SomeClasses.cs

Take a look at these two class files from a
program called PetFiler2. They've got three
classes: a Dog class, a Cat class, and a Fish
class. Since theyv're all in the same Petliler2
namespace, statements m the Dog Bark|)
e ublic eclass Dog {
method can call Cat.Meow() and Fish.Swim(). P g
It doesn’i "]n“!.[l.h‘. w the various I'lilf'[!l"h'l']':]l't‘h public void Bark() {
and classes are divided up between files. They // stat nts go her
still act the same when they're run.

namespace PetFiler2 ({

When 3 elass is “?uhllf.“

ik means every other }

¢lass in the program £an
P class Cat

aeess s methods
public void Meow() {

// more statements
MoreClasses.cs

namespace PetFiler2 {

public class Fish {

public void Swim() {
// statements

Since these elasses are in the same
namespate, they ean all “see” each
other—even though they're in
diffevent Files. A elass ean span
multiple Files too, but You need to
use the “partial” keyword when You

dﬂ-ﬂla\"‘ﬂ‘ I{: 1\

You ean only split a elass up into difFevent
files if You use the partial keyword.
Vou ?rcba'uf';.l won't do that in any of the
tode You write in this bmk, but the fDE
used it to split Yourr form uwp into two files,
Forml ¢s and Fo*m!-Dcsiljh:r.cs.

public class Cat

public void Purr() {
// statements
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your mileage may vary

Your programs use variables to work with data

When vou get right down to it, every program is basically a data cruncher.
Sometimes the data is in the form of a document, or an image in a

video game, or an instant message. But it's all just data. And that's where
variables come in. A variable 1s what vour program uses to store data.

Peclare your variables

Whenever you deelare a variable, you tell your program its #ype and its name.
Once C# knows vour variable's type, it'll keep yvour program from compiling
if vou make a mistake and trv to do something that doesn’t make sense, like

subtract “Fido™ from 48353,

aiable bypes: Thtsc dre the hdmes

These art bhe ¥ hcsc Variables

& int maxWeight;
string message;
bocl boxChecked
T'hcsc names are for Y'OU.

nd tlasses use
Eﬁ: Sﬂb‘f;i "::;iibfe type s m:;t::,ds :kcdsin:: and
it names
variab|es tan hold, H‘-c dgs.x'.‘rlbt the ua‘-.abl:s uSAOE-

Variables vary

A variable is equal 1o different values at different tmes while vour
program runs. In other words, a variable’s value varies. (Which is

why “variable™ is such a good name.) This is really important, because
that idea is at the core of every program that vou've written or will ever
write. So if your program sets the variable myHeight equal to 63:

int myHeight = &3;

any time myHeight appears in the code, C# will replace it with its
value, 63. Then, later on, i’ you change its value to 12:

myHeight = 12;

C# will replace myHeight with 12—but the variable s still called
myHeight.
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Whenever your
program needs to
work with numbers,
text, true/false
values, or any other
kind of Jafa, you'll

use variables to l-seep

track of them.



You have to assign values to variables before
you use them

Try putting these statements into a C# program:

int =z

MessageBox.Show (“"The answer is " + z);
Go ahead, give it a shot. You'll get an error, and the IDE
will refuse to compile your code. That’s because the IDE
checks each variable to make sure that you've assigned it a
value before you use it. The easiest way 1o make sure you

don’t [orget to assign your variables values is to combine These values
the statement that declares a variable with a statement that are ass'il:'ncd to
assigns its value: the variables.

Eaeh detlaration has a type,
exactly like before.

A few useful types

Every variable has a type that tells C# what kind of data it can
hold. We'll go into a lot of detail about the many different types
in C# i Chapter 4. In the meantime, we'll concentrate on the
three most popular tvpes. int holds integers {or whole numbers),
string holds text, and bool holds Boolean true/false values.

var-1-a-ble, adjective.
able to be changed or adapted
the drill’s variable speed bit let
Bob change the drill speed from slow
to fast based on the job he had to db.

it's all just code

I you write code
that uses a variable
that hasn't been
assigne:l a value,
your code won't
compile. [t's easy

to avoid that error
l:vy comluining your
variable declaration
and assignment into a
single statement.

)

You've assigned 3 value
to Your variable, that val,e
£an chan&c. Lo {‘,hcr'cjs ne
dJsadvan{agc to 3ssigning 3
variable an initial value when,
You detlave it

Onte
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operators are standing by

C# yses familiar math symbols

Once you've got some data stored in a variable, what can you

do with it? Well, if’ it’s a number, you'll probably want to add,
subtract, multiply, or divide it. And that’s where operators come
in. You already know the basic ones. Let’s talk about a few more.
Here’s a block of code that uses operators to do some simple math:

We detlared a new int number = 15;

int vaviable zalled

number and set it number = number + 10;

to 5. Then we added - )

10 to it Alter the ~ Dumber = 36 * 15;

setond statement, ] & i = e s

number is cﬁuﬁ' to 15. B ax ( f ) I;
number = 10 * ‘::--

The ¥= opevator number *= 3;

is similar to +=, # S P

extept it mulbiplies M / 3;

the turrent value of
number by 3, so it

ends up set o 46. int count = 0;

count ++;
This Mcssaﬂcgmﬁ
will pop up 3 box
that says “hello

again hello”

count --;

string result = “hello”;

T divided by 3 is 23 bbbbbb.
it ean oh|';r store whole rumb

The third statement f.hangcs {:hl!
value of number, setting it equal
to 36 times %, whith is 540. Then
it resets it again, setting it equal
to 12 — (&2 7/ 7), whieh is &.

This operator is a little different. +=
means take the value of number

and add |10 %o it Since number is
f.u\rr:n'!:.t‘f equal to b, adding 10 to it
sets its value to 6.

Sinte number is an in{;tsﬂ-,
ers, so it gets rounded to 23.

You'll use int a let for -‘.aun{,ing, and when You de the ++
and —— operators tome in handy. ++ intrements count
by adding one te the value, and —— detrements count
by subtracting one from it, so it ends up equal to zevo

result += “ again 7 + result; & When you use the + operator

« MessageBox.Show (result) ;
The * is an f.mf"l'-\,f string

It has no thavatters.

(s kind of like a zeve
-garsadding s{',rinﬁs.) . result =

result =

WM .
r

A bool stores true
or false. The !
opcra{nr means NOT.
[£ Flips true to

false, and viee versa.

\M_;77YESND =

64 Chapter 2

bool yesNo = false;
bool anotherBool = true;

'anotherBool;

with 3 string, it just puts
two rl-,rings Jcoge her. [l
automatically convert

“the value is: ” + count; numbers 4o strings for you

Don’t worry about
memorizing these
operators now.

: You'll get to know them
¢ because you'll see "em over and over again, !



it's all just code

Loops perform an action over and over again

ere’s a peculiar thing about most large programs: they almost always
!—l Te’s a pe lia h}n;{ out most large pr gram hey ]f" st alway That's a big ?ach,o-F why
involve doing certain things over and over again. And that’s what ) i e im?ar{:ﬂﬂf- A
loops are for— they tell vour program to keep executing a certain set Ioo ea st ;iﬁu\'\!
% 4 % T : . SEs
ol statements as long as some condition 1s@rue (or falsell poy» ;
: L= - oot iF it should keep loobing

while (x > J5)

x =x - 3;

Evcr\'r for loop has three statements. The First sets

In a while loop, all of the loop. The statement will keep looing as lona as
¥ up the oop- 5 mentT Wi eep oo?lnﬁ, as 0115
the statements inside the setond one is true. And the third statement 5:":,:
the curly brackets get exetuted after each time through the loop.

exetuted as 'onvs ds Py N T e W |

the tondition in the for (1 =0; 1 < 8; 4 =1 + 2)

parentheses is true.

{
MessageBox.Show (“I’'1ll pop up 4 times”) ;

Use a code snippet to write simple for loops Press tab o get the cursor

You'll be typing for loops in a just a minute, and the IDE can +ﬂjth to the lerath. The

help speed up your coding a litde. Type for followed by two number of Limes this loop vuns

tabs, and the IDE will automatically insert code for you. I you is determined by whatever

type a new variable, it'll automatically update the rest of the You set Jenﬁ{:h to. ‘{m tan

snippet. Press tab again, and the cursor will jump to the length. ‘.'ha“E: l‘"ﬂ{'-"' to a number or a
variable.

..........

for (int B = 0; i < ISRAGER; i++)

|£ you thange +he variable 1o j
something else, the snippet

automatically changes the }

other two otturrentes of it
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ready, set, code!

Time to start coding
The real work of any program is in its statements. But Syntax 101

statements don’t exist in a vacuum. So let’s set the stage # Fach statement must end in a semicolon.
for digeing in and geiting some code written. Create a

T 3 E : . Xxo=x+%+ 1I;
new Windows Forms Application project.

- ® Asingle-line comment begins with two
This will tell the IDE to treate a new project forward slashes.
with a blank form and an en{.ry point. YW
'ﬂiﬂh{’. want ‘!29 name it Smdhing like “C.haF{;r
A program V—';rnu'fl ke hui!di"'ﬁ. 3 whale ok n-F # Most white space doesn't matter,
_*_ Programs throughout the book. x - 3 ;

Build this form =Y
¥ X

// this line is ignored

is the same as
X = 3=

® \Variables are declared with a name and a
type (there are plenty of types that you'll
learn about in chapter 4).

int weight;

button4 // weight is an integer

# C(Classes and methods must be defined
within a pair of curly braces.

Add statements to show a message public void go() |

// amazing code here

Get started by double-clicking on the first button. Then add }
these 6 statements to the buttonl Click () method.

Look closely at the code, and the output it produces.

xisa variable. The “'l{::{'-" private void buttonl Click(ckject sender, EwventhArgs e)
it's .
part tells C#;a:";t- -1rc { There's 3 built_;, tlass ¢alled
an 'm{c*}'!'l'r an // this is a comment Math, and it's ot
of the skatement sets talled P o e
Jc’s l ; %p?' S‘-’..EJI.T".-Q name = “Quentin”; s € f MQ'H'I h'lfts n 'H'IC
e :
s v int @©- 3 flrtem ramespe, 20 dh
l:{ {hfs dﬂdf tame 'Frﬂlh

8 |

= £ 17
X X 17; hEEdS ‘Lg have a3 usin -E Ecm"
double d = Math.PI / 2;: line at the {,,JP ¢

nameis M.I MessageBox . Show (“name is “ + name
Xis 51
dis 1.5707963267949

w

+ “Znx is + X

+ "wnd is ™ + d):
} The \n is an gstape sequente
to add a line break +o the

messade box.

OK
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if/else statements make decisions

Use if/ else statements to tell vour program to do certain
things only when the conditions vou set up are (or aren’t)
true. A lot of if/else statements check if two things are equal.
That’s when you use the == operator. That’s different from the
single equal sign (=) operator, which you use to set a value.

it's all just code

Every if statement

skarts with a
if (someValue == 24) conditional test.
{ The statement 'th"d_f
the curly brackets is
MessageBox.Show (“"The value was 24."); &—— exetuted only i the
} Lest s true

i heek W
use two cq.ua'l signs to t
il?:fhi:gs are equal 1o eath other-

if (someValue(==)24)
if/else statements ave {

. . d.
?EEt:?:t::i%:‘iilwar // You can have as many statements
lﬁﬁ.‘i J;_m The // as you want inside the brackets

program exetutes the

statements between the MessageBox.Show ("The value was 24.");
mEn Al

Fiest set of bratkets. } else {

Obhevwise, it exet uwhes

Lhe statements between MessageBox.Show (“"The value wasn’'t 24.");
the setond set K/}%

W Don’t confuse the two equal sign operators!
St

You use one equal sign (=) to set a variable’s value, but two equal signs

Wﬂ t C}l . t’ (==) to compare two variables. You won't believe how many bugs in
; It. programs—even ones made by experienced programmersi—were

: caused by using = instead of ==, If you see the IDE complain that you
. “cannot implicitly convert type ‘int’' to ‘bool”™, that's probably what happened.

"

you are here »
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the things you can do

Set up conditions and see if theyre true

Use if/ else statements to tell your program to do certain

things only when the conditions vou set up are (or aren’t) true. MEI’I yuu use
a conditional

Use logical operators to check conditions
You've just looked at the == operator, which you use to test whether two OPEI’atﬂl' to
variables are equal. There are a few other operators, too. Don’t worry about compare two
memorizing them right now—vou’ll get to know them over the next few P
. P, s
chapters: ﬂuml’)ers* it's

% The !'= operator works a lot like == except it’s true il the two things

vou're comparing are not egual. E&".E(I a
*  You can use > and < to compare numbers and see i one is bigger or [}ﬂﬂ(_‘[i‘ti{]ﬂal test.

smaller than the other.

* [he ==, !=, > and < are called conditional operators. When
vou use them to test two variables or values, it's called ]wr'li'nt'nﬂng‘ a
conditional tests.

*  You can combine individual conditional tests into one long test using
the && operator for AND and the | | operator for OR. So to check if

iequals 3orjislessthan 3, do (1 = 3) || (] < 5).
Make sure you stop your program before
you do this—the |[DE won't let you edit
the code while the Program'’s Yunning.
Set a variable and then check its value You can stap by closing the window,
using the stop button on the toolbar, or
Here's the code for the second button. It's an 1 £/e1se statement sc|:c£'m3 "Sfﬂf Delnugging” From the
that checks an integer variable called x to see i it’s equal to 10. chug menuy.

private void button2 Click(cbject sender, EventArgs e)

{
int x = 5;
First we set af ¥ == 10)
up a variable * ) i n g
ﬁ&”ed —— | MessageBox.Show(“x must be 107); .
make it equal o X ism't 10
{Q :j' THCH we {
- ¥
cheek if if's MessageBox.Show("x isn't 107): OK
equal o [O. |
}

Here’s the output. See if you can tweak one line
of code and get it to say “x must be 10” instead.
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it's all just code

Add another conditional test

The 1_hird i}luli(}n makes L!liﬁ output. Now make a change to T s ks t

two lines of code so that it pops up both message boxes. e o6 30’ s Hhdn B, a0
then it thetks to make sure
name is “Joe'-

private void button3 Click(ckbject sender, EventArgs e)

{
this line runs no matter what int someValue = 4;
String name = “Bobbo Jr.":
QK. if ((someValue < 3)

&k (name.Equals(“Joe")))}
{

MessageBox.Show ("% is 2 and the name is Joe”):
!

MessageBox.Show (“this line runs no matter what”):

Add loops to your program

Here's the code for the last button. It's got two loops. The first is a while loop, which

repeats the statements inside the brackets as long as the condition is true

do something
wwhile this is true. The second one is a for loop. Take a look and see how it works.

private void buttond Click(ocbject sender, Eventirgs e)
{

int count = 0;
Thrs IOO'P‘ k:c?s

The sct.ﬂhd ?a.\r-l; o-{‘h ‘Eht
‘“fFﬁﬂfihg as Iong as

while (count < 10) e “an:sl;ofhcaf ?Stl
the tount variable { It r w,';' t‘i?e loop
is less than 0. count = count + 1: ' lest tham e “
}

should keep on 90ing -

This sets up the loop: R This is wheve the 1:':?5
[t just assigns 3 count = count - 1; ar.tuaﬂy does someThing:
e bp e ey T e o s
Fhat'll be used in 1T

ont 1o i. So every time
the loop exetutes, it
will add | 4o i

MessageBox.S5how ("The answer is

" + count);

Before you click on the button, read through the code and try to figure out what the
message box will show. Then click the button and see if you were right!
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over and over and over and...

_ rpen your pencil

Let's get a little more practice with conditional tests and loops. Take a
look at the code below. Circle the conditional tests, and fill in the blanks
so that the comments correctly describe the code that's being run.

int result = 0; // this wvariable will hold the final result Fﬂfc filled in +he
; li‘s{‘. ong f v A
int x = 6; // declare a variable x and sctittob e Ll

while (x > 3) {
// execute these statements as long as

result = result + x; // add x

Xx=x - 1; // subtract

}

for (int z = 1; 2z < 3; z = 2 + 1) {

[/ after @aCh 1OOP, | ettt et e s eeee s
result = result = 2 f"f L B T T T T T T TR R S LTI IS TIII I I
}
// The next statement will pop up a message box that says
£

MessageBox.Show (“The result is ” + result);

More about tonditional tests

You tan do simple conditional tests by checking the value of a vaviable
using a tomparison operator. Here's how You tompare two numbers, x and ¥:
X < ¥ (less than)

% > y lgreater than)
x == y (equals—and yes, with two equals signs)

These are the ones y‘u’" use most often.
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Wait upl There's a flaw in your
logic. What happens to my loop if I
write a conditional test that never

it's all just code

_ en your pencil

Loop #1

int count = 5;

while (count > 0) |
count = count * 3;

count = count * -1;

Loop #2

int 1 = 0;

while (i == 0) {
count = count * 3;

count = count * =1;

becomes false?

Then your loop runs forever!
Every time your program runs a conditional test, the result
is either true or £alse. I it's true, then your program
goes through the loop one more time. Every loop should
have code that, it it’s run enough times, should cause

the conditional test to eventually return £alse. Butif it
doesn’t then the loop will keep running until vou kill the
program or turn the computer off!

ngc.{"'““‘ “ICN- C-a“

this an 'mf'm'ﬂ:: |oob-

Here are afew loops. Write down if each loop will repeat forever or
eventually end. If it's going to end, how many times will it loop?

Loop #3 Loop #5
int § = 2; int p = 2;
for (int i = 1; i < 100; for (int @ = 2; g < 32;
U g =g * 2)
{ (
R Sal = while {(p < q)
while (j < 25) {
{ _p ¥ D
j =3 + 5 e
) }
} =P - g
}
Loop #4
while (true) { int i = 1;}

RANN
‘PQWEWR

Can you think of a reason that you'd want to write a
loop that never stops running?

p— ¥,
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if only, but only if

. rpen your pencd
i &lutmn Let's get a little more practice with conditional tests and loops. Take a
look at the code below. Circle the conditional tests, and fill in the blanks
so that the comments correctly describe the code that's being run.
int result = 0; // this wariable will hold the final result
int x = 6; // declare a variable x and setittob

while > 3] {

result = result + x; // add x _to the vesult vaviable

x =x - 1; // subtract __| from the value of x

} This loop vuns twice—First with z set to I, and
. é then a setond time with z set 4o 2. Onee it hits
for (int z = 1; @ z=2z+ 1) { 3, itsne longer less than 2, so the loop stops.
// start the loop by .. detlaring 3 vaviable z and settimgit to | . . .
// keep looping as long as _zislesthan3

// after each loop, addltez . .

result = result + z; // _add thevalwe of z o vesulb o

}
// The next statement will pop up a message box that says

MessageBox.Show(“The result is ” + result);

" rpen your pencil

SQIUtlﬂﬂ Here are a few loops. Write down if each loop will repeat forever or

X eventually end. If it's going to end, how many times will it loop?

Loop #1 Loop #3 Loop #5

This loop executes once This loop executes 7 times This loop
executes 8 times.

Loop #2 Loop #4

This loop runs forever Another infinite loop
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it's all just code

there are no
Dumb Questions

Q_: Is every piece of code always in a class?

A: Yes. Any time a C# program does something, it's because
statements were executed. Those statements are a part of classes,
and those classes are a part of namespaces. Even when it looks
like something is not a statement in a class—like when you use
the designer to set a property on an object on your form—if you
search through your code you'll find that the IDE added ar changed
statements inside a class somewhere.

(;.)J Are there any namespaces I'm not allowed to use? Are
there any | have to use?

A: Yes, there are a few namespaces you're not allowed to use.
Notice how all of the 115 1 ng lines at the top of your C# class

files always said Sy stem? That's because there's a System
namespace that's used by the NET Framework. It's where you

find all of your impartant tools to add power to your programs. Like
System.Data, which lets you work with tables and databases,
and System.Math, which has mathematical functions. But for
the most part, you can choose any name you want for a namespace
(as long as only has letters, numbers and underscores). When

you create a new program, the IDE will automatically choose a
namespace for you based on the program’s name.

0_: | still don't get why | need this partial class stuff.

A: Partial classes are how you can spread the code for one

class between more than one file. The IDE does that when it
creates a form—it keeps the code you edit in one file (like Form1,
¢s), and the code it modifies automatically for you in another file
{Form1.Designer.cs). You don't need to do that with a namespace,
though. One namespace can span two, three or a dozen or more
files. Just put the namespace declaration at the top of the file, and
everything within the curly brackets after the declaration is inside
the same namespace. One more thing: you can have more than one
class in a file. And you can have more than one namespace in a file.
You'll learn a lot more about classes in the next few chapters.

(}__: Let's say | drag something onto my form, so the IDE
generates a bunch of code automatically. What happens to that
code if | click “Undo"?

A: The best way to answer this question is to fry it! Give it a
shot—do something where the IDE generates some code for you.

Drag a button on a form, change properties. Then try to undo it. What
happens? Well, for simple things what you'll see is that the IDE is
smart enough to unda it itself_ But for more complex things, like
adding a new SQL database to your project, you'll be given a warning
message. It still knows how to unda the action, but it may not be able
fo redo it.

(;l: So exactly how careful do | have to be with the code that's
automatically generated by the IDE?

+ You should generally be pretty careful. It's really useful to
know what the IDE is doing to your code, and once in a while you'll
need to know what's in there in order to solve a serious problem. But
in almost all cases, you'll be able to do everything you need to do
through the IDE.

\BIII.I.ET POINTS

m You tell your program to perform actions using
statements. Statements are always part of classes, and
every class is in a namespace.

m  Every statement ends with a semicolon ( ;)

= When you use the visual tools in the Visual Studio IDE,
it automatically adds or changes cade in your program.

m Code blocks are surrounded by curly braces { }.
Classes, while loops, iffelse statements and lots of
other kinds of statements use those blocks.

m Aconditional test is either true or false. You use
conditional tests to determine when a loop ends, and
which block of code to execute in an if/else statement.

= Any time your program needs to store some data, you
use a variable. Use = to assign a variable, and == to
test if two variables are equal.

m  Awhile loop runs everything within its block (defined
by curly braces) as long as the conditional fest is
true.

m [fthe conditional testis false, the while loop code
block won't run, and execution will move down to the
code immediately after the loop block.
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your code... now in magnet form

Code Magnets

Part of a C# program is all scrambled up on the fridge.Can you
rearrange the code snippets to make a working C# program that
produces the message box? Some of the curly braces fell on the
floor and they were too small to pick up, so feel free to add as many
of those as you need!

The ** is an empty string—it means

Result has no thavatters in it ?

w This magnet. didn't £311

string Result = " the vidge...

if (x == 2) {

Result = Result + “b c”;

y
¥

if (x> 2) |

Result = Result + “ai

sl e

Res'lllt =

Result 4 w_a.

lw‘hile (x> 0) { '

Qutput:

a-b c-d

oK

[ MessageBox.Show (Result) ; '
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it's all just code

we'll give You a lot of exertises like this {:l-.roughou{, the book. We'll

give you the answer in a touple of pages. [ you get stuck, don't b
afraid to peek at the answer—it's not chea{)::ga o

Time to get some practice using if/else statements. Can you build this program?
I "
RciSe
Here’s the form.
Add this checkbox.
Drag it out of the toolbox and onto your
form. Use the Text property to change the

text that's next to it (You also use the Text
property to change the button and label text.)

® Fun with if/else statements!

Change the color if the

box is checked Enable color changing

This is a label.

You can use the properties to change the
font size and make 1t boldface, Use the
BackColor property o set 1o red—choose
“Red” [rom the selection of web colors.

Pop up this message if the user clicks the button but the
box IS NOT checked.

If your checkbox 1s named checkBox1 (you can change the Name property
il you want), then here’s the conditional test to see 1l 1's checked:

checkBoxl .Checked == true

If the user clicks the button and the box IS checked, change the
background color of the label.

If the label background color is red, change it to blue when the button is clicked. If it’s blue,
change it back to red. Here's a statement that sets the background color of a label called 1abell:

labell.BackColor = Color.Red;

(Hint: The condinonal test to check whether a label’s background color is red looks a lot like that
statement—Dbut with one important difference!)
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ooh, pretty!

Let’s build something flashy!

15e

" FlashyThi
0 Here's the form to build me————- ALl

{ nsi Lo (k2= O
int: £ you detlave vaviable inside a for |no?—J Lo -,
T“JL!;F iha:evar;blc’s only valid inside the loop's I!.uri? hf;tkc{: fl: ,.f
-_'ha : fwo For loops tha bokh use £he variable, you Il either de
Hc . ¥
izu'm eath loop or have one detlaration outside the loop:

o Make the form background go all psychedelic!

When the button’s clicked, make the lorm’s background
color cyele through a whole lot of colors! Create a loop that
has a variable e go from 0 to 254. Here’s the block of code
that goes inside the curly brackets:

this.BackColor = Coleor.FromArgb{c, 255 - ¢, €);

hpplication.DoEvents():

This line tells £h i :
other {hinss Wf:idr:?far to let the °?¢"a"-‘-'h3 system do
h

: ur program. Without it
Program will take up all the CPU T o
isten for events that. happen (ke 1. o

box 4o ¢lose the window) € user elicking the X

Make it slower

Slow down the flashing by adding this line before
the Application.DoEvents () line:

evks a 3 millisetond
delay in the loop: [¥'s a part

System.Threading.Thread.Sleep{3); This statement ins

the .NET lbravy, and it's in the
System. Threading namespate.
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it’s all just code

Yau"ll be creating a lot of applications throughout this book, and
Io« Il ht:ﬁi to give cath one a different name. We vecommend naming
his one “Z Fun with if—else statements” based on the thapter

o Make it smoother number and the text in the Litle bar of the form.

Let’s make the colors eyele back to where they started. Add another loop that has
c go from 254 down to 0. Use the same block of code inside the curly brackets.

o Keep it going When one loop is

Surround your two loops with another loop that continuously executes and doesn’t inside another
stop, so that when the button is pressed, the background starts changing colors and one, we eall it 3

then keeps doing it. (Hint: The while (true) loop will run forever!) W“heﬁtd" loop.

Uh-oh! The program doesn’t stop!

Run your program in the IDE. Start it looping, Now close the window. Wait a
minute—the IDE didn’t go back into edit mode! It's acting like the program
is still running. You need 1o actually stop the program using the square stop
button in the IDE (or select “Stop Debugging” from the Debug menu).

o Make it stop

Make the loop you added in step #5 stop when the program is
closed. Change your outer loop to this:

while (Visible)

low run the program and click the X box i Hint:

oW run he program and click the X box m‘lhﬁ cornel ]h‘( i {:”Thg! && operator means

window closes, and then the program stops! Except... there’s a AND”. s how You string 3 b b

delay of a few seconds before the IDLE goes back to edit mode. of tonditional tests {:ogt?:h e “hzo
In

When you've thetking a boolean value like Visible one big test that's el f
in an 'IF:{A{'.CNCH{'. or d ioof, sometimes it's ‘FI?‘S‘t test is s AND -E::{cﬂo::t
\{;’EmPﬁm‘? e t:;%iw (Visible == true). _Iz,:l:r“ AND the third, ete. And
ou tan leave he “== true"—it’ h to L1l Come in handy to solve £h:
intlude the boolean. R problem. ndy to solve {his

When you’r: '-'Orking with 3

form or eontrol, Visible is Can you figure out what’s causing that

:ni a"i I“"E' as the form or delay? Can you fix it so the program ends

L iy d'SFIaTCd' I immediately when you close the window?

ou set it 4o false, it makes
he form or tontrol disappear.
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exercise solution

Time to get some practice using if/else statements. Can you build this program?

OLutION Here's the entive Forml.es file for the “Fun with
using System; [§/Else Statements!” exertise. If we show you
using System.Collections.Generic; lot Q-F tode in 3 -Fllc like +his, we'll draw a
using System.ComponentModel; box behind the ?ar{ that You should add.

using System.Data;
using System.Drawing:

us%ng System.Ling; HMS the tode -Fw {'.ht -Fo‘m We named our soluﬁm
using System.Text; Fun with I-F Else”, so the IDE made the namespace
using System.Windows.Forms; Fun with l Elu |

v solution a
diffevent name, it'll have a d-ﬂz:-ut namespate.

namespace Fun_with If Else
{

public partial class Forml : Form

( The [DE added the method ealled
public Forml () button]_Cliek() to your form ‘

{ when Yyou dmblcﬂﬂllfktd on the
InitializeComponent () ; button. The method gets vun
} every time the bu{'.'bn s elicked.

The inner i-F statement
theeks the label's
tolov. £ the label

is turcently ved, it
executes a statement
to turn it blue.

The outer if
statement cheeks
the chetkbox to
see if it's been
thecked. Cheek!

This statement’s
vun if the label's
hﬂk&'rmd tolor is
not ved to make it
set back to ved.

| This Messa Bm’» s up if
the ﬂhzut.kbmt isn {-, ch:ekr.d

You can download the code for all of the exercise solutions

in this book from www.headfirstlabs.com/books/hfcsharp/
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it's all just code

Let's build something flashy!

oLution
Sometimes we won't show You the entive tode
:E{:ht Soful{:u:.m, ust the b!{.s.ﬂ'la‘!: thanged. Al When the [DE added this method, it added an extra
the loglr.: in the F|ash\,rTI1m5 project is in this veburn before the turly bratket. Sometimes we'll put the
buttonl_Click() method that the [DE added when bracket on the same line like this to save space—but C#
you double—tlicked the button in the form designer. doesn't eave about extra spate, so this is ?cr-FtEﬂ‘f valid.

private veid buttonl Click (object sender, EventArgs e)

/-rﬁwhi le (Visible) {

The outer loop for (int ¢ = 0; ¢ < 254 && Visible; c++)
kctf's running as
long as the form this.BackColor = Color.FromArgb({c, 255 - ¢, c);
is visible. As soon .
as it's elosed, Application.DoEvents () ; k Idhf first 'For loop makes he
Visible i , , ors Cytle one way,
sible is false, System.Threading.Thread.51leep (3); setond for loop rcvzr:::d{::hc
Ern

and the while
will S{:oP ico‘Fiha, }

for (int ¢ = 254; ¢ >= 0 && Visible; c--) |

W = they look smaoth,

this.BackColor = Ceclor.FromBArgb(c, 255 - c, c);

Application.DoEvents () ; We fixed the extra de'l{:j: byk
: . . he && operator to maKe
System.Threading.Thread.S51leep(3); :::E :ftthe F::— loops also thetk

Visible. That way the loop ends

-ible turns false.
Can you figure out what’s causing that 2 %" * ok e

delay? Can you fix it so the program ends
} immediately when you close the window?

The delay happens because the for loops need to finish before the

while loop can check ift Visible is still true. You can fix it by adding

&& Visible == true io the conditional test in each for loop.

v r 1
Was your code a little different than ours? There's more than one way
to solve any Prngramming ]:rol)lem-like you could have used while looPs

instead of for loo]:-s. I your program wnrlcs, then you got the exercise right!
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this puzzle's tougher than it looks

using System;
P@@] Puzz]e using System.Windows.Forms;
namespace Chapter 2 |
class ChapterZPoolPuzzle |
public static void Main() {
int x = 0;

Your job is to take code snippets from
the pool and place them into
the blank lines in the code. You
may not use the same snippet

4 String Poem = ™";
more than once, and you won't
7\ need to use all the snippets. L
Your goal is to make a class s N L
that will compile and run. Don't
be fooled—this one's harder than it - -
looks. if {x<1) |
}
OQutput
BE ) |
a noise annoys an O‘y"StGI"
x | }
if (x=11) {
We intluded these "Pool Puzzle” exertises {',hraus'nau{ the book !
to ajve Your brain an extra—tough workout. £ you've the kind gEd.

of person who loves {:wisf;*f little logie puzzles, then 'foulll love
this one. |£ ‘I,rou'h: not, give it a shot anyway—but don't be

afraid to look at the answer to ‘Fig,urr, out what's going on. +
And if you've stumped by a pool puzzle, definitely move on.

Note: each snippet
from the pool can only
be used once!

"HF‘_'
e x=>0

X< x=x+1;
%=1 X=%X+2;

i x>3 X=x-2 Poem = Poem + "noys ";
At H W
*  Poem=Poem+" ", x<4 x=x-1; Poem = Poem + “oise “;
oem = Foem + a oem = Foem + oyster
P, P W_ i P P o y t ¥
_— Lo ey a ",
Poem = Poem +"n";  pessageBox.Show(Poem); Poem = Poem + "annoys";

Poem = Poem + "an",.-
_.-*-“J

Poem = Poem + "noise”;
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Csharpeross

it's all just code

How does a crossword help you learn C#% Well, all the words are C#-

related and from this chapter. The clues also provide mental twists and
turns that will help you burn alternative routes to C# right into your brain

Across

3. You give information to a method using these
4_button1 Text and checkBox3.Name are examples of
8. Every statement ends with one of these

10. The name of every C# program'’s entry point

11. Contains methods

12. Your statements live here

14. A kind of variable that's either true or false

15. A special method that tells your program where to
start

16. This kind of class spans multiple files

Down

1. The output of a method is its value

2. System Windows.Forms is an example of one of
these

5 Atiny piece of a program that does something

6. A block of code is surrounded by

7. The kind of test that tells a loop when to end

9. You can call -Show() to pop up a simple
Windows dialog box

13. The kind of variable that contains a whole number

you are here »
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exercise solutions

Code Magnets Solution

Part of a C# program is all scrambled up on the fridge. Can you
rearrange the code snippets to make a working C# program that
produces the message box? Some of the curly braces

fell on the floor and they were too small to pick up,

so feel free to add as many of those as you need!

This magnet didn't £3]]
the vidae. .,

W,

string Result = ’

Result = Result 4+ w_, .

if (x

Result = Result + "b c¢”;

l MessageBox.Show (Result) ; '

The first time throuah -E,\-_n:
L loop, * is eapal o 3 so this
conditional test will be true.

This s{-_a{emen{', makes x
/_cq_ual to 2. {he first Lime

through the loop, and | 4he

second time {:l-rough.

Qutput:

ab c-d

OK
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it's all just code

Pos] Puzzle Solution

Your job was to take code snippets from the

pool and place them into the blank lines
in the code. Your goal was to make a
class that will compile and run.

using 3ystem;
using System.Windows.Forms;
namespace Chapter 2
class ChapterZPoolPuzzle {
public static void Main() {
iht % = 0
String Poem = “;

while ( x <& ) |
Poem = Poem + "a";

1F (2 1) H
Poem = Poem + * ;

}

Poem = Poem + "n";

PE ol ) o
Poem = Poem + " oyster”;
X=x+2;

}

if (x=11) {

Poem

3
3
g

}
if (<1

Poem = Poem + “oise ";

x=x+1;
}
MessageBox. Show(Poem);
)
}
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crossword solution

* Csharpeross Solution

84 Chapter 2



3 objects: get orfented!
* X
Making Code Make Sense .
X

.. and that's why my
Husband class doesn't have a
HelpOutAround TheHouse()
method or a
PullHisOwnWeight() method.

Every program you write solves a problem.

When you're building a program, it's always a good idea to start by thinking about what
problem your program’s supposed to solve. That's why objects are really useful. They
let you structure your code based on the problem it's solving, so that you can spend your
time thinking about the problem you need to work on rather than getting bogged down in
the mechanics of writing code. When you use objects right, you end up with code that's

intuitive to write, and easy to read and change.

this is a new chapter
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mike’s going places

How Mike thinks about his problems

Mike's a programmer about to head out to a job
interview. He can’t wait to show off’ his C# skills, but
first he has to get there—and he’s running late!

o Mike figures out the route he'll take to get to the interview.

86

Tl take the 31st Street
bridge, head up Liberty Avenue,
and go through Bloomfield.

‘LGD

N

M RM&: sets his dcstiha{;m,

: then tomes up with a voute.

e Good thing he had his radio on. There's
a huge traffic jam that'll make him late!

This is Frank Loudly with
your eye-in-the-sky shadow traffic
report. It locks like a three-car

pileup on Liberty has traffic backed
up all the way to 32nd Street.

