








worker bees, unite!

Let’s get back to bee-sics

The General Bee-namics corporation wants to make the
Beehive Management System you created in the last chapter
into a full-blown Hive Simulator. Here’s an overview of the
specification for the new version of the program:

General Bee-namics Hive Simuﬁror‘

To better represent
capabilities to the worker bees.

work the next shift.
o Alworker bees work shifts.

* Sting patrol bees wil :
look for enemies, and sting them.

Looks like we'll need 4o be able to
store different data for the worker
bees depending on the Job they do.

Lots of things are still the same

The bees in the new hive simulator will still consume honey in
the same way they did before. The queen still needs to be able
to assign work to the workers and see the shift reports that

tell who’s doing what. The workers work shifts just like they
did before, too, it’s just that the jobs they are doing have been
elaborated a little bit.
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« Allbees consume honey and have a weight.

e Queens assign work. monitor shift reports, an

o Nectar colector bees are Pespon_sible for ?inding
gathering nectar and then returning to the hive.

ii%e in the hive, we'lneed to add specialized

need to be dble To sharpen their stingers.

flowers,

<

&

d tel workers to \ The Bee and Worker

tlasses don't look i
'(:hey'“ Changc muc:\.kc
We tan extend the
tlasses we alread

have o handle these

new teatures.



We can use inheritance to create

interfaces and abstract classes

classes for different types of bees

Here’s a class hierarchy with Worker and Queen classes that

inherit from Bee, and Worker has subclasses NectarCollector

and StingPatrol.

.Hcv'c's where Weight o
Intormation abou‘(:
the weight and honey
Consumpfion is stored.

HoneyConsumption()
Here’s wheve all

he imfoma{;ioh

Remember ho the queen
needed extra honey? Here's
whevre we overrode hey

HohcyConsumP'l:ionO method.

SfinsPa-{:,.ol and

Net'(:arCoHccfov inhevit

This is what the new :
om fhe Workcr C’aSS.

subtlasses will look like.

Q

class StingPatrol
{

: Worker

int StingerLength;

bool enemyAlert;

public bool SharpenStinger (int Length)
{...}

public bool LookForEnemies () {...}

public void Sting(string Enemy) {...}

.abou‘l: wo\rkina shifds
Is kCP-(:
Worker Queen
Job Worker[]
ShiftsToWork ShiftNumber
ShiftsWorked
ShiftsLeft
DoThisJob() AssignWork()
WorkOneShift() WorkTheNextShift()
HoneyConsumption()
StingPatrol NectarCollector
StingerLength Nectar
EnemyAlert
SharpenStinger() FindFlowers()
LookForEnemies() GatherNectar()
Sting() ReturnToHive()
R  —

And these ¢lasses
hold the imco\rma{:ion
Particular to eae) Jjob-

class NectarCollector : Worker

{
int Nectar;
public void FindFlowers () {...}
public void GatherNectar(){...}
public void ReturnToHive () {...}

@v:nv« -
PQOQWEWR
What happens if you have a bee that
needs to sting and collect nectar?
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interfaces for jobs

YOII use an

: : : interface to

An interface tells a class that it must implement l
H £ require a class

certain methods and properties q
A class can only inherit from one other class. So creating two separate subclasses for to lﬂClUC[e au
the StingPatrol and NectarCollector bees won’t help us if we have a bee
that can do both jobs. 0{ tl‘e metl"O(:[s
The queen’s DefendTheHive() method can only tell anc[ properties
StingPatrol objects to keep the hive safe. She’d love to train l J . (I 1‘
the other bees to use their stingers, but she doesn’t have isted 1nside the

any way to command them to attack: inter{ace—if

public class Queen { . JO 9 11
private void DefendTheHive (StingPatrol patroller) { ... } 1t esn t9 the

o NS

A
Crapco\®
Y - wé arce 4’% *
en oo\ Talco\N

}

compiler will

t]urow an error.,

T wish you guys
could help defend
the hive.

oObJec"

0h Jec‘\

There are NectarCollector objects that know how to collect nectar from flowers, and
instances of StingPatrol that can sharpen their stingers and patrol for enemies. But even
if the queen could teach the NectarCollector to defend the hive by adding methods like
SharpenStinger() and LookForEnemies() to its class definition, she still couldn’t pass it
into her DefendTheHive() method. Maybe she could use two different methods:

private void DefendTheHive (StingPatrol patroller) ;
private void AlternateDefendTheHive (NectarCollector patroller) ; ﬁ
adds sting patrol methods

But that’s not a particularly good solution. Both of those methods Even if the queen

would be identical, because they’d call the same methods in the 4o a NeetarCollector objcé‘{:, she still ean't
objects passed to them. The only difference is that one method would pass it to her Defend Thettive() method
take a StingPatrol, and the other would take a NectarCollector that betause it cxycc{;s a S{:’mgPa{'xol veferente.
happens to have the methods necessary for patrolling the hive. And She ean't ")us{‘, set a SJcingPa{'xol veferente
you already know how painful it is to maintain two identical methods. cc‘ual o a NeetarCollettor ob\')cc{;
Luckily, C# gives us interfaces to handle situations like that. Che tould add a setond method called

