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Over the past dozen years | have taught, and continue to teach, OO design to professional
software developers. My courses are divided into morning lectures and afternoon exer-
cises. For the exercises | will divide the class up into teams and have them solve a design
problem using UML. The next morning we choose one or two teams to present their solu-

tions on awhite board, and we critique their designs.

I have taught these courses hundreds of times and have noticed that there is a group of
design mistakes that are commonly made by the students. This chapter presents a few of
the most common errors, shows why they are errors, and addresses how they can be cor-
rected. Then it goes on to solve the problem in a way that | think resolves all the design

forces nicely.
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TheMark IV Special Coffee M aker

During the first morning of an OOD class | present the basic definitions of classes,
objects, relationships, methods, polymorphism, and so on. At the same time | present the
basics of UML. Thus, the students learn the fundamental concepts, vocabulary, and tools
of object oriented design.

During the afternoon | give the class the following exercise to work on: | ask them to
design the software that controls a simple coffee maker. Here is the specification | give
them."

The Mark IV Special Coffee Maker

The Mark IV Special makes up to 12 cups of coffee at atime. The user places afilter
in the filter holder, fills the filter with coffee grounds, and slides the filter holder into its
receptacle. The user then pours up to 12 cups of water into the water strainer and presses
the Brew button. The water is heated until boiling. The pressure of the evolving steam
forces the water to be sprayed over the coffee grounds, and coffee drips through the filter
into the pot. The pot is kept warm for extended periods by a warmer plate, which only
turns on if there is coffee in the pot. If the pot is removed from the warmer plate while
water is being sprayed over the grounds, the flow of water is stopped so that brewed coffee
does not spill on the warmer plate. The following hardware needs to be monitored or con-
trolled:

*  The heating element for the boiler. It can be turned on or off.
»  The heating element for the warmer plate. It can be turned on or off.

»  The sensor for the warmer plate. It has three states: war ner Enpt y, pot Enpt y,
pot Not Enpty.

» A sensor for the boiler, which determines whether there is water present. It has
two states: boi | er Enpt y or boi | er Not Enpt y.

»  TheBrew button. Thisisamomentary button that starts the brewing cycle. It has
an indicator that lights up when the brewing cycle is over and the coffee is ready.

» A pressure-relief valvethat opensto reducethe pressureinthe boiler. Thedropin
pressure stops the flow of water to the filter. It can be opened or closed.

The hardware for the Mark 1V has been designed and is currently under development.
The hardware engineers have even provided a low-level API for us to use, so we don’'t
have to write any bit-twiddling 1/0 driver code. The code for these interface functions is
shownin Listing 11-1. If this code looks strange to you, just keep in mind that it was writ-
ten by hardware engineers.

1. Thisproblem comesfrom my first book: [Martin1995], p. 60.
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Listing 11-1 Cof eeMaker API . j ava

public interface CoffeeMaker APl {
public static CoffeeMaker APl api = null; // set by nain.
/**
* This function returns the status of the warner-plate
* sensor. This sensor detects the presence of the pot
* and whether it has coffee init.
*/
public int getWarmerPl ateStatus();

public static final int WARVER EMPTY = O;

public static final int POT_EMPTY = 1,

public static final int POT_NOT_EMPTY = 2;

/**

* This function returns the status of the boiler swtch.
* The boiler switch is a float switch that detects if

* there is nore than 1/2 cup of water in the boiler.

*/

public int getBoilerStatus();

inal int BO LER_EMPTY

public static fi 3 = 0;
final int BO LER NOT_EMPTY = 1;

public stati

o0

/**

* This function returns the status of the brew button.
* The brew button is a nomentary switch that remenbers

* jts state. Each call to this function returns the

* renmenbered state and then resets that state to

* BREW BUTTON_NOT _PUSHED.

*

* Thus, even if this function is polled at a very sl ow
* rate, it will still detect when the brew button is

* pushed.

*/

public int getBrewButtonStatus();

public static final int BREWBUTTON PUSHED = O;
public static final int BREWBUTTON NOT_PUSHED = 1;

/**

* This function turns the heating elenent in the boiler
* on or off.

*/

public void setBoilerState(int boilerStatus);

public stati
public stati

final int BOLER ON = O;
final int BOLER OFF = 1;

o0

/**

* This function turns the heating elenent in the warner
* plate on or off.

*/

public void setWarnerState(int warnerState);

public static final int WARMER ON = O;
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Listing 11-1 (Continued) Cof eeMaker API . j ava
public static final int WARVER OFF = 1;

/**

* This function turns the indicator |light on or off.
* The indicator light should be turned on at the end
* of the brewing cycle. It should be turned of f when
* the user presses the brew button.