M'k: g}cks new
inlﬂo'""'ahm sbout 3 void-
chveet he needs to 3

9 Mike comes up with a new route to get
to his interview on time.

Now he can Lome up
with 3 new route $o
the interview. \___—>

No problem. If I take
Route 28 instead, T'll
still be on timel

Chapter 3



objects: get oriented!

How Mike’s car navigation system thinks about his problems

Mike built hih'.nwn GPS navigation system, which he Hﬂ’tl_s ¢ diagram °ﬁ J: sit: Navigator
uses to help him get around town. in Mike's program. —
fhe name on top, and the SetDestination()
methods on the bottom. ModifyRouteToAvoid()
K_,/> ModifyRoute Tolnclude()
SetDestination(“Fifth Ave & Penn Ave”); GetRoute() o
m— c:ring route; T ?itTgWEtlﬂDest'naﬂnﬂ{}
route = GetRoute(); échRoch:(} method—it's otalDistance()

shrina that tontains +he
/\ \ Z'lﬂ:;?ms Mike should Lollow.

The ha\’iﬂaﬁm system sets “Take 315t Street Bridge to Liberty Avenue to Bloomfield”
a destimation and tomes up

with a route

The h&\disﬂ{jﬂh system 3:{:

nEw in-Forma{,ion alm-£ a

street it needs to avoid. Pl
— ModifyRouteToAvoid(“Liberty Ave");

ith 3 new
i tan tome wp wl
r:::’czt{:o i'hz dchL'maJuon-

string route;

rounte = GetRoute();

“Take Route 28 to the Highland Park Bridge toc Washington Blwvd”
}t_‘ 5&Rohfef:’ ives a new route
that doesn't include the
street Mike wants 4o avoid.
Mike's navigation system solves the street
navigation Prnl-;[em the same way he does
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set methods and modify routes

Mike’s Navigator class has methods to set and wmodify routes

Mike’s Navigator class has methods, which are where the action happens. But unlike
the button Click () methods in the forms you've built, they're all focused around
a single problem: navigating a route through a city. That's why Mike stuck them
together into one class, and called that class Navigator.

Mike designed his Navigator class so that it’s easy to create and modify routes. To
get a route, Mike’s program calls the SetDestination () method to set the
destination, and then uses the GetRoute () method to put the route into a string.
If he needs to change the route, his program calls the ModifyRouteToAvoid()
method to change the route so that it avoids a certamn street, and then calls the
GetRoute () method to get the new directions.

Mike those rnt‘u'lad names Jt.‘h.%{
wwld mak: SERSE {o SomECNE
who was ‘{'_'i-.'lr|.||'-'i|rntl_|I ﬂ'Dou‘E how t2

navigate a voute through eity.
public class Navigator() { [—

public void SetDestination(string destinationName) { ... };
public void ModifyvRouteToAvoid(string streetName) { ... };

public(string\GetRoute() { ... }:

} This is +h
ia;ieh;dﬁﬁ:_"ﬁfﬁop the method. It means that {he/"-_"ﬁ
string variable {;E&'E wi”ﬁ::f:(ihwt.hod €an use it 4o set 5 string route;
means the method doesn't ¢ direttions. When it's void, route = GetRoute();

Some methods have a return valve

Every method is made up of statements that do things. Some methods just execute

their statements and then exit. But other methods have a return value, or a value
that’s calculated or generated mside the method, and sent back to the statement that
called that method. The type of the return value (like string or int)is called the

Heve's an example of 3 methed

that has a veturn type—it
reburns an int. The method

return type. uses the bwo parameters to

The return statement tells the method to immediately exit. I’ vour method doesn’t ealeulate the vesult and uses
have a return value—which means it's declared with a return type of void —then the veturn S{'&tc'nﬁﬂ{' to pass
the return statement just ends with a semicolon, and you don’t always have to he value batk to the statement
have one in your method. But if the method has a return type, then it must use the that called it

return statement.
public int MultiplyTwoNumbers (int firstNumber, int secondNumber) ({
int result = firstNumber * secondNumber;
return result;

¥  kake values like

Here's a statement that calls a method 1o multiply two numbers. It returns an int: 3 and 5 But you tan also pass
nd %

int myResult = MultiplyTwoNumbers (3, 5); &——m——" vaviables to them.
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objects: get oriented!

Use what you’ve learned to build a simple application

Let's hook up a form to a class, and make its button
call a method inside that class. " Do -dﬂ !
o Create a new Windows Application project in the IDE. Then add a class file to it called
Talker.cs by right-clicking on the project in the Solution Explorer and selecting “Class...”
from the Add menu. When vou name your new class file “Talker.cs”, the IDE will automatically
name the class in the new lile Talker. Then 1U’ll pop up the new file in a new tab nside the IDE.
e Add using System.Windows.Forms; to the top of the class file. Then add code to the class:
class Talker {
public static int BlahBlahBlah({string thingTeSay, int numberOfTimes) {
string finalString = “;
This statement 7 e J ;

deelaves 3 [inalString for (int count = 1; count <= numberOfTimes; count++) ({

;r'na'u'l! and sets it finalString = finalString + thingToSay + “\n";

v : !

equal to an emply : X ) The BlahBlahBlah() method's veturn value is

dyindy MessageB{-:ux.Show(f1nalStr1ng) : an intener £hat has the total |cn5$h of {:,h:
return finalString.Length; message + dis?iajcd- "l'}"'ﬂ tan add .Lcna‘l;h

J o any sbring o Figure aut how long it .

The new class has one method called BlahBlahBlah () that takes two parameters, The first
parameter is a string that tells it something to say; and the second is the number of times to say it.
When it’s called, it pops up a MessageBox with the message repated a number of times. Its return
value is the length of the siring. The method needs a string for 1ts thingToSay parameter and a number
of 1ts numberOfTimes parameter. Il get those parameters [rom a form that lets the user enter text
using a TextBox control and a number using NumericUpDown control.

Cet the default text of the TextBox
4o “Helld” using its Text property.

9 Add this form to your project. =

* Talker Tester

Say this: |H-B-|Ib|

Then double-click on the button and have 1t run this code:

int len = Talker.BlahBlahBlah{textBoxl.Text, (int)} numericUpDownl.Value):;
MessageBox.Show (“The message length is " + len);

This is a NumcridHfDowr\

tontrol. Set its Minirmum
o Now run your program! Click the button and watch it pop up two property to |, its Maximum
message boxes. The class pops up the [irst message box, and the Frapcr{-_\l,i to 10, and its
form pops up the second one. % Value 'P'l'ofc\"{‘f +o 3.
When the X

The BlahBlahBlah{) method

method veturns
pops up this message box a value, the form The lengthiis 21
based on what's in i

ts pops it up in thi
parameters. \/’ [I] message bo::. U m
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introducing objects

It'd be great if I
could compare a few

routes and figure out
which is fastest...

Mike gets an idea

The interview went great! But the traffic
jam this morning got Mike thinking about
how he could improve his navigator.

4

L

!

He could ereate three different Navigator classes...

Mike could copy the Navigator class code and paste it mto two more classes,
Then his program could store three routes at once.

This box is a elass diagram. It lists
all of the methods in a tlass, and

Navigator it's an easy way to see everything
SetDestination() Navigator2 that it does at 3 glante
ModifyRoute ToAvoid() e
ModifyRouteToInclude g :

Getngute{) . ModifyRouteToAvoid() Nrflw-gatora
GetTimeToDestination() ModifyRouteToinclude() SetDestination()
TotalDistance() GetRoute() MOd!WRUUtETOAVDId{)
GetTimeToDestination() ModifyRouteTolnclude()
TotalDistance() GetRoute()
GetTimeToDestination()
TotalDistance()

Whoa, that can't be right!
What if T want to change a
methed? Then I need to go
back and fix it in three places.

Right! Maintaining three copies of the same code
is really messy. A lot ol problems you need to solve need a
way to represent one thing a bunch of different times. In this case,
it’s & bunch of routes. But it could be a bunch of turbines, or dogs,
or music files, or anything, All of those programs have one thing in
common: they always need 1o treat the same kind of thing in the
same way, no matter how many of the thing they're dealing with.
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objects: get oriented!

Mike can use objects to solve his problem

Objects are C#'s tool that vou use to work with
a bunch of similar things. Mike can use objects
to program his Navigator class just once, but use

il @y maiy fimes as he wands ill i prograrn.

\aabor L1358 Navigator

g o ; SetDestination()
"\ of £he methods Jchia ModifyRoute ToAvoid()
Navigsbor dojeet 3 ModifyRouteTolnclude()

GetRoute()
K/ GetTime ToDestination()
TotalDistance()

- Mike needed to compare
: @:‘ three diffevent voutes

All you need to create an ' < w at onte, 30 he used
object is the new keyword Vigat® N/ irz:f;'@? abjects
me Time.

and the name of a class.

Navigator navigatorl =(new)Navigator();

navigatorl.SetDestination (“Fifth Ave & Penn Ave”) ;

string route;

route =

avigatorl.GetRoute

Now you can use the object! When you
create an object from a class, that object
has all of the methods from that class.
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for instance...

You use a class to build an object

A class is like a blueprint for an ohject. If you wanted to build
five identical houses in a suburban housing development, you
wouldn’t ask an architect to draw up five identical sets of
blueprints. You'd just use one blueprint to build five houses.

When define a elass, You define
its methods, Ju!{', like a Hut?ﬂn{,
defines the ia'fou{ of the house.

mm 00
CIEL

mE 0o
[ :

You €an use one blueprint to
make any number of houses,
and You Lan use one tlass to
make an']r numbclr o—F ohjen'.{:s.

Sy % ::f b ;g (5 ]
An object gets its methods from its class

Once you build a class, you can create as many objects as you want from
it using the new statement. When vou do, every public method in your
class becomes part of the object.

House

GiveShelter()

AppreciatelnValue()

\ GrowLawn()
‘—-—‘""—- MailDelivered()

ClogDrainPipes()

_ b AccruePropertyTaxes()

“ous e o NeedRepairs()
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objects: get oriented!

When you create a new object from a class,
it’s called an instance of that class.

Guess what... vou already know this stull! Everything in the wolbox
is a class: there’s a But ton class, a TextBox class, a Label

class, etc. When you drag a button out of the toolbox, the IDE
automatically creates an instance of the But ton class and calls

it but tonl. When you drag another button out of the toolbox,

it creates another instance called buttonZ2. Each instance of
Button has its own properties and methods. But every button acts
exactly the same way, because they're all instances of the same class.

Before: Heve's a picture of your
tomputer’s memory when Your
program stavts.

al

Yo‘lr M am

exetutes
statement, |

House 1ll1l5MapleDrive = new House() ;

fher: Now s
h an instante
of the House
¢lass in memorY-

¥
Check it out for yourself! * r\DQ 't}liﬁr

Open any project that uses a button called buttonl, and *
use the [DE to search the entire project for the text “new
buttonl”. You'll find the code that the IDE added to the
form designer to create the instance of the Button class.
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objects improve your code

A better solution... brought to you by objects! GUl stands for Graphica

User [n-f;tr-Fa-‘.e, whith is

. " . . - wh
Mike came up with a new route comparison program that uses ohjects to find at ;-':: i ;"“ld'"ﬂ when
o e s . . B m i
the shortest of three different routes to the same destination. Here’s how he }au 3 Torm in the

built his program.

(2]

94

orm designer.

Mike set up a GUI with a text box—textBoxl contains the destination [or the three
routes. Then he added textBox?2, which has a street that one ol the routes should aveid; and
textBox3, which contains a different street that the third route has to include.

The navigatorl

uh ject is an
e created a Navigator object and set its destmation. N&‘H elass
Navigator

SetDestination() v:gmof
ModifyRoute ToAvoid()
ModifyRouteTolnclude() , . T i
GetRoute() String destination = textBoxl.Text;
GetTirf_"ETODEE'unamn” Navigator navigatorl = new Navigator()
TotalDistancel()
navigatorl.SetDestination (destination);
route = navigatorl.GetRoute();
Then he added a second Navigator object called navigator2. He Modﬁ‘fRWhT"P‘mdﬂ ?
called its SetDestination (} method to set the destination, and Mo leR &Tolnc.'lude{ =
then he called its Modi fyRouteToAvoid () method. _ ethods all take 3 shring
?aramt

The third Navigator object is called navigator3. Mike set its
destnation, and then called its Modi fyRouteToInclude () method.

Any time you

create a new

g

o

o]:aject from
%w'gqtof &

Yliect

:
® a class, it's

, o , called creating
Now Mike can call each object’s TotalDistance () method to figure
out which route is the shortest. And he only had to write the code once, an ins‘l’aﬂce 0{

not three times!
that class.

Aﬁy,'gﬂamf %Vrgcﬁﬁf
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objects: get oriented!

en your penci
Follow the same steps that Mike followed on the facing page to write
the code to create Navigator objects and call their methods.

We gave you a head start Here's

String destination = textBoxl.Text; the tode - T ta

e €
String route2StreetToAvoid = textBox2.Text; destination and street na?..cs from
String route3StreetToInclude = textBox3.Text; the textboxes.

Navigator navigatorl = new Navigator() And heve's the tode {o ereate the
navigatorl.SetDestination(destinaticn); na\rig«ﬂ:ﬂ‘f nhjct.{:a set its destination,

int distancel = navigatorl.TotalDistance(); and 55{; the distante.

1. Create the navigator2 object, set its destination, call its ModifyRouteToAvoid() method, and use its
I TotalDistance() method to set an integer variable called distance2. I

| Navigator navigator2 = |

| navigator2. |

| nav:.gatorzl

int distance2 =

B e s an s s Al s S s Ay B Al Aok S By sy 62
2. Create the navigator3 object, set its destination, call its ModifyRouteTolnclude() method, and use its
I TotalDistance() method to set an integer variable called distance3. I

D R R L R L R LR R R R R T R E R LR R R R R R L LR R R L R e

The built—in C# Math.Min() method compares bwo numbers and veturns the smallest
one. Mike used it to Find the shortest distante to the destination. 1/

int shortestDistance = Math.Min(distancel, Math.Min(distanceZ, distance3l)):;

you are here »
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static cling

. en your pencil

sol t Follow the same steps that Mike followed on the facing page to write
U lﬂn the code to create Navigator objects and call their methods.

String destination = textBoxl.Text;
We gave You a head start Heve's

the ¢ode to get the destination and

street names, along with the code o

Navigator navigatorl = new Navigator() ::Eit {:h‘:.'ﬂfdm“iﬁﬁﬂ";i:it
Youte; a ﬂe e | Le.

String routeZStreetTolvoid = textBox2.Text;
String routedStreetTolnclude = textBox3.Text;

navigatorl.SetDestination(destination};
int distancel = navigatorl.TotalDistance():;

—_——_—— — —_— —_— —_— —_— —_— —_— —_— —_— —_— — — — — 4
1. Create the navigator2 object, set its destination, call its ModifyRouteToAvoid() method, and use its
I TotalDistance() method to set an integer varable called distance2. I

| Navigator navigator2 = new Navigator() |

| navigator2. SetDestination{destination); |

I navigator2. ModifyR oute ToAvoid(route2 Street ToAvoid); I

I int distancez = h&Viﬁ&’tﬂh’l-Tﬂ{.ﬂtD]S‘.’.&hf&U} I
B e e e e et et Vi it St Vit S St ol St il Tl
L O e O T T I TSI T ST

2. Create the navigator3 object, set its destination, call its ModifyRouteTolnclude() method, and use its
I TotalDistance() method to set an integer varable called distance3. I

| ... Navigstor navigatord = new NavigatrQ i

—_—
-
®
-
-

nawi5ai:pr3.5‘.:£pcs{',ina{imfdcsﬂna{:ian); |

navi 3&Jcor3-MadiF‘]lR outeTolntlude(route2Street Tolntlude); I

one. Mike used it to Find the shortest distance to the destination

int shortestDistance = Math.Min(distancel, Math.Min(distanceZ, distance3l));

The buitb-in C# Math Min() method tompares two rumbers and veturns the smallest 1,
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objects: get oriented!

Hold it! I've written a few classes now, but I haven't
used "new" to create an instance yet! So does that
means I can call methods without creating objects?

Yes! That’s why you used the static keyword in your methods.

Take another look at the declaration for the Talker class you built a few pages ago:

class Talker
{
public static int BlahBlahBlah(String thingToSay, int numberOfTimes)
{
string finalString = “¥;

When you called the method you didn’t create a new instance of Talker. You just did this:

Talker.BlahBlahBlah (*Helloc hellc hello®, 5):

That’s how vou call static methods, and you've been doing that all along. Il vou take away
the static keyword from the BlahBlahBlah () method declaration, then vou’ll have to
create an instance of Talker{) in order to call the method. Other than that distinction, static
methods are just like object methods. You can pass parameters, they can return values, and
they live in classes.

There’s one more thing vou can do with the static keyword. You can mark your whole

class as static, and then all of its methods must be static too. If you try to add a non-static
method to a static class, 1t won’t compile,

therejare no =
Dumb Questions

Q: When | think of something that's “static”, | think of Q_,: Then why would | want a method that needs an
something that doesn't change. Does that mean non-static instance? Why wouldn't | make all my methods static?
methods can change, but static methods don't? Do they

behave differently? A: Because if you have an object that's keeping track of
certain data—like Mike's instances of his Navigator class that
+ No, both static and non-static methods act exactly the each kept track of a different route—then you can use each
same. The only difference is that static methods don't require instance's methods to work with that data. So when Mike called

an instance, while non-static methods do. A lot of people have his ModifyRoute ToAvoid() method in the navigator? instance,
trouble remembering that, because the word "static” isn't really it only affected the route that was stored in that particular

all that intuitive, instance, It didn’t affect the navigator1 or navigator3 objects.

That's how he was able to work with three different routes at
Q: So | can't use my class until | create an instance of the same time—and his program could keep track of all of it.
an object?

Q: So how does an instance keep track of data?

A: You can use its static methods. But if you have methods
that aren't static, then you need an instance before you can AZ Turn the page and find out!
use them.
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an object’s state of affairs

An instance uses fields to keep track of things

You change the text on a button by setting its Text property in the Technically, it's setting a

IDE. When you do, the IDE adds code like this to the designer: m{;}*- A Fﬁ:{l’crt}r is a
/- special kind of field—but

o + Lo - Wi m . "
buttonl.Text Text for the button”: we'll 5& o all Baba

Now you know that but tonl is an instance of the But ton class. little later on.
What that code does is modify a field for the buttonl instance.

You can add fields to a class diagram—just draw a horizotal line in

the middle of it. Fields go above the line, methods go underneath it.

Class

This is wheve a ¢lass Fiold

diagram shows the Field?

F‘l:elds. Every instance F:el &3

ot the tlass uses P

f 15 line {-p
{“EE:: {:‘:{.:EEF ik Methodi( separate the fields
ot its e Method2() from the meth ik
Method3()

Methods are what an object does. Fields are what the object kinows,

When Mike created three instances of Navigator classes, his program created three objects.
Each of those objects was used to keep track of a dillerent route. When the program created the
navigatorZ instance and called its SetDestination (} method, it set the destination for that
one instance. But it didn’t affect the navigatorl instance or the navigator3 instance.

Navigator Every instance of Navigator knows
Destination </- its destination and its route.
Route
SetDestination()
ModifyRoute ToAvoid() What a Navigator objeet does is
ModifyRouteTolnclude() [J&&—__ ¢t you set a destination, modify
GetRoute() ts voute, and get information
GetTimeToDestination() about that voute.
TotalDistance()

An olpject's behavior is defined lwy its methods,
and it uses fields to lceeP track of its state.
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objects: get oriented!

Remember, wh
th ?CHJ s:e
& '] L LT I
Let’s create some instances! d” in front of 3 method,
IT meédns {.ha{, |‘E doc;n:{
[t's easy to add fields to your class. Just declare return any value.
variables outside of any methods. Now every public class Clown {

instance gets its own copy of those variables public String Name;

public int Height;

public void TalkfiboutYourself () {

L

MessageBox.Show (“My name is
+ Name + “ and I'm ”
+ Height + ™ inches tall.”);

When ‘fou want to treate instane
of Your tlass, don't use {_‘h:s s{:aﬁc; ; Remember, the *= operator tells C#

e ver's on the left of the
kt’}l“ﬂ'ﬂrd in either the ¢lass declavati 4o take whatever S o“. :
or the method declaration e opevator and multiply it by whatever s

’ on the right.
_ en Your pencd

Write down the contents of each message box that will be displayed
after the statement next to it is executed.

Clown oneClown = new Clown();
oneClown.Name = “Boffo”;

oneClown.Height = 14;

oneClown.TalkAboutYourself () ; "My name is and I'm _ inches tall”

Clown anotherClown = new Clown{();
anotherClown.Name = “Biff";

anotherClown.Height = 16;

anotherClown.TalkdboutYourself () ; "My name is and I'm _ inches tall."

Clown clown3 = new Clown () ;
clown3.Name = anotherClown.Name;

clown3.Height = oneClown.Height - 3;

clown3.TalkAboutYourself () ; "My name is and I'm _ _inches tall”

anotherClown.Height *= 2;

anotherClown.TalkAboutYourself () ; “My name is and I'm _ inches tall”
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a heaping helping of objecis

Thanks for the memory

When vour program creates an object, it lives in a part of the
computer’s memory called the heap. When yvour code creates an
object with a new statement, C# immediately reserves space in the

heap so it can store the data for that object. ﬁ
Heve's a picture of the heap betore the

?rojcc{', stavts. Notite that it's empty.

Let’s take a closer look at what happened here \

» rpen your Penc:tl
solution Write down the contents of each message box that will be displayed
after the statement next to it is executed.

oneClown .Name = Fs) - oi:Je.‘.ﬁ and Fi"ih& it up with

the obj:d:ls data
oneClown.Height = 14;

oneClown.TalkAboutYourself () ;

Clown anotherClown =
anotherClown.Name = “Biff™;

anotherClown.Height = 16;
anotherClown.TalkAboutYourself () ;
Clown clown3 =

clown3.Name = anotherClown.Name;

clown3.Height = oneClown.Height - 3;

anotherClown.Height #*= 2;

Each of these new state
. ) hew ments ¢ ;
Clown oneClown m tlass by FESEYVing 3 thunk aE mc::iici :‘1 h::sﬁ.::::{:oaf .E:::{CJWH
wg or a

"My name is Botfo and I'm _ 14 inches tall” /

"My name is B'H" and I'm _ 16 inches tall” "

clown3.TalkAboutYourself () ; "My name is Biff  andrm_ Il inchestallr ==

/
L™
_—

anotherClown.TalkAboutYourself () ; "My name is Bitf and I'm _ 32 inches tall” _T’—

When your program creates a new o]:ject, it gets added to the heap.
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objects: get oriented!
This objeet is an instance of the

What's on your program’s mind ="

Here’s how your program creates a new instance of the
Clown class:

Clown myInstance = new Clown();

That's actually two statements combined into one. The
first statement declares a variable of type Clown (Clown
myInstance;). The second statement creates a new
object and assigns it to the variable that was just created
(myInstance = new Clown() ;). Here's what
looks like after each ol these statements:

Clown oneClown = new Clown[) ; ,rs'c.t?\’,)"t'
oneClown.Name = “Boffo”; rﬂ{'ﬁ 3,.&
oneClown.Height = 14; lE‘«:'tdia""
oneClown.TalkBboutYourself ()

Clown anotherClown = new Clown(};

anotherClown.Name = “Biff”; These statements ereate

: the second object and £ill it
anotherClown.Height = 16; with data.

anotherClown.TalkAboutYourself () ;

Clown clown3 = new Clown();
clown3.Name = anotherClown.Name;
clown3.Height = oneClown.Height - 3;

clown3.TalkBboutYourself () ; i
Then the thivd Clown uth.f- i

ereated and M“l'a&d

\@\ AW

e anotherClown.Height *= 2;

_—______—-?another(:lc-wn.TalkAboutYourself ():

Theve's no new tommand, whith means
these statements don't treate a new
ab u£ ThEYh:JusE mudlp\.(ms one
{',ha{:s already in memory-
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making methods make sense

You can use class and method names
to make your code intuitive

When you put code in a method, you're making a choice about how to structure
vour program. Do you use one method? Do you split it into more than one? Or do
vou even need a method at all? The choices vou make about methods can make your
code much more intuitive—o, if’ you're not eareflul, much more convoluted.

o Here's a nice, compact chunk of code. It's from a control program that
runs a machine that makes candy bars.
The ehk Temp()

inteder. . byt wmc{h"d veturns an

int t = m.chkTemp(); hat does it do?

“obi”, “ies”, and “m"  if (t > 160) {

are tevrible names/ T ¢bj = new _TQ: The aIsTr?VU

We have no idea tb.clsTrpV method has one

what they do. And tea.Pi11() eber, but we
) : i pavameiey;

what's that TO ics.Vent (}; don't know what

elass for? m.airsyschk(); it's supposed to be.

Take a second and look at that code. Can you figure out what it does?

e Those statements don’t give you any hints about why the code’s doing what it’s doing. In this case, the
programmer was happy with the results because she was able to get it all into one method. But making
vour code as compact as possible isn't really useful! Let’s break it up into methods to make it easier to
read, and make sure the classes are given names that make sense, But we'll start by figuring out what the
code is supposed to do.

tow do You Figure out whdajfé
our tode i supposed to 0O°

. wyikben for General Electronics Type 5 Candy Bar Maker
well, al eade i._s' i Jmn ou to Specification Manual
s v
}::it”:“f"’ that rZasm_ [n this The nougat temperature must be checked every 3 n&i;:;m; hy”andr
case, we tan look wp he ??5'5 automated system. If' the temperature exceeds 16 s i ll{- 1; ‘:]1:1 y
in the 5?“;'1; ieation maEuE{ d i« too hot. and the system must perform the candy isola
hat the programmer i cooling system (CICS) vent procedure.

« Close the trip throttle valve on turbine #2
« Fill the isolation cooling system with a solid stream of water

« Vent the water

« Verifv that there is no evidence of air in the system
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objects: get oriented!

e That page from the manual made it a lot easier to understand the code. It also gave us some great
hints about how to make our code easier to understand. Now we know why the conditional test checks
the variable t against 160—the manual says that any temperature above 160°C means the nougat is
too hot. And it turns out that “m” was a class that controlled the candy maker, with static methods
to check the nougat temperature and check the air system. So let’s put the temperature check into a
method, and choose names for the class and the methods that make the purpose obvious.

public @ IsNougatTooHot ()

The IsN gaiTooHoJcU int temp = Maker.CheckNougatTemperaturel);
e i "
method's veburn type W Eee BHELOK 1 By naming the tlass “Maker and Ehc
return true; method “Chct-kNouga{Tcm?cva{wt .
} else the tode is a lot easier 4o understand.
return false; <—\
) : This methed's vetuen ’bﬁ’c is boolean,

whith means it returns 3 true or
false value.

o What does the specification say to do if the nougat is too hot? 1t tells us to perform the candy isolation
cooling system (or CICS) vent procedure. So let’s make another method, and choose an obvious
name for the “T" class (which turns out to control the turbine) and the “ics™ class (which contrals the
isolation cooling system, and has two static methods to fill and vent the system):

public @oid)DoCICSVentProcedure () |
Turbine turbineController =

A veid veturn T = new Turbine();

YPe means ) ’
the method doesn’t turbineController.CloseTripValve {2) ;

return ary value at 3| IsoclationCoolingSystem.Fill ();
IsclationCoalingSystem.Vent () ;
Maker.CheckRirSystem();

1
|

9 Now the code’s a lot more intuitive! Even il vou don’t know that the CICS vent procedure needs o
be run if’ the nougat is too hot, it’s a lot more obvious what this code is doing;

if (IsNougatTocHot() == true) {
DoCICSVentProcedure () ;
}
You can make your code easier to read and write l)y t]ninking abhout
the Prolmlem your mcfe was built to solve. H you choose names for your
methods that make sense to someone who understands that Prol)lem,

then your code will be a lot easier to Jecipher...anc[ c[eveloP!
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classes au naturale

Give your classes a natural structure

Take a second and remind yoursell why vou want to make vour methods intuitive:
hecause every program solves a problem or has a purpose. It might not
be a business problem—sometimes a program'’s purpose (like FlashyThing] is just to
be cool or fun! But no matter what your program does, the more you can make vour
code resemble the problem you're trving to solve, the easier your program will be to

write (and read, and repair, and maintain...).

Use tlass diagrams to plan out your elasses

tlass diaavam is a simple way o draw your
ths:es m?ah paper. [t's a really valuable $ool
for designing your tode BEFORE you start

writing it.

wm&m.mlfmuamtmwot
%: diagram. Then write eath method in the

box at the bottom. Nw'faummatloc{:hc
?arbol:‘&hctlassa-kaglaru!

Let’s build a class diagram

ClassName |

Method()
Method()
Method()

Take another look at the 1 statement in #35 on the last page. You already know that staterments
always live inside methods, which always live inside classes, right? In this case, that 1 f statement was
in a method called DoMaintenanceTests (), which is part of the CandyController class.
MNow take a look at the code and the class t'_li;»'l?-_':'l'ﬁ]]]_ See how 1]]:‘}-‘ relate to each other?

public class CandyController |

public void DoMaintenanceTests
if {IsNougatTooHot(}) == true
DoCICSVentProcedure () ;

}

pubklic booclean IsNougatTocHot ()

() |

public woid DoCICSVentProcedure ()

) |
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en your pencil

objects: get oriented!

The code for the candy control system we built on the previous
page called three other classes. Flip back and look through the

code, and fill in their class diagrams.

We filled in this ¢lass hdme

Turbine

or this one. What method

One of the .'.'laﬁs:slhad
3 method ealled 0.
Fill n its tlass name

and

9oes heve?

its other method.

There was one other
elass in the tode on the
Previous page. Fill in ifs
hdme and method.

you are here »
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a few helpful tips

Class diagrams help you organize your classes
s0 they make sense

Writing out class diagrams makes it a lot easier to spot potential problems in your
classes before you write code. Thinking about your classes from a high level before
you get into the details can help you come up with a class structure that will make
sure your code addresses the problems it solves. It lets you step back and make sure
that you're not planning on writing unnecessary or poorly structured classes or
methods, and that the ones you do write will be intuitive and easy to use,

Dishwasher Dishwasher
CleanDishes() The class is called CleanDishes()
AddDetergent() “Di:h':;ﬁh:r"idsz all ;h: : AddDetergent()
SetWaterTemperature e RSO e ADOL SetWaterTemperature
ParkTheCar( }p 0 s washing dishes. Butone e e 0

method—ParkTheCar()—has

nothing to do with dishes, so it

should be taken out and put in
another class.

— rPe“ yﬂur Pe"cll - You ¢ould ‘Figure out that

so i The code for the candy control system we built on t 2
IUtmn previous page called three other classes. Flip back and Maker s tlass because it
look through the code, and fill in their class diagrams, 2Ppears in £ront of a dot in
Maker CheckAirSystem().
LY

Turbine |solationCoolingSystem Maker &

Fill()
C|os:TriFVa|vcf ) CheekN ouﬁaJcTcmpcra{;we{ )
CheckAinSystemO)
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_ en your penci
i Each of these classes has a serious design flaw. Write down what
you think is wrong with each class, and how you'd fix it.

Class23 This class is part of the candy manufacturing system from earlier,

CandyBarWeight()
PrintWrapper()

GenerateRepori()
I

.......................................................................................

DeliveryGuy
AddAPizza() These two classes are part of a system that a pizza parlor uses to
PizzaDelivered() track the pizzas that are out for delivery.

TotalCash)
ReturnTime()

DeliveryGirl

AddAPizza()
P'Izza Deiillire red (:l .........................................................................................
T TotalCash()

Relumnme” ........................................................................................

The CashRegister class is part of a program that's used by an
automated convenience store checkout system.

CashRegister

MakeSale()
NoSale()
PumpGas()
REMDAE 0 B i e i e o e e e e s
TotalCashInRegister()

GetTransactionList()

AddCash()
RemoveCash()

.........................................................................................

........................................................................................
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create a class

en vour pencil
Solmn

Here’s how we corrected the classes. They're just ane
possible way to fix the problems—but there are plenty of other ways

you could design these classes depending on how they'll be usec‘i;

This class is part of the candy manufacturing system from earlier.
The ¢elass name doesn't deseribe what the elass does. A programmer
who sees a line of tode that calls Class23.60() will have no idea what

that line does. We'd also vename the method to something that's move

.....................................................................................

These two classes are part of a system that a pizza parlor uses to
track the pizzas that are out for delivery.

. ]t looks like the DeliveryQuy class and the DeliveryGivl class

vvvvvvvvvvvvvv

.....................................................................................

We added the Gender Lield betause we

3 veason to track both
assumed theve was a v ond Hhat's

delivery auys and girls separately,

why there were two ¢lasses for them.

The CashReqgister class is part of a program that's used by an
automated convenience store checkout system.

.2l of the methods in the elass do stuff that has to do with

........................................................................................

ClassMaker

CandyBarWeight()
PrintWrapper()
GenerateReport()
MakeTheCandy()

DeliveryPerson

Gender

AddAPizza()
PizzaDelivered()
TotalCash()
RetunTime()

CashRegister

MakeSale()

NoSale()

Refund()
TotalCashinRegister()
GetTransactionList()
AddCash()
RemoveCash()
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public partial class Forml : Form

{
private void buttonl_Click(cbject sender, EventArgs e)

| String result = “7; P(E_)G] PUZZIG

Echo el = new Echo(); Your job is to take code snippets from the
pool and place them into the blank
lines in the code.You may use
the same snippet more than once,
and you won't need to use all the
snippets. Your goal is to make
classes that will compile and run
and produce the output listed.

int x = 0;
while | y oo

result = result + el.hello() + “\n";

if { )
e?.count = e2.count + 1;
) Output
if | ) |
e?.count = e2.count + el.count; hel
} helocoa. ..
B helocoo...
X=x+1; heloooo...
1 Count: 10
MessageBox.Show (result + “Count: * + eZ.count);
) [ ]

public class

]

Bonus Question!

II
o
=

public int

public string { If the last line of output was
24 instead of 10 how would
you complete the puzzle ¢
You can do it by changing
just one statement.

return “helloocoo...”:

Note: Each

snippet from the
pool can be used
more than once!

X Xx<5 Echo

y x>0 Tester
al x> 1 echo() e2=el;
1 S count count(} Echo e2;
hello() Echo el =el;

el =count + 1;
el.count = count + 1;
el.count = el.count#7;

Echo e2 = new Echol );

oo
i
w

£

— Answers on page 120.
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working class guys

Build a class to work with sowme guys

Joe and Bob lend each other money all the Guy
time. Let’s build a class to keep track of them.

Name
Cash

o We'll create a Guy class and add two instances of it to a form
The form will have two fields, one called joe (to keep wack ol the first object),
and the other called bob (to keep track of the second object). GiveCash()

The new si:ai;mttrﬁ TakeCash()
treate the

mcs lives in the
tode that gets vun 3s
soon 3s the Form is
eveated Hm’slvl:\'laf
-H‘: hga? '|aok$ ike
alfter the form is
loaded.

e We'll set each Guy object's cash and name

The two objects represent different guys, so each one has its own name
and a different amount of cash in his pocket.