Interfaces let you define a bunch of methods that a class must have.  AlternateDefend Thettive() that takes a

An interface requires that a class has certain methods, and the way NectarCollector rc‘(:cw.r&v:\.é ‘ mi:ad, l:‘{: g:a{ et
that it does that is that it makes the compiler throw errors if it be cumbersone and dilicy o j
doesn’t find all the methods required by the interface in every class Plus, the Dc&ndTheHich and

that implements it. Those methods can be coded directly in the class, AlternateDefend TheHive() methods would be identical
or they can be inherited from a base class. The interface doesn’t care em‘,gy{; for the {:yyc of the Paramc{:cr- I£ she wanted
how the methods or properties get there, as long as they’re there to teach the Bab\/BccCarc or Maintenante ob\')cc{;s +o

when the code is compiled. defend the hive, she’d need to keep adding new methods.
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interfaces and abstract classes

Use the interface keyword to define an interface
Adding an interface to your program is a lot like adding a class, |“£C?‘cacc names S‘ta'("l', wrth I

except you never write any methods. You just define the methods’ inkerface, you should make

return type and parameters, but instead of a block of statements Whenever Yyou t’"_a{x an tn e ,I\I Thevre's no vule

inside curly brackets you just end the line with a semicolon. its name start with an upper - rode
Ehat says you need to do it, but it makes your

Interfaces do not store data, so you can’t add any fields. But you can £ ourself
. . ) ' vstand. You ¢an see tor Y
add definitions for properties. The reason is that get and set accessors are 9 lot easier to unde \{

just methods, and interfaces are all about forcing classes to have certain just how muth easier that ean .mak.c Youv life. ;)E:td
methods with specific names, types and parameters. So if you want 90 into the [DE to any blank line "‘s'd'c z:\l ‘(:m

your interface to require a field with a certain name and type, justuse a 5.4 {-'\,\ac 4" —|ntelliSense shows -NET intertates.
property instead—it'll accomplish the same thing;

'mS\dC

be ackwally \ASCZ ) of the Sine this takes an
o

\{ov detlare an f)ublic interface IStingPatrol Any, tlass that
inkerkate like t%int AlertlLevel { get;} ;’:Il::;»:s "ll::his
. . us
Interfaces don't stze S ~ int StingerlLength { ge.t; set;} have all of Ehese
data. S, they don’t. by bool LookForEnemies () ; methods ang
‘ ve : . A )
f;i'ed;;ol;:fghc tan } int SharpenStinger (int Length) ; Properties, or the
ies. Program won't
Any ¢lass that implements Compile.
this interface will need a public interface INectarCollector
SharpenStinger() method that {
fakes an int pavameter. VOiZ Fil:gFlowerS ()( ),
void GatherNectar() ;
. L . . ) AQOY' .{-l\‘c
hing nside an void ReturnToHive(); , .., the tode *° i
'EVJ:W%L: is mean } ou don't wl\\,c teckate, st Eheiv E 11 .
o methods in the the co=boverything n a

ke the tode i

\{O\A wit

) . ames: . o e
anoU\C" L.\aSS -\,\{;cvi:acc are ‘gtmsPa{?YOI YC‘FCYCth, 7'°“ :.{hah \m\’\C"‘C“{—’S it PULllc lntel‘ {ace
methods in an bl ¢an pass it ANY ObJCC‘E that
automatically PO implements [StingPatrol. 15 automatically
So how does this help the queen? Now she can make onesingle method that takes any Ll l)
object that knows how to defend the hive: Pu 1C, because
private void DefendTheHive (IStingPatrol patroller) you’u use lt 10
This gives the queen a single method that can take a StingPatrol, . .
NectarStinger, and any other bee that knows how to defend the hive—it Je{ll'le tlle PULllC
doesn’t matter which class she passes to the method. As long as it implements
IStingPatrol, the DefendTheHive () is guaranteed that the object has the metIIOC[S aﬂC[
methods and properties it needs to defend the hive. PI’O Perties 0 {

any class that

Now that I know you can
defend the hive, we'll all be
a lot saferl

implements it.

2 o
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a little bit nectarcollector and a little bit stingpatrol

Now you can create an instance of
NectarStinger that does both jobs

You use the colon operator to declare an interface, just like you do for

inheritance. It works like this: the first thing after the colon is the class
it inherits from, followed by a list of interfaces -- unless it doesn’t inherit

from a class, in which case it’s just a list of interfaces (in no particular

order).

\/ou imflemcv\i an interfate with a colon
operator, just like you inherit.

This ¢elass inherits from Worker and
im?lcmcn{:s ’ch{:a\rCo”cC{;ov and
[StingPatrol.

class NectarStinger@Worke@ INectarCollector,

IStingPatrol {

ublic
/& get { return alertlevel; }'m{;cv(:au i You

The NectarStinger '}

sets the batking .