*/

public void setlndicatorState(int indicatorState);

public stati
public stati

final int |IND CATOR ON = 0;
final int |IND CATOR OFF = 1;

o0

/**

* This function opens and closes the pressure-relief

* val ve. When this valve is closed, steampressure in

* the boiler will force hot water to spray out over

* the coffee filter. When the valve is open, the steam

* in the boiler escapes into the environment, and the

* water in the boiler will not spray out over the filter.
*/

public void setReliefValveState(int reliefValveState);

public static final int VALVE_OPEN = O;
public static final int VALVE_CLOSED = 1;

}

A challenge

If you want a challenge, stop reading here and try to design this software yourself.
Remember that you are designing the software for a simple, embedded real-time system.
What | expect of my students is a set of class diagrams, sequence diagrams, and state
machines.

A common, but hideous, coffee maker
solution

By far the most common solution that my students
present isthe onein Figure 11-1. In this diagram we see
the central Cof f eeMaker class surrounded by minions
that control the various devices. The Cof f eeMaker
contains aBoi | er, aWarner Pl at e, aButton, and a
Li ght. The Boi | er contains a Boi | er Sensor and a f‘-l
Boi |l erHeater. The WarnerPlate contains a

Pl at eSensor and a Pl at eHeat er. Finaly there are &=
two base classes, Sensor and Heat er, that act as par-
ents to the Boiler and WarmerPl ate deements, ==
respectively.
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J/—’ CoffeeMaker 0—\1/
Boiler WarmerPlate
BoilerSensor BoilerHeater PlateHeater PlateSensor
Heater
Sensor
Figure 11-1

Hyper-concrete coffee maker.

Itishard for beginners to appreciate just how hideous this structureis. There are quite
a few rather serious errors lurking in this diagram. Many of these errors would not be
noticed until you actually tried to code this design and found that the code was absurd.

But before we get to the problems with the design itself, let's look at the problems
with the way the UML is created.

Missing methods

The biggest problem that Figure 11-1 exhibits is acomplete lack of methods. We are writ-
ing a program here, and programs are about behavior! Where is the behavior in this dia-
gram?

When designers create diagrams without methods they may be partitioning the soft-
ware on something other than behavior. Partitionings that are not based upon behavior are
amost always significant errors. It is the behavior of a system that is the first clue to how
the software should be partitioned.
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Vapor classes

We can see how poorly partitioned this particular designis, if we consider the methods we
might put in the class Li ght . Clearly the Li ght object just wants to be turned on or
turned off. Thus we might put an on() and of f () method in class Li ght . What would
the implementation of those function look like? See Listing 11-2.

Listing11-2 Light.java
public class Light {
public void on() {
Cof f eeMaker API . api .
set | ndi cat or St at e( Cof f eeMaker API . | NDI CATOR_QN) ;

public void off() {
Cof f eeMaker API . api .
set | ndi cat or St at e( Cof f eeMaker API . | NDI CATOR_OFF) ;
}

}

There are some peculiar things about class Li ght . First, it has no variables. Thisis
odd since an object usually has some kind of state that it manipulates. What’'s more, the
on() and of f () methods simply delegate to the set | ndi cat or St at e method of the
Cof f eeMaker API . So apparently the Li ght class is nothing more than a call trandator.
It's not really doing anything useful.

This same reasoning can be applied to the Butt on, Boil er, and Warner Pl ate
classes. They are nothing more than adapters that transate a function call from one form
to another. Indeed, they could be removed from the design altogether without changing
any of the logic in the Cof f eeMaker class. That class would simply have to call the
Cof f eeMaker API directly instead of through the adapters.

By considering the methods, and then the code, we have demoted these classes from
the prominent position the hold in Figure 11-1, to mere place holders without much rea-
son to exist. For thisreason, | call them vapor classes.

I maginary abstraction

Notice the Sensor and Heat er base classes in Figure 11-1. The previous section should
have convinced you that their derivatives were mere vapor, but what about base classes
themselves? On the surface they seem to make alot of sense. And yet, there doesn’t seem
to be any place for them.

Abstractions are tricky things. We humans see them everywhere, but many are not
appropriate to be turned into base classes. These, in particular, have no place in this
design. We can see this by asking ourselves who uses them.

No classin the system actually makes use of the Sensor or Heat er class. If nobody
uses them, what reason do they have to exist? Sometimes we might tolerate a base class



TheMark IV Special Coffee Maker 135

that nobody uses if it supplied some common code to the derivatives, but these bases have
no code in them at al. At best their methods are abstract. Consider, for example, the
Heat er interfacein Listing 11-3. A class with nothing but abstract functions and that no
other classusesisofficialy useless.

Listing 11-3 Heater.java

public interface Heater {
public void turnOn();
public void turnOff();

}

The Sensor class (Listing 11-4) isworse! Like Heat er, it has abstract methods and
no users. What’'s worse isthat the return value of its sole method is ambiguous. What does
the sense() method return? In the Boi | er Sensor it returns two possible values, but in
War mer Pl at eSensor it returns three possible values. In short, we cannot specify the
contract of the Sensor in the interface. The best we can do is say that sensors may return
i nts. Thisis pretty weak.