Each guy has a Name

field that keeps tratk of 3
2:& name, and 3 Cash ﬁ'i::ld
has the number
butks in his potket ﬂ::hr Jhék:ya:nd

eall its TakeCash()
method, You pass the
amount of tash to take

Q We'll give cash to the guys and take cash from them ::l : ra?:%!:éﬁ,{l;;
We'll use each guy's GiveCash () method to give cash to a guy, and {-,ak;ﬁ - I*mu,k, -
we’ll use his TakeCash () method to take cash hac!: from him. .
The Form calls the object's

TokeCash() method.

joe.TakeCash (25) ;

>

¥ ) ¥

s The method veturns the o

%Cb:iep number of bu:ks that %gb&&t‘
were 'i’.ikcn
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Create a project for your quys

x K
Create a new Windows Forms Application project (because o]
we'll be using a form). Then use the Solution Explorer to add a DQ ﬂ'l IS5,
new class to it called Guy. Make sure to add “using System. ’ ¥ ‘*_
Windows.Forms; " to the top of the Guy class file. Then fill
in the Guy class. Here's the code for it:

The Quy tlass has two fields. The Name Field is
a S{',h'iha_. and it tontain the 5!.:.'7"5 name (“Joe").
And the Cash field is an int, whith will keep

public class Guy { / brack of how many bucks are in his pocket
public string Name; The GiveCash() method has one parameter
public int Cash;

ealled amount that you'll use to tell the
K guy how muth tash 1o give You:
public int GiwveCash (int amount) {

if (amount <= Cash && amount > 0) {
The ﬁu\f malies ﬂ

" i tement to thetk
Cash -= amount; He uses an !-l: sta €

g hether he has enough tash—if he
:E“;h:i YEL:- r: : lretailrn amount; ; oes, he takes it .,..{i of h'lsl pocket and
im 10 else - ) e
positive amount MessageBox . Show ( S
:F*:as:f: i::lse “I don’'t have enough cash to give you ” + amount,
r_;h ?nstead of Name + “ says...”);
taking away from return 0; — [£ the quy doesn’t have enough ¢ash, he'll
it tell You so with a message box, and then
}

he'll make GiveCash() velurn O.

The ReteiveCash() method werks just. like
public int ReceiveCash(int amount) { 4. gveCash() method. [¥'s passed an

if (amount > 0) {

ks to make
< amount 3s a parameter, thet
e i amn sure that amount. is greater than zero,
return amount;

and then adds it Lo his tash.
} else ({

MessageBox.Show(amount + “ isn’t an amount I’1ll take”,
Name + ™ says...”);

return 0; I£ the amount was positive, then the
) Wd\ ReteiveCash() method veturns the amount

} added. |F it was zevo or neaa{iuc, the guy

shows 3 message box and then returns O.
®~ Be caveful with Your eurly brackets. |+'s easy to
have the wrong number—

make sure that ever ni
bracket has 3 matching tlosing bracket W'lnt: 'E::‘f':s
all balanced, the [DE will au{mi'!:ita"'f indent them

o You when You type the last tlosing bracket
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Jjoe says, “where’s my money?"”

Build a form to interact with the quys

The Guy class is great, but it’s just a start. Now

a form that uses two instances of the Guy class.

that show you their names and how much cash
buttons to give and take cash [rom them.

put together
It's got labels
thev have, and

o Add two buttons and six labels to your form
The labels on the right-hand side of the form show how much cash each guy has. We'll also
add a variable called bank to the form—the third label on the right shows how much cash is in
it. We're going to have you name some of the labels that you drag onto the forms. You can do
that by clicking on each label that you want to name and changing its “(Name)” row in
the Properties window. That'll make your code a lot easier to read, because vou'll be able to use

“joesCash™ and “bobsCash™ instead of “label4™ and “label5”,

% Fun with Joe and Bob

This button will all the Joe
abJe.-:Jch ReteiveCash() method, — %
passing it 10 as the amount, and
subtracting the cash it gives to
Joe From the bank variable.

o Add variables to your form

Joe has $50
Bob has $100
The bank has $100
Give $10 to Receive $5
Joe from Bohb

* *

/_ Eu‘i]c[ ﬂ'ﬁﬁ!
*

Name the top label l_':,aesCash,
the label underneath it

bobsCash, and the bottom
label bankCash. You an leave
their Text properties alone,
we'll add a methed +o the
form to set them.

This button will ¢all the Bob
objeet’s GiveCash() method,
Passing it 5 as the amount, and
adding the tash it receives

from Joe 4o the bank variable.

Your form will need to keep track of the two guys, so you'll need a variable for each of them. Call
them joe and bob. Then add a variable to the form called bank to keep track of how much
money the [orm has to give 10 and receive from the guys.

namespace Your Project Name {

Sinte we're using

Guy objects to
keep track of Guy joe;
Joe and Bob, Guy bob;

you detlare int bank = 100; K_\

+heir vaviables
using GuYy- public Forml({) {

public partial class Forml :

InitializeComponent () ;
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ohjects: get oriented!

o Add a method to the form to update the labels
The labels on the right-hand side of the form show how much cash each guy has and how much
is in the bank variable. So add the UpdateForm () method 10 keep them up to date—make
sure the return type is void 1o tell C# that the method doesn’t return a value. Type this
method mnto the lorm right underneath where you added the bank variable: T ratialis simple.

public void UpdateForm() f{ H:Jui{', updates the three
Notite how the labels joesCash.Text = joe.Name + ™ has 3" + joe.Cash; labels b‘f Sl!f‘hhﬁ their Text
. ]
are wpdated using the bobsCash.Text = bob.Name + ™ has $* + bob.Cash; properties. You'll have each

6“7’ objects’ Name and bankCash.Text “The bank has 3" + bank; b‘LHF-m it k"? the
Cash fields. \ labels up to date.

e Double-click on each button and add the code to interact with the objects
Make sure the lefi-hand button is called buttonl, and the right-hand button is called button2.
Then double-click each of the buttons—when vou do, the IDE will add two methods called
buttonl Click() and button2 Click() to the form. Add this code to each of them:

private void buttonl Click({object sender, EventArgs e} {

if (bank >= 10) | When the user clicks the “Give 10 4o
bank -= joe.ReceiveCash(10); » Joe' button, the form ealls the Joe
UpdateForm() ; ab‘jef.{;s ReteiveCash() method—but only

if the bank has enough

} else | moneYy.

MessageBox.Show (“The bank is out of money.”);

} The bank needs at least {10 +o give to
} Joe. |f there's not encugh, it'll pop up
this message box.
private void buttonZz Click(object sender, EventlArgs e) {
bank += bob.GiveCash(5); a )
UpdateForm() ; The “Receive 15 from Bob” button
doesn't need to cheek how muth is
in the bank, because it'll just add

ives batk. [N If Bob's out of moneY)
S s GiveCash() will veturn zevro

©  start Joe out with $50 and start Bob out with $100
It’s up to you 1o figure out how to get Joe and Bob to start out with their Cash and
Name fields set properly. Put it right underneath InitializeComponent () in the form.
That’s part of a special method that gets run once, when the form is first initialized.Once you've
done that, click both buttons a number of times—make sure that one button takes $10 from the
bank and adds 1t to Joe, and the other takes $5 from Bob and adds it to the bank.

public Form{) {

InitializeComponent () k’—-—— Add the lines O‘F tode here 1o

P ereate the two obiects and set
// Initialize joe and bob here! P B i) C;jsh ficlds =

.l'a }
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exercise solution

It's up to vou to figure out how to get Joe and Bob to start out with their Cash
and Name fields set properly. Put it right underneath InitializeComponent ()

o
oLution public Forml () {

InitializeComponent () ;

set up the Fiest

H‘tnrc]s wheve we

instante o,c 6“"’ The firs{, line bob = new Guy();
exeates the objeet, and the next bob.Name = “Bob”;
bwo set its Fields bob.Cash = 100;

= G ;
joe new_ uy () Then we do the same for the

o Mkt 75 RHOGES seond instante of the Quy tlass.
joe.Cash = 50;
Make sure you tall UpdateForm() so

he labels look vi .
E :,E aPI:»:Pss I vight when the for T

t}‘lﬂ'i'elgrﬂ' no & Make Sure '}l’pu save 'H"lt

Dum =g OQHS etk now—we |l tome
Q = Era:{{a it in a few pages.

Q_: Why doesn’t the solution start with “Guy bob = new (\) _: What happens if | don't leave off that first “Guy”?
Guy () "? Why did you leave off the first “Guy”?
A: You'll run into problems—your form won't work, because it
A: Because you already declared the bob variable at the top of won't ever set the form's bob variable. Think about it for a minute,
the form. Remember how the statement*int i = 5;"isthe and you'll see why it works that way. If you have this code at the top
same as the two statements “int i"and“i = 5;"? Thisisthe  ©f your form:

same thing. You could try to declare the bob variable in one line like
this: *Guy bob = new Guy () ;" But you already have the
first part of that statement ("Guy bob;”) at the top of your form.
So you only need the second half of the line, the part that sets the
bob variable to create a new instance of Guy () .

public partial class Forml : Form {
Guy baob;

and then you have this code later on, inside a method:

Q. ) Guy bok = new Guy();
~ + Okay, so then why not get rid of the “Guy bob ;" line at

the top of the form? then you've declared fwo variables. It's a little confusing, because
A_ they both have the same name. But one of them is valid throughout
+ Then the bob variable will only exist inside that special the entire form, and the other one—the new one you added—is only

“public Forml ()" method. When you declare a variable valid inside the method. The next line (bob . Name = “Bob";)

inside a method, it's only valid inside the method—you can't access only updates that local variable, and doesn't touch the one in the

it from any other method. But when you declare it outside of your form. So when you try to run your code, it'll give you a nasty error
method but inside the form or a class that you added, then you can message (‘NullReferenceException not handled”), which just means
access it from any other method inside the form or class. you tried to use an object before you created it with new.
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There’s an even easier way to initialize objects

Almost every object that you create needs to be initialized in some way.
And the Guy object is no exception—it’s useless until you set its Name

and Cash fields. It's so common to have to initialize fields that C# gives
vou a shorteut for doing it called an object initializer. And the IDE’s

Object
initializers only
work with C#

Watch it! 3.o.

If you're running

IntelliSense will help you do 1t

o Here’s the onginal code that you wrote o Visual Studio 2005, then this
initialize Joe’s Guy object. :  won 't work. Definitely consider
joe = new Guy() ; : downloading Visual Studio 2008

Express Edition—it’s free, and
you can install it alongside your
existing VS2005 installation.

joe.Name = “Joe”;
joe.Cash = 50;

@ Delete the second two lines, and the semicolon after “Guy () ™ and add a right curly bracket.
joe = new Guy() {

9 Press space. As soon as you do, the IDE pops up an IntelliSense window that shows vou all of
the fields that you're able o mnitialize.
joe = new Guy() {

. .
¢ Name Ol)]Eﬂ

intializers

o Press tab to tell it to add the Cash field. Then set it equal o 30,

joe = new Guy() { Cash = 50 save yDlI time
and make
9 Type in a comma. As soon as you do, the other field shows up. yﬂur C[I-c[e

joe = new Guy() { Cash = 50,

more compact
_* XN g Gy e pa

and easier to

9 Finish the object inializer. Now vou've saved voursell’ two lines of code! reacl... aﬂ(l tl‘le
joe = new Guy() { Cash = 50, Name = “Joe” }; IDE 1“31?5 yﬂll
This new detlavation does exactly the same j\ "
‘t'mn as the three lines ol: tode you wrote erte tllem.

ar:gmally I4's Juﬂ; shorter and easier to vead
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a few helpful tips

A few ideas for designing intuitive classes

» You're building your program to solve a problem.

Spend some time thinking about that problem. Does it break down into pieces
easily? How would you explain that problem to someone else? These are good
things to think about when designing your classes.

» What real-world things will your program use?

116

A program to help a zoo keeper track her animals’ feeding schedules might have
classes for different kinds of food and types of animals.

Use descriptive names for classes and methods.

Someone should be able to figure out what your classes and methods do just by
looking at their names.

Look for similarities between classes.

o

v;gmd"

It'd be great if I
could compare a few
routes and figure out
which is fastest...

Dlect

Sometimes two classes can be combined into one if they're really similar. The candy

manufacturing system might have three or four turbines, but there's only one
method for closing the trip valve that takes the turbine number as a parameter.

Name
Duration

FindDetour()

Chapter 3

StreetName
ReasonltsClosed

CalculateDelay()

Detour

Name
Duration
ReasonltsClosed

FindDetour()
CalculateDelay()




objects: get oriented!

Reise

o Use an object initializer to initialize Bob's instance of Guy

You've already done it with Joe. Now make Bob’s instance work with an object

£ you alveady ¢licked the button, just delete
it, add it back to your form, and vename it
Then delete the old button3 Click() method
that the IDE added before, and use the new
mcfhﬂd it adds now.

mnitializer too.

e Add two more buttons to your form
The first button tells Joe to give 10 bucks to Bob, and the second tells Bob to give 5
hucks back to Joe. Before you double-click on the button, go to the Properties
window and change each button’s name using the “(Name)” row—it’s at the top of
the list of properties. Name the first button joeGivesToBob, and the second one

bobGivesToJdoe.

This button tells Joe to
give 10 butks to E'z'n, o
you should use the (Name)
vow in the Pfo?!!'rﬁts
window to name it

"}ocaiu:sToBﬂb- k/

* Fun with Joe and Bob

joesCash
bobsCash
bankCash

Give $10to
Joe

Receive $5
from Bob

| Joe gives

_—> §10 0 Bob

Bob gives
$5 to Joe

Add buttons to the “Fun with Joe and Bob" program to make the guys give each other cash.

X]

o Make the buttons work

Double-click on the joeGivesToBob button in the designer. The IDE will add a

method to the form called joeGivesToBob Click() that gets run any time the
button’s clicked. Fill in that method to make Joe give 10 bucks wo Bob. Then double-
click on the other button and fill in the new bobGivesToJoe Click () method
that the IDE creates so that Bob gives five bucks to_Joe, Make sure the form updates

itsell” after the cash changes hands,

-

This button tells Bob to
ive £ butks to Joe. Name
it bobGives ToJoe.
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exercise solution

oLution

public partial class Forml

The trick heve is
thinking {.hrough
who's 5i|.'in|3 the
¢tash and who's

Add buttons to the “Fun with Joe and Bob” program to make the guys give each other cash.

Guy joe;
Guy bob;
int bank = 100;

public Forml () {

Form

InitializeComponent () ;

beb = new Guy() { Cash = 100, Name = “Bob” };
joe = new Guy() { Cash = 50, Name = “Joe” };

UpdateForm{);
1

public wvoid UpdateForm()
joesCash.Text =

bobsCash.Text
bankCash.Text
1

I
1

{

Here ave the object initializers for

tht {:W inS‘tam‘_gs U‘F

the Quy elass.

Bob gets initialized with 100 bucks

and his name.

joe,Name + " has 5" + fjoe.Cash;
bob.Name + “ has $" + bob.Cash;
"The bank has $" + bank:

private void buttonl Click{cbject sender, EventArgs e) {

if (bank >= 10)
bank -= joe.ReceiveCash(10):
UpdateForm() ;

} else {

MessageBox.Show (“"The bank is out of money.”);:

]

private void button? Click(object sender, EventArgs e)

bank += bob.GiveCash (5);

UpdateForm() ;

private void joeGivesToBob_ Click (cbject sender, EventArgs e) {

{

To make Joe give tash
to Bob, we call Joe's
GiveCash() method and
send its results into
Bob's ReteiveCash()
method.

Take a tlose look at
how the 6u}f methods
are bcing talled. The
vesults returned

b'}f ﬁi\rtCﬂsh{} are
pumped right into
ReeeiveCash() as its
'Palr'am:{;ﬂ-_

veeeiving it. bob.ReceiveCash (joe .GiveCash (10)) ;

UpdateForm() ;

}

private void bobGivesToJoe Click (cbject sender, EventArgs e) ({
joe.ReceiveCash (beb.GiveCash (5)) ;
UpdateForm() ;

}

}
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objects: get oriented!

Objecteross

It's time to give your left brain a break, and put that
right brain to work: all the words are object-related
and from this chapter.

i " |

2 asus
- |
Ll -
a D EE
c L]
- |
e |

i
N

Across Down
2. If a method's return type is , itdoesn’t return anything 1. This form control lets the user choose a number from a range
7. An object’s fields define its et

. 3. It's a great idea to create a class on paper before
g;:sgood method _____ makes it clear what the method you start writing code

4. What an object uses to keep track of what it knows
5. These define what an object does
6. An object’'s methods define its

7. Don't use this keyword in your class declaration if you want to
be able to create instances of it

8.An object is an of a class

10. Where objects live

11. What you use to build an object

13. What you use to pass information into a method

14. The statement you use to create an object

15. A special kind of field that's used by the form controls
12. This statement tells a method to immediately exit, and

specifres the value that should be passed back to the statement
that called the method
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puzzle solutions

Posl Puzzle Jolution

Your job was to take code snippets from
the pool and place them into the
blank lines in the code.Your goal
was to make classes that will
compile and run and produce the
output listed.

public partial class Forml : Form
{

private void buttonl Click{cbject sender, EventArgs e)

{

String result = “*; That's the correct answer.
Echo el = new Echol); And here’s the bonus answer!
Etho e = new Echol J; < Etho el = el;

int % = 0;
while % < & ¥

result = result + el.hella() + “\n":

el.tount = el tount + |

o | * == y
e2,.count = eZ2,count + 1;

|

il *>0 y |

e?.count = e2.count + el.count;

"

MessageBox.Show (result + “Count: + eZ.count) ;

public class Ethe [
public int  cownt = 0;
public string helle( J {

LY

return “helloooo...”}
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objects: get oriented!
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4 Types and Relerences

It's 10:00,
% Do you know where your data is? *

This data just got garbage collected.

Data type, database, Lieutenant Commander Data...

it’s all im pnrtant stuff. without data, your programs are useless. You
need information from your users, and you use that to look up or produce new
information, to give back to them. In fact, alimost everything you do in programming
involves working with data in one way or another. In this chapter, you'll learn the
ins and outs of C#'s data types, how to work with data in your program, and even
figure out a few dirty secrets about objects (psstf... objects are data, too).
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not my type

The variable’s type determines what
kind of data it can store

There are fificen value types built into C#, and each one stores a
different kind of data. You've already seen some of the most common
ones, and vou know how to use them. But there are a few that vou
haven’t seen, and they can really come in handy; too,

Value types you’ll use all the time

L
It shouldn’t come as a surprise that int, string, bool, and f1loat are the most A whole number doesn t
COMMOon ypes. d(/ have a detimal Ilfaml:.-
* int can store any whole number from -2, 147 485,648 1o 2,147 483,647,

*
L1
*

More types for whole numbers

string can hold text of any length (including the empty string **/).

boal is a Boolean value—it’s either true or false. m
iS Lhu—f Fﬂ‘

float can store any decimal number from 1.5 x 107 to £3.4 x 10* with up ﬂFIO&'[‘.ine Point’—s
to 7 significant fgures. That range looks weird and complicated. but it’s actually opposed o  “ Fix;j
pretty simple. The “significant figures” part means the precision ol the number: Point” mumber it
35,048.410,000,000, 1,743,059, 14.43857, and 0.00004374155 all have seven alvays has e g
significant figures. The 10* thing means that you can store any number as large a5 pumbey of
10* (or 1 followed by 38 zeroes}—as long as it only has 7 or fewer significant figures.plages.

On the other end of the range, 10 means that you can store any number as small

as 10 {or a decimal point followed by 45 zeroes [ollowed by 1)... but, you guessed

it, as long as it only has 7 or fewer significant figures.

dcﬁimaF

The “&" in uint stands for “unsigncd“,
which means it tan't be negative (so
theve's no minus sigh].

Once upon a time, computer memory was really expensive, and processors were really

slow. And, believe it or not, i’ you used the wrong type, it could seriously slow down vour

program. Luckily, imes have changed, and most of the time il vou need to store a wllulcrﬁ
number you can just use an int. But sometimes vou really need something bigger... and

once in a while, you need something smaller, too. That's why C# gives you more options: A lot of times, if

+*

*

W

The “u" *

stands for %
"unsigned”

*

-

124

¥
i ve using these
byte can store any whele number between 0 and 255, Iw b
’ ypes it's because
sbyte can store any whole number from -127 1o 128, ':;’Oh’h'e So!\'ing a
. G 5 l‘-'ibltm whcrc
short can store any whole number from -32,767 to 32,768, 14
it veally helps to
ushort can store any whoele number from 0 to 65,535. have the “wrapping
; ppm—— avound” effee
uint can store anv whele number from 0 1o 4,294,967,295. f t 'l:,hﬂ-l;
4 Yfou Il read :‘lhou{: in
long can store any number between minus and plus 9 billion billion. a tew minutes.

ulong can store any number between 0 and about 18 billion billion.
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You can use the Windows calculator to convert between decimal (normal, base-10) numbers and

types and references

The double
Types for storing really HUGE ..« really tny numbers type s actually
Sometimes 7 significant figures just isn’t precise enough. And, believe it or not, sometimes 10 a5 Lommon as
isn’t big enough and 10* isn’t small enough. A lot of programs written for finance or scientific float f lot
research run into these problems all the time, so C# gives us two more types: QF people e
it all the time,
* double can store any number from £5.0 x 107" to £1.7 % 10™" with 15-16 and ra.\rg]\" use
significant digit. float.

* decimal can store any number from £1.0 x 10 to £7.9 x 10 with 28-29

significant digits.
A liteval jus-’c means @ number that you When —
F 4:‘}'?\! ke Your tode. So when You ‘|:‘ﬁ'£ Bt
Literals have types, too  “;nt i = 5, the 5 s a liteval your ':;:cuyg
When vou type a number directly into your C# program, you're using a literal. .. and tontrol, you wzr:wn
every literal 1s automatically assigned a tvpe. You can see this [or yoursell—just enter this using a decimal.
line of code that assigns the literal 14 .7 to an int variable:

int myInt = 14.7;

@ 1 Cannot implicitty convert type 'double’ to 'Int’. An
explicit corversion exists (are you missing a cast?)

Now try to build the program. You'll get this:

That’s the same error you'll get if vou try to set an int equalto ;

the IDE 1s telling vou is that the literal 14 .7 has a type—it’s a double. You can change

its type to a £loat by sticking an F on the end (14 . 7F). And 14.7Mis a decimal. If you try to assign a
float liteval 4o a double
or a detimal literal to a

A few more useful built-in value types Float, the IDE will give
Did you notice how the byte type has 256 possible values? Well, there’s another type You a thP-F‘,.[ message
that also has 256 possible values: char. But it’s not numeric; you use it to store a vreminding You to add

character. Literal values for char are always inside single quotes (*x’, *3'), Youcan  the riah{: suffix. Cooll
include escape sequences in the quotes, too (*\n" is a line break, *\t’ is a tab).

And finally;, there’s one more important type: object. You've already seen how an

object can inherit from another one, and that object can in turn inherit from yet a "

diflerent object. At the top of every inheritance hierarchy is the cbject class—that’s a You'll learn lot move
special type that every other object inherits from. That's reallv useful, because it means about how char and
that you can assign any value, variable, or object to an cbject variable. byte relate 4o eath

other in ChaF‘tcr 9.

< VAN
‘PQWEWR

binary numbers (base-2 numbers written with only ones and zeroes)}—put it in Scientific mode, enter
a number, and click the Bin radio button to convert to binary. Then click Dec to convert it back. Now
enter some of the upper and lower limits for the whole number types (like -32,767 and 255)
and convert them to binary. Can you figure out why C# gives you those particular limits?

you are here » 125



i’ll take an ice cream float to go

A variable is like a data to-go cup

All of your data takes up space in memory. (Remember the heap
from last chapter?) So part of your job is to think about how much
space you're going to need whenever vou use a string or a number in
your program. That’s one of the reasons vou use variables. They let
vou set aside enough space in memory to store your data,

Think of a variable like a cup that you keep your data in. C# uses

a bunch of different kinds of cups to hold different kinds of data.

And just like the different sizes of cups at the coffee shop, there are

different sizes of variables, too. -.ht i commonly st

n b \ -]
ol ues |I°r.| h s'ho\'t will hold whole numbe

for o 4 VR Ll
humbeys 4
ey o Ehe bybe bolds unbers
J‘}' 15 t’cwccn zevo and 155.

short byte
e
These are the number of bits of memory set aside for the variable when you declave it n

Numbers that have decimal places are stored differently than G
whole numbers. You can handle most of vour numbers that have

decimal places using £ loat, the smallest data type that stores float double decimal

decimals, If vou need to be more accurate, use a double, and if 32 B4 128
vou're writing a scientific application where the numbers need to \——v—/

be extremely accurate, the decimal type has the most precision. These Jt.‘f?fs ave for

frackions. Laveer
It's not always about numbers, though. [You wouldn’t expect to vaviables store more
get hot coffee in a plastic cup or cold coffee in a paper one.) The deimal places:

C# compiler also can handle characters and non-numeric types.

The char type holds one character, and st ring is used for lots
of characters “strung” together. There's no set size for a string
variable, either. It expands to hold as much data as vou need

to store in it. The bool  data type is used to store true or false

values, like the ones vou've used for vour i f statements.

string is 4 bool char string
“3£ D Ianie (el 8 16 depends on
ype without 3 set size, extept for i

oi:ucﬁ{.s {‘H'llhk about that -FW a bit).
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types and references

10 pounds of data in a 9 pound bag

When vou declare your variable as one type, that’s how vour
compiler looks at it. Even if the value is nowhere near the upper
boundary of the type vou've declarved, the complier will see the cup
1r's i1, not the number inside, So this won't work:

int leaguesUnderTheSea = 20000;
short smallerleagues = leaguesUnderTheSea;

20,000 would fit into a short, no problem. But since
leaguesUnderTheSea is declared as an int, the compiler sees
it as int-sized and considers it too big to put in a short container.
The compiler won't make those translations for you on the flv. You
need to make sure that vou're using the right type for the data
vou're working with.

20,000 This makes seme. ot 30
loter put 3 Lavger. yor -
/7 int eup, that 9 ? value i the
. . wouldn't 1 .
M[ the ;gm?ilgr SEEs 15 anl the si-,.,.,-{: ﬂUP.? Th:ﬂt 'F'tll “ﬂ'.ﬁo
int gping into a short Cuhich trying o protest yoy T
doesn't work). [t doesn t care el
about the value in the int cup- s
_ en your penci
Three of these statements won't compile, either because they're
trying to cram too much data into a small variable or because
they're putting the wrong type of data in. Circle them.
int hours = 24; string taunt = “your mother”;
short y = 78000; byte days = 365;
bool isDone = yes; long radius = 3;
short RPM = 33; char initial = '3';
int balance = 345667 - 567; string months = “12%;
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casting call

Even when a nuwmber is the right size, you
can’t just assign it to any variable

Let’s see what happens when you try to assign *
adecimal value to an int variable. Do t}]iﬁ
o Create a new project and add a button to it. Then add these lines to the *

button’s Click {) method:

decimal myDecimalvValue = 10;
int myIntValue = myDecimalValue;

MessageBox.Show ("The myIntValue iz * + myIntValue):

e Try building vour program. Uh-oh—yvou got an ervor that looks like this:

[+] lmauuwmuiﬂomi

Chetk out how
the IDE Fiﬁuh‘!d
out that you
e Make the error go away by casting the decimal to an int. Once you change weve probably
the second line so it looks like this, vour program will compile and run: missing 3 ¢ast.

int myIntValue = (int) myDecimalValue;

Here's wheve Yyou cast the Take 3 mi wte o L
. valu n i L bt lip ba k
So what happened? decimal vie o an int to the beginning of Ehe lact

ehapter and cheek out how

The compiler won't let you assign a value to a variable if iU's the wrong type—even You used easting whe
s " . . . n
il" that variable can hold the value just fine—because that's the underlying cause Passed the Numevield gw
: ; L : 3 ; i
behind an enormous number of bugs. When vou use casting, vou're essentially Value 4o the Tolker _!f oty
making a promise to the compiler that you know the types are different, and that .

in this particular instance it’s okay for C# to cram the data into the new variable.

_ n your Pencil

solutiuﬂ Three of these statements won't compile, either because they're
trying to cram too much data into a small variable or because
they're putting the wrong type of data in. Circle them.

e’—\ t 4ype holds
‘[r:::-.‘::::fvf 32,767 byte days = 365; éfj

ko 32,7168. This

short y = 78000;

NAREN A byte can only hold
bool isDone = yes; hum'n;? oo . val“; of wp to EE; ‘a":lu’”
O e need 3 short for g
rue or “False 3 bool.
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When you cast a value that’s too
big, C# will adjust it automatically

You've already seen that a decimal can be cast to an

int. It turns out that any number can be cast to any other
number. But that doesn’t mean the value stays intact
through the casting, If vou cast an int variable that's set
to 365 to a byte variable, 365 15 too big for the byte. But
instead ol giving vou an error, the value will just wrap
around: for example, 256 cast to a byte will have a value
of 0. 257 would be converted to 1, 258 to 2, ete., up to 365,
which will end up being 109, And once you get back to
255 again, the conversion value “wraps™ back to zero,

Hey, I've been combining
numbers and strings in my

message boxes since I learned
about loops in Chapter 2! Have
I been casting this whole
time?

Yes! The + operator casts for you.
What vou've been doing is using the +
operator, which does a lot of casting for
but it’s especially

you automatically
smart about it. When you use + to add a
number or boolean to a string, then it'll
automatically convert that value to a string,
too. If vou use + (or *, / or =) with two
different types, it automatically casts the
smaller type to the bigger one. Here's
an example:

When )fthrr_
a-‘siahihﬁ a humbcr

Value 'Eo a -ﬂga{; : _
you need to add ah%
16.4F;

float myFloat =

F {ﬂ ‘H'-E End O—F
the number 4o Lel
the tompiler that
it's a float, and
not 3 double.

myFloat = myInt + myFloat;

Since an int canfitintoa float buta
float can’t fit into an int, the + operator
casts myInt to a float before adding it to
myFloat.

types and references

Wrap it yoursel£!
uM:: o "‘7'&'7 to how n:as-bnﬂ

Yourself. Just. bob up Ehe i,
ind
Caleulator, syite) it 4o S-‘.icu{:i;::
?c‘de’ and caleulate 365 Meod 254
using the “Mod” butio, which does
3 modulo ealeulation). You'll gt 109

rpen your pencil

= You can't always cast any type to any
other type. Create a new project, drag a
button onto a form, and type these statements
into its method. Then build your program—it will
give lots of errors. Cross out the ones that give
errors. That'll help you figure out which types can
be cast, and which can't!

int myInt = 10;
byte myByte = (byte)mylInt;
double myDouble = (double)myByte;

bool myBool = (bool)myDouble;

string myString = “false"”;
myBool = (bool)myString:
myString = (string)mylInt;

myString = myInt.ToString():

myBool = (bool)myByte:

myByte = (byte)myBool;

short myShort = (short)mylnt;

char myChar = ‘x';

myString = (string)myChar;

long myLong = (long)mylInt;

decimal myDecimal = (decimal)myLong;

myString = myString + myInt + myByte
+ myDouble + myChar;
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a true convert

C# does some casting automatically

There are two important conversions that don't require
vou o do the casting. The first is done automatically any
time you use arithmetic operators, like in this example:

The — operator subtracted
the short from the long,
and tonverted the vesult
to 3 double.

long 1 = 139401530;

short s = 516;

double d = 1
d =d / 123.456;

MaszageBox.Show (“"The answer is " d) ;

This + opevator is smart
enough to tonvert the detimal
to a s{',rins.

The other way C# converts types lor you automatically s when
vou use the + operator to concatenate sirings (which just
means sticking one string on the end of another, like youve been
doing with message boxes). When vou use + to concatenate

a string with something that’s another type, it automatically
converts the numbers 1o strings [or vou. Here’s an example. The
first two hines are fine, but the third one won’t compile.

long x = 139401930;
MessageBox.Show ("The answer is " + x);

MessageBox.Show (x) ;

The C# compiler spits out an error that mentions something
about nvalid ;u-qumcntfs (an argument is another name for

a method’s parameter)
MessageBox. Show () 1sa string, and this code passed
a long, which is the wrong type for the method. But you can
comvert it to a string really easilv by calling its ToString ()
method. That method is a member of every value tvpe

and object. (All of the classes vou build yoursell have a
ToString () method that returns the class name.) That's
how vou can convert ® to something that MessageBox.
Show () can use:

l. That's because the parameter for

MessageBox.Show (x.ToString());
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*m your pencil
Solution

You can’t always cast any type to any other
type. Create a new project, drag a button onto a
form, and type these statements into its method.
Then build your pragram—it will give lots of
errors, Cross out the ones that give errors. That'll
help you figure out which types can be cast, and
which can't!

int myInt = 10;

byvte myByte = (byte)myInt;
double myDouble = (double)myByte:
oty Best——{ oo Ly Berrrirbes—

string myString = “false”;

£ ~
myString = myInt.ToString():

(el i i =

InyBse——7Trr ey Bty

short myShort = (short)myInt;
char myChar = ‘x';
st dmerrmry C e
long myLong = (long)myInt;

decimal myDecimal = (decimal)myLong;

myString = myString + myInt + myByte
+ myDouble + myChar;




When you call a method, the variables must
match the types of the parameters

Try calling MessageBox . Show (123) — passing Message Box. Show() a
literal (123) instead of a string. The IDE won't let you build your program.
Instead, it'll show you an error in the IDE: *“Argument “1°; cannot convert from
‘int’ to ‘string™.”

But Message Box.Show() isn't the only method that will give you compiler
errors if you try to pass it a variable whose type doesn’t match the parameter.
All methods will do that, even the ones you write yourself. Go ahead and try
typing this completely valid method mto a class:

public int MyMethod(bool yezNo) {
ealls

1t IYF.-‘HN'J} { _,_.*:,hf. E'oldc Jﬁha{:b: ?355 I’h

return 45; - cameker oesn t \;r:st o3
} else { Unis ?.abllc talled ‘f“N“' J able- The
i boolean value oo ide

ass it a i called \IIESNO is inS!

L]

ﬂhc rtm‘lﬂdt'r

return €1;

It works just fine i’ you pass it what it expects (a bool)—call MyMethod (true) or
MyMethod (false), and it compiles just [ine.

But what happens if you pass it an integer or a string instead? The IDE gives you a
similar error to the one that you got when you passed 123 to MessageBox. Show ().
Now try passing it a boolean, but assigning the return value 1o a long or passing it on 1o
MessageBox. Show (). That won't work, either—the method returns an int, nota
long or the string that MessageBox . Show () expects.

i f statements always Lest o see if something's true

Did you nokite how we wrote our if statement like this:

if fycs“o) {

idn liert “f ( '
::c:;:“r;: :::ttnm;;:?;uwﬂ t.\lcf.]:fﬁ mc{‘.hinﬁls Fai:e using
the NOT operator). “if (yesNo)" is the same thing as i {r):ﬂo
examples Lrom now on, \fw‘ll Mll}r‘)usi: see us do ik (\fe!H or
ewﬂ%‘y&hﬂkbmﬁabodmab'uwfalse-

== brue)”. That's because an if statement always
it I (an extlamation point, or
—= Lalse)”. In our tode
wi (!yesNu)", and not

types and references

When the
cumpiler gives

you an "invalid
arguments’ error,
it means that

you tried to call

a method with
variables whose
ty]:es didn't match
the method’s

]Jarameters.

You tan assign
anything to a variable,
parameter, or field
with the type ol'ljcf-‘t-
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this table reserved

There are about 77 reserved words in C#. These are words reserved by the C# compiler; you
E;teaciSe can't use them for variable names. You'll know them all really well by the time you finish the book.
" Here are some you've already used. Write down what you think these words do in C#.

namespace

for

class

public

else

new

using

if

while

— Answers on page 161.
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types and references

Create a reimbursement calculator for a business trip. It should allow the user to enter a starting
odometer reading and an ending odometer reading. From those two numbers, it will calculate
how many miles she's travelled and figure out how much she should be reimbursed if her
company pays her $.39 for every mile she puts on her car.

Reise

o Start with a new Windows project.

Make the form look like this: ey
ik et rid of

{'rhf miRimize

% Mileage Calculator

and madXimize

Starting Mileage ) butions.

Endng Mileage |1 )

This label is 12 | pmoutOugd. labeld The range for
pt bold. these fields shoul
— be 1-999.999.

When you're done with the Form, double-click on the
button to add some code to the project.

Create the variables you'll need for the calculator.