Bd for the LS

A\cv{chc\ set

property in its

LookFoYEV\C"‘.‘CS()

mc{‘)\Od }
public
public

Every method

n {-,hyc interface {... }

has a method pule..c

in the tlass. pule..c

Dthevwise 9y public

wouldn't 50'“\7“"

When You eveate a NeetarStinger obieet, it
will be able to do the the Job
th,{',a‘rConcc{:or and 3 S{:ingPa{;rol

& \/ou tan use

int AlertLevel { move than one

scyara{:c them

ith tommas.
int StingerLength { with com

{ return stingerLength; }

{

stingerLength = value;

bool LookForEnemies() {...}
int SharpenStinger (int Length)

void FindFlowers() {...}
void GatherNectar() {...}
void ReturnToHive () {...}

The bee vetracts its
stinger when there
are no enemies around,
so the backi»g field

changcs its value over
ime.

of both a
worker bee.

When you’ve got a class that implements an interface, it acts just like
any other class. You can instantiate it with new and use its methods:

NectarStinger bobTheBee

new NectarStinger();

bobTheBee.LookForEnemies () ;

bobTheBee.FindFlowers () ;
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therejare no
Dumb Questions

Q: | still don’t quite get how interfaces improve
the beehive code. You'll still need to add a
NectarStinger class, and it’ll still have duplicate
code...right?

A: Interfaces aren't about preventing you from
duplicating code. They're about letting you use one class in
more than one situation. The goal is to create one worker
bee class that can do two different jobs. You'll still need

to create classes for them—that's not the point. The point
of the interfaces is that now you've got a way to have a
class that does any number of jobs. Let's say you have

a PatrolTheHive() method that takes a StingPatrol object
and a CollectNectar() method that takes a NectarCollector
object. But you don’t want StingPatrol o inherit from
NectarCollector or vice versa—each class has public
methods and properties that the other one shouldn't have.
Now take a minute and try to think of a way to create one
single class whose instances could be passed to both
methods. Seriously, put the book down, take a minute and
try to think up a way! How do you do it?

Interfaces fix that problem. Now you can create an
IStingPatrol reference—and that reference can point to

any object that implements IStingPatrol, no matter what

the actual class is. It can point to a StingPatrol, or a
NectarStinger, or even a totally unrelated object. If you've
got an IStingPatrol reference pointing to an object, then you
know you can use all of the methods and properties that are
part of the IStingPatrol interface, regardless of the actual
type of the object.

But the interface is only part of the solution. You'll still

need to create a new class that implements the interface,
because it doesn't actually come with any code. Interfaces
aren't about avoiding the creation of extra classes or
avoiding duplicate code. They're about making one class
that can do more than one job without relying on inheritance,
because inheritance brings along a lot of extra baggage—
you'll have to inherit every method, property and field, not
just the ones that have to do with the specific job.

Can you think of ways that you could still avoid duplicating
code while using an interface? You could create a separate
class called Stinger or Proboscis to contain the code that's
specific to stinging or collecting nectar. NectarStinger and
NectarCollector could both create a private instance of
Proboscis, and any time they need to collect nectar, they'd
call its methods and set its properties.




interfaces and abstract classes

Classes that implement interfaces have to
include ALL of the inferface’s methods

Implementing an interface means that you have to have a method in the class
for each and every property and method that’s declared in the interface—if it
doesn’t have every one of them, it won’t compile. If a class implements more
than one interface, then it needs to include all of the properties and methods in

cach of the interfaces it implements. But don’t take our word for it... >* r\ Do t})‘isy

o Create a new application and add a new class file called IStingPatrol.cs
Instead of adding a class, type in the IStingPatrol interface on the previous page.

e Add a Bee class to the project
Don’t add any properties or methods yet. Just have it implement IStingPatrol:

public class Bee : IStingPatrol {

e Try to compile the program
Select “Rebuild” from the Build menu. Uh-oh—the compiler won’t let you do it:

|Q 4 Errars ‘ |_:5 0 YWarnings ‘ |k|!,]l 0 Messages

Descripkion

'HFCsharp, Chapter? Bee' does not implement interface member \/ou’" cee one of these
‘HFCsharp, Chapter? ISkingPatrol, AlertLewvel N = im?lc"‘ch{» -
for every mCmbcr,
|S{','m5Pa{:‘ro| that's not
implemented in the elass.
The tompiler veally wants
you to implement every
method in the interface.

'HFCsharp, Chapter? .Bee' does not implement interface member
'HFZsharp. Chapter?  IStingPatrol, StingerLength’

'HFCsharp, Chapter? .Bee' does not implement interface member
'HFZsharp. Chapter?  IStingPatrol LookForEnemies) )y

'HFCsharp. Chapter? Bee' does not implement inkerface member
'HFCsharp. Chapter?  IStingPatrol, sharpenstinger(ing )’

—_2'.1! Error List |5 Find Results | 29 Find Symbol Results

e Add the methods and properties to the Bee class
Add a LookForEnemies method and a SharpenStinger method—they don’t have to
do anything, they just need to compile. Then add a get accessor for an int called AlertLevel
and get and set accessors for an int called StingerLength. Now the program will compile!
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