Put the variables in class definition at the top of Forml. You need two whole number
variables to track the starting odometer reading and the ending odometer reading. Call
them startingMileage and endingMileage. You need three numbers that
can hold decimal places. Make them doubles and call them milesTraveled,
reimburseRate, and amountOwed. Set the value for reimburseRate to .39,

Make your calculator work.
Add code in the buttonl Click () method to:

# MNake sure that the number in the Starting Mileage field 1s smaller than the number in
the Ending Mileage field. II' not, show a messagebox that says ““The starting mileage
must be less than the ending mileage™. Make the title for the message box “Cannot
Calculate™,

* Subtract the starting number from the ending number and then multiply it by the
remmburse rate using these lines:

milesTraveled = endingMileage -= startingMileage;
amountOwed = milesTraveled *= reimburseRate;
labeld.Text = “5" + amountOwed;

o Run it,

Make sure 1t’s giving the right numbers, Try changing the starting value to be higher than
the ending value and make sure 1t’s giving you the message box.
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something’s wrong...

Here's the code for the first part of the exercise.

oLution

public partial class Forml : Form

{ .
1Nt works 51-;3{: -Fm— whole
int startingMileage; f numbers. This numbey tould

int endingMileage; 90 all the vay uwp to 999,999
double milesTraveled; &’?Shcrt“'abyte
won't eut ik

double reimburseRate = .39;
double amountOwed;
public Forml () ¢{

Did you vemember

InitializeComponent() ; that you have
4o thange the
ue krom

}
jecimal"ﬂ
private void buttonl Click(object sender, EventArgs e) { i “umcri&H?D“"’“

{?
{int) numericUpDownl.Value; &—— tontrol to

an int*t

startingMileage =
endingMileage = (int)numericUpDownZ.Value;
- This block i
if (startingMileage <= endingMileage) | su;;ﬁ;:.l;:ﬁﬁun
milesTraveled = endingMileage -= startingMileage; out how many
il
amountOwed = milesTraveled *= reimburseRate; = O {"ra_”d“l
and 'H'lth mu'ﬁfi\r
them by the

labeld . Text = 5 + amountOwed;
reimbursement vate.

} =lse {
MessageBox.S5how (
“"The starting mileage must be less than the ending mileage”,
“Cannot Calculate Mileage”);
We used an alternate way

} of ¢talling the MessageBox.
Show() method here. We gave
it two parameters: the fivst

This button seems to work, but it has a one is the message 4o display,
and the setond one goes in

pretty big problem. Can you spot it? the Litle bar
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o Now add another button to the form.
Make it so that the number of miles wraveled is displayed
on the form after you've calculated the amount owed.

Starting Mileage 10989 )
Ending Mileage |12354 E
Amount Owed  $532 35

| Calculste | [ Display Miles

Clicking this button aftey
you've elicked caleulate should
show the number of miles
traveled in a message box.

When yvou're done with the Form, double-click on the
Display Miles button to add some code to the project.

e One line should do it.

All we need to do is get the form to display the milesTraveled variable, right? So this line
should do that:

private void button2 Click(cbject sender, EventArgs e) ({

Messagebox.Show(milesTraveled + ™ miles”, “Miles Traveled”);

e Run it.

Tyvpe in some values and see what happens.

e Um, something's not right...

The number of miles always matches the amount owed. Why?

you are here »
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operators are standing by

Combining = with an operator

Take a good look at the operator we used to subtract ending mileage from
starting mileage (-=). The problem is it doesn’t just subtract, it also assigns

a value to the variable on the left side of the subtraction sign. The same
thing happens in the line where we multiply number of miles traveled by the
reimbursement rate. We should replace the -= and the *= with just - and *:

private void buttonl Click(object sender, EventArgs e) These ave
= alled tompound
{ oma{-g—s, This
startingMileage = {int) numericUpDownl.Value; one ”bﬁa_d's
s{'.ai'}dhgi"ﬂnlcagc
endingMileage = (int)numericUpDown2.Value; Lrom gndinyﬂﬂtaﬁﬂ
if (startingMileage <= endingMileage but also assigns
{ o d - e the rew value te
milesTraveled = endingMileage @%tartingl‘ﬂi leage; gnd".hﬁmﬂﬁﬁf GEd
amountOwed = milesTraveled@ reimburseRate; milesTraveled 3

Lhe same time.
labeld.Text = “§* 4+ amountOwed;

} else {

MessageBox.Show (“*The starting mildage number must

be less than the eMding mileage number”,
“Cannot Calculate leage™) ;

This is better—now
o rede o) B modig‘f milesTraveled = endingMileage - startingMileage;
L >

endingMileage an
milesTrave led

amountOwed = milesTraveled * reimburseRate;

So can good variable names help you out here? Definitely! Take a
close look at what each variable is supposed to do. You already get a lot of
clues from the name milesTraveled—you know that’s the variable that
the form is displaying incorrectly, and vou've got a good idea of how that
value ought to be caleulated. So you can take advantage of that when you're
locking through your code to try to track down the bug It'd be a whole lot
harder to find the problem if the incorrect lines looked like this instead:

mT = eM -= sM Variables ngmeq like £hi

a0 = mT *= rR; o essentially useess in tc”i: s
what {heir Purpose might be.
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Objects are variables, too

So far, we've looked at ohjects separate from other types. But
an object 15 ‘illst another data type. Your code treats objects
exactly like it treats numbers, strings, and booleans, It uses
variables to work with them:

Using an int Using an object
———— ]
@ Write a statement to declare the integer. o Write a statement to declare the object.
int myInt; Dog spot; When you have a "7““5
like Dos, f,*m; u::r:;:bii:
E:d:ﬁi;: statement.
Assign a value to the new variable, ©  Assign a value to the object.
myInt = 3761; spot = new Dog();
Use the integer in your code, ©  Checkone of the object’s fields.
while (i < myInt) { while (spot.Happy) {

Se it doesn't matter if I'm
working with an object or a value. If
it's going into memory, and my program
needs to use it, I use a variable.

Objects are just one more type of
variable your program can use.

It your program needs to work with a whole
number that’s really big, use a long, If it needs
a whole number that’s small, use a short. If 1t
needs a ves/no value, use a boolean. And il it

needs something that barks and sits, use a Dog.

No matter what tvpe of data vour program
needs to work with, 1’1l use a variable.
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get the reference

Refer to your objects with reference variables R )

2 : instantiating
When vou create a new object, vou use code like new Guy. But that's not enough; Lhe o'bj erk.
even though that code creates a new Guy object on the heap, it doesn’t give you a

way to access that object. You need a refevence to the object. So vou create a

reference variable: a variable of tyvpe Guy with a name, like Joe. 5o Joe iz a

reference to the new Guy object vou created. Anytime you want to use that particular

guy, vou can reference it with the reference variable called Joe.

So when vou have a variable that is an object type, it’s a reference variable: a
reference to a particular object. Take a look:

f\

Heve's the heap before your
¢ode vuns. Nothing there.

This vaviable public partial eclass Forml : Form
11 n&mﬂd '\

Joe, and will Guy Joe;
vekevente
an "b\'}é& of public Forml ()
=  Initiali zeComponent () ; Creating a veferente is like making a label

with a label makevr—instead of sticking it
on \our stuff, Ynu're using it to label an
ij = new Guy () ; object so you tan vefer 4o it later.
\

This is the _ ..and this is the
vekerente variable. . ohjc& that Joe
now vefers {o.

Heve's the heap aF‘l::r_
lC-'h-ls tode vruns There s an
a'ojct,h with the vaviable

Ly & The ONL
e ,..Jgr'rimj Lok Bl E refer Y way to
¥ - E - e ‘Eh's 5“‘?‘ Ob\j!vﬁ{.
. c’* is '.Ehrouah the H-Ft'r'en.:g
Q’y 0bi? variable ¢alled Joe.
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References are like labels for your object

In vour kitchen, vou probably have a container of salt and sugar. If you
switched their labels, it would make for a pretty disgusting meal—even
though the labels changed, the contents of the containers stayed the same.

References are like labels. You can move labels around, point them ar ‘1}' I 0o I

different things, but it’s the object that dictates what methods and darta are en yﬂul" €

available, not the reference itself. IIEEJS 1o Wﬂrl‘
i“::’ s buﬁconf_cm el with an ul)ject in

e ik Yaviable called “Joe” ¢,

This o'uJ:-’J; is of {:WC ﬁ“‘p‘- \'c-F:rcm : : o¢” that -

€ 2 SINGLE object vith kg INESOLY ek TN 1

MULTIPLE veferences reference, which

is a variable
whose type is
a class of the
object it's going
to point to. A
reference is like
a label that your
code uses to talk
elass is keeping a refevence one of these labels

E\fﬂf s f e
wb:lli::isL Bbjecﬁ in 3 variable : .iEshmthM variable, but ﬂlrﬂllt a SPQCI{IC
talled “Dad”. ey all PO'ln{‘, bbb .

SAME Quy object. ﬂlj]ect

Ah irufancc o-{" the ﬁu\r

You never refer to your object directly. For example, you can’t write code
like Guy .GiveCash () if Guy is vour object type. The C# compiler doesn’t
. : b, ; J : TI.' i
know which Guy vou're talking about, since you might have several ere are lots of different

. 5 - 3 réte ]
instances of Guy on the heap. 50 you need a reference varable, like joe, vences to this Sdme 6h?; betause

that vou assign to a specific instance, like Guy joe = new Guy (). :i in&. G'Fdd}fc*ﬂlftmt{.hod: use
m Tor ditterent thinas

Now, you can call methods, like joe . GiveCash (). joe refers to a specific veference h as 3 di [_-chﬁh{ Eﬂ:dh

me

instance of the Guy class, and your C# compiler knows exactly which
instance to use. And, as you saw above, you might have multiple labels
pointing to the same instance. So vou could say Guy dad = joe, and
then call dad. GiveCash (). That's okay, too—that'’s what Joe's kid does
every dav.

that makes sense in its tontext
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that’s sanitation engineer thank you very much

If there aren’t any wmore references,

For an object
your object gets garbage collected OF SLIOTs

If all of the labels come off of an abject, no programs can access that to Sta'y mn tlle
object anvmore. That means C# can mark the object for garbage !
collgctmn. That's when C# gets rid of amy unreferenced ob:]ects, and hea])’ lt llas to
reclaims the memory those objects took up for vour program’s use.
l)e I’E{EI'EHCE(L
Here's some code that creates an object. W11 11
© en the
Guy joe = new Guy()

{ Name = “Joe”, Cash = 50 };

last reference
to the ol)ject
The Fivst line had a deelaration

that eveated the label. The " (IISRPPEEI'S, S0
cond line eveated the obj:-'— .
ond dapped the labe on ¢ does the object.

o Now let's create a second object.

Guy bob = new Guy () ‘\.
{ Name = “Bob”, Cash = 75 }: - ,&f _ F
Now we haye bvo § _ Gf.y ob',‘F'd‘ Q’}'Ob'le"f"
inst © Quy object
var a: it reference
'ables: one for ege) Quy. T
e Let's take the reference to the first object, and But theve is o lonager
change it to point at the second object. L vebevente to the

first Guy ob)ect--

/ﬁ joe = bob:

Now joe is Pointing to the same

s \/7
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types and references

Typecross

Take a break, and sit back and
give your right brain something
to do. It's your standard
crossword; all of the solution
words are from this chapter.

When you're done, turn the
page, and take on the rest
of the chapter.

Across

1. You can combine the variable declaration and the
__into one statement

4. When an object no longer has any references pointing to it,

it's remaoved from the heap using collection
8. Avariable declaration always starts with this

10. The type that holds the biggest numbers

11. The type that stores a single letter or number

12. If you never set this for a variable, your program won't
compile

13. Avariable that points to an object
14. What {int) does in this line of code: x = (int) y;

15. The four whole number types that only hold positive
numbers

Down

2. The second part of a variable declaration

3. Variable names like myBigNumber and bobTheDog use this
style of capitalization

5. What your program uses to work with data that's in memory

6. What you're doing when you use the + operator to stick two
strings together

7. “namespace’, "for", “while", “using” and “new" are examples
of words

9. Every object has this method that converts it to a string

—— Answers on page 162.
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so many labels

Multiple references and their side effects

You've got to be careful when vou start moving around reference
variables. Lots of times, it might seem like you're simply pointing
a variable to a different object. But, you could end up removing all
references to another object in the process. That’s not a bad thing,
but it may not be what yvou intended. Take a look:

Dog rover = new Dogl();

rover.Breed = “Greyhound”;

I

Objects:

Rover is a Dog object with a
References: I Breed field ealled Greyhound.

Dog fido = new Dogl};
fido.Breed = “Beagle”;

Dog spot = rover;

Objects:_~ Fido is ancther Do object Qg
But Spot is just another
References: 2 veference to the first object.

Dog lucky = new Dogl();
lucky.Breed = “Dachshund”;
fido = rover;

Lueky is a third ojet.t

But Fido is now Poin‘tin
Objects: Z to Object #1. So, Objcg't
4 #2 has no vefeventes.
References: [+'s done as fav as the

frqyamisﬂmﬁumti
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ﬁ' yuur P I MNow it's your turn. Here's one long block of code. Figure out how many

objects and references there are at each stage. On the right-hand side,
draw a picture of the ohjects and labels in the heap.

o Dog rover = new Dogl();
rover.Breed = “Greyhound”;
Dog rinTinTin = new Dogl};
Dog fido = new Dog():
Dog quentin = Fido:

Objects:

References:

e Dog spot = new Dogl():
spot.Breed = “Dachshund”;
spot = rover;

Objects:

References:

e Dog lucky = new Dog();
lucky.Breed = “Beagle”;

Dog charlie = fido;
fido = rover;

Objects:

References:

o rinTinTin = lucky;

Dog laverne = new Dog();
laverne.Breed = “pug”;
Objects:

References:

e charlie = laverne;

lucky = rinTinTin;

Objects:

References:
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swapping elephants

| Eﬂ ywr Pmcll Mow it's your turn. Here's one long block of code. Figure out how many

B &lutmn objects and references there are at each stage. On the right-hand side,
draw a picture of the objects and labels in the heap.

o Dog rover = new Doqg();

rover.Breed = “Greyvhound”;

Dog rinTinTin = new Dogl():;

Dog fido = new Dog();

Dog quentin = Fido;

" " 3 One new D ob'ct{ is

Objects:_—__ eveated bu?gf'j-t s Lhe
only reberente to it When
Spot is set = 1o Rover,
i:l-.a{; objc:{ goes awakll,r.

References: 4- A//

e Dog spot = new Dog();
spot.Breed = “Dachshund”;
spot = rover:

Heve a new Doy objeet 'tt.-.
Dbjects:qg_ eveated, but whcnl 'udo_ is
set £o Rover, Fido's o'njet.{,

References: % J From #l goes away-

e Dog lucky = new Dog();
lucky.Breed = “Beagle”;Charlie was set to Fido
Dog charlie = fido; when Fido was still on

fido = rover; obiect #3. Then, after
1 S K £hi|;, Fido moved to object

Objects:_ 4 31, leaving Chavlie behind.

References: 7 Doﬁ #7 lost iks \ \ /

last veferente, and ~~—

@ ©inTinTin = luckYi it went away. Poo'ﬂ-r—-— 0] \

Dog laverns = new Dogl(); \_’/
laverne.Breed = “pug”; / \ \

Objects: 4- f\\
G When l'...-l.u.'..k'f moved ‘I:D

References:_ ~ Rin Tin Tin's object,
the old Luﬂk‘f oﬁjtﬁ‘t
e charlie = laverne; disappeared.
lucky = rinTinTin;
Objects: 4— Here the veferentes move
around but no new obietts
References: 4 are treated. And s:t'ging

Ludd'?‘ to Rin Tin Tin did
nothing betause Jchu:‘?l a]rcady
144 Chapter 4 pointed to the same ob}tc’c-
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Create a program with an elephant class. Make two elephant instances and then have them
switch properties, without getting any Elephant instances garbage collected.

Here's the ¢lass diagram

o Start with a new Windows Application project. L i =i s
Make the form look like this: i o b : -
Clicking on the “Lutinad 0 2
bukton talls iut'mda.Whaﬁmbo. -
hich displays Lhis messaneoor: e
) MName
EarSize

E3

Lucinda says... WhoAmi()

My ears are 33 inches tall,

[ o |

This gives You tlue as
4o what Whohm|() should
veturn: 3 single string
with this message.

e Create the Elephant class.
Add an Elephant class to the project. Have a look at the Elephant class diagram—you'll need an int
field called EarSize and a String field called Name. (Make sure both are public.) Then add a method
called WhoAmI () that displays a messagebox that tells you the name and ear size ol the elephant.

o Create two elephant instances and a reference.
Add two Elephant fields to the Forml class (in the area right below the class declaration) named
Lloyd and Lucinda. Initialize them so they have the right name and car size. Here are the
Elephant object initializers to add to your form:

lucinda = new Elephant() { Name = “Lucinda”, EarSize = 33 };
lloyd = new Elephant() { Name = ™“Lloyd”, EarSize = 40 };

o Make the "Lloyd” and “"Lucinda” buttons work.
Have the Llovd button call 11oyd.WhoBmI () and the Lucinda button call 1ucinda.WhoBmI ().

o Hook up the swap button.
Here’s the hard part. Make the Swap button exchange the two references, so that when you click
Swap, the Lloyd and Lucinda variables swap objects and a “Objects swapped™ box is displayed.
Test out your program by clicking the Swap button and then clicking the other two buttons. The first
time vou click Swap, the Lloyd button should pop up Lucinda’s messagebox, and the Lucinda button
should pop up Llovd’s messagebox. I vou click the Swap button again, everything should go back.

C# garbage collects any object with no references to it. So here’s your

hint: If you want to pour a glass of beer into another glass that’s currently
full of water, you’ll need a third glass to pour the water into...
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hold that reference

Create a program with an elephant class. Make two elephant instances and then have them
switch properties, without getting any Elephant instances garbage collected.

i the Elephat

class Elephant |

Here's the Forml ¢lass tode

from Famw

I§ you just pont Lloyd
{p‘{:‘:ﬂ?hda: 'l',IhCI‘IE, wWon t
be any more veferentes

?o'lh‘l::ll"ﬁ to L.'c‘fd and

his o’n}ct.{-, will be lost. \
That's why You need

4o have the Helder
m&rgnﬂ! held onto
the Lloyd cbject urti
Lucinda ean get there.

using System.Windows.Forms;

public int EarSize;
public String Name;

public wvoid WhoBmI ()
MessageBox.Show ("My ears are “
Name + ™ says..”};

public partial class Forml : Form {

Why do you think we didn't add a Swap() method to the Elephant class?

¢lass definition code
n the Elephant s
file we added o the
?roj:cjc. Don't J’r‘drgct
Lhe “us'mtj S'fs{ﬁm._
'r"ﬁnd.ows.Forms; line

. : , at, the top of _+’M
+ EarSize + ™ inches tall.”, class. Without ik, the

Message‘ao"‘- statement
wﬂhjt Wk

Elephant lucinda;
Elephant lloyd;

public Forml ()

{
InitializeComponent ()
lucinda = new Elephant ()
{ Name = “Lucinda”™, EarSize = 33 };
lloyd = new Elephant()
{ Name = “Lloyd", Ear3ize = 40 };
}

private void buttonl Click(object sender, EventArgs e) |
lloyd.WhohmI () ;
}

private void button? Click(cbhject sender,

A EventArgs e) {
lucinda.WhoAmI () ;
}

private void button3d Click(cbject sender, EventArgs e) {

Elephant holder; Theve's wo NAW statement for the
holder = 1lloyd; don't want to
1loyd = lucinda; € vefevente betause we donT w

lucinda = holder; eveate another instante of Elephant

MessageBox.Show (“"Objects swapped”) ;
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Two references means TWO0 ways
to change an object’s data *’

Besides losing all the references to an object, when
vou have multiple references to an object, you can
unintentionally change an object. In other words, one
reference to an object may ehange that object, while
another reference to that object has no tdea that
something has changed. Watch:

o Add another button to your form.

e Add this code for the button. Can you guess what's going to happen when vou click it?

private wvoid buttond Click(object sender, EventArgs e) After this tode ruhs,
{ both the “ﬂl‘fd and lutinda

This statement lloyd = Lucinda; =——— variables veference the
says to set /__9 lloyd.EarSize = 4321; SAME E'Cf‘hﬂh{‘. abjgg{,.
Ear.‘;izz +o *'-}32_{ 1loyd.WhoBmI () ; ‘fnui'f'-'» c.aﬂ'mg the 2
on whatever } W'\-.oﬁmm method From
objeet the lloyd e qﬁg_objet*f
veterente happens
to Pain‘l'. {o.

/"_"-5..
But ”o}rd points at the same
{:hihg that luginda does.

e OK, go ahead and click the new button. Wait a second, that’s the Lucinda messagebox.
Didn’t we call the WhoAml() method from Lloyd?

, hes tal, But we set this
mcsﬁﬁfb"*"‘ EarSize using the

lloyd vefevence! What

gives?

Na{t ‘th&‘.‘. jC'I'I'E
é\ o e data is NOT being
H i n ble. 'nar.ﬁ,ts 'tten-jchc
lutinda ave now interthanged o JEAm -
"wdafffﬁ{::chc abj:&t that BOTH ave pointing at. o— only things thanging
E:rc's no longer a veal diffevente between lloyd and are the veberences.

luinda, sinte they point to the SAME object.
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pick an object out of a line-up

A special case: arrays

If you have to keep track of a lot of data of the same type, like a list of heights

or a group of dogs, you can do it in an array — like you used when you made

the sandwich menus for Sloppy Joe. What makes an array special is that it’s a

group of variables that’s treated as one object. An array gives you a way of You ould tombine the detlarat;
storing and changing more than one piece of data without having to keep track the '”)’AWS)’ variable with '{,-:h
of each variable individually. When you create an array, you declare it just like " ialization — just like an O‘Elh
any other variable, with a name and a type: variable. Then ig]d look likcyﬂ,is."

/ boollJ myAwray = new boolL'ISJ;
\/ou declave an avvay b\l

etif ing its type, followed ’ This avvay has 15
;‘; su\;Zarc bratkets. — = bool[] myArray; o onts wibhin it
myArray = new bool .

You “scffl"t new keyword

Create 5
i‘(:'s an objccy‘f.ag‘;az»bccausc
array vaviable is 1 L;
re c\rycm:c '3&:3;:]: kind of This line sets the value of the fifth p
| element of myhreay bo brue. [€s the
£if4h one betause the Liest is m\/Arra\/L'OJ,

myArray|[4] = true;

)
. . the setond is m‘jAWa\/“J) ete. In mcmo:’;:ct:ca:;ul(
Use each element in an array like "Sg‘“’“ ovy, even thovdh
ag ] mem ) .
it is a norwmal variable e are molbte ik
Here’s an example of code that declares and fills up an vaviables wirthin ¥

array — and what’s happening on the heap when you do it.
The first element in the array has an index of zero.

The type — int[] heights‘;/\ name

of eath
element in heights = new int[7];

7 int vaviables

the ad) peights[0] = 68; lﬁﬁj‘ﬁ @ @‘ﬁ _
\{OU 5 = . = - -
vekecente heights[1] 70; [ 3 & 5
these by heights[2] = 63; int int it
index, bw{: A
eath one heights[3] = 60;
wovks . _ )
essentiall heights[4] = 58;
like 3 normal heights[5] = 72; Notice that the arvay is an ob\')cc{:,
int variable- even though the 7 elements are

heights[6] = 74;

primitives vaviables.
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Arrays can contain a bunch of
reference variables, too

You can create an array of object references just like you create

an array of numbers or strings. Arrays don’t care what the type of
variable is that it stores; it’s up to you. So you can have an array of
ints, or an array of Duck objects, with no problem.

Here’s code that creates an array of 7 Dog variables. The line that
initializes the array only creates reference variables. Since there are
only two new Dog () lines, only two actual instances of the Dog

class) are created. .
) This line detlaves a

£ dogs variable 4o hold an
Dog[] dogs = new Dog[7];  arrayof vefeventes &
Doy ob")e(,ts, and then
dogs[5] eveates a T-element
dogs|[0]

arra\/-
These two lines treate new
instances of Dog() and put
them at indexes O and 5.

new Dog() ;

new Dog() ;

The fivst line of tode only

eveated the arvay, m?{: the
inskantes. The avvay is 3
list of seven Dog vefecente

variab\cs

7 Dog variables

types and

When you set or
retrieve an element
from an array, the
number inside the

hrackets is called
the index. The first

element in the array
has an index of zero.

Bch

Dog

Dog Dog

3191919101019

Dog Dog Dog Dog

f

All of the elements in the array are
veferentes. The arvay itself is an ob\')cc’c-
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sloppy joe sez: “it's not old, it’s vintage"”

Welcome to Sloppy Joe’s Budget House o Discount Sandwiches!

Sloppy Joe has a pile of meat, a whole lotta bread, and more condiments
than you can shake a stick at. But what he doesn’t have is a menu! Can * *
vou build a program that makes a new random menu for him every day? i

15 MenuMaker

——Do this
* Randomizer

Meats
o Start a new project and add a MenuMaker class Condiments
If' you need to build a menu, you need ingredients. And arrays would be perfect Breads
for those lists. We'll also need some way of choosing random ingredients to
combine together into a sandwich. Luckily, the NET Framework has a built-in GetMenultem()

class called Random that generates random numbers. So we'll have four fields
n our class: a Randomizer field that holds a reference to a Random object, and
three arrays of st rings to hold the meats, condiments, and breads.

The elass has three fields 4o
stove three different avrays of

public class MenuMaker {

strings. [£]] use the build
The field called public Random Randomizer; ) il g
the vandom menu items.
Randomizer holds "
a N'Ft'l'ﬁﬂl'-t -l;,g a string[] Meats = { “Roast beef”, "“Salami”, “Turkey®, “Ham", “Pastrami® };

Random obiect
Calling its Next(d
method will
Ei‘:::-{-: R “italian bread”, “a roll” }: Remember, use square brackets to
} attess 3 member of an arvay. The
value of Breads[2] is “wheat”.

o Add a GetMenItem() method to generate a random sandwich to the class
The point of the class s to generate sandwiches, so let’s add a method to do exactly that, 111
use the Random object’s Next () method to choose a random meat, condiment and bread
from each array. When you pass an int parameter to Next (), the method returns a random
that’s less than that parameter. So if your Random object is called Randomi zer, then calling
Randomizer.Next (7) will return a random number between 0 and 6.

string[] Condiments = { “yellow mustard”, “brown mustard”,
“honey mustard”, “mayo”, “relish", “french dressing” }:

string[] Breads = { “rye", “white", “wheat"”, “pumpernickel”,

So how do you know what parameter to pass into the Next () method? Well, that’s easy—just
pass in each array’s Length. That will return the index of a random item in the array.

public string GetMenuTtem() {
The ﬁc{McnuJ&m“ string randomMeat = Meats[Randomizer.Next (Meats.Length)];
method veturns string randomCondiment = Condiments[Randomizer.Next (Condiments.Length)l:
a s't"'i'"'?l that —\ string randomBread = Breads[Randomizer.Next (Breads.Length)]:
tontains 3 sandwith return randomMeat + ™ with “ + randomCondiment + ® on " + randomBread;

built from vandom 1} The method puts a random item Lrom £he Meaks array into randomMeat by

elements in the passing Meats Length to the Random object’s Next() method. Since there are

three arvays items in the Meats arvay, MeatsLength is 5, so Next(5) will veturn a vandom
number between O and 4.
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; I eat all my meals
Hew it works... at Sloppy Joe's

The vandomizer Next(7) m

ethod gets 3 vandom numb that'
less than 7. Mcﬂﬁ-Lchg,{:h returns the number of ele;n{ta.':&ns

Meats. So randomizer.Next (Meats . Length) gives
{._a random number that's greater than or equal to zero,
less than the number of elements in the Meats arvay.

_—-—_—-—____‘-‘
Meats [Randomizer.Next (Meats.Length) ]

[ of strings. [¥'s 9ot five elements,
& ﬂ:ﬁr:daEr:alm to &. So Meats[O] eq‘uais

“Roast Beek”, and Meats[2] equals “Ham -

e Build your form

Add six labels to the form, 1abell through lablelé. Then add cade to set each labels
Text property using a MenuMaker object. You'll need to initalize the object using a new
instance ol the Random class. Here's the code: : .

Use an ochf.{‘, mitializer +o set the

QMenuMakcr objcr.{:'s Rardomizer field 4o

public Forml()
TnitializeCompenent () ;

a new instante of the Random ¢lass.

MenuMaker menu = new MenuMaker() { Randomizer = new Randomi() };

labell.Text = menu.GetMenultem() ;
label?.Text = menu.GetMenultem() ;

Ngw ']rou'r: a“ Sf& {‘.ﬂ‘

label3.Text = menu.GetMenultem() ; 5¢nera‘b: sin diffevent
label4.Text = menu.GetMenultem() ; vandom sandwithes nsinﬁ the
label5.Text = menu.GetMenultem() ; ﬁc‘i:mthul‘lxmn method.

labelé6.Text = menu.GetMenultem() ;

When You run the * Sloppy Joe's Menu
program, he six labels .
show six dikferent Roast beef with honey mustard on wheat

Turkey with mayo on italian bread

Ham with relish on white

Fastrami with yellow mustard on rye
Turkey with mayo on rye

Roast beef with brown mustard on white

vandom sandwithes.
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your object’s a chatty cathy

Objects use references to talk to each other

So far, you've seen forms talk to objects by using reference variables to call their
methods and check their fields. Ohbjects can also call each others’ methods using
references, too. In fact, there's nothing that a form can do that your objects can’t do,
because your form is just another object. And when objects talk to each other,
one useful keyword that they have is this. Any time an object uses the this keyword,
it’s referring to itsell’—it’s a reference that points to the object that calls it.

Here's a method to tell an elephant to speak
Let’s add a method to the Elephant class. Its first method is a message from an elephant. Its
second method is the elephant that said it

public void TellMe (string message, Elephant whoSaidIt) {

MessageBox.Show (whoSaidIt.Name + ™ says: " + message);
]

Here's what it looks like when it's called:

Elephant 1lloyd = new Elephant{) { MName = “Lloyd”, EarS8ize = 40 };
Elephant lucinda = new Elephant() { MName = “Lucinda®, Ear3ize = 33 };
lloyd.TellMe (“Hi”, lucinda}:;

We called Lloyd’s TellMe() method, and passed it two parameters: “Hi” and a reference to
Lucinda’s object. The method uses its whoSaidlt parameter to access the Name parameter of
whatever elephant was passed into TellMe() using its second parameter.

Here's a method that calls another method
Now let’s this Speak'To() method to the Elephant class. It uses a special keyword: this. That's
a reference that lets an object talk about itself.

public void SpeakTo(Elephant talkTo, string message) |

talkTo.TellMe (message, this): This rnc{,hod a {'.h: E!e?han{: ¢lass ¢ﬂ"s am{hcr

: . elephant’s TalkTol) method. It lets one elephant
Let’s take a closer look at how this works. tommunitate with another one.

lucinda.3peakTo{lloyd, “Hellao"};

When Lucinda’s SpeakTo{) method is called, it uses its talkTo reference parameter to call
Llovd’s TellMe() method.

talkTe.TellMe (message, this):;

Lucinda uses talkTo this is replaced X
(which has a reference to with a refea:\ence to
Lioyd) to call TellMe() Lucinda’s object Lucinda says: Hello

lloyd.TellMe {message, [a reference to Lucinda]);

So Llovd acts as if he was called with (“Hello”, lucinda), and shows this message:
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Where no object has gone before

There’s another important keyword that you'll use with objects.
When vou create a new reference and don’t set it to anvthing, it has
a value, It starts off set to null, which means it’s not pointing to

anything,

Dog lucky =

fido =

new Dog() ;

Right now, there's onl
4 T
Dog fido; [_- ong Ubljtﬁt The fido

I"hrcl-crlf.c is set to null.

new Dog () ;

Now that fide's pointing
to an abjec{;, it's no
10h5e'r eﬁuat {'p hu".

When we set lucky to rull,
it's no longer pointing at its

lucky = null;

Q_: One more time—my form is an
object?

A: Yes! That's why your class code starts
with a class declaration. Open up code for
a form and see for yourself. Then open up
Program.cs in any program you've written so
far and look inside the InitializeComponent()
method—you'll find "new Forml ()"

Q_} Why would | ever use null?

A: There are a few ways you see null
used in typical programs. The most common
way is testing for it:

E-E{‘. 50 b{: 5«:{.5 5&rh&5c

19

leeted.

the
Tela Questlonn

if (lloyd == null) |

That test will return trueifthe 11oyd
reference is set to null.

Another way you'll see the il 1 keyword
used is when you want your object to get
garbage collected. If you've got a reference
to an object and you're finished with the
object, setting the reference to nul 1 will
immediately mark it for collection (unless
there's another reference of it somewhere.)

(;)J You keep talking about garbage
collecting, but what’s actually deing the
collecting?

i
> e
FoN N

types and references

F

og o2

. O
&

obsﬁ'

.9' ob},'?'

%

09.9 ob}@é

A: Remember how we talked about the
Common Language Runtime (or CLR)
back in the beginning of the first chapter?
That's the virtual machine that runs all NET
programs. A virfual machine is a way for to
isolate running programs from the rest of
the operating system. One thing that virtual
machines do is manage the memory that
they use. Thal means that it keeps track of
all of your objects, figures out when the last
reference to the object disappears, and frees
up the memory that it was using.
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this and that

(\): I'm still not sure | get how

-

references work.

A: References are the way you use all
of the methods and fields in an object. If
you create a reference to a Dog abject you
can then use that reference to access any
methods you've created for the Dog object.
If you have (non-static) a method called
Dog.Bark() or Dog.Beqg(), you can create

a reference called spot. Then you can use
that to access spot.Bark() or spot.Beg(). You
could also change information in the fields
for the object using the reference, So you

could change a Breed field using spot Breed.

Q __. Wait, then doesn't that mean that
every time a change a value through a
reference I'm changing it for all of the
other references to that object too?

A: Yes. If rover is a reference to the
same object as spot, changing rover Breed
to “beagle” would make it so that spot.Breed

the
Dumb Q QueStlonb

0 . Go back to that stuff about value
t:,rp?s. Mow, why can't | change a small
number from a bigger type if it's small
enough?

A: Okay. The thing about variables is they
assign a size to your number no matter how
big its value is. So if you name a variable
and give ita Long type even though the
number is really small, (like, say, 5) C# sets
aside enough memory for it to get really big.
When you think about it, that's really useful.
After all, they're called variables because
they change all the time.

C# assumes you know what you're doing
and you're not going to give a variable a
type that you don't need. So even though
the number might not be big now, there's a
chance that after some math happens, it'll
change and C# gives it enough memory to
handle whatever type of number you call it.

O_,: Remind me again—what does

A: this is a special variable that you
can only use inside an object. When you're
inside a class, you use this torefer to any
field or method of that particular instance.
It's especially useful when you're working
with an class whose methods call other
classes. One object can use itto send a
reference to itself to another object. So if
Spot calls one of Rover's methods passing
this= as a parameter, he's giving Rover a
reference to the Spot object.

Any time yuu’ve got
code in an olaject
that's going to he
instantiated, the
instance can use the
special this variable

was “beagle.” “this." do?
¥ that has a reference
to itself.
\ BULLET POINTS
There are value types for numbers that hold different = The compiler won'tlet you set a variable equal to a
sizes of numbers. The biggest numbers should be of the value of a different type unless you cast it
type, Long and the smallest ones (up to 128) can be There are some words that are reserved by the
declared as bytes. language and you can't name your variables with them.
m  When you declare a variable you ALWAYS give a type. They're words like, for, while, using, new, and
Sometimes you combine it with setting the value. others that do specific things in the language.
m Every value type has a size, and you can't put a value of References are Iike_lahals you can have as many
a bigger type into a smaller variable, no matter what the references to an object as you want and they all refer to
actual size of the data is. the same thing.
s When you're using literal values, use the F suffix to If an object doesn't have a reference, it gets garbage
indicate a float (15.6F) and M for a decimal (36.12M). collected.
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_ en your pencil

Here's an array of Elephant objects and a loop that will go through
it and find the one with the biggest ears. What's the value of the
biggestEars.Ears after each iteration of the for loop?

private void buttonl Click{object sender, EventArgs e)

( We've crca"jng an array of 7

éf—"'—_ Elephant() veferentes.
Elephant[] elephants = new Elephant[7];

elephants[0] = new Elephant() { MName = “Lloyd"”, EarS8ize = 40 };
arrad

elephants[1l] = new Elephant() { MName = “Lucinda"”, EarSize = 33 }; E:E::—Es wi{,h‘?.
elephants[2] = new Elephant() { Name = “Larry"”, EarSize = 42 }; index O, so the

: . fivst elephant
elephants[3] = new Elephant() { Name = “Lucille”, EarSize = 32 }; Tl arvay is
elephants[4] = new Elephant() { MHame = “Lars", EarSize = 44 }; E-Ig?h&hLSEOI-
elephants[5] = new Elephant() { Wame = “Linda", EarSize = 37 };
elephants[6] = new Elephant() { Name = “Humphrey”, EarSize = 45 };

lteration #1 biggestEars.Earssize =
Elephant biggestEars = elephants[0];

for (int 1 = 1; 1 < elephants.Length; i++)

{

lteration #2 biggestEars. EarSize
if {(elephants[i].EarSize > biggestEars.EarSize)

{

biggestEars = elephants([i];

] This line makes the biagestEavs
veferente point at whatever
) elephant elephantsli] points £o.

MessageBox.Show(biggestEars.EarSize.ToString () ;[tt‘raliﬂl'l H#4 higgethnrﬂ E

Il

[teration #3 biggestEars. EarSize

I

arSize

Be caveful—this loop starts

with the second doment of the lieration #5 biggestFars. EarSize
avvay (at index |} and itevates

sit Fimes wnhil 1 is chual to the
length of the array.

Lieration #6 biggestFars. LarSize
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_ en your pencil

&lutiun Here's an array of Elephant objects and a loop that will go through
it and find the one with the biggest ears. What's the value of the
biggestEars.Ears after each iteration of the for loop?

private void buttonl Click{object sender, EventArgs e)

{

- ) 714 Did you _
Elephant[] elephants new Elephant([7]: the ;fm? s{arJtS with the
elephants[0] = new Elephant() { MName = “Lloyd"”, Ear8ize = 40 }; setond d;_-,..gn{: O‘F Jd"'ﬂ_
2 Why do You thik
elephants[1l] = new Elephant() { Name = “Lucinda"”, EarSize = 33 }; fh"'a\f_'?
(L4
elephants[2] = new Elephant() { Name = “Larry"”, EarSize = 42 };
elephants[3] = new Elephant() { Name = “Lucille”, FarSize = 32 };
elephants[4] = new Elephant() { MHame = “Lars", EarSize = 44 };
elephants[5] = new Elephant() { Wame = “Linda", EarSize = 37 };
elephants[6] = new Elephant() { Name = “Humphrey”, EarSize = 45 };

Iteration #1 biggestEars.Earssize = q-o
Elephant biggestEars = elephants[0];

for (int 1 = 1; 1 < elephants.Length; i++)
{

Iteration #2 biggestEars.EarSize = ;ﬂL
if {(elephants[i].EarSize > higgestEars.EarSize)

{ The biggestEars
; . retevente is used to kee
b stEars = elephants[i]; ; P
Sl ek e {'-"'*?ka of whith element [teration #3 biggestFars. EarSize = 4-2'
] we ve seen while goi
through the for loop has
the hiﬁﬂts‘!: ears so Pa»,-,

MessageBox.Show (biggestEars.EarSize.ToString());

!

lteration #4 biggestEars. EarSize = 4-4-

The £or loop starts with the second elephant
and compares ik 4o whatever c!e?han{
biggestEars points to. [£ its ears ave
bigaer, it points biggestEars at that
elephant instead. Then it moves o the next
one, then the next one.. by the end of the loop
biggestEars points to the one with the T 45
biggest ears. A,

Iteration #5 biggestBars. EarSize = 4-4-
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Code Magnets w

The code for a button is all scrambled up on the fridge. Can you

reconstruct the code snippets to make a working method that
d i 2 refNum = index[y];
produces the output listed below? :

int refNum;

while (y < 4}

result += islands [reflum];

[Messageﬂox,showtresult]; '

jndex(0l =

index (1)
sndex(2]

index (3]

String[] islands = new stringl4];

result += “\nisland = ~.

[}

y =y + 1;
idland = Fi
island = Cozumel privat i ;
byt { ate void buttonl Click (object sender, EventAr
o gs e)

|5trinq result = *"; '
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Code Magnets Solution

The code for a button is all scrambled up on the fridge. Can you

reconstruct the code snippets to make a working method that
produces the output listed below?

Private woid buttonl c1
; 5

ick (object sender, EventArgs e)

wi o,
H

String rasult =

int(] index = New int [4
in 1;

index(0] = 1§

Hc"'i w'n-l!'rf. t‘n‘:
index[] arvay
aets initialized:

index(1] = 3/

indexlz] B

string([] islands = new String(4];

The islands[] arvay
is initialized here.

ind is built
The result string is
wp using the += o?:ra{.o" to

T :,ohﬂ-ﬂ{'-ﬂ“a{'e lines onto it.
! : while (v < 4) |

This while loop pulls . - j

*-:i V;i;c -Frm the refNum = indesx {¥];:

1ndex (] arvg .

and uses it for Fesult += “\pnisland = ~;

'.El'it index in the T GeEGan e islands[re fNuml ; tsland = Cozumel
islands [] array. island = Bermuda

il

MessageBox.Show:result

3
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Pss] Puzzle

Your job is to take code snippets
from the pool and place them
into the blank lines in the
code. You may use the same
snippet more than once, and
you won't need to use all the
snippets. Your geal is to make
a class that will compile and run
and produce the output listed.

Output

Bonus Question!

For extra bonus points, use snippets
from the poaol to fill in the two blanks
missing from the cutput.

Note: Each snippet from

the pool can be used . :

more than once

fts area=18
4, t5 area = 343
27,t5area=18

27,15 area = 343

ta.x.area
y ta[x].area

p Triangle []1ta =new Triangle(4);
Triangle ta = new [ ] Triangle[4];
Triangle [ ] ta = new Trlaqgle[4],

-

ta[x] = setAreal();
ta.x = setArea();
ta[x].setAreal);

types and references

class Triangle H.-_rcs Lhe enbry ?a..;:; Eo'fa Tile ik
{ gume ¥
double area; 3whc.al:-oh“ h. " |ines at the ok

gt “usind
int height; the 13
int length;
public static
{

s

void Main{3tring[] args)

string results =

WA,
¥

while ( )
(

-height = (x + 1) *
.length = x + 4;

2;

results += “triangle " + x + ™, area”;

results += * = * + .area + “\n";
}
x = 27; Wint: Sethveal)
Triangle t5 = tal[2]; is NOT a
ta[Z2].area = 343; statie method.
results += "y = ¥ 4+ y; F'[',? back to
MessageBox.Show (results + Cha?-[-,er'?n-cnv

r tD area = ¥ + t5,area); a vefresher on

! what the statie
void sethAreal) 4‘___/’

k.:-]lwrd means.
= (height * length) / 2;

intx;

inty; X=x+1 iax
intx=0; X=%x4+2; talx)
intx=1; x=x-1; qa[x x<4
inty=x; x<5

ta = new Triangle();
ta[x] = new Triangle(};
ta.x = new Triangle();

159
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Poo] Puzzle Jolution

Notice how this elass tontains

i/_‘ * the ch‘b"f Poinf, but it also
eveates an instance of itself?

{Class BSene That's completely legal in C#.

double area;
int height;
int length;

PI‘HZ" Lhis line, public static wvoid Main(3tring[] args)
WE’“ 5‘3‘{" an arr&*f [
b four Trianﬁlt st.trinq results = “";
feventes—but int x = 0; The while |
theve aven't any ~———— Triangle] £a = new Trianglel4); ani s o o8
Teianole objetts yet! while ( x<4& ) instantes of
{ Trianal ;
talx] = new Trianale(); é/ {_:c :i: b\"‘[ T aE::E L
Bonus Answer talx] .height = (x + 1) * 2; four times.
talx] .length = x + 4;
talxJsetAveal);
results += “triangle " + x + ™, area”;
WD,H’E&=4 results += * = * + talw] .area + “\n”;
el x=xtli
S;a'ea= 193 ]int = 4
i = i Seenii
v 17 s x = 27;
Triangle t5 = ta[2];:
tal2].area = 343;
results += "y = " + y;

MessageBox.Show (results +

Lt "

, th area = + th.area);

}

vold sethArea()
The Setifveal) wethod i (

st b heil_!}h{: 5 areda = = (height * length} / 2;
length Fields to set £he '

area field. Since it's not }

a statie method, it can

onf‘;‘ be talled from inside

an instanee of Triangle.
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There are about 77 reserved words in C#. These are words reserved by the C# compiler; you
iS@ can't use them for variable names. You'll know them all really well by the time you finish the book.
; i S Here are some you've already used. Write down what you think these words do in C#.
OLutioN

namespace Namespates make sure that the names You are using in Your prooram dont éollide
with the ones in the NET Framework or other external elasses \‘,roulvc used in Your
proaram. All ok the tlasses and methods in a proaram are inside a namespace.

for This lets you do 3 loop that exctutes three statements First it deelaves the
variable it's aoing to use, then there's the statement that evaluates the variable
aaainst a tondition. The third statement does something to the value.

class A tlass is how you dekine an obieet Classes have propevties and methods.
Properties are what they know and methods are what they do.

public A publie elass tan be used by every other ¢lass in the project. When a variable or
method is detlared as publie, it tan be used by tlasses and called by methods that ave
outside ot the one it's being detlared in.

else Code that stavts with else will aet executed if the if statement preceding it fails.
new You use this to tveate a new instante ot an object.
using This is a way ot listing otk all of the namespates you are using in Your proaram. Using

lets you use tode from the .NET framework and pre—detined tlasses from third parties
as well as tlasses You tan make Yourselt.

if One way OF sc‘Efmq up 3 tonditional statement in a2 Prooyrarm. I+ says
it one thing is true, do one thing and it not do something else.

while while loops are loops that keep on aoing as long as the condition in them is true.
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C# Lab
A Day at the Races

This lab gives you a spec that describes a program
for you to build, using the knowledge you've gained
over the last few chapters.

This project is bigger than the ones you've seen so far.
So read the whole thing before you get started, and
give yourself a little time. And don’t worry if you get
stuck—there’s nothing new in here, so you can move
on in the book and come back to the lab later.

We've filled in a few design details for you, and we've
made sure you've got all the pieces you need... and
nothing else.

It’s up to you to finish the job. You can download
an executable for this lab from the website... but we
won't give you the code for the answer.




A Day at the Races

The Spec: Build a Racetrack Simulator

Joe, Bob, and Al love going to the track, but they're
tired of losing all their monev. They need you to build a
simulator for them so they can figure out winners before
they lay their money down. And, i’ you do a good job,
they’ll cut vou in on their profits.

Here’s what you're going to build for them...

The Guys

Joe, Bob, and Al want to bet on a dog race. Joe starts with 50 bucks,

Bob starts with 75 bucks, and Al starts with 45 bucks. Before

each race, they'll each decide il they want to bet, and how

much they want to put down. The guys can change their bets

right up to the start of the race... but once the race starts, all ; — i
hets are final. .

by 2ol

The betting parlor keeps track of how much cash each uuuuuu

The Betting Parlor

guy has, and what bet he’s placed. There’s a minimum -
het of 5 bucks. The parlor only takes one bet per person .
for any one race.

The parlor checks to make 5
sure that the guy who's betting
has enough cash to cover his
bet—so the guys can’t place a
bet if’ they don’t have the cash

to cover the bet. M]nimum =
One bet n




A Day at the Races

Betting

Every bet is double-or-nothing—either the winner doubles
his money, or he loses what he bet. There’s a minimum
bet of 5 bucks, and each guy can bet up to 15 bucks on a
single dog. If the dog wins, the bettor ends up with twice
the amount that he bets (after the race is complete). If he
loses, that amount disappears from his pile.

Say a quy places a 710 bet at the window. At
the end of the vate, if his dog wirs, his tash :
aoes wp by flo (beeause he kufs the original {10
he bet, plus he 5c‘|:s £10 move vom w]nning]. If
he loses, his tash goes down b\'l ilO.

The Race

There are four dogs that run on a straight track. The £ You want 4o
; ; build ah .
andncap

means do it/ [t/
Practice writing

winner of the race is the first dog to cross the finish line. € s‘rs‘i::m, bY all
The race 1s totally random, there are no handicaps or e really good
odds, and a dogsn’t more hikely to win his next race some fun tode.
based on his past performance.

Sound fun? We've got more details coming up... ey




A Day at the Races

You'll need three classes and a form You'll need to add “using

System.Windows.Forms” to
You'll build three main classes in the project, as well as a GUI {or the the top of the Greyhound and
simulator. You should have an array of three Guy objects to keep track Guy classes.
of the three guys and their winnings, and an array of four Greyhound
objects that actually run the race. Also, each instance ol Guy should
have its own Bet object that keeps track of his bet and pays out (or
takes back) cash at the end of the race. We've given You the skeleton of
We've gotten you started with class descriptions and some snippets of :H“ tlass you need to build. Your
code to work from. You've got to finish everything up. Job is to ill in the metheds.

public class Greyhound |
public int StartingPosition: // Where my PictureBox starts
Greyhound public int RacetrackLength; // How long the racetrack is
StartingLocation public PictureBox MyPictureBox = null; // My PictureBox object
RacetrackLength public int Loecation = 0; // My Locatiocn on the racetrack
MyPictureBox public Random MyRandom; // An instance of Random
Location
MyRandom

public bool Run() {
!/ Move forward either 1, 2, 3 or 4 spaces at random
// Update the position of my PictureBox on the form
'?L:?“SIaﬂ' Posit // Return true if T won the race We'
aKe: Ingrosition e
g () } R We've added comments 4, it

You an idea of
public void TakeStartingPosition() { of what {o do.

// Beset my location to the start line

! R_ Dont ovevthink This-
Cee how the tlass dia'ﬁram? /-‘7 T ) someLimes Yyou \f}"s}f"“:‘::cn{z &
matthes up with the tode! The 6\1}hmhd objm{ initializer is pretty 3 vaviable, and You v
straightforward. Just make sure you pass 3
referente to the vight PictureBox on the
form to cach Greyhound dbject.

U

Your object can control things on your form... f:“ e fo ks e
€ Torm passes the

The Greyhound class keeps track of its position on the racetrack during the race. [t also ¥ight picturebox into
updates the location of the PictureBox representing the dog to move down the race each 'ﬁ“'ﬂ‘f}umhd's objcc{
track. Each instance of Greyhound uses a field called MyPictureBox to reference initializey.
the PictureBox control on the form that shows the picture of the dog. Suppose the
distance variable contains the distance to move the dog forward. Then this code will
update the location of MyFPictureBox by adding distance to its X value:

o th ﬂm—rcr\"’c
\{ t.'ltt ;Jc,'ht ?].f,Jc_u'rC-“

Point p = MyPictureBox.Location; &«—— j

s ‘_ lotation ©
p.x += distance; e———'————-__\_____ 4d
MyPictureBox.Location = p; ~-add the value to move \corward

to its X coordinate...
..and then uPdB{.t the ?if.turc I

box lotation on the form.




A Day at the Races

Guy public class Guy

public string Name; // The guy’s name
public Bet MyBet; // An instance of Bet({) that has his bet
public int Cash; // How much cash he has

Name

MyBet

Cash

MyRadicButton

MyLabel // The last two fields are the guy's GUI controls on the form

public RadioButton MyRadioButton: // My RadicButton

UpdateLabels() public Label MyLabel; // My Label

PlaceBet()

ClearBet() public void UpdateLabels() {

Collect() // Set my label to my bet's description, and the label on my
// my radio button to show my cash (“Joe has 43 bucks”)

Add Your tode heve.

When you intidlize the
ﬁu‘f objcct maEchrc public void ClearBet() { } // Reset my bet so it's zero

et its Mybe oo
Fu.; to nul;{.; and public bool PlaceBet(int Amount, int Dog) { il dre vepresent z tc{:s
L UpdateLabels() // Place a new bet and store it in my bet field g QEBC .
LQ.L‘E'; ¥ as it's // Return true if the guy had enough money to bet i -
method as soon
initialized.

public void Collect(int Winner) {,} // Bsk my bet to pay out

. the Bet
» The key here is to vse
This is the object that objett - let it do the work
“.Z uses to rePresent

bets in the aP?litation.

The objcf.‘t initidlizer for Bet just
SE‘I:.S ﬂ'nt amouht dog and bC'tEj?\'

Bet public class Bet
int Amount; // The amount of cash that was bet
¢ int Dog; // The number of the dog the bet is on
public Guy Bettor; // The guy who placed the bet

Amount
Dog

Bettor éf—\
public string GetDescriptioni) {

GetDesuiptign // Return a string that says who placed the bet, how much
PayDul // cash was bet, and which dog he bet on (“Joe bets 8 on
// dog $4”). If the amount is zero, no bet was placed
// (™Joe hasn't placed a bet”).

public int PayoOut(int Winner) {
// The parameter is the winner of the race. If the dog won,
Hint: H/ouJ” instantiate Bet // return the amount bet. Otherwise, return the negative of

in the ﬁu‘;‘ tode. ﬁh‘f willl . // the amount bet. f\\ ming task
} This

" - o0 am!
use the this keyword to o & fgein | ? message Trom

: strin
pass a r:-{:erc tedah f‘F 1 as_«,gmblmg al . s
ko the Bel's iitigioer, reeed indiidud s of 2




Here’s your application architecture

Spend some time looking closely at the architecture, It
looks pretty complicated at first, but there’s nothing here
you don’t know. Your job is to recreate this architecture
voursell] starting with the Greyhound and Guy arrays in

vour main form.

A Day at the Races

The dogs arvay tonkains 'Eo.ur
rc‘c:rcnus, eath o

4o 2 5:?3\'3{-5 inskante
ﬁrz‘f"""”“d elass:

@

it T&ar{Z’)

N

(31010

<

isua

T”trncmg the visual abjccts will be
four PietureBox tontrols for
the pietures of 4he dogs. You'll
pass veferentes 4o them to Lhe
ochcf initializers of $he four
ﬁrt*'.rhound objcc":s- I'll also have
three RadioButton tontrols and
three labels, which you'll pass 4o
the obj:c{ initializers of the
three &u?’ athC.‘[‘.s-

0

/ ]

il

/eray of Gu referenA
I °

@)
er‘& \

The porrn needs 1o 'mi{:aliz:
both of these arrays when

I & . %

Array of Greyhound references

The Juys array gonta;
'relfcr-cw:cs to Jchf-c:hﬁ?;hs
ochﬁf;. Each of those
;I:J:cés has a field ¢3lled
et, which is 5 veferen
to a Bet object o

| 1

et

K

Gy

Q.

4

Gy

S




A Day at the Races

When a Guy places a bet, he

creates a new Bet object -i-:sjw f‘..il’ j—‘FZB.:\-:aées B

Ef,. using +h :
kc d fo | ¢ thig
st the Form tells Guy #2 Yword to tell the Bet op:
iur?;a:c ca ::4: For 77 butks on that he's the hctfm-...e bect
dog #3.. ~a

Guy([1l].PlaceBet (7, 3) MyBet = new Bet(7, 3, this)

Sy

true

Bet

.dnd sinte 'H"t
b Ffatc {I’IC be-{:’ Péru? had Enou

h mo
ateBet() g e

redturns frue.

The forw tells the dogs to keep
running until there’s a winner Each dog’s Run() me

; thod thetks 4o
T

When the user g . i Ps should end mmedia{::l'_,r as
tells the form to ~ gl ' " 35 one of the dog wins.
start the race, y & - while ( there’s nowinner ) |
the form SJCA?"JU | REDS A for ( loop through each dog, making
a .m?dfﬂ am"‘.a{": 4 _ . sure there’s still no winner )
eath dog vunning (SRR -

{
SO NS have the dog run one pace
along the tratk. o T . h

The betting parlor in the form Lells
H ore h ich -
The Bet object figures out if it eath Guy which dog won so he ean

tollect any winnings from his bet.
should pay out
Guy[l] .Cellect (winningDog)

A

MyBet .PayOut (winningDog)

For® -
The Guy will add the vesult of Bet. | mo e |
Pa‘fout ) 4o his tash. So if the dog won,

return Amount;
it should vetuen Amount; otherwise, it'l \_/> I else {
rg{un\ —F{maun{,

return —-Amount;
}




A Day at the Races

Here’s what your GUI should look like

The graphical user interface for the “Day at the Races™ application
consists of a form that’s divided into two sections. The top is the
racetrack: a PictureBox control for the track, and four more for
the dogs. The bottom half of the form shows the betting parlor, where

You'll use the Len
th FroPCT'{.
of the vacetrack P; Y
tturePox
tontrol o set
three guys (Joe, Bob, and Al) can bet on the outcome of the race. fcnﬂﬂ\ in fhs: éf:th:ii;ﬁz_ck £
: ; MC“ hn‘_'.h {’;r ! OJ_C-I‘. :
P'ﬁﬁ“"‘:E"”‘ e g which it'l| use 4o F; ure out if
Eath of '_C'hc F"“; dzﬁl:; s‘;:::— ﬂgr:‘)”nound abjce.Jc.S. eath one bs. = i "
imtﬁhz: :&E:dz will have a vetverente {o one oi ihhch;oa i;
[ o
T}fﬁ{ﬂ?::‘: the refevente (alond wikh the vatetrack leng
ou

s-{;a'r{mﬁ ?osihon) to the é'r:*fhwnd’s o'nj:d; inikializer

¥ A Day at the Races

Betting Farlor

Minimum bet 1 he form should update this Bets
A label with the minimum bet
using the Minimum ft‘mr{:{
O Bob of the chv‘nﬂ.‘.uFDo\un [Bob's bet
O A control for the bet amount |Al's bet

Joe L5 :I bucks on dog nuthber 1 :-_

. WO —
ﬂi o Evff ey Onee all bets are
€ rate, but theve's on) ; n ; i
one betting Wihd:\: won}a When a Quy places a bet, it overwrites plated, f—llfrk;‘“.ts
only one quy ean place a any previous bet he placed. The curvent button to star
bet at a time. These radi beks show up in these label controls. the vate.
buttons are used 4o selgcz Each lablel has AutoSize set Jch:;I'F:a'Isc
which quy places the bet and BorderStyle set to FixedSingle

| Joe's bet

Y[l'l[ can C[['Wﬂl.ﬂat[ ﬂle gt’aPlllES {ilES {t'ﬂ‘l’ll W‘\"W.ll@ﬂfl{il‘st[ﬂ]lS.Cﬂﬂl!i]Oﬂl&S[ll{[‘Sll at‘]'l/




A Day at the Races

Placing bets

Use the controls in the Betting Parlor groupbox to place When 3
each guy’s bet. There are three distinct stages here: his Gu‘j 3? P{{a““‘ a bet,
o
 OREET updates 4k,
Fai;‘ef using the M}'Labd IS
o No bets have been placed yet

reverence. He 5lso updates
When the program first starts up, or if’ a race has just finished, no bets he eash he has using his

have been placed in the betting parlor. You'll see each guy’s total cash MYRadiOBhH:an veference
next to his name on the left. :

Betting Parlor

Minimum hel:m‘ﬂnc minimum bet  Bets
(@ Joe has 50 bucks should be the same [Joe hasn't placed a bet =
<]
|

Eath 51,-\{5 tash Mjudqa as the minimum value [G55 hasnt placed a bet
shows up here: =17 Al has 45 bucks in the bet control.

|a5d hasn't placed a bet

Joe E Bets I'i 3' bucks on dog number il 2

-

Onte Bob Places
) his bet, his Guy
e Each guy places his bets

i £ ! , °b_j¢¢‘t updates this
I'o place a bet, select the guy’s radio button, select an amount and a dog, and click |35, and the vadio
the Bets button. His PlaceBet () method will update the label and radio button. pu4ie, fext

Minimum bet: 5 bucks

O Joe has 50 bucks

(®) Bob has 75 bucks

O Al has 45 bugks

Bets
[Joe bets 5 bucks on dog #2

ob bets 13 bucks on dog #3 & |
[ Al bets 12 bucks on dog #4 |

Cinte Al bet |2 butks
on Lhe winning doy, his
Q After the race, each guy collects his winnings (or pays up!)

: . : . cash goes uP by |Z. The
Once the race is complete and there’s a winner, each Guy object calls his other two auys lose the
moneYy ‘U’\E'f bet.

Collect () method and adds his winnings or losses to his cash.

Minimum bet: 5 bucks ’
R | We have a wirner - dog #41 O Joe has 45 bucks [
dce:

() Bob has B2 bucks
(@) Al has 57 bucks




A Day at the Races

The Finished Product During bhe vate, the Four dos

images run Abross fhe vacebratk
You'll know yvour “Day at the Races™ application is gy g g B e
done when vour guys can place their bets and watch
the dogs race,

Betting Parlor

Minimum bet: 5 bucks Bets
(O Joe has 50 bucks [ Joe bets 5§ bucks on dog #2

O Bob has 75 bucks [Bob bets 13 bucks on dog #3
(®) Al has 45 bucks [Al bets 12 bucks on dog #4

12 % | bucks on dog number |4 g Race! I

You can download a finished executable, During the vace, no bets ¢an be

placed... and make sure You tan't
i, Well o the graP l‘_'lcs {iles -[01' tl‘[e start a new vace while the doas

dare runninﬁ_f

four Jogs and the racetraclc, from the

HEH(I Fll‘st [31)3 WE])SiteI But you won't Find the sourte code! [n veal life, you
; don't 9et a solution to Yyour programming problems.
WWW.IIER(I{lrStla]TS.CUm/ 1‘100](5/ 11{(351131‘]) Here's your thante to veally test your C# knowledae

and see jusjc how muth You've learned!




5 encapsulaﬁczn

*
Keep ;;our privates...
* private

No peeking!

Ever wished for a little more privacy?

Sometimes your objects feel the same way. Just like you don’t want anybody you
don'’t trust reading your journal or paging through your bank statements, good objects
don't let other objects go poking around their fields. In this chapter, you're going to
learn about the power of encapsulation. You'll make your object’s data private,

and add methods to protect how that data is accessed.

this is a new chapter 173



kathleen needs your help

Kathleen is an event planner

She’s been planning dinner parties for
her clients and she’s doing really well.
But lately she’s been having a hard time
responding to clients fast enough with an
estimate for her services.

Kathleen would vather SVCnd
her time ?\ann'mg events, no
\J\am\ing cs{:\ma{zc&

When a new client calls Kathleen to do a party, she needs to find
out the number of guests, what kind of drinks to serve, and what
decorations she should buy. Then she uses a pretty complicated
calculation to figure out the total cost, based on a flow chart she’s
been using for years. The bad news is that it takes her a long time
to work through her chart, and while she’s estimating, her potential
clients are checking out other event planners.

It’s up to you to build her a C#-driven event estimator and save
her business. Imagine the party she’ll throw you when you succeed!
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What does the estimator do?

Kathleen runs down some of the basics of her system

for figuring out the costs of an event. Here’s part of
what she came up with:

encapsulation

Kathleen's Party Planning Program—

Cost Estimate for aDinner Party

« Clients have a choice when it comes to drinks. Most
costs $20 per person. But they can also ¢
Kathleen calls that the “Healthy Option.” an
soda and juice instead of dloohol Choosing the Healthy O
her, so she gives the client a 5% discount on the entire party, too.

« For each person on the guest list there's a $25 food charge.

parties serve alcohol, which

dit only costs $5 per person to have
ptionis alot easier for

e There are fwo options for the cost of decorations. If a client goes with the

normal decorations, it's $7.50 per
dlso upgrade the party decorations to the “Fancy Option™th

person with a §50 one-time decorating fee.

person with a $30 decorating fee. A client can

af costs $15 per

hoose to have a party without alcohol

Here’s another look at this same set of costs, broken

down into a little flow chart to help you see how it works:

et

Nuwber of
people.

Food (429 per
person)

Healthy
Option?

Some of these thoices involve

a change to the final price
per—pevrson Costs.

et

Juice and soda

(¢9 per person +
5% discount on
total cost)

Fancy
decorations?

et

Alcohol
(¢20 per
person)

of

the event, as well as individual

Fancy
Pecorations
(215 per person
+50 decorating
fee)

Norwal
Pecorations
(4750 per
person *¢30
decorating fee)

While most choices affect the

eost for eath
also one—time

you are here »

Bucs'b theve are

ees to 1ci5wrc in.
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okay, no problem

DinnerParty

NumberOfPeople
CostOfBeveragesPerPerson
CostOfDecorations

SetHealthyOption()
CalculateCostOfDecorations()
CalculateCost()

ass diagram ‘Q?Y/S

Hrere's the & I\

the D’wmcv\’ar‘c\l ¢\ass You

need o ereate

4]

You don't need to add uusim_!)
S\/S'{:cm-Mhdows.Fov”\s,‘” to Your
Dinnchav'Ey tlass, because it
doesn’t use Mcssachox.Show(),

Poin‘l:, or ahy‘l:hih | ‘C
9 else from th
NET Framework namcsPaZc. o

Build a program to solve Kathleen’s party estimating problem.

Create a new Windows Application project and add a class file to it called
DinnerParty.cs, and build the DinnerParty class using the class diagram
to the left. It’s got three methods: CalculateCostOfDecorations (),
SetHealthyOption (), and CalculateCost (). For the fields, use
decimal for the two costs, int for the number of people, and bool to
keep track of whether or not the healthy option was selected. Make sure
you add an M after every literal you assign to a decimal value (10 . 0M).

Here’s a useful C# tool. Since the cost of food won’t be changed by the
program, you can declare it as a constant, which is like a variable except
that its value can never be changed. Here’s the declaration to use:

public const int CostOfFoodPerPerson = 25;

Flip back to the previous page to be sure you've got all of the logic right for
the methods. Only one of them returns a value (a decimal)—the other
two are void. The CalculateCostOfDecorations () method figures
out the cost of decorations for the number of people attending the party.
Use the CalculateCost () method to figure out the total cost by adding
up the cost of the decorations to the cost of drinks and food per person. If
the client wants the Healthy Option, you can apply the discount inside the
CalculateCost () method after you've figured out the total cost.

\//-\You’“ declare the dinnerParty field in

v lines

DinnerParty dinnerParty; the (:ont'",ay.'d then add {f,(\;csc ‘:ou
public Forml () { below [nitializeComponentt)-

InitializeComponent () ;

dinnerParty = new DinnerParty() { NumberOfPeople =

dinnerParty.SetHealthyOption (false) ;

dinnerParty.CalculateCostOfDecorations (true) ;

DisplayDinnerPartyCost() ;

Add this code to your form:

5 1};

Set the default
value to 5. The
minimum should be
| and the maximum

Here’s what the form
should look like. Use
the NumericUpDown

X)

i® Party Planner

MNumber of People

N\ 3

control’s properties to set  ¢hould be 2.0.
the maximum number Fancy decorations
of people to 20, the The Fam:\/ ¥ boaky Oniton

minimum to 1, and the dectorations box
default to 5. Get rid of the should have Chetked
maximize and minimize  sef {5 frye.
buttons, too.

Cost |$

This is iust a label with the Text Property set to ", the BorderStyle
property set to Fixed3D, and the AutoSize property set to false.
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encapsulation

o

TNS mc‘t\’\Od W.I“

5&; called b\[ all of

the other methods
ow LY‘C&{',C on thc
iowm |£'s how You
u?da‘tt the tost
\abel with the vight

value whenever

ing thanges- YN~/
an\,{:\'\mg thang Chay}\ ¢ the rame of the Passing " _ thetkbox for the Health
9 : assing “¢” o 'E:Sfrmg() Lells _ !
lablel that d.syla\/s the cost it 4o Format +he tost 35 3 Option is thetked.

'EO CoS‘[:LabCL CUW‘CV\CY valuc‘ H_‘ YOIA)VC in 3

When you

doublcj/—tlick 0

on a button in

the IDE 4o add

tode that gets

run when the ~——>>
button is tlicked,
'H\&‘(’,)S an event

handlcr ‘l‘,oo.

The value you send from the form 1o the

line wi
method will be fanc\/BoxChcckcd. That will c',';zswﬂ ?" the method You treated in the
be passed as a boolean parameter o the ill dins 'SH.C out the tosts and the second
method in the elass. \ Play the total tost on the form.

8]

Instead of using a button to calculate the costs, this form will update the cost label
automatically as soon as you use a checkbox or the NumericUpDown control. The first
thing you need to do is create a method in the form that displays the cost.

Add this method to Forml (). It’ll get called when the NumericUpDown control is clicked:

Add this method 4o the form—itl
private void DisplayDinnerPartyCost () recaleulate the cost of the party
and put it in the Cost label.
decimal Cost = dinnerParty.CalculateCost (checkBox2.Checked);

costLabel.Text = Cost.ToString(“c”); T
This is true if the

Coun{:\r\/ that uses dollavs, i)l
add a dollav sign.

Now hook up the NumericUpDown field to the NumberOfPeople variable you
created in the DinnerParty class and display the cost in the form. Double-click on the
NumericUpDown control—the IDE will add an event handler to your code. That’s
a method that gets run every time the control is changed. It’ll reset the number of
people in the party. Fill it in like this:

private void numericUpDownl ValueChanged (
object sender, EventArgs e)

{

dinnerParty.NumberOfPeople = (int) numericUpDownl.Value;
DisplayDinnerPartyCost () ;
} prey Y You need to cast numcricMFDown-Valuc to
an int because it's a Detimal property.

Uh-oh—there’s a problem with this code. Can you spot it? Don’t worry if you
don’t see it just yet. We’ll dig into it in just a couple of minutes!

These are just two—line methods. The fivst

Double-click on th a heckbox on the form and make

sure that it first calls CalculateCostOfDecorations (), and then
DisplayDinnerPartyCost (). Next, double-click the(Healthy Optio
checkbox and make sure that it calls the SetHealthyOption () method in the

DinnerParty class and then calls the DisplayDinnerPartyCost () method.
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exercise solution

Here’s the code that goes into DinnerParty.cs.

Using a tonstant for CostOfFoodPerPerson

_ [ 4 _

-2 RC‘§Q ensuves the value tan't be Lhangcd’- [t also

sOL!’t\OH makes the tode easier o vead—it's tlear that
, , Lhis value never thanges.

public class DinnerParty { When the form 1Chrs’c treates

const int CostOfFoodPerPerson = 25; the ob\)cc{:, it uses the initializer
public int NumberOfPeople; to set NumberOfPeople. Then
public decimal CostOfBeveragesPerPerson; it ealls SCchalfh\/OP{ionO and
public decimal CostOfDecorations = 0; CaleulateCostOf Detorations() to

set the other fields.
public void SetHealthyOption (bool healthyOption) {
if (healthyOption) {

CostOfBeveragesPerPerson = 5.00M;
} else {
CostOfBeveragesPerPerson = 20.00M; We used if (Faney)” instcaci of
J {:\/Pir? “if (Faney == true)” because
: the i} statement always ehecks if the

tondition is true.

public void CalculateCostOfDecorations (bool fancy) {
if (fancy)
{
CostOfDecorations = (NumberOfPeople * 15.00M) + 50M;
} else {
CostOfDecorations = (NumberOfPeople * 7.50M) + 30M;

}
public decimal CalculateCost (bool healthyOption) {
decimal totalCost = CostOfDecorations +
((CostOfBeveragesPerPerson + CostOfFoodPerPerson)
* NumberOfPeople) ;

/D, We used paventheses to make sure the

if (healthyOption) { ma{:h wovks ou‘[: ?ro\’)cﬂ\/-

return totalCost * .95M;

} else {
return totalCost;
} This applies the 5% distount to
} the ovevall event tost if the
} non—altoholie o?{:ion was thosen.
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encapsulation

We had you use a decimal for the prices because it’s designed for monetary values. Just make
sure you always put an “M” after every literal—so if you want to store $35.26, make sure you
write 35.26M.
. . We call DisplayDinnerPartyCost to
public partial class Forml : Form { initialize £he label that shows the
DinnerParty dinnerParty; tost as soon as the form’s loaded.
public Forml () {
InitializeComponent () ;
dinnerParty = new DinnerParty() { NumberOfPeople = 5 };
dinnerParty.CalculateCostOfDecorations (fancyBox.Checked) ;

dinnerParty.SetHealthyOption (healthyBox.Checked) ;
% the form set
DisplayDinnerPartyCost () ; Cha"SCS to the chetkboxes on "

the healthyOption and Fanty booleans to
} % true or false in the SethealthyOption() and
Caléula‘{:CCos{‘,O‘CDcdo\ra{:ions() methods.

private void fancyBox CheckedChanged(object sender, EventArgs e) {
dinnerParty.CalculateCostOfDecorations (fancyBox.Checked) ;
DisplayDinnerPartyCost () ; We named our theckboxes “hcaH:h\/Box"

} and “fantyBox” so You tould see what's

going on in their event handler methods.

private void healthyBox CheckedChanged(object sender, EventArgs e) {
dinnerParty.SetHealthyOption (healthyBox.Checked) ;
DisplayDinnerPartyCost () ;

private void numericUpDownl ValueChanged (object sender, EventArgs e) {

dinnerParty.NumberOfPeople = (int)numericUpDownl.Value;
DiSplayDinnerPartyCosV The new dinner party tost needs 1o be
J \/ vecaleulated and displayed any time the number
thanges or the thetkboxes are thetked.

private void DisplayDinnerPartyCost () {
decimal Cost = dinnerParty.CalculateCost (healthyBox.Checked) ;
costLabel.Text = Cost.ToString(“c”);

} S‘(:\ring ‘("orma‘(:‘(:ing

You've already seen how you ean onvert any variable to a string using its ToString() method.

£ You pass “¢” to ToString(), it eonverts it to the local turrenty. You ¢an also pass it “£3” 4o
-("o\rma{: it with as a detimal number with three decimal Platcs, “0” (that’s a zevo) 4o tonvert to
a whole number, “0%” for a whole number pertentage, and “n” 4o disyla\/ it as a number with a
tomma separator for thousands. Take a minute and see how eath of these looks in your program/
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something’s gone fterribly wrong

Kathleen’s Test Prive

's one of Kathleen's .
%::,or'\‘hc clients Che did his
wedding last \/car., and now
she's ?\anv{mg an \myov n
dinnex party tor him

This rocks!
Estimating is about to
get a whole lot easier.

Rob (on phone): Hi Kathleen. How are the arrangements
for my dinner party going?

Kathleen: Just great. We were out looking at decorations this

morning and I think you’ll love the way the party’s going to
look.

Rob: That’s awesome. Listen, we just got a call from my wife’s
aunt. She and her husband are going to be visiting for the next
couple of weeks. Can you tell me what it does to the estimate
to move from 10 to 12 people on the guest list?

Kathleen: Sure! I'll have that for you in just one minute.

MNumber of People Cha"ﬁ‘"ﬁ the Number o«p
: People value from 10 4o I2

12 :
_ | and hitting enter shows 1665

Fancy decorations as the total cost. Hemm, that
[ Healthy Option seems a little low...
Cost |$665

Kathleen: OK. It looks like the total cost for the dinner will
go from $575 to $665.

Rob: Only $90 difference? That sounds like a great deal! What
if we decide to cut the fancy decorations? What’s the cost then?
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Turning off the Fane i Party Planner X
ecorations theckbox onl Number of People
redutes the amount b i5 2 2

That can’ ‘
an't be vight/ \_/7 [] Fancy decorations
D Healthy Option

Cost |$BBD

Kathleen: Um, it looks like... um, $660.

Rob: $660? I thought the decorations were $15 per person. Did you change your
pricing or something? If it’s only $5 difference, we might as well go with the Fancy
Decorations. I've gotta tell you though, this pricing is confusing.

Kathleen: We just had this new program written to do the estimation for us.
But it looks like there might be a problem. Just one second while I add the fancy
decorations back to the bill.

)

&8 Party Planner

Number of Peopl
dl;m - eopf When you Luren the Fanc\/
. B Detovations batk on, 'Jr;;\c
H
Fancy decorations humbcr s\\oob wp to :

\ wyroni.
["] Healthy Option These numbers are J“sk wrory

Cost |$770

Kathleen: Rob, I think there’s been a mistake. It looks like the cost with the fancy
decorations just shot up to $770. That does seem to make more sense. But I am
beginning not to trust this application. I'm going to send it back for some bug fixes
and work up your estimate by hand. Can I get back to you tomorrow?

Rob: I am not paying $770 just to add two people to the party. The price you
quoted me before was a lot more reasonable. I'll pay you the $665 you quoted me in
the first place, but I just can’t go higher than that!

@RA\N
TOWEWR

Why do you think the numbers are coming out wrong every time Kathleen makes a change?
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wasn’t expecting that
. . . Don’t worry!
Each option should be calculated individually This one
Even though we made sure to calculate all of the amounts according
to what Kathleen said, we didn’t think about what would happen when
people made changes to just one of the options on the form.

wasn’t your
fault.

We built a nasty little bug into
: the code we gave you to show

When you launch the program, the form sets the number of people to 5 you just how easy it is to have
and Fancy Decorations to true. It leaves Healthy Option unchecked and problems with how objects use

it calculates the cost of the dinner party as $350. Here’s how it comes up cach others’ fields... and just how
with the initial total cost: hard those problems are to spot.

Party Planner  [X]

1 people. Number of People
420 per person for drinks — > Total cost of drinks = ¢100 3 v
425 per person for food —> Total cost of food = 4125 Fency decorations

415 per person for decorations ——> Total cost of Pecorations = ¢125 Aty D

plus #50 fee. Cost [3350 &< J I So far, & 9ood.

100 + 4129 + 125 = 4350

When you change the number of guests, the application should
recalculate the total estimate the same way. But it doesn’t:

10 people. X

Party Planner

420 per person for drinks ———=> Total cost of drinks = 4200 Number of People
10 =

-

425 per person for food ——— = Total cost of food = 4250

. . V| F d ti
415 per person for decorations — = Total cost of Decorations = ¢200 =l e Ll

plus ¢50 fee. J [] Healthy Option

Cost

€200 + 4250+ 200 =690 L o

This is {he total The program is adding the old cost of
we should get. detorations up with the new tost of
ut we're not... food and drink.
1 1 ]
s doing §200 + {250 + §125= {515
N t
ew food and drink tost od decorations:
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encapsulation

The Problem Up Close

Take a look at the method that handles changes to the value in the numericUpDown
control. It sets the value from the field to the NumberofPeople variable and then
calls the DisplayDinnerPartyCost () method. Then it counts on that method

to handle recalculating all the individual new costs. This line sets the value
of NumbCYO‘(:PCOV‘C
private void numericUpDownl ValueChanged ( in this instance o
object sender, EventArgs e) { Dim\chaY{i‘{ to The

. ' . value in the Lorm.
dinnerParty.NumberOfPeople = (int)numericUpDownl.Valde;

DisplayDinnerPartyCost () ;

This method ealls the CaleulateCost() method, but not
} I/\’ the CaleulateCostof Decorations() method.

So, when you make a change to the value in the NumberofPeople field,
this method never gets called:

public void CalculateCostOfDecorations (bool Fancy)

{ ]
This vaviable is set to {125 from when the

if (Fancy) { Lorm fiest called it and, sinte this method
/ docsn’{: 56{: called again, it docsn’{: changc.
CostOfDecorations = (NumberOfPeople * 15.00M) + 50M;
} else {

CostOfDecorations

(NumberOfPeople * 7.50M) + 30M;

J That's why £he number corveets itself when You turn
Fanc\/ decorations batk on. Cliéking the thetkbox makes
/ the program vun CaleulateCostOf Detorations() again.

Hold on! T assumed Kathleen would
always set all three options at oncel!

People won’t always use your programs in
exactly the way you expect.

Luckily, C# gives you a powerful tool to make sure your
program always works correctly—even when people do
things you never thought of. It’s called encapsulation
and it’s a really helpful technique for working with objects.
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protect your objects

It’s easy fo accidentally misuse your objects

Kathleen ran into problems because her form ignored the
convenient CalculateCostOfDecorations () method that
you set up and instead went directly to the fields in the DinnerParty
class. So even though your DinnerParty class worked just fine, the
form called it in an unexpected way... and that caused problems.

o How the DinnerParty class expected to be called
The DinnerParty class gave the form a perfectly good method to calculate the
total cost of decorations. All it had to do was set the number of people and then
call CalculateCostOfDecorations (), and then CalculateCost ()
will return the correct cost.

NumberOfPeople = 107
CalculateCostOfDecorations (false) s

—

O,,-)

Nerpars

% jeck

N~

calculateCost () returns $650

Opm

e How the DinnerParty class was actually called
The form set the number of people, but just called the CalculateCost ()
method without first recalculating the cost of the decorations. That threw off
the whole calculation, and Kathleen ended up giving Rob the wrong price.

NumberOfPeople = 10;

// \
\/ K

/7’7er'Pcf’d
CalculateCost () returns $350 Even though the form didn’t set up the
party properly, CalculateCost 0
still veturned a number-.. and there was
no way for Kathleen to know that the

number was Wrong,

%jeck
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encapsulation

Use your laziness 4o Your

Encapsulation means keeping some of o benitif you e
s s "\C N ViV, § or

the data in a class private P o

There’s an easy way to avoid this kind of problem: make sure that there’s only one :if::{‘;‘that Your field is

way to use your class. Luckily, C# makes it easy to do that by letting you declare
some of your fields as private. So far, you’ve only seen public fields. If you’ve
got an object with a public field, any other object can read or change that field.
But if you make it a private field, then that field can only be accessed from
inside that object (or by another object of the same class).

£ You want to make a field private, all You need o
bublic class DinnerParty | .do is use the private keyword when You detlare
| | r{:: That tells C# that if you've got an instance of
private int numberOfPeople; Dmnc\rPar{:y, its numberOfPeople field tan onl
‘ on
be vead and written by that instance. Other ob\)ca{z

)
won't even know it’s there.

public void SetPartyOptions (int people, bool fancy) {

numberOfPeople = people;

[ t the
' ; biecks still need a vay o se
CalculateCostOfDecorations (fancy) ; 2‘%:;;00{“‘)?\6 need 2 iy oot -

ay +o aive them aceess toi
| ‘\' gjic:idw‘rlc{'\,lhodsg{w set or 9et the number oih
e. That way Yyou tan make sure that the

eop| -
{ 1[- : ?culateCostOfDecoratlons()

public void GetNumberOfPeople () cal Lime the number

method gets vun every hat
return numberOfPeople; people is thanged. That Il £ake cave of €
} pesky bug,

By making the field that holds the number en_Cap-Su'la'th, adJ
of party guests private, we only give the enclosed by a protective Coating
form one way to tell the DinnerParty class or membrane, The divers werefully
how many people are at the party—and encapsulated by thei .
we can make sure the cost of decorations psulated by iher submersible,
is recalculated properly. When you make and could only enter and exit through
some data private and then write code to the awrlock.

use that data, it’s called encapsulation.
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spy versus spy

Use encapsulation to control access o your
class’s methods and fields

When you make all of your fields and methods public, any other class
can access them. Everything your class does and knows about becomes
an open book for every other class in your program... and you just saw
how that can cause your program to behave in ways you never expected.
Encapsulation lets you control what you share and what you keep private
inside your class. Let’s see how this works:

e Super-spy Herb Jones is defending life, liberty, and the pursuit of
happiness as an undercover agent in the USSR. His ciaAgent object is an
mstance of the SecretAgent class.

RealName: “Herb Jones”
Alias: “Dash Martin”

Password: “the crow flies at midnight”

o
qugeps

e Agent Jones has a plan to help him evade the enemy KGB agents. He
added an AgentGreeting () method that takes a password as its
parameter. If he doesn’t get the right password, he’ll only reveal his
alias, Dash Martin.

e Seems like a foolproof way to protect the agent’s identity, right? As
long as the agent object that calls it doesn’t have a the right password,
the agent’s name is safe.

he tiafgent ob) etk is an
Tnsiﬁv:cc ?A: the Sccrc{#\gm

¢lass, wh\\c \Lgb#\gc\n’c is an
instante Encm[ 5cn

&-’ @ K “Dash Martin”
N

x
‘%'49@“ The K4B
the ClA 3

AgentGreetlng( the jeep is parked outside”)
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SecretAgent

Alias
RealName
Password

AgentGreeting()

EnemyAgent

Borscht
Vodka

ContactComarades()
OverthrowCapitalists()

only gets the alias of
9ent. Perfect. Right?

The K4B agent uses the wron9

password in his oreeting,

—

C/b/‘l gex\"



encapsulation

But is the realName field REALLY protected?

So as long as the KGB doesn’t know any CIA agent passwords, the
CIA’s real names are safe. Right? But what about the field declaration
for the realName field:

Setting your vaviables

bublic. means they can be —> Public string RealName;

ateessed, and even thanged,
From outside the class.

{4

N
th

ffihs YOw vavig HCS

as publi
€Y ¢an be attessed, PuSlit: means

He left the field public...
Why go through all of

the trouble to guess his
password? I can just get
his name directly!

rom outside the C'assahd even c"ahf)cd,

= ciaAgent.RealName;

string name =

—

heve's no need 4o eall any
Tncc{:vhcod.“ The vealName field is

wide open for everyone o see!

C/OA gex\x

The kgbAgent object can't
Agent Jones can use private fields to keep the his identity secret from K zf‘.clcss the CiaAﬁc"{E'S private
enemy spy objects. Once he declares the realName field as private, the OE d}fccausc ﬂ“‘/ ve instances
only way to get to it is by calling methods that have access to the dittevent classes
private parts of the class. So the KGB agent is foiled!

chping Your fields and methods

Just veplace public v private makes sure no outside
private pudlic. with - . tode is 90ing to make thanges to
"yt and boom, your —— private string realName; . e %
ields are now hiddey, € Values You'e using when you
£rom the world. don't expect it.

make sure that the (:ic\d.
vivate, otherwise

‘{ou’d also wah{: to :
khat stoves the ?assword is P
the enemy agent €an aet to it
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keeping

Private fields and methods can only be
accessed from inside the class

There’s only one way that an object can get at the data stored inside another
object’s private fields: by using the public fields and methods that return the data.

But while KGB and MI5 agents need to use the AgentGreeting() method, friendly
spies can see everything—any class can see private fields in other instances

of the same class.

migent is an
instance of the
Bri{:ishAgen{: ¢lass,
so it doesn’t have
actess to ciaftgent’s
private fields either.

N~

0""/ another
CiaAgcp\{; OchC‘f;

tan see them.

/77/'5 A 9 e(\’(
Dum

Q,: Okay, so | need to access private data

through public methods. But what happens if the
class with the private field doesn’t give me a way
to get at that data, but my object needs to use it?

A: Then you can’t access the data from outside the
object. When you're writing a class, you should always
make sure that you give other objects some way to
get at the data they need. Private fields are a very
important part of encapsulation, but they’re only part
of the story. Writing a class with good encapsulation
means giving a sensible, easy-to-use way for other
objects to get the data they need, without giving them
access to hijack data your class needs.

Q: Why would I ever want to keep a field with no
way for another class to access?

A: Sometimes a class needs to keep track of
information that is necessary for it to operate, but
which no other object really needs to see. Here's an
example. When computers generate random numbers,
they use special values called seeds. You don’t need
to know how they work, but every instance of

188

AgentGreeting (

therejare no
b Questions

Now that the fields are private,
this is pretty much the only

way the miShaent tan get the
tiahoent’s veal name

“the crow flies at midnight”)

—

“Herb Jones”

Random actually contains an array of several dozen
numbers that it uses to make sure that Next ()
always gives you a random number. If you create an
instance of Random, you won't be able to see that
array. That's because you don't need it—but if you
had access to it, you might be able to put values in it
that would cause it to give non-random values. So the
seeds have been completely encapsulated from you.

Q; Hey, I just noticed that all of the event
handlers I've been using have the private
keyword. Why are they private?

A: Because C# forms are set up so that only the
controls on the forms can trigger event handlers.

When you put the private keyword in front of

any method, then that method can only be used from
inside your class. When the IDE adds an event handler
method to your program, it declares it as private so
other forms or objects can’t get to it. But there’s no rule
that says that an event handler must be private. In fact,
you can check this out for yourself—double-click on a
button, then change its event handler declaration to
public. The code will still compile and run.

o
‘a4 gex\\

The only

way that
one object
can get to
data stored
ina private
field inside
another
ol)ject is ]oy
using pul»lic
methods
that return
the data.



encapsulation

harpen your Pencil

y Here's a class with some private fields. Circle the statements
below that won’t compile if they’re run from outside the
class using an instance of the object called mySuperChef.

public class SuperChef
{
public string cookieRecipe;
private string secretIngredient;
private const int loyalCustomerOrderAmount = 60;
public int Temperature;
private string ingredientSupplier;

public string GetRecipe (int orderAmount)

{
if (orderAmount >= loyalCustomerOrderAmount)
{

return cookieRecipe + “ ” + secretlIngredient;

return cookieRecipe;

1.string ovenTemp = mySuperChef.Temperature;
2.string supplier = mySuperChef.ingredientSupplier;
3.int loyalCustomerOrderAmount = 94;

4. mySuperChef.secretIngredient = “cardamom”;

5.mySuperChef.cookieRecipe = “get 3 eggs, 2 1/2 cup flour, 1 tsp salt,
1 tsp vanilla and 1.5 cups sugar and mix them together. Bake for 10
minutes at 375. Yum!”;

6.string recipe = mySuperChef.GetRecipe (56);

7. After running all of the lines that will compile above, what'’s the value of recipe?
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good ideas for casy encapsulation

— qgharpen your pencil
solutlon Here's a class with some private fields. Circle the statements

below that won’t compile if they're run from outside the
class using an instance of the object called mySuperChef.

public class SuperChef

| This is a private constant.

[ts value can't be changed,
and it cant be attessed
outside of this elass.

public string cookieRecipe;

private string&cretInqredienL;_,/’——/
privateint loyalCustomerOrderAmount = 60;
public int Temperature;

private string ingredientSupplier;

public string GetRecipe (int orderAmount)
{
if (orderAmount >= loyalCustomerOrderAmount)
{
return cookieRecipe + “ and the secret ingredient is “
+ secretIngredient;

o The only way to get the seevet

| ing\rcdicn{: is 4o order a whole
Fetumn eookieRecipes lok of ookies. Outside tode

| can't attess this field divectly-

}
@ing ovenTemp = mySuperChef.Temperature; S #l )docsn"l: Comple because rou
ean't just assign an int 1o 3

mySuperChef. ingredientsw string,

3.int loyalCustomerOrderAmount = 54; '\#2_ and #4- don't Com?ilc
£— betause ingredientSupplier and

4.mySuperChef. secretIngredieW sctxcﬂngvcdicn{: are ?riva{:c.

5.mySuperChef.cookieRecipe = “Get 3 eggs, 2 1/2 cup flour, 1 tsp salt,
1 tsp vanilla and 1.5 cups sugar and mix them together. Bake for 10
minutes at 375. Yum!”; Even though You ereated a lotal variable ¢alled
ltf\/aIICuSJcpmcrAmoun{ and set it 4o 54, that
6.string recipe = mySuperChef.GetRecipe (56); didnt thange the ob\jcc-l;'s '°‘/3'CusfomcrAmoun{;
value, which is still 50—so it won't print the
seevet ingredient.

.string supplier

|

£

7. After running all of the lines that will compile above, what'’s the value of recipe?
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encapsulation

A few ideas for encapsulating classes

» Think about ways the fields can be misused.
What can go wrong if they’re not set properly?

» Is everything in your class public?
If your class has nothing but public fields and methods, you probably
need to spend a little more time thinking about encapsulation.

» What fields require some processing or calculation to
happen when they're set?
Those are prime candidates for encapsulation. If someone writes
a method later that changes the value in any one of them, it could
cause problems for the work your program is trying to do.

The cost of decorations
needs to be figured out first.

Once you know that, you can just add
it up with the cost of the food and
drink to get the total cost.

» Only make fields and methods public if you need to.
If you don’t have a reason to declare something public, don’t. You could
make things really messy for yourself by making all of the fields in your
program public—but don't just go making everything private, either.
Spending a little time up front thinking about which fields really need to
be public and which don’t can save you a lot of time later.
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get it, set i, got it, good

Encapsulation keeps your data pristine

Sometimes the value in a field changes as your program does
what it’s supposed to do. If you don’t explicitly tell your program
to reset the value, you can do your calculations using the old
one. When this is the case, you want to have your program
execute some statements any time a field is changed—Ilike
having Kathleen’s program recalculate the cost every time

you change the number of people. We can avoid the problem

by encapsulating the data using private fields. We’ll provide a
method to get the value of the field, and another method to set
the field and do all the necessary calculations.

A quick example of encapsulation

A Farmer class uses a field to store the number of cows, and
multiplies it by a number to figure out how many bags of cattle
feed are needed to feed the cows:

class Farmer We'd better make this field private
t so nobody ¢an thange it without also

private int numberOfCows; ¢hanging bagsO(:chdén(: they g’c{:
) out of syné, that'll eveate bugs!

When you create a form to let a user enter the number of cows into a numeric field,
you need to be able to change the value in the numberOfCows field. To do that, you
can create a method that returns the value of the field to the form object.

public const int FeedMultiplier = 30;

The farmer public int GetNumberOfCows () <— We'll add a method 4o give
needs 30 bags { other ¢lasses a way 4o get O
of Leed for return numberOfCows; the number of cows. 2
eath tow:
public void SetNumberOfCows (int newNumberOfCows)
{
numberOfCows = newNumberOfCows; And heve's a method to set the
BagsOfFeed = numberOfCows * FeedMultiplier; number of tows that makes sure
} . . 20s0fFeed field is ¢hanged
We used tamelCase for the private Lcld;\j\ K‘ {"J;‘: BN‘?W there's no way for the

and PascalCase for the public ones. b 4o gt ot of syt
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encapsulation

Properties make encapsulation easier

C# has special kinds of methods that make it easy to encapsulate your data. You
can use properties, methods that are executed every time a field is called to set

or return the value of the field, which is called a backing ﬁ;\}cd'l.l vename the priva te Field to number £ Cows

(notite the lowertase n ). This will become
private int numberOfCows; ba%? field for the NumberO£Cows property-

ou use properties by ¢ombining 4| i
) 9 them with
public int NumberOfCows /Z nTrma|. field detlaration. Heve's the
( etlaration for NumberOf Cows.
) ! ‘{jmt
his is 2 aet aceessor. [£'s 3 method that's vun any
get I\\: filsumbsccv‘O(:Cows Lield is vead. |t has a veturn value

' in thi it
hat matehes the type of the vaviable—in this case
{ K tcitrn: {',\'\ccialuc 08 {:hc ?riva{:c mmbcrO(:Cows (:lcld.

return numberOfCows;

} Thisis a s
et aceessor that's called ever time £th
et k_/ {‘/u:l;FJOfCows field is set. Even {:hougz the mc{:chod doesn’t
{:oo ike -{:.has any parameters, it actually has one called value
{ hat ¢ontains whatever value the field was set +o.
numberOfCows = value;

BagsOfFeed = numberOfCows * FeedMultiplier;

}

You use get and set accessors exactly like fields. Here’s code for a button that sets the
numbers of cows and then gets the bags of feed:

When this line sets
NumberO£Cows 10 10, the
set ateessor sets the

private void buttonl Click(object sender, EventArgs e) { Pviva{:c numberOf Cows field
Farmer myFarmer = new Farmer (); aB"d 'g:cc’; Usz‘Ecs the public

aas i .

myFarmer .NumberOfCows = 10; 3 ced Yield

int howManyBags = myFarmer.BagsOfFeed;
Sinee the NumberOfCows set

myFarmer.NumberOfCows = 20; atctessor uPda‘Ecd BagsOFFccd,
howManyBags = myFarmer. BagsOfFeed;lg—\ now You £an 5c£ its value.

Even though the code treats Numbcrpﬁ(;ows like
a Bield, it vuns the set actessor, passing it .20.
And when it quevies the BaosOfFeed field it vuns
the gc{: attessor, whith veturns 200.
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private property (no tresspassing)

Build an application fo test the Farmer class

Create a new Windows Forms application that we can use to test the Farmer

class and see properties in action. We’ll use the Console .WriteLine () /DO this *

method to write the results to the output window in the IDE.

o Add the Farmer class to your project:

public class Farmer {
public int BagsOfFeed;
public const int FeedMultiplier = 30;

private int numberOfCows;
public int NumberOfCows {
(add the get and set accessors from the previous page)

}

©®  Build this form:

Cow Calculator
Name this button Calevlate—it Coms Iwi‘é_:i\ tontrol’s Vslue b 5, its

Set the NumerieldpDown

uses the public Farmer data to
write a line 4o the output.

Minimum 1o 5, and its
Maximum 4o 300.

L | Calculate

9 Here’s the form for the code. It uses Console.WriteLine () to send its output to the Output
window (which you can bring up by selecting “Output” from the View menu). You can pass several
parameters to WriteLine () —the first one is the string to write. If you include “{0}” inside the
string, then WriteLine () replaces it with the first parameter. It replaces “{1}” with the second
parameter, “{2}” with the third, etc.

public partial class Forml : Form {

Farmer farmer;

public Forml () {
InitializeComponent () ;
farmer = new Farmer () { NumberOfCows = 15 };

}

private void numericUpDownl ValueChanged(object sender, EventArgs e) {
farmer.NumberOfCows = (int)numericUpDownl.Value;

}

private void calculate Click(object sender, EventArgs e) {
Console.WriteLine (“I need {0} bags of feed for {1} cows”,

farmer.BagsOfFeed, farmer.NumberOfCows) ;

) : Use the Console.WriteLine() WeiteLine() veplaces “{O}: w'lff')\ Yalue in
method £o send a line of text the fiest parameter, and {I}” vith the
to the IDE’s Output window. setond ?a\ramc{:cr.
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Use automatic properties to finish the class

It looks like the Cow Calculator works really well. Give it a shot—run it and click
the button. Then change the number of cows to 30 and click it again. Do the same
for 5 cows and then 20 cows. Here’s what your Output window should look like:

Show output from: Cebug

I need 450 bhags of feed for

I need 200 hags of feed for 30 cous

I need 150 hags of feed for 5 cows —

I need 600 hags of feed for 20 cows z;
< [ »

15 cows

But there’s a problem with the class. Add a button to the form that executes this statement:

farmer.BagsOfFeed = 5;

Now run your program again. It works fine until you press the new button. But press
that button and then press the Calculate button again. Now your ouput tells you that

you need 5 bags of feed—mno matter how many cows you have!
Fully encapsulate the Farmer class

The problem is that your class isn’t fully encapsulated. You used properties to

encapsulate NumberOfCows, but BagsOfFeed is still public. This is a common problem.

In fact, it’s so common that C# has a way of automatically fixing it. Just change the
public BagsOfFeed field to an automatic property. And the IDE makes it really easy
for you to add automatic properties. Here’s how:

encapsulation

Watch it!
Automatic

¢ properties
are a C# 3.0
feature.

If you're still
using Visual
Studio 2005
and C# 2.0,

this code won't
work. We highly
recommend that
you use Visual
Studio 2008
Express. You
can download it
for free!

The prop—tab—tab code snippet
_adds an automatic property to

2)

/ your tode.

Remove the BagsOfFeed field from the Farmer class. Put your cursor where the field used to be,
and then type prop and press the tab key twice. The IDE will add this line to your code:

public MyProperty { get; set; }

Press the tab key—the cursor jumps to MyProperty. Change its name to BagsOfFeed:
public int BagsOfFeed { get; set; }

Now you’ve got a property instead of a field. When C# sees this, it works exactly the same as if you

used a backing field (like the private numberOfCows behind the public NumberOfCows property).

That hasn’t fixed our problem yet. But there’s an easy fix—just make it a read-only property:
public int BagsOfFeed { get; private set; }

Try to rebuild your code—you’ll get an error on the line in the button that sets BagsOfFeed telling
you that the set accessor is private. Now your Farmer class is better encapsulated!

you are here »
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set it up

What if we want to change the feed multiplier?

We built the Cow Calculator to use a const for the feed multiplier. But what if we want *

to use the same Farmer class in different programs that need different feed multipliers? D@ t})iS' *
You've seen how you poor encapsulation can cause problems when you make fields

in one class too accessible to other classes. That’s why you should only make fields

and methods public if you need to. Since the Cow Calculator never updates *

FeedMultiplier, there’s no need to allow any other class to set it. So let’s change it
to a read-only automatic property.

This au{'pma‘t'lt, ?\ro\vcv{:\/ atts \.)us{:
like an int field. [t has a ?ub\lt, gc{:,
whith means any other tlass ean
public const int FeedMultiplier = 30; e e e x: Fcch€l£1,::;£_
Use prop-tab-tab to add a read-only automatic property: / 'B“:t:s“:ic;f:dsf fn"\sl E:Iia:\' on\\l g
public int FeedMultiplier { get; private set; } cet b\, an instance of Farmer.

o Remove this line from your program:

e Go ahead and make that change to your code. Then run it. Uh-oh—something’s wrong!
BagsOfFeed always returns 0 bags!

Wait, that make sense. FeedMultiplier never got initialized. It starts out with the
default value of zero and never changes. When it’s multiplied by the number of cows, it still
gives you zero. So add an object initializer:

public Forml () {
InitializeComponent () ;
farmer = new Farmer () { NumberOfCows = 15, FeedMultiplier = 30 };

Uh-oh—the program won’t compile! You should get this error:

Error List E|
0 1 Error _f_\, 0 Warnings u) 0 Messages

Cescription File Line Colmn

@ 1 The property or indexer Forml.cs 18 56
' Cow_Calculator Farmer FeedMLltiplier' cannot be used in
this context because the set accessor is inaccessible

You can only initialize public fields and properties inside an object initializer.
So how can you make sure your object gets initialized properly if some of
the fields that need to be initialized are private?
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encapsulation

Use a constructor to initialize private fields

If you need to initialize your object, but some of the fields that need to be initialized are private, All you have to do to
then an object initializer just won’t do. Luckily, there’s a special method that you can add to any
class called a constructor. If a class has a constructor, then that constructor is the very first
thing that gets executed when the class is created with the new statement. You can pass
parameters to the constructor to give it values that need to be initialized. But the constructor

add a constructor
to a class is add a
method that has the

does not have a return value, because you don’t actually call it directly. You pass its same name as the
parameters to the new statement. And you already know that new returns the object—so class and no return
there’s no way for a constructor to return anything; value.

Add a constructor to your Farmer class
This constructor only has two lines, but there’s a lot going on here. So let’s take it step by step.
We already know that we need the number of cows and a feed multiplier for the class, so we’ll

we'll changc add them as parameters to the constructor. We’ll change feedMultiplier froma const to
‘(:CCdMuH:iFlicr an int. We’ll need a value for it, so let’s make sure it gf,ts assed into the constructor. \/Xe’ll use
] K .
feom a tonst +o . the constructor to set the number of cows, too.. nee we (ghahSCd ECCdM"I iplier +rom a publie const to a

S . . . : . private int field, we ¢hanged its name so it starts with a
. mt Flc‘id. %—% int feedMultiplier; I°W)Cl;f‘¢a$€;;:c”- Tha-{is a pretty standavd naming convention
21:"-?5 v::w“void" public Farmer (int numberOfCor:/wog , scinir:ouﬁfgegﬁgf&iiplier) {
« -{;" . . . . . The 'civ'st thi ’ ;
::oé:cr ::/‘,c this.feedMultiplier = feedMultiplier; the feed mtzgua::,”bﬁfafs:‘i
after “public”.

needs o be sef bef,
That's because NumberOfCows = numberOfCows; ¢all the NumberO£Cons set
construttors } £ we ")uS'E set the private mamberOfCows field, the NumberOfCows set accessor accessor.

Ctore we Lan
dOEUC ha;lc : would never be ¢alled. Setting NumberOfCows makes sure it's ¢alled.
veturn value.

>
This is the evror : =
you'll gt £ your ‘0 1 Err0r| |J\_1, 0 Warr‘llﬂgs| |k!) 0 Messages|
tonstruttor Description File Line | Column
takes parameters
bu‘{: \/ou\r new
docsv\){: have an\/.

@1 ' Cow Calculator Farmer' does not contain a constructor Forml.cs 18 22
that takes '0" arguments

e Now change the form so that it uses the constructor
The only thing you need to do now is change the form so that the new statement that
creates the Farmer object uses the constructor instead of an object initializer.

publlC Forml () { 6 \/ou alrcad\/ know that the .
=4 - . Lorm is an obieet. Well, it's 90

InitializeComponent () ; a°con sbwcij tool That's what
farmer = new Farmer (15, 30); his method is—notice how it

med Forml (like the elass)
kS US‘{'. nd C ) {_'
’ {,a{: ment ealls the tonstruttor. H', lool J and it docsn{: have a veturn
} rl::casnwti::\ccf ‘;:ervlve:;,af&vn:n{zhcnc?{ that it has pavameters that v.:luc.
‘ . .
it \78515 into the tonstruttor method. When you {',\/?c it in, wateh

. . . method.
for the [ntelliSense ?o?—u?——l{: looks Jus{: like any other metho you are here » 197



constructors deconstructed

Constructers

Way Up Clase

veturn An\/{‘)\ing, so
there’s no veturn {\/Pc.

private |int feedMultiplier;

}Wc need a way to diffeventiate the field called
feedMultiplier from the pacameter with the w—
same name. That's where the “this.” keyword
tomes in veally handy.

public Farmer (int numberOfCows, int feedMulti

Let's take a closer look at the Farmer constructor so we can get a good sense
of what's really going on.

This onstruttor has two pavameters, which work Just like
ordinary parameters. The first one gives the number of tows,
and the second one is the feed multiplier.

lier
We need to set {hc) fecfi multiplier fivst,

this.feedMultiplier = feedMultiplier; because the setond statement ealls the
- NumberOfCows set accessor, whith needs
NumberOfCows = numberOfCows; feedMultiplier to have a value in order to

set BagsO«chcd-

Since “this” is always a vefevente to the turvent dbjeet, this feedMultipler
vefers to the field. £ you leave “this” off, then feedMultiplier vefers
1o the parameter. So the first line in the construetor seks the private
feedMultiplier field equal +o the second parameter of the constructor.

therejare no
b Questions

Dum

Q: Is it possible to have a constructor without any
parameters?

A: Yes. It's actually very common for a class to have a
constructor without a parameter. In fact, you've already seen an
example of it—your form’s constructor. Look inside a newly
added Windows form and find its constructor’s declaration:

public Forml () {
InitializeComponent () ;

}

That's the constructor for your form object. It doesn’t take

any parameters, but it does have to do a lot. Take a minute

and open up Forml .Designer.cs. Find the
InitializeComponent () method by clicking on the plus
symbol next to “Windows Form Designer generated code”.

That method initializes all of the controls on the form and sets
all of their properties. If you drag a new control onto your form
in the IDE’s form designer and set some of its properties in the
Properties window, you'll see those changes reflected inside the
InitializeComponent () method.
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The InitializeComponent () method is called inside
the form’s constructor so that the controls all get initialized as
soon as the form object is created. (Remember, every form that
gets displayed is just another object that happens to use methods
that the .NET Framework provides in the System.Windows.Forms
namespace to display windows, buttons and other controls.)

When a method’s parameter
has the same name as a
field, then it masks the
field.

Watch it!
Did you notice how the
constructor’s numberOfCows parameter
looks just like the backing field behind the
NumberOfCows property? If you wanted to use
to the backing field in of the constructor, you'd
use “this. —numberOfCows refers to the
parameter, and this.numberOfCows iS how
you’d access the private field.




Q,: Why would | need complicated
logic in a get or set accessor? Isn’t it just
a way of creating a field?

A: Because sometimes you know that
every time you set a field, you'll have to do
some calculation or perform some action.
Think about Kathleen’s problem—she

ran into trouble because the form didn’t
run the method to recalculate the cost of
the decorations after setting the number

of people in the DinnerParty class. If we
replaced the field with a set accessor, then
we could make sure that the set accessor
recalculates the cost of the decorations. (In
fact, you're about to do exactly that in just a
couple of pages!)

Q: Wait a minute—so what’s the
difference between a method and a get or
set accessor?

A: There is none! Get and set accessors
are a special kind of method—one that looks
just like a field to other objects, and called
whenever that field is set. Get accessors
always return a value that's the same type
as the field, and set accessors always take
exactly one parameter called value
whose type is the same as the field. Oh,

and by the way, you can just say “property”
instead of “get and set accessor’.

Q: So you can have ANY kind of
statement in a property?

A: Absolutely. Anything you can do in a
method, you can do in a property. They can
call other methods, access other fields, even
create objects and instances. But they only
get called when a field gets accessed, so it
doesn’t make sense to have any statements

tllere are no °
Dumb Questions

in them that don’t have to do with getting or
setting the field.

Q: If a set accessor always takes a
parameter called value, why doesn’t its
declaration have parentheses with “int
value” in them, like you'd have with
any other method that takes a parameter
called value?

A: Because C# was built to keep you from
having to type in extra information that the
compiler doesn’t need. The parameter gets
declared without you having to explicitly type
it in, which doesn’t sound like much when
you’re only typing one or two—but when you
have to type a few hundred, it can be a real
time saver (not to mention a bug preventer).

Every set accessor always has exactly one
parameter called value, and the type of
that parameter always matches the type of
the field. C# has all the information it needs
about the type and parameter as soon as
you type “set {". So there’s no need for
you to type any more, and the C# compiler
isn’'t going to make you type more than you
have to.

Q: Wait, a sec—is that why | don’t add
a return value to my constructor?

A: Exactly! Your constructor doesn’t have
a return value because every constructor

is always void. It would be redundant to

make you type “void” at the beginning of
each constructor, so you don’t have to.

Q: Can | have a get without a set or a
set without a get?

encapsulation

A: Yes! When you have a get accessor
but no set, you create a read-only field. For
example, the SecretAgent class might have
a ReadOnly field for the name:

string name = “Dash Martin”;
public string Name {
get { return name; }
}
And if you create a property with a set
accessor but no get, then your field can only
be written, but not read. The SecretAgent
class could use that for a Password field that
other spies could write to but not see:
public string Password {
set {
if (value == secretCode) {
name = “Herb Jones”;

}

Both of those techniques can come in really
handy when you're doing encapsulation.

pro])erties (get and
set accessors) are

a special kind of
method that's only
run when another
class reads or
writes a property.
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what’s in a name?

harpen your Pencil

Take a look at the get and set accessors here. The Form that is using

this class has a new instance of CableBill called thisMonth and calls

the GetThisMonthsBill () method with a button click. Write down the
value of the amountOwed variable after the code below executed.

public class CableBill {
private int rentalFee;
public CableBill (int rentalFee) {
this.rentalFee = rentalFee;
discount = false;

private int payPerViewDiscount;
private bool discount;
public bool Discount {
set {
discount = wvalue;
if (discount)
payPerViewDiscount = 2;
else
payPerViewDiscount

Il
o
~

public int CalculateAmount (int payPerViewMoviesOrdered)

return (rentalFee - payPerViewDiscount) * payPerViewMoviesOrdered;

1. CableBill january = new CableBill (4);
MessageBox.Show (january.CalculateAmount (7) .ToString()) ;

2. CableBill february = new CableBill(7);
february.payPerViewDiscount = 1;
MessageBox.Show (february.CalculateAmount (3) .ToString()) ;

3. CableBill march = new CableBill (9);
march.Discount = true;
MessageBox.Show (march.CalculateAmount (6) .ToString()) ;

What's the value of
amountOwed?

What's the value of
amountOwed?

What's the value of
amountOwed?
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therejare no
Dumb Questions

Q} | noticed that you used uppercase
names for some fields but lowercase
ones for others. Does that matter?

A: Yes—it matters to you. But it doesn’t
matter to the compiler. C# doesn’t care what
you name your variables, but if you choose
weird names then it makes your code hard
to read. Sometimes it can get confusing
when you have variables that are named the
same, except one starts with an uppercase

letter and the other starts with a lowercase
one.

Here are a few tips about variable names
to help you keep it straight. They’re not
hard-and-fast rules—the compiler doesn’t
care whether a variable is uppercase or
lowercase—but they're good suggestions to
help make your code easier to read.

1. When you declare a private field, it should
be in camelCase and start with a lowercase
letter. (It's called camelCase because it
starts with a lowercase letter and additional
words are uppercase, so they resemble
humps on a camel.)

encapsulation

2. Public properties and methods are in
PascalCase (they start with an uppercase
letter).

3. Parameters to methods should be in
camelCase.

4. Some methods, especially constructors,
will have parameters with the same names
as fields. When this happens, the parameter
masks the field, which means statements

in the method that use the name end up
referring to the parameter, not the field. Use
the this keyword to fix the problem—add
it to the variable to tell the compiler you're
talking about the field, not the parameter.

_ harpen your pencil

This code has problems. Write down what you think is wrong with

the code, and what you'd change.

class GumballMachine {

private int gumballs;

............................ public GumballMachine (int gumballs,

return price;

gumballs = this.gumballs;

wprlce
}

public string DispenseOneGumball (int price,

= Price;

int/price)

int coinsInserted)

{ // check the field

{
if (this.coinsInserted >= price)

.................................... qumballs - 1;
.................................... retuin “Here's your gumball”;
.................................... | else |
.................................... eturn “Please insert more coine’:
................................... }

}
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encapsulation prevents bugs

arpen your pencil
P ySoIEtion

Write down the value of the amountOwed variable after the code
below executed.

What's the value of

1. CableBill january = new CableBill (4);
! ) amountOwed?
MessageBox.Show (jJanuary.CalculateAmount (7) .ToString () ) ;
18
2. CableBill february = new CableBill (7);
february.payPerViewDiscount = 1; What's the value of
. valu
MessageBox.Show (february.CalculateAmount (3) .ToString() ) ; amountOwed?
3. CableBill march = new CableBill (9); won't compile

march.Discount true;

MessageBox.Show (march.CalculateAmount (6) .ToString()) ;
What's the value of

amountOwed?

42

— qgharpen your pencil
solutlon This code has problems. Write down what you think is wrong with
the code, and what you'd change.

Lowerease price vefers to th m
the eonstruetor, not the field. ;'h‘?:kl?nccf:{:sb
the PARAMETER 4o the value veturned by the

. | e wron5
Price get atcessor, but Price hasn’t even been

The “this’ kcywo\rd is on th

set yet! So it doesn’t do anythi
/ Y hing useful. £
thange the constructor’s Parametzr to :Ppcrz::c

vs
“aumballs’. this.gumballs vexc
?::c property, while gumballs vevers to

Price, this line will work Froycrl\/. the Yaramchcv.

public GumballMachine (int gumballs,
{

int

gumballs
. price

this.gumballs;
Price;

}

public string DispenseOneGumball (int price,

{
[(§ R
Th‘ this kc\/zoﬂi if (this.coinsInserted >= price)
is on 3 pavameter, / gumballs -= 1;

. )
thlm lJclicdotfsnlj be return “Here’s your gumball”;
(4 ong- shou | else |

on price, betause
4hat field is masked
by a ?a\ramc}{:c\r.

{7/

rice)

This parameter masks the
private field called Price, and
the comment says the method is
supposed to be thecking the value
of the price backing field.

int coinsInserted)

check the field

return “Please insert more coins”;
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encapsulation

Use what you've learned about properties and constructors to fix Kathleen’s Party Planner
program.

How to fix the Dinner Party calculator
If we want to fix the DinnerParty class, we’ll need a way to make sure that the
CalculateCostOfDecorations () method gets called every time that NumberOfPeople changes.

NumberOfPeople = 10;

ecorations()Nt

CalculatecostOfD 5
; Q%
We need +o veealeulate the detoration cost 0,- <
A every time the number of people thanges. ’7’7€qu o
Cyvn

I£ we make sure that the cost of the
decovations is vecaleulated every time

xk/ the number of people is updated, then
CaleulateCost() will always veturn the
riah{ amount.

CalculateCost () returns $650

Add properties and a constructor
All you need to do to fix Kathleen’s problem 1s make sure the DinnerParty class is well-
encapsulated. You’ll start by changing NumberOfPeople to a property that always calls
CalculateCostOfDecorations() any time it’s called. Then you’ll add a constructor that makes
sure the instance is initialized properly. Finally, you’ll change the form so it uses the new
constructor. If you do this right, that’s the only change you’ll need to make to the form.

*  You’'ll need to create a new property for NumberOfPeople that has a set accessor
which calls CalculateCostOfDecorations (). It'll need a backing field called
numberOfPeople.

* The NumberOfPeople set accessor needs to have a value to pass as the parameter to
the CalculateCostOfDecorations () method. So add a private bool field called

fancyDecorations that you set every time CalculateCostOfDecorations () is
called.

* Add a constructor that sets up the class. It needs to take three parameters for the Number
of People, Healthy Option, and Fancy Decorations. The form currently calls two methods
when it initializes the DinnerParty object—move them into the constructor.

dinnerParty.CalculateCostOfDecorations (fancyBox.Checked) ;
dinnerParty.SetHealthyOption (healthyBox.Checked) ;

#* Here’s the constructor for the form—everything else in the form stays the same:
public Forml () {
InitializeComponent () ;
dinnerParty = new DinnerParty((int)numericUpDownl.Value,
healthyBox.Checked, fancyBox.Checked) ;
DisplayDinnerPartyCost () ;
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exercise solution

Use what you've learned about properties and constructors to fix Kathleen’s Party Planner

N em program.
XeRcise
SoLution
public class DinnerParty {
const int CostOfFoodPerPerson = 25; Now fhaﬁhvmbcvothoﬂcisyrwa{Q Lheve's
no wa it wi
private int numberOfPeople; | Y ‘("IOY‘ 'Eh.e form o ¢hange it without
public int NumberOfPeople { dise rd’a (’“Ia{"‘s the cost of the detovations.
get { return numberOfPeople; } Tha{;l('! fix the bug that almost cost Kathleen
set { one ot h ients/
numberOfPeople = value; crbcﬂ;dwnfg
CalculateCostOfDecorations (fancyDecorations) ;
} .
) By using a property, you tan make
private bool fancyDecorations; sure that the tost decorations is

vetaleulated every time the number

public decimal CostOfBeveragesPerPerson; of‘koﬂccha
nges.

public decimal CostOfDecorations = 0;

public DinnerParty(int numberOfPeople, bool healthyOption, bool fancyDecorations) ({
this.NumberOfPeople = numberOfPeople;

this.fancyDecorations = fancyDecorations; BcdmtﬁulthYOu

SetHealthyOption (healthyOption) ; Wy. »

CalculateCostOfDecorations (fancyDecorations) ; use £h§ :Nhkcsmt
} YYou Fu‘{: it in ‘cron{: o‘('\

NumberO£People so that it

public void SetHealthyOption (bool healthyOption) { ;
if (healthyOptlon) { Ca”s 'H’\C SC'E attessor \
CostOfBeveragesPerPerson = 5.00M;

)
} else { Make sure You store the And You “(,‘h“i {;}
CostOfBeveragesPerPerson = 20.00M; Fancy dCCoVa{:ioy\s ina ‘Ficld ?u{: it in fron !
{ .
} so the NumbcrOfP I “(:anc\/DCCOra{:lons
J cople set because the
. . . atelessor Lan use it. ‘(: )
public void CalculateCostOfDecorations (bool fancy) { mwyDCCmG{wns
If?nc?f/Deco;:a‘?ions = fancy; ?aramc{:cr masks
i ancy . .
CostOfDecorations = (NumberOfPeople * 15.00M) + 50M; {hcyrwa£cl;dd
} else { with the same
CostOfDecorations = (NumberOfPeople * 7.50M) + 30M; name.

}
}

public decimal CalculateCost (bool healthyOption) {
decimal totalCost = CostOfDecorations
+ ((CostOfBeveragesPerPerson + CostOfFoodPerPerson) * NumberOfPeople);

if (healthyOption) {

return totalCost * .95M;
} else {

return totalCost;

}
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6 inheritance
* +

* Your object’s family tree

So there I was riding my bicycle
object down dead man's curve
when I realized it inherited from
TwoWheeler and I forgot to add a
Brakes() method...long story short,
twenty-six stitches and Mom said I'm
grounded for a month.

Sometimes you DO want to be just like your parents.
Ever run across an object that almost does exactly what you want your object to do?
Found yourself wishing that if you could just change a few things, that object would

be perfect? Well that's just one reason that inheritance is one of the most powerful
concepts and techniques in the C# language. Before you're through this chapter, you'll
learn how to subclass an object to get its behavior, but keep the flexibility to make
changes to that behavior. You'll avoid duplicate code, model the real world more
closely, and end up with code that's easier to maintain.

this is a new chapter
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happy birthday baby

Kathleen does birthday parties, too

Now that you got your program working, Kathleen is using it all the
time. But she doesn’t just handle dinner parties—she does birthdays
too, and theyre priced a little differently. She’ll need you to add
birthdays to her program.

I just got a call for a
birthday party for 10 people.
Can your program handle that?

These are both the same
as the dinner Far{;}r.

]\
Cost Estimate for aBirthday Pur‘y b |

¢ §J5 perperson.

e There are two options for the cost of decorations. Ifa C'lirf’:r'l'f' .
goes with the normal decorations, it's §7.50 per person wﬂr:j a :F.«;O
;:kacorﬂﬁrxg_, fes. A client can dso upgrads the party da':‘.{J-l.'JI":'J:!'ICIr‘;‘cs-
to the "Fancy Option —that costs 15 per person with a §50 one-
time decorating fee.

« When the party has four people or less, use an 8-inch cake (§40).

Otherwise, she uses a 16-inch cake (§75).

> o \riting on the calte costs $.25 for each letter. The &-inch cake can

g lett W and the 16-inc can have up
Most of the ¢ham - have up to 16 Iej.ﬁer*r?- of writing, and the 16-inch one 1 have Ui
have to do with eakes to Y40 letters of writing,
a withy The application should hande both fypes of parties. Use a tab control,

one tab for each kind of party.
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We need a BirthdayParty class

Modifying your program to calculate the cost of Kathleen’s
birthday parties means adding a new class and changing the

form to let you handle both kinds of parties.

Here’s what we need to do:

o Create a new BirthdayParty class

Your new class will need to caleulate the costs, deal with
decorations, and check the size of the writing on the cake.

o

Add a TabControl to your form

Each tab on the form is a lot like the GroupBox control vou used
to show how much cash Joe and Bob had back in Chapter 3. Just

[ need to get a sense of
what the Job inviolves.

inheritance

You'll do all this in a
minute—but First you'll

BirthdayParty

NumberOfPeople
CostOfDecorations
CakeSize
CakeWriting

CalculateCostOfDecorations()
CalculateCost()

click on the tab you want to display, and drag controls into it.

Label the first tab and move the Dinner Party controls onto it

You'll drag each ol the controls that handle the dinner party into the new tab.
They’ll work exactly like before, but they’ll only be displayed when the dinner

party tab is selected.

Label the second tab and add new Birthday Party controls onto it

You'll design the interface for handling birthday parties just like you did for the

dinner parties,

Wire your birthday party class up to the controls

Now all you need to do is add a BirthdayParty reference to the form’s fields, and add
the code to each of vour new controls to so that it uses its methods and properties,

Dum

(:!_; Why can't we just create a new instance of DinnerParty,
like Mike did when he wanted to compare three routes in his
navigation program?

A: Because if you created another instance of the DinnerParty
class, you'd only be able to use it to plan extra dinner parties. Two
instances of the same class can be really useful if you need to
manage two different pieces of the same kind of daia. But if you need

to store different kinds of data, you'll need different classes to do it.

therejare no
b Questions

Q} How do | know what to put in the new class?

A: Before you can start building a class, you need to know

what problem it's supposed to solve. That's why you had to talk to
Kathleen—she's going to be using the program. Good thing you took
a lot of notes! You can come up with your class's methods, fields, and
properties by thinking about its behavior (what it needs to do) and its
state (what it needs to know).
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another kind of party

Make sure You use detimal as
the type for the Ffields and

Add birthday parties to Kathleen's party planning program. properties that hold currenty.
L A
19e BirthdayParty
) NumberOfPeople
o Add the new BirthdayParty class to your program okitiDecs rat? i
You already know how you'll handle the NumberOfPeople property and CakeSize
the CostOfDecorations methods—they're just like their counterparts in CakeWriing
DinnerParty. Start by creating your new class and adding those. Then -
add the rest of the behavior: ga:cu:aieggsigmemrmlonsﬂ
alculatelL.os
I€ the cj‘akt *  Add a CakeSize integer property. Make a private method
w‘r'l'h"lﬂ is too ]'}"3 called CaleulateCakeSize{) that sets CakeSize to either 8 or 16
for the take, the depending on the number of people. You'll need to call it from
set actessor tuts the constructor and the NumberOfPeople set accessor.
the backing field *  You'll need a CakeWriting string property to hold the writing m ¢
' BT L : ol on wﬂhfah)rn'!:hr,r
down to size. on the cake. We'll give you the code for this one. i
Il need - methods thanging the
So You *  The CakeWriting set accessor checks CakeSize because value of CakeWyiti
' . 55 o : dlue eWriting,
to make sure different sizes ol cake can hold diflerent numbers of letters.
veload the text Then it uses value. Length to check how long the string
into the text is. If it’s too long, instead of setting the private field, the set )
box every time accessor pops up a message box that says, “Too many letters Click on the tabs o switeh
the text changes for a 16-inch cake” (or B-inch cake). between them. Use the
or the number *  Every string has a Substring () method that returns a TabCollettion ?rﬂ?ﬂ"{:‘f to
ok ?f-ﬂ?l e thanaes portion of the string. CakeWriting uses it to cut the size of thange the text for each
(in case there's the cake writing down—if” the number of people changes and tab. Click the “..” button
a:hlang sbring and reduces the cake size, you'll need to cut down the string, too. next 4o it and select each
she ewks down to *  Finally, add the CalculateCost{) method. But instead of taking tab's Text 'F""O?C'r{:‘f-
smaller take). the decoration cost and adding the cost of beverages (which is
g what happens in DinnerParty), it'll add the cost of the cake. g8 Burre Alanner X
Dinner Party
9 Update the form to add tabs dey Poryig —I

Humber of People
§ <

Fancy decorations

Drag a TabControl out of the toolbox and onto your form, and resize

it so it takes up the entire form. Change the text of each tab using the

TabPages property: a “..." button shows up in the Properties Window :
; St 5 i [] Healthy Dptian

next to the property. When you click i, the IDE pops up a window

that lets vou edit the properties of each tab. Set the Text property of

Cost [$350.00
the tabs 1o “Dinner Party” and “Birthday Parey™.

©  Name the first tab and move the Dinner Party

controls onto it After You drag the Dinner
You'll drag the each of the controls that handle the dinner Party tontrols onto the tab,
party into the new tah. They'll work exactly like they do now, ‘l.’.'l'll:'p':” ohw be visible when the

but theyll anly be displaved when that tab is selected. ;
f | - Dinner Party tab is selected.
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Build the Birthday Party user interface

The Birthday Party GUI has a NumericUpDown control for the number of people, a
CheckBox control for fancy decorations, and a Label control with a 3D border lor the cost.
Then yvou'll add a TextBox control for the cake writing.

Cliek on the Birﬂmday Party
tab and add the new tontrols.

® Party Planner
Dinner Party | Birthday Pa &
Number of Peaple

155 i

Fancy Decorations

This tab uses the
Numcr'\ﬂu?Dawn. Chct.kE’oi;"\.\___
and Label eontrols JuSJC. like
4he Dinner Party tab does.
Name them numberBirthday,
fantyBirthday, and
hir‘{:hdajICos-b

Add a TextBox tontrol ealled
caktWri'EinS for the wr'r{'.ing
on the take (and 3 label above
it so the user knows what it's
for). Use its Text Property
to give it a default value of
“Happy Bivthday”.

Cake Writing
|Happy Birthday

s COS1

You'll need this property
Here's the code for the BirthdayParty.CakeWriting property—it'll come in handy:

LU
r

This property is a little move tomplex than the ones
é_)" I::“vt seen before. [t cheeks the eake size to see if it's

private string cakeWriting =
public string CakeWriting {
get { return this.cakeWriting;

set | o I“{:EI-’. for £_hc .-:allcc, mzingipi:}uz' maxLength variable to
Did BB o oSUERGEN, re the maximum length. [£ it's too long, it gjves an
s el T ervor message and then cuts the batking field down to
'}F ‘U'IC bra-t'.kt{.s? else the Tiﬁhf size, so it tan be reloaded into the '&:ﬁ{, bex.
maxlength = 40;

When ‘F'uu ahl‘l{ have
one statement in a
tode blotk, You don't
need to add turly
bratkets avound it.

if (value.Length > maxLength) {
MessageBox . Show (“"Too many letters for a *
if (maxLength > this.cakeWriting.Length)
maxLength = this.cakeWriting.Length;
this.cakeWriting = cakeWriting.Substring{0, maxLength}:

+ CakeSize + “ inch cake®):

else
this.cakeWriting = value;

Euerly string has a Subﬂ;rihaf ) method that returns 3
portion of the strina. This one cuts it down $o the

; allowed length, so you'll need to veload the writi into
} the textbox when the text or take size f.hahacfhﬂ .
O  Fut it all together

All the pieces are there, now it's just a matter o writing a little code to make the controls work,

*  Add a BirthdayParty object to the form. Make sure vou mstantiate it.
*  Add code to the NumericUpDaown control’s event handler method to set the object’s
NumberOfPeople property. —
& Makethe R D ! s K ® Party Planner [X]
F: » v i gy e ; s chec w work. ; .
ke the Fancy Decoratuons checkbox wor e Bifhdey Perty | |
*  Add a DisplayBirthdayPartyCost() method and add 1t Mumber of People
to all of the event handlers so the cost label is updated [7 ]
automatically any time there’s a change.
Fancy Decorations
o Run it

Cake Writing
|Happy bithday Myrled

Cost [§41050

Make sure the program works the way it’s supposed to. Check that it
pops up a message box if’ the writing 1s too long for the cake. Make
sure the price is always right. Once it's working, you're done!
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oLution

Chapter 6

Add birthday parties to Kathleen's party planning program.

The BirthdayParty imstance is

public partial class Forml : Form { mikialized in the orms tonstruttor,

DinnerParty dinnerParty; wusk like Ehe inskante of DihhchaY‘l'.‘f-
BirthdayParty birthdayParty: J

public Forml () {
InitializeComponent () ;
dinnerParty = new DinnerParty((int)numericUpDownl.Value,
healthyBox.Checked, fancyBox.Checked):;
DisplayDinnerPartyCost () ;

birthdayParty = new BirthdayParty({(int)numberBirthday.Value,
fancyBirthday.Checked, cakeWriting.Text);:

DisplayBirthdayPartyCost (}:

/4 The fancyBox, healthyBox, and numericUpDownl event handlers and
/7 the DisplayDinnerCost() method are identical te the ones in the
// Dinner Party exercise at the end of Chapter 5.

private void numberBirthday ValueChanged(object sender, EventArgs e) |
birthdayParty.NumberOfPeople = (int)numberBirthday.Value;

DisplayBirthdayPartyCost () ;
K_The CheekBox and NumerieUpDown controls’ event

handlevs ave just like the ones for the dinner party.

private veid fancyBirthday CheckedChanged (object sender, EventhArgs e) |
birthdayParty.CalculateCostOfDecorations (fancyBirthday.Checked) ;
DisplayBirthdayPartyCost();

private veoid cakeWriting TextChanged{cbject sender, EventRArgs e} {
birthdayParty.CakeWriting = cakeWriting.Text;
DisplayBirthdayPartyCost () ;

} The way that the form

handles the eake writing

private void DisplayBirthdayPartyCost() { tan be "fa"}' simple because
cakeWriting.Text = birthdayParty.CakeWriting; the B"'&da'fpar{:'f tlass
decimal cost = birthdayParty.CalculateCost({); is well ent‘.afsula{'.td- Al

i = 7] ] Wby g 'U'IC ‘FU"'IH has {'.ﬂ dﬂ 15 use
} birthdayCost.Text = cost.ToString(“c”}; e
All the intelligence for dealing with making sure the properties on the object,
writing, the rumber of people, and the cake size are built and the ::eu{ takes cave
into the NumberOfPeople and CakeWriting set actessors, of the r

so the form just has to set and display the values.



inheritance

using System.Windows.Forms;

public class BirthdayParty |
public const int CostOfFoodPerPerson = 25;

T OTTEEN L the BirthdayParty object is initialized, it needs
R ot SEAATIONE T T 4o know the number of people, the -Fancy detorations
private bool fancyDecorations; o - .
public int CakeBize; and the writing on the take, so it ¢an start out with

the ridjh{-, take cost when CaleulateCost() is called.

public BirthdayParty(int numberOfPeople, bool fancyDecorations, string cakeWriting) |{

this.numberOfPeople = numberOfPeople; The construttor’s calling the set ateessor o
this.fancyDecorations = fancyDecorations; set the take “_iﬁhﬁ} in tase the Fa.‘.amc-&r

" C g a B X
Ca%culate a]ice‘S:Lze{) i . ki ldhﬁ Fm— the eake, so Vs ﬁﬂ{ 1
this.CakeWriting = cakeWriting;

CalculateCostOfDecorations (fancyDecorations); -f.&'t-u'a{‘.c ‘l:he take size i
) The tonstruttor sets
the properties and then
private wvoid CalculateCakeSize() { vuns the C-&lﬁuiiﬁons.
if (HumberOfPecple <= 4) b
i = H: b1 4
CakeSize 8; Th c;\aula’ccC&kﬂg‘uo me{hod q
. ‘ Cield. [t's called by the
CakeSize = 16; the CakeSize Tield

| Nnmhcrﬂﬁ?ca?lc cek attessor and

CalevlateCost() method:
private string cakeWriting = “¥:
public string CakeWriting {
get { return this.cakeWriting; } The C&kcwvi{‘.inﬁ ?V‘O?C"{'-‘f makes sure

set | that the cake's w'rl:.ihg is never too ’:ong
int maxLength; Lor the eake size. [ts set actessor thetks
I s == fhe cake size, then uses the backing
maxLength = 16; Lields Lcnﬁ{‘.h P“"’fﬂ'{'-\f Lo make sure T
else

not too |on5- IJ; it is, it euts the s{;ring
down to the rigH; size.

maxLength = 40;
if (value.Length > maxLength) {
MessageBox.Show (“Too many letters for a * + CakeSize + ™ inch cake”);
if (maxLength > this.cakeWriting.Length}
maxLength = this.cakeWriting.Length;
this.cakeWriting = cakeWriting.Substring(0, maxLength):

I

else
this.cakeWriting

value;
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exercise solution

Add birthday parties to Kathleen's party planning program.

We've using decimal because we've dealing with
prites and turventy.

public decimal CalculateCost() |
decimal TotalCost =

CostCfDecorations + (CostOfFoocdPerPerson * NumberOfPeople);
decimal CakeCost;

if (CakeSize == 8) The CaleulateCost() method is a
CakeCost = 40M + CakeWriting.Length * .25M; lot like the one from DimerPar‘l:‘f,
e extept that it adds the cost of
CakeCost = 75M + CakeWriting.lLength * .25M; the eake instead o {he Hea&hy
; return TotalCost + CakeCost: Choif.c o?{:,inh-
private int numberOfPeople; Making the Ca'&d*fﬁ{';l.hﬂ “Eﬂw‘} c::[_.t ::!wn
public int NumberOfPeople { the size of the take is “"“w ha“
get { return numberOfPecple; } solution. The other ha“F is maklhﬁ sure
set | < that the CakeWriting set actessor gets vun

numberOfPecple = value; every time the number O'F ?co?'le C.'h-ihscs.

CalculateCostOfDecorations (fancyDecorations):

CalculateCakeSize(): b OF i it
this.CakeWriting = cakeWriting: Co when the num E\' peof
) c_]‘ahggsr *Eh-e tlass 'FI'I'SE
) This method 'tsjus{‘. like the one in vetaleulates the take size, and
the DinnerParty class. Ehen it uses its set atcessor
public void CalculateCostOfDecorations{bocl fancy) | Cakc.Wr'tﬁnﬂ 1o tut the ":z'ﬁ'&
fancyDecorationzs = fancy: down—so .‘F a ]D_-?crm Fa'f‘bf
if (fancy) Lurns into @ 4—person one, their
CostOfDecorations = (NumberOfPeople * 15.00M) + 50M; 3b_|etter message will be et
o down o one that'll £it on the
CostOfDecorations = (NumberOfPeople * 7.50M) + 30M;
\ smaller cake.
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Owne wore thing... can you add a
#4100 fee for parties over 127

Kathleen’s gotten so much business using your program that she
can afford to charge a little more for some of her larger clients. So
what would it take to change your program to add in the extra
charge?

* Change the DinnerParty.CalculateCost() to check
NumberOfPeople and add 100 to the return value if it’s
over 12.

* Do the exact same thing for BirthdayParty. CalculateCos().

Take a minute and think about how yvou'd add a fee to both the
DinnerParty and BirthdayvParty class. What code would vou write?
Where would it have to go?

Easy enough... but what happens il there are three similar classes?
Or four? Or twelve? And what i’ you had to maintain that code
and make more changes later? What if’ you had to make the same
exact change to five or six closely related classes?

Wow, I'd have to write the same
code over and over again. That's
a really inefficient way to work.
There's got to be a better way!

You're right! Having the same code repeated in
different classes is inefficient and error-prone.

Lucky tor us, C# gives us a better way to build classes that are

related to each other, and share behavior: inheritance.
—
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ho need to use gold when anything shiny will do

When your classes use inheritance, you only need
to write your code once

It’s no coincidence that vour DinnerParty and BirthdayParty classes have a lot of the

same code. When you write C# programs, vou often create classes that represent things
in the real world—and those things are usually related 1o each other. Your classes have
similar code because the things they represent in the real world

and a dinner party—have similar behaviors.

a birthday party

| innerP irthdayPa
NumberOfPeople 4 = NumberOfPeople

Ka’chleen needs C:-s‘foDeca:a!ians\( : CostOfDecorations
{0 -F'lﬁurt out HealthyOption CakeSize

os eragesPerPerson akeWri
et ks CostDfBeveragesPerP: CakeWriing

14
fl &H: - q CalculateCostOfDecorations{) EalwlateCnstDﬁJecuralions{}l

paruies, ne m f_Caicula‘teCostn % alculateCosti)
what kind of SetHealthyOption()
?ar{'jcs H‘\C‘T‘ are.

Dinner parties and birthday parties are both parties

When you have two classes that are more specilic cases of something more
general, you can set them up to inherit [rom the same class. When vou do
that, each of them is a subelass of the same base class.

A birthday party
handles the number
of people and the
tast of detorations
in almost the same
way as a dinner

party.

Party The way both parties handle the
Both kinds of parties gﬁomm:r:ﬂem number of people and caleulating
have to keep track of Lhe I Jc‘hc _":o{;al tost is similar but
number of people and the _ distinct. We can break up the
cost of detorations, so you | Camiaeconl) bchavior for these things so the
tan move that into the similar part is in the base ¢lass,
base ¢lass. while putting the distinet pietes
in the two subelasses.

ey o
: DinnerPa BirthdayParty

the elass dnag\"am NumberOfPeople Bth Subf.fas;e; NumberGfPeople

means the HealthyOption inhevit th CakeSize

DinnevParty tlass | CostOfBeveragesPerPerson el e CakeWriting

inhevits from the eal ‘T ,wh

Fckiy chote CalculateCost() aleulation from CalculateCost{)

arty tlass. SetHealthyOption() the base ¢lass, so
fhﬂ‘f don't need
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inheritance

Build up your class model by starting general and

getting more specific

C# programs use inheritance because it mimics the relationship that the things
they model have m the real world. Real-world things are ofien in a hierarchy

that goes from more general to more specific, and vour programs have their
own class hierarchy that does the same thing. In your class model, classes

further down in the hierarchy inherit from those above 1,

Gexral

Food

[n a elass model,
Cheese might inherit
from DairyProdubﬁ,
whith would inherit
from Food.

Dairy Product

Cheese

Cheddar

Aged Vermont Cheddar

Specific

I¥ You have a vecipe that Zalls
for eheddar theese, then You
tan use aged Vermont theddar.
But if it spcf.i-Fi:‘..;Hy needs aged
Vermont, then You tan't Jjust
use any theddar—you need that
s.Pcci-Fi.: theese.

To someone Ioakihﬁ ﬁ:ﬁ:t\;Songbi"’

any songbird might do. Byt
to an arni{;hoioﬁis‘ﬁ Sfudyinﬁ,
the mimidae bird 'Fam'rf A
ﬂan-{:‘using the Novthern
and Southern moﬂkinabirds
would be unaceeptable.

k}? Northern Mockingbird

Something lower on the hierarchy inhevits v

moS‘t or 3"
above it. All animals eat and mate, so

Novthern Motkingbirds eat and mate.

General
Evc'r‘f bird is an
animal, but not every (7 a oy
a.hirna] (L] bird.
Bird

Mockingbird

of the attributes of everything Specific

m-her-it, verb.

to derive an attribute from one’s
parents or ancestors. She wanted the
baby to inherit her big hrown eyes,
and not her husband’s beady blue ones.
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it's a jungle out there

How would you design a zoo simulator?

Lions and tigers and bears... oh my! Also, hippos, wolves, and the
occasional cat. Your job is to design a program that simulates a zoo. (Don’t
get too excited—we’re not going to actually build the code, just design the
classes to represent the animals.)

We've been given a list of some of the amimals that will be in the program,
but not all of them. We know that each animal will be represented by

an object, and that the objects will move around in the simulator, doing
whatever it 1s that each particular animal is programmed to do,

More importantly, we want the program to be easy for other programmers
to maintain, which means they’ll need to be able to add their own classes
later on if they want to add new animals to the simulator.

So what's the first step? Well, before we can talk about specific animals,
we need to figure out the general things they have in common,

abstract characteristics that all animals have. Then we can build those
characteristics into a class that all ammimal classes can inherit from.

© Look for things the animals have in common

Take a look at these six animals. What do a lion, a hippo, a tiger,
a cat, a woll, and a dalmatian have in common? How are they
related? You'll need to figure out their relationships so you can
come up with a class model that includes all of them.
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Use inheritance to avoid duplicate
code in subclasses

You've already got a good idea that duplicate code sucks. It's hard to
maintain, and always leads to headaches down the road. So let’s choose
fields and methods for an Animal base class that you only have to write
once, so each of the animal subclasses can inherit from them. Let’s start
with the public fields:

% Picture: an image that you can put into a PictureBox.

* Food: the type of food this animal eats. Right now, there can be only
two values: meat or grass.

* Hunger: an int representing the hunger level of the animal. It
changes depending on when (and how much) the animal eats.

* Boundaries: arelerence to a class that stores the height, width and
location of the pen that the animal will roam around m.

% Location: the X and Y coordinates where the animal’s standing,
And the Animal class has four methods the animals can inherit:

* MakelNoise ():amethod o let the animal make a sound.

* Fat (): behavior for when the animal encounters its preferred food.

* Sleep ():amethod to make the animal lie down and take a nap.

* Roam () : the animals like 1o wander around their pens in the zoo.

i Lion
Choosing a base tlass is

about making thoites. You
tould have detided to
use 4 Z.ooﬂuupan{: ¢lass
that defines the feed
and maintenante tosts,
or an fittraction tlass
with methods Lor how

inheritance

Build a base class to give
the animals everything
they have in common

The fields, properties, and methods
in the base class will give all of

the animals that mherit from it

a common state and behavior.
They're all animals, so it makes
sense to call the base class Animal.

Animal

Picture
Food
Hunger
Boundaries
Location

MakeNoise()
Eat()

Sleep()
Roam()

Wolf

the animals entertain the
200 visitors. But we think
ﬁhimal ma!iu ﬂ'hc r\noS{.

sense heve. Do You agrcc?
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warning: don’t feed the programmers

Different animals make different noises

Lions roar, dogs bark, and as far as we know hippos don’t
make any sound art all. Each of the classes that inherit from
Animal will have a MakeNoise () method, but each of those
methods will work a different way and will have different code.

Jus{, betause a ?\"O?E'r{:\f or a mC‘l_‘,'nod
is in the fﬁlhimal base tlass, -l;,ha{,
doesn' £ mean every subclass has o use
it the same way.. or at all!

When a subclass changes the behavior of one of the methods
that it inherited, we say that it overrides the method.

(3 Figure out what each animal

Think about what you need to override S8 That The Ao €y doRx
differently—or not at all

When a subclass changes the behavior of a method 1t
inherited, we call it overriding. Fvery animal needs to

eat. But a dog might take little bites of meat, while a hippo
eats huge mouthfuls of grass. 5o what would the code for

that behavior look like? Both the dog and the hippo would
override the Eat () method. The hippo’s method would have
it consume, say, 20 pounds of hay each tme it was called.
The dog’s Eat () method, on the other hand, would reduce
the zoos food supply by one 12-ounce can of dag food.

What does each type ol animal do that
all the other animals don’t? Dogs eat dog
food, so the dog’s Eat() method will need
to override the Animal.Eat () method.
Hippos swim, so a hippo will have a
Swim () method that isn't in the Animal
class at all.

Grass is yummy! L
could go for a good
pile of hay right now.

So when yo-ujv: got a sublass
that inherits ‘Frolh a base
class, it must inherit all of
the base tlass's behaviors...

I beg to differ.
but You £an modi£T them in eg to diTrer

the subtlass so they've not 5 (o]
pevformed exattly the same
way. That's what overriding is
all about. LY,
TAR
Animal “ <
Picture
Food
Hunger
Boundaries — .@ QA.N
il ‘PQWEWR
g:;f“mseﬂ We already know that some animals will override the
Sleep() MakeNoise () and Eat () methods. Which animals will
Roam() override Sleep () or Roam () ? Will any of them? What about
the properties—which animals will override some properties?

218 Chapter 6



Think about how to group the animals

Aged Vermont cheddar is a kind of cheese, which is a dairy

product, which is a kind of food, and a good class model for food
would represent that, Lucky for us, C# give us an easv way to do
it. You can create a chain of classes that mherit from each other,

slarLillg with the topmost base class and working down. So you

could have a Food class, with a subclass called DairyProduct that
serves as the base class for Cheese, which has a subclass called
Cheddar, which 1s what AgedVermontCheddar inherits from.

4]

Look for classes that have a lot
in common

Don't dogs and wolves seem pretiy similar?
They're both canines, and 1t's a good bet
that il vou look at their behavior they have a
lot in common. They probably eat the same
food and sleep the same way. What about
domestic cats, tigers, and lons? It turns out
all three of them move around their habitats
in exactly the same way. It's a good bet that
vou'll be able to have a Feline class that

lives between Animal and those three cat
classes that can help prevent duplicate code
between them,

Animal

Picture
Food
Hunger
Boundaries
Location

MakeNoise()
Eat()

Sleep()
Roam()

Lion
The subelasses E::Ef”ume”
inherit 3| -(:gur

methods From
rqnima', but
we're Ghl’f havinﬁ
them overvide

Makc“ﬂse“ and
Eat()

That's ‘Hh}' e Ohl'?‘

show those two
methods in the
elass diagrams.

Hippo

Eat()

MakeMNoise()

MakeNoise()
Eat()

Dog

MakeNoise()
Eal()

Wolf
Cat MakeMoise()
Eat()
MakeNoise()
Eat()

inheritance

Thcrc’:x a F‘"CH'. od
thanee that WJ\{; ?::
able to add 3 Canine
tlass that the dcgs

End wolves both inherit

Fom.
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extend your objects

Create the class hierarchy

When vou create your classes so that there’s a base class at the top with
subclasses below it, and those subclasses have their own subclasses that
inherit from them, what you've built is called a class hierarchy. This is
about more than just avoiding duplicate code, although that is certanly

a great benefit of a sensible hierarchy. But when it comes down to 1t, the
biggest benelit vou'll get is that vour code becomes really easy to understand
and maintain. When you're looking at the zoo simulator code, when you see
a method or property defined in the Feline class, then you immedialely know
that you're looking at something that all of the cats share. Your hierarchy
becomes a map that helps you find your way through your program.

o

Finish your class hierarchy

Animal

Picture
Food
Hunger
Boundaries
Location

Now that vou know how you'll organize the animals,

vou can add the Feline and Canine classes.

Cinte Feline overvides Roamw(),
an 'U'l'lng that inhevits -F‘t‘mh it
i

3 |-I_-’_r, nEwW Roam() a'nd no
the one in Animal.

Lion

MakeMNoise()
Eat()

The three tats voam the
sa”.'t way, so {hey share
an inhevited Roam ()
method. Byt eath one
#‘.i” eats and makes noise
J-Fcrmﬂy, so they'l|
all override Eat () and
MakeNoise () {hat
'I':Jnc}' inhevited from

nimal,

Tiger

Eat()
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Feline

MakeNoise()

Roam()

Cat

MakeNoise()
Eat{)

Hippo

MakeNoise()
Eat()

Our wolves and
doas eat the
same wa?, 50
we moved their
towmon Eat ()
method up to ~

MakeNoise()
Eat()
Sleep()
Roam()

Canine

MakeNoise()

MakeNoise()

L=

the Canine tlass.




inheritance

Every subclass extends its
base class

You're not limited to the methods that a subclass inherits
from its base class... but vou alreacy know that! After all,
vou've been building vour own classes all along. When vou
add inheritance to a class, what vou're doing is taking the
class you've already built and extending it by adding all of
the fields, properties, and methods in the base class. So if you

wanted to add a Fetch () method to the dog, that's perfectly
normal. It won't inherit or override anyvthing—only the dog
will have that method, and it won’t end up m Woll, Canine,
Animal, Hippo, or any other class.

makes 3 new Dog object Dog spot = new Dog () ;

talls the version in Doﬁ spot .MakeNoise () MakeNoise()

talls the version in Animal spot .Roam() ;

hi-er-ar-chy, noun.
an arrangement or classification
in which groups or things are
ranked one above the other. The
president of Dynamco had worked
his way up from the mailroom lo the
top of the corporate hierarchy.

Animal

Picture
Food
Hunger
Boundaries
Location

Eat()
Sleep()

talls the vevsion in Canine spet . Bat O
talls the vevsion in Canine spot.Sleep();

talls the version in Daﬁ spot .Fetch () ;

C+ always calls the most specific method

If you tell your dog object to roam, there’s only one method that can
be called—the one in the Animal class. But what about telling your

dog to make noise? Which MakeNcise () is called?

Well, it’s not too hard to figure it out. A method in the Dog class tells
vou how dogs do that thing, IT its in the Canine class, its telling vou
how all canines do it. And if it’s m Animal, then it’s a description of

Roam()

¥

Canine

MakeNoise()
Fetch()

that behavior that's so general that it applies to every single animal. So

if’ you ask your dog to make a noise, first C# will look inside the dog
class to find the behavior that applies specifically to dogs. If Dog didn’t
have one, it'd then check Canine, and afier that it'd check Animal.
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base how low can you go?

Use a colon to inherit from a base class

When vou're writing a class. vou use a colon (:) to have it inherit from
a base class, That makes it a subclass, and gives it all of the fields,

When a subclass

inherits from a

properties, and methods of the class it inherits from.

public class Animal

{

| Animal
NumberCfLegs

}

fields, properties, and
public class Bird
{

| Wingspan

public buttonl Clic

tweety is an instance
a'c Bi'rd, so it's 35{

the Bivd Rk ods tweety.Wingspan
tweety.Fly ()’

and fields 3¢ usual.

tweety.NumberOflegs = 2;

tweety.Eat (),

}T'nc Rivd tlass uses 3 tolon to
Animal elass. This means that

methods -F\!'om ﬁ‘hima'-

g T

public double Wingspan;
public void Fly{) |
// code to make the bird fly

hase class, all

of the fielc[s,
Properties, and

public int NumberOflegs: .
public void Eat({} | metl‘l(){{S m tlle

/{ code to make the animal eat

hase class are

inherit Feom the

automaticall
i inhevits all of the Y

added to the
subclass.

You extend a elass

by adding 3 tolon 4o
the end of the ¢lass
declaration, followed by
the base elass to inhevit
from.

k{chject sender, EventArgs e) {

Bird tweety = new Bird();

Cinte the Bird tlass inhevits
From Animal, every instante

Fs/—‘ng Bird also has +he Fields
and methods delined in the

ﬁn'ihal ¢lass.

Ty

the 0
Dum Em(iuesﬁgns

Q: Why does the arrow point up, from the subclass to the
base class? Wouldn't the diagram look better with the arrow
pointing down instead?

A: It might look better, but it wouldn't be as accurate. When you

set up a class to inherit from another one, you build that relationship
into the subclass—the base class remains the same. And that makes
sense when you think about it from the perspective of the base class.
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Its behavicr is completely unchanged when you add a class that
inherits from it. The base class isn't even aware of this new class

that inherited from it. Its methods, fields, and properties remain
entirely intact. But the subclass definitely changes its behavior. Every
instance of the subclass automatically gets all of the properties, fields,
and methods from the base class, and it all happens just by adding a
colon. That's why you draw the arrow on your diagram so that it's part
of the subclass, and points to the base class that it inherits from.



Aircraft

AirSpeed
Altitude

TakeOff{)
Land()

FirePlane

BucketCapacity

FillBucket()

_ en your pencil

inheritance

Take a look at these class models and declarations, and then
circle the statements that won't work.

public class Aircraft |

}

public double AirSpesd;

public double Altitude;

public void TakeQff() { ... }:
publiec veoid Land() { ... }:

public class FirePlane : Aircraft |

}

public double BucketCapacity;
public wvoid FillBucket() { ... };

public veoid FireFightingMission() {

FirePlane myFirePlane = new FirePlane(};
new FirePlane.BucketCapacity = 500;
Aireraft.Bltitude = 0;
myFirePlane.TakeOQLff();
myFirePlane.AirSpeed = 192.5;
myFirePlane.FillBucket ) ;
Aircraft.Land():

Sandwich

Toasted
SlicesOfBread

CountCalories()

BLT

SlicesOfBacon
AmountOfLettuce

AddSideOfFries|)

public class Sandwich {

}

public boolean Teasted;
public int SlicesOfBread;
public int CountCalories() { ... }

public class BLT : Sandwich {

}

publiec int SlicesOfBacon;
public int AmountOflLettuce;
public int AddSideCfFries({) { ... }

public BLT OrderMyBLT () |

BLT mySandwich = new BLT();
BLT.Toasted = true;
Sandwich.51ices0OfBread = 3;
mySandwich.AddSideOfFries();
mySandwich.S51licesCfBacon += 5;
MessageBox.S5how (“"My sandwich has

+ mySandwich.CountCalories + “calories”.):;
return mySandwich;

"

you are here »
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i can think of one way to make a penguin fly...

en your

solut-wn Take a look at these class models and declarations, and then

TakeOff()
Land()

FirePlane
BucketCapacity

FillBucket()

circle the statements that won't work.

public class Aircraft |
public double AirSpesad;
public double Altitude;
public void TakeQOff () { ... };
public wvoid Land{) | ... }:

}

public class FirePlane : Aircraft |
public double BucketCapacity:
public void FillBucket(} { ... };
} That'
i at's not how You use
public void FireFightingMission() € new L’cwd‘

{
W— new FirePlane();
w_FirePlapne.PucketCapacity = 2007
' Altitnde = 0 Ehe
ust
myFirePlane.TakeOLL(); These staicmﬂ“{?‘ al'.lor_ the rame
myFirePlane.AirSpeed = 192.5; ¢lass names mstead
myFirePlane.FillBucket () ; OJQ the instante, mY wrePlane:

&Ircraft.fand ;0 ~—~_

}

Sandwich
Toasted
SlicesOfBread

CountCalories()

BLT
SlicesOfBacon
AmountOfLettuce

AddSideOfFries()

public class Sandwich {
public boolean Toasted;
public int SlicesOfBread;

public int CountCalories() { ... }
} : vi op the
These ?\-a?zrhcs are pa
public class BLT : Sandwich { instante, but the sfatzmchfs are
public int SlicesOfBacon; trying to all them incorreetly
public int AmountOflettuce;

public int AddSideOfFries() { } using the class names

}

public BLT OrderMyBLT()

BLT mySandwich = new BLT(): CountCaloyiee :
BLT.Toasted = true; fi'lis s{a{::ws{‘s a miﬁ‘lod bu{;
Sandwich.5licesOfBread = 3; th s d°¢3h{: intlude
mysSandwich. SIde0UrTri=sT); € Parentheses (9] a.F{-'ﬂ_ th
mySandwich.SlicesOfBacon += 5; eall to the mc-&hodl g

[

MessageBox.S5how (“My sandwich has
+ mySandwich.CountCalories + “calories”.):
170 nr!r1ins-.l:

re
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inheritance

We know that inheritance adds the base class fields,
properties, and methods to the subclass...

Inheritance is simple when your subclass
needs to inherit all of the base class
methods, properties, and fields.

Flyi)
LayEggs()
PreenFeathers()

Pigeon 15 @
;l,.bdass O‘F Birdl
so any fields and
mekhods in Bird
are automatically
part of Pigeon,
L

.. but some birds don’t fly!

What do you do if your base class has a
method that your subclass needs to modify?

Fiy()
LayEggs()
PreenFeathers()

method, there's
S{'.or?ina it F’f‘ﬂm

Swim()

C ?’.3{9@*\5 Pﬁ'l

preen their

1&.]' CﬁaSF ahd
;cajd‘\ﬂ'sr 50

Lheve's mo ?roblcm with the

Pigeon elass inheriting Yrom

B’i‘r d.

iu'f IS an instange
':"'F PChﬁhih. Sihﬁc i{
inherited +he F’YO

e S

public class Bird {
public woid Fly{)
// here’s the code to make

{

the bird fly

public void LavEggs() { ... }i

public wvoid PreenFeathers()

{ «uv }7

public class Pigeon
public wvoid Cool)

: Bird |
'
J

public class Penguin
public void Swim(}

: Bird |
= i)
}

public void BirdSimulator({) {
Pigeon Harriet = new Pigeon():
Penguin Izzy = new Penguin(});

Harriet.Fly(); Both Pigeon and Penguin

no{hi"ﬁ Harriet.Coo(); - hevit From Bird, so
ﬂ‘fl"" ' Izzy.Fly(); they both get the
5} e Fhr?}, La'TEﬁ‘.'F‘“' and

PreenFeathers() metheds.

Penquin obiects sh i
uin objects s ouldn't be able +o {1/
But if the Penguin ¢lass inherits Lirom wlBird,

then T'Ou‘” have ins Fhvi
penguins T lying all h
place. So what do we do? "f"ﬁ s

If this were your Bird Simulator code, what would
you do to keep the penguins from flying?
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manual override

A subclass can override methods to change or
replace methods it inherited

Sometimes you've got a subclass that you'd like to mherit
maost ol the behaviors [rom the base class, but zof afl of them.
When you want to change the behaviors that a class has
inherited, vou can everride the methods.

o Add the virtual keyword to the method in the base class
A subclass can only override a method if it’s marked with the virtual keyword, which
tells C# to allow the subclass to override methods,

public class Bird {

Hdding the virfual
public virtual void Fly () { keyword to the Fly0)

method Lells C# that

a subelass is allowed o
override it

// code to make the bird fly

e Add a method with the same name to the derived class
You'll need to have exactly the same signature —meaning the same return value and
parameters—and vou'll need to use the override kevword in the declaration.
public class Penguin : Bird { To override the FIyO) method, add

- - ) an identical method {o the subelass
public override void Fly() { and use the override keyword
e ——— "

MessageBox.Show (“Penguins can’t fly!”)

} Use the override LEywnrJ to
When you ovevride 3 method, Your new al:[[{ a m'EtllOJ to yﬂlll‘ Slll’l(?lﬂﬂs
method needs o have exaetly the same tl‘lﬂt % EP[&CES — ﬂiﬂt i
signa'l',urc as the method in the base ) ‘
elass it's ovevriding: [n +his case, that lllllEl‘ltE[L Be{ﬂl"ﬂ you can

means it needs to be talled Fly, veturn

void, and have no parameters. ﬂVEI‘I‘ic[E a IﬂEtl‘lD(I, yﬂl[ ﬂ'EEC[ to

mark it virtual in the base class.
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Any place where you can use a base class, you can
use one of its subclasses instead

One of the most useful things you can do with inheritance s use a subclass in
place of the base class it inherits from. So i’ your Recipe () method takes a
Cheese object and you've got an AgedVermontCheddar class that inherits
from Cheese, then you can pass an instance of AgedVermontCheddar to
the Recipe () method. Recipe () only has access to the fields, properties,
and methods that are part of the Cheese class, though—it doesn’t have access
to anything specific to AgedVermontCheddar.

o Let's say we have a method to analvze sandwich objects:

public vold SandwichAnalyzer (Sandwich specimen) |{
int calories = specimen.CountCalories(});
UpdateDietPlan (calories);

inheritance

Sandwich
Toasted
SlicesCfBread

CountCalories()

BLT
SlicesOfBacon
AmountOfLettuce

AddSideOfFries()

PerformBreadCalculations (specimen.51licesOfBread, specimen.Toasted);

e You could pass a sandwich to the method—but you could also pass a BLT. Since a BLT 1s a

kind of sandwich, we set it up so that it inherits from the Sandwich class.

public buttonl Click (object sender, EventlArgs e) {
BLT myBLT = new BLT();
SandwichAnalyzer (myBLT) ;

we'll talk about this more

in the next ¢I-.a?£c'r!

You can always move dozwn the class diagram—a reference variable can always be set equal
to an instance of one of its subclasses. But you can’'t move up the class dingrm'n.

public button2? Click({object sender, EventArgs e) { T {:o
Sandwich mySandwich = new Sandwich(); \/W tan assign '“TBL EHTBL.T
BLT myBLT = new BLT(); Candwith vaviable betause 3

Sandwich someRandomSandwich = myBLT;é/\is a kind of sandwich.

BLT anotherBLT = mySandwich; // <--- THIS WON'T COMPILE!!!

Buf. You tan't Eisian rn';vigandwich to a BLT
;r_ihafﬂe, betause not every sandwich is g BLT/
3t's why this last line will cause an erpor |
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get a little practice

Instructions:

1. Fill in the four blanks in the code.
2. Match the code candidates to the output. blocks of code with their matching output.

public class A

MesSages - -

{

o

the program is missing! Your challenge is to match
the candidate block of code (on the left), with

the output—what's in the messagebox that the
program pops up—that you'd see if the block were
inserted. Mot all the lines of output will be used, and
some of the lines of output might be used more
than once. Draw lines connecting the candidate

MiX@d e :% 5'1:' A short C# program is listed below. One block of

public class C ¢+ B |

public int ivar = 7; public string m3() {
public string ml{} { return *C's m3, " + ({(ivar + €);
return “*A's ml, “: ' :
: H'C\'ESJ 'H'\C t'ﬂ'h' FDIH‘E i:or ‘Ehe F\-Qﬁram_i.{:
public string m2() { doesn’t show a form, | Just Pops up a messagebox.
return “Afs m2, “; public class Mixed5 |

}
public
return “A'

5

public class B :

public
return “B’

code e

candidates:

228 Chapter 6

8

public static void Main(string[] args}) {

string m3({) { B a=new A();

m3, "; B b = new B{});
Ce=nmnew C():
A a? = new C():
string g = ™% candidate code
24 goes here
1 string m1() { (three lines)
ml, “:

System.Windows.Forms.MessageBox . Show (q) ;
|

output:

A's ml, A's m?2, C's m3, 6

9]
=
Fa

B'aml, A's m2, A2 m3,

A's ml, B's m2, A"= m3,

G 0
= =
W M

Bfa ml, A's m2, £"s m3, 13

5 Bs ml; C's m2, A"s m3,
b.m2();

c.m3(); B's ml, Af's m2, C's m3, &
az.ml{): A's ml, A's m2, C's m3, 13
az.mz2{);

(Don’t just type this into the IDE—youw’ll learn
a lot more if you figure this out on paper!)



inheritance

Pos] Puzzle

Your job is to take code snippets from the pool and place them into
the blank lines in the code.You may use the same snippet more
than once, and you might not need to use all the snippets. Your
goal is to make a set of classes that will compile and run together
as a program. Don't be fooled—this one's harder than it looks.

public class Rowboat

{ public class TestBoats |
. EEEEEE R s ErEErEE e ’ «——-—-\\ H!I‘n'!:: —rl'iis is {',hﬂ
public rouTheBoat (] [ 0 |  ecdiiaigimssiesioiay Main({){ {‘.._ A
................ s s entry point for
return “stroke natasha®; Berrsrsrbaian i i ‘E}.E Pﬂoﬁra
m.
y bl = new Boat():
) Sailboat bZ = new st s
Fowboat = new Rowboat():
b2 .=metlength (32} ;
public class [ xyz = bl. ... O}
R ! T
RS s sl beaassall xyz += move () ;
length = len; System.Windows.Forms.MessageBox . Show (xyz) ;
] }
public int getLength{) { }
F public class . Boat |
] PERE. oo an i 0
public move () | return * i
TECUED: 0, o }
y }
' OUTPUT:

drift drift hoist sai

OK

subclasses

Boat Testboats ' override drift
g int len M hoist sail
; virtual ; stroke natasha rowTheBoat
canbnue int] Mtlength  string move
b1 break . In , : setLength
" intb2 intb3 Li public 9

b2 3 length

int b2 int static

private getLength
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nhot all penguins are birds

MiXed ;-7
MesSages - - =

public class A |
public vir__ﬁﬁ] string ml

()

public vir‘{wat string m3()

}

q += b.ml();
q += c.m2(); }
q += a.m3();
q +=c.ml();
q += c.m2();
q +=c.m3();
q += a.ml{);
q += b.m2();
q += c.m3();
q += a2.ml{);
q += aZ2.m2();
q += a2.m3({);

public class B : A |

{ public _gcgr_igg_ string ml{() {
{ 1;>1;I;lic class C : B {
public override string m3() {
Als ml, A's m2, C'sz m3, €
B's ml, A's mZ?, A's m3,
A’'s ml, B's m2, C's m3, ©
B's ml, A's mZ2, C's m3, 13
B'za ml;, C'sa mZ2, A"3 m3,
A=z ml, B's m2, A's m3,
BE's ml, A's m2, C's m3, 6
A's ml, A's m2, C's m3, 13

Poo| Puzzle olution

public class Rowboat

‘St'rih&““:owTheEca: {0 1

P

public =%

return “stroke natasha”;

}

public class BO&‘[‘. {

private int |¢h&+.|'l H

P T L

length = len;
}
public int getlength() {

return length

e T

]
public

w
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public class TestBoats |

LString | xyz = v
) BC_I-?_{':__E:I = new Boat({);
Sailboat bZ = new Qaifbaa-{: ()i

Msssssssnssnnnan

Rowboat b3 = new Rowboat () ;

bZ.setlength(32);

Xxyz = bl. movE (};
( xyz += b3, mMNE ();

T P e
) RYZ += bl mowve ()

BessansEen

System.Windows.Forms.MessageBox.Show {xyz) ;

¥
}
public class Sﬂﬂbo&‘t : Boat |
public  override S‘h'r'mj move () |
return “ hOiSE sail oy
}



Q_; About the entry point that you
pointed out in the Pool Puzzle—does this
mean | can have a program that doesn't
have a Form1 form?

» Yes. When you create a new Windows
Application project, the IDE creates all
the files for that project for you, including
Program.cs (which contains a static class
with an entry point) and Form1.cs (which
contains an empty form called Form1).

Try this: instead of creating a new Windows
Application project, create an empty project
by selecting “Empty Project” instead of
“Windows Application” when you create a
new project in the IDE. Then add a class
file to it in the Solution Explorer and type in
everything in the Pool Puzzle solution. Since
your program uses a messagebox, you
need to add a reference by right-clicking
on “References” in the Solution Explorer,
selecting “Add Reference”, and choosing
System.Windows.Forms from the NET tab.
{That's another thing the IDE does for you
automatically when you create a Windows
Application.) Finally, select “Properties” from
the Project menu and choose the "Windows
Application” project type.

Now run it... you'll see the results!
Congratulations, you just created a C#
program from scratch.

Flip back to the begjnning
of Chapter 2 ik you need a
vefresher on Main() and the

:n‘tr‘f ?a'ln";.‘

there are no
Dumb Questions

(_)J Can | inherit from the class that
contains the entry point?

A: Yes. The entry point must be a static
method, but that method doesn’t have

fo be in a static class. (Remember, the
static keyword means that the class
can't be instantiated, but that its methods
are available as soon as the program starts.
So in the Pool Puzzle program, you can call
TestBoats.Main() from any other method
without declaring a reference variable

or instantiating an object using a new
statement.)

(Q_: | still don't get why they're called
“virtual” methods—they seem real to me!

- The name “virtual® has to do with how
NET handles the virtual methods behind the
scenes. It uses something called a virtual
method table (or vtable). That's a table that
.NET uses to keep track of which methods
are inherited and which ones have been
overridden. Don't worry—you don't need to
know how it works to use virtual methods!

Q_._: What did you mean by only being
able to move up the class diagram but
not being able to move down?

inheritance

A: When you've got a diagram with ane
class that's above another one, the class
that's higher up is more abstract than the
one that's lower down. More specific or
concrete classes (like Shirt or Car) inherit
from more abstract ones (like Clothing or
Vehicle). When you think about it that way,
it's easy to see how if all you need is any
vehicle, a car or van or motorcycle will do.
But if you need a car, a motorcycle won't be
useful to you.

Inheritance works exactly the same way. If
you have a method with Vehicle asa
parameter, and if the Motorcycle class
inherits from the Vehicle class, then you
can pass an instance of Motorcycle

to the method. But if the method takes
Motorcycle as a parameter, you can't
pass any Vehic le object, because it may
be a Van instance. Otherwise C# wouldn't
know what to do when the method tries to

access the Hand lebar s property!

You can always
pass an instance
of a subclass to
any method whose
Parameters ex]:rect
a class that it
inherits from.
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detour: construction ahead

A subclass can access its base class using the base keyword

Even when you override a method or property in your base class,

sometimes you'll still want to access it. Luckily, we can use base, which
lets us access any method i the base class. NumberCflegs

232

Animal

All animals eat, so the Animal class has an Eat {) method that takes a
Food object as its parameter.

Eat()
public class Animal { gwallow{}
igest
public wvirtual woid Eat(Food morsel}) ({ g

Swallow{morsel) ;

Digest{):

TongueLength
Color

CatchWithTongue()

Chameleons eat by catching food with their tongues. So the Chameleon class inherits
from Animal but overrides Eat ().

public class Chameleon : Animal (
public override wvoid Eat (Food morsel) {
CatchWithTongue (morsel) ;
Swallow (morsel) The thameleon needs +o swallow dnd dingst
Digest(): the ‘F , just like any other animal. chwc

} veally need to duplicate this tode, though?

Instead of duplicating the code, we can use the base keyword to call the method that
was overridden. Now we have access to both the old and the new version of Eat ().

public class Chameleon : Animal |

public override wvoid Eat (Food morsel) {

ey b g 0 e calls the Eat() method in the base

base.Eat (morsel) ; &_4 1;:::5 that (Chameleon inhevited feom.
}
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inheritance

When a base class has a constructor, your subclass needs one 100

If vour class has a constructor, then any class that inherits from
L 7 J ; ﬁdd fhls E)t-f,r ’
it must call that constructor. The subclass’s constructor can g - 3 line to the epd of
i L
have different parameters from the base class constructor. {z”" C‘;ﬁ’is tonstrugtor declara;
hat it on
. eeds to o3

public class Subclass : BaseClass { base ¢lass’ Lonstruetor every {.” thffh

lme e

SUdeSS 15 ing :
public Subclass (parameter list) nstantiated

Heve's the : base(the base class’s parameter list) ({
tonstruetor for
the subelaes. // first the base class constructor is executed

// then any statements here get executed

}
The base class constructor is executed
before the subelass construetor

But don't take our word for it—see [or vourself!

*
% Do this!

*
o Create a base class with a constructor that pops up a messagebox /

Then add a button to a form that instantiates this base class and shows a messagebox:

public c¢lass MyBaseClass |
public MyBaseClass (string baseClassNeedsThis) |
MessageBox.Show (“This is the base class: " + baseClassMNeedsThis);

;. 2 i //1 Keep an eye
| s is @ pavameter that the out for -I;Eis

base ¢lass construtor needs.

slightly evyptic
e Try adding a subclass, but don't call the constructor z‘;r It means
Then add a button to a form that mstantiates this subclass and shows a messagebox: s ;
; : _ ' subclass didn't
public eclass MySubclass : MyBaseClass{ inhevit the

public MySubclass(string baseClassNeedsThis, int anotherValue) { okr
S ] c-t B I . Y il ] g p - ] l:-ﬂh 'M’..‘EQ‘*'
ele uild >> Byild MessageBox.Show (“"This is the subclass: + baseClassNeedsThis ?mwrr‘,

Solution in 4he IDE + * and * + anothervValue);
and you'
}"JE‘—“ 3C{" an I' @ 1 Mo overload for method MyBaseClass' takes '0' arguments . <—J
Error orn H'IIS] ﬂ.od,c_
9 Fix the error by making the constructor call the one from the base class
Then instantiate the subclass and see what erder the two message hoxes pop up!

public class MySubclass : MyBaseClass({

This is how public MySubclass(string baseClassNeedsThis, int anotherValue) i
we send the — base (baseClassNeedsThis) & ——— Add Lhis line to tell CH 1o call {h; i_a;::luiti::s
basc elass .ch [ the base tlass. £ has a ?aramd:cr (3 SJC'WC'Jm‘r Then
parameter its // the rest of the subclass is the same hat 5:{,5 passed to the base tlass t.onk i
tonstruttor the ervor will go away and you tan mare

needs. cee the Lwo message boxes pop o!
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kathleen still needs our help

Now you're ready to finish the job for Kathleen!

When vou last left Kathleen, you'd finished adding
birthday parties to her program. She needs you to

charge an extra $100 for partics over 12, It seemed
like you were going to have 1o write the same exact

code twice, once lor each class

how to use inheritance, vou can have them inherit
from the same base class that contains all of their
shared code, so you only have to write it once.

15e

DinnerParty BirthdayParty
NumberOfPeople NumberOfPeople
CostOfDecorations CostOfDecorations
P SN CostOfBeveragesPerPerson CakeSize
= e HealthyOption CakeWriting
CalculateCostOfDecorations() CalculateCostOfDecorations()
CalculateCost() CalculateCost()
SetHealthyOption()

If we play our cards right, we should be able to change the
two classes without making any changes to the form!

Let's create the new class model

We'll suill have the same DinnerParty and BirthdayParty classes, but now they’ll inherit from a
single Party class. We need them to have exactly the same methods, properties and fields, so we
don’t have to make any changes to the form. But some of those methods, properties, and fields
will be moved into the Party base class, and we may have to override a few of them.

Party

NumberOfPeople
CostOfDecorations

CalculateCostOfDecorationsy )
CalculateCost()
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e Build the Party base class
Create the Party class—make sure it's public. You'll need to look really closely at the
properties and methods in the class diagram, and figure out what you need to move out of
DinnerParty and BirthdavParty and into Party.

*

Move the NumberOfPeople and CostOfDecorations properties into it so that they're
compatible with both DinnerParty and BirthdayParty.

Do the same for the CalculateCostOfDecorations() and CalculateCost() methods. IF
those methods need any private fields, you'll need to move them too. (Remember,
subclasses only inherit public fields—once you move a private field o Party, the
DinnerParty and BirthdavParty classes won't have aceess to i)

You'll also need a constructor. Take a close look at the BirthdayParty and
DinnerParty constructors—anything they have in common should be moved to it.

Now add the $100 bonus for partics over 12 people. After all, that’s why we're
doing this! It’s common to both birthday and dinner parties, so it belongs in Party:

9 Make DinnerParty inherit from Party
Now that Party does a lot of the things DinnerParty does, you can eliminate the overlap and
only keep the part of DinnerParty that's unique to dinner parties.

4

Make sure the constructor is working properly. Does it do anything the Party
constructor doesn’t? If' so, keep that and then leave everything else to the base class
CONSIructon,

Any logic that has to do with setting the healthy option should stay in DinnerParty.

You'll need to override at least one method because it does something specific to
dinner parties,

o Make BirthdayParty inherit from Party
Do the same thing for BirthdayParty—Ileave anvthing not specific to birthdays to the base
class, and only keep the birthday-specific functionality in BirthdavParty.

w
W

What does the BirthdayParty constructor need to do that's not part of Party?

You'll need to deal with the cost of the cake inside of BirthdayParty. That touches a
method and a property, so you'll need to override them.

Yes, you can override a property! It's just like overriding a method. When you set the
value of base . NumberOfPeople, it calls the property’s set accessor in the base
class. You'll need to use the base keyword to both get and set the value.

inheritance
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exercise solution

{

Check it out—you changed the DinnerParty and BirthdayParty
classes so that they inherited from the same base class,
Party. Then you were able to make the change to the cost

0 f.!.l%-i_ﬂrl calculation to add the $100 fee, and you didn't have to

change the form at all. Neat!

public class Party This tode was moved straight out of

the D'lnhc'rPaH'.\lt and Birﬁday?art\;
¢lasses and inte Party.

The Par-i:']r tonstruttor does
public Party({int numberOfPeople, bool fancyDecoram H&Y{"h'hﬁ '!:ha{" was Frewo-..sl‘y

this.fancyDecorations = fancyDecorations; 'E;‘ both the Dlnnerpar{?r and
this.NumberCfPecple = numberOfPecple; 'r{hda?Party tonstructors.

const int CostOfFoodPerPerson = 25;
private bool fancyDecorations:
public decimal CostOfDecorations = 0

private int numberOfPecple;
public wvirtual int NumberOfPeople |

get { return numberOfPeople; } —— Numbcrﬂ-FPca?le needs to be virtual
set { because BirthdayParty needs to override
numberOfPeople = value; it (so that a3 !.hahﬁc to the number o£

CalculateCostOfDecorations (fancyDecorations); ]?eo?h'. palalabes a wew ke sixel.

}

public wvoid CaleculateCostOfDecorations (bool fancy) { The detoration taleulation is
fancyDecorations = fancy; f; identical in both birthday and
if (fancy)

i avties, so it makes sense
CostOfDecorations = (NumberOfPeople * 15,00M) + 50M; f::t:v:-&b})a‘_{‘fl i —

is duplicated
CostQfDecorations = (NumberOfPeople * 7.50M) + 30M; none VF the tode is wp
} in multiple tlasses.

else

public wvirtual decimal CalculateCost({) {
// Each person costs 525 for food plus cost of beverages
decimal TotalCost = CostOfDecorations + (CostOfFoodPerPerson * NumberOfPeople);
if (HumberCfPecple > 12)
{

i The tost ealeulstion needs to be a virtual m
: TotalCost += 100; & betause '!:hc birtday party overrides it fandc:E:d
b g o extends it by calling the base ¢lass method).
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inheritance

public class BirthdayParty : Party {
public int CakeSize;

public BirthdayParty(int numberQfPecple, bool fancyDecorations, string cakeWriting)

: base(number0OfPeople, fancyDecorations) {
CalculateCakeSize(); The tons{-,ruﬂ{‘or H:ligs on {;he bas |
this.CakeWriting = cakeWriting; to do 'hos{'.of {l'it work. Th r{c r.”a
CalculateCostOfDecorations (fancyDecorations); Ca'l‘-ula{'xCakeSiu(:r st i en It talls
} Br‘t 1 Jus ike ﬂ'-t old
irthdayParty eonstructor did.
private void CalculateCakeSize() {
if (NumberOfPecple <= 4) m&ltula{g&kcgiu[]
CakeSize = 8; ebliad 18 s\?ct-'lﬁf- to
else . bicthda ?ar{jcs, so it S‘EE*,‘S
CakeSize = 16; ) g Party ¢lass.
1 in the