Listing 114 Sensor.java

public interface Sensor {
public int sense();

What really happened here is that we read through the specification, found a bunch of
likely nouns, made some inferences about their relationships, and then created aUML dia-
gram based on that reasoning. If we accepted these decisions as an architecture and imple-
mented them the way they stand, then we'd wind up with an all-powerful Cof f eeMaker
class surrounded by vaporous minions. We might as well programitin C!

God classes

Everybody knows that god classes are a
bad idea. We don’'t want to concentrate
al the intelligence of a system into a
single object or a single function. One
of the goals of OOD is the partitioning
and distribution of behavior into many
classes and many functions. It turns out,

however, that many object models that *
appear to be distributed are really the
abode of gods in disguise. Figure 11-1
is a prime example. At first glance it
looks like there are lots of classes with
interesting behavior. But as we drill
down into the code that would imple-

g
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ment those classes we find that only one of those classes, Cof f eeMaker , has any interest-
ing behavior, and the rest are all imaginary abstractions or vapor classes.

A Coffee Maker Solution

Solving the coffee maker problem is an interesting exercise in abstraction. Most develop-
ers new to OO find themselves quite surprised by the result.

Thetrick to solving this problem isto step back and separate its details from its essen-
tial nature. Forget about boilers, valves, heaters, sensors, and al the little details and con-
centrate on the underlying problem. What is that problem? The problem is, how do you
make coffee?

How do you make coffee? The simplest, and most common solution to this problem,
isto pour hot water over coffee grounds, and to collect the resulting infusion in some kind
of vessel. Where do we get the hot water from? Let’s call it a Hot Wat er Sour ce. Where
do we collect the coffee? Let'scall it aCont ai nnent Vessel 2

Are these two abstractions really classes? Does a Hot Wat er Sour ce have behavior
that could be captured in software? Does a Cont ai nment Vessel do something that soft-
ware could control? If we think about the Mark 1V unit, we could imagine the boiler,
valve, and boiler sensor playing the role of the Hot Wat er Sour ce. The Hot Wat er Sour ce
would be responsible for heating the water and delivering it over the coffee grounds to
drip into the Cont ai nment Vessel . We could also imagine the warmer plate and its sen-
sor playing the role of the Cont ai nment Vessel . It would be responsible for keeping the
contained coffee warm, and also for letting us know whether there was any coffee left in
the vessdl.

Crossed wires
How would you capture the previous discussion in a UML diagram? Figure 11-2 shows

one possible schema. Hot Wat er Sour ce and Cont ai nnment Vessel are both represented
as classes, and are associated by the flow of coffee.

Hot Water Coffee Flow Containment

Source Vessel

Figure 11-2
Crossed wires.

2. That nameis particularly appropriate for the kind of coffeethat | like to make.
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The association shows an error that OO novices commonly make. The association is
made with something physica about the problem instead of with the control of software
behavior. The fact that coffee flows from the Hot Wat er Sour ce to the Cont ai nnment -
Vessel iscompletely irrelevant to the association between those two classes.

For example, what if the software in the Cont ai nment Vessel told the Hot Wt er -
Sour ce when to start and stop the flow of hot water into the vessel? This might be
depicted as shown in Figure 11-3. Notice that the Cont ai nment Vessel is sending the
start message to the Hot Wat er Sour ce. This means that the association in Figure 11-2 is
backwards. Hot Wat er Sour ce does not depend upon the Cont ai nnent Vessel at al.
Rather, the Cont ai nment Vessel depends upon the Hot Wat er Sour ce.

start

HotWater Containment
Source Vessel

Figure 11-3
Starting the flow of hot water.

The lesson here is simply this: Associations are the pathways through which mes-
sages are sent between objects. They have nothing to do with the flow of physica objects.
The fact that hot water flows from the boiler to the pot does not mean that there should be
an association from the Hot Wat er Sour ce to the Cont ai nment Vessel .

| call this particular mistake crossed wires because the wiring between the classes has
gotten crossed between the logical and physical domains.

The coffee maker user interface

It should be clear that something is missing from our coffee maker model. We have a
Hot Wat er Sour ce and a Cont ai nnent Vessel , but we don’t have any way for ahuman
to interact with the system. Somewhere our system has to listen for commands from a
human. Likewise the system must be able to report its status to its human owners. Cer-
tainly the Mark 1V had hardware dedicated to this purpose. The button and the light served
as the user interface.

Thus, we'll add a User | nt er f ace classto our coffee maker model. This gives us a
triad of classes interacting to create coffee under the direction of a user.

Use Case 1. User pushes brew button

OK, given these three classes, how do their instances communicate? Let's look at severa
use cases to see if we can find out what the behavior of these classesis.
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Which one of our objects detects the fact that the user has pressed the Brew button?
Clearly, it must bethe User I nt er f ace object. What should this object do when the Brew
button is pushed?

Our goal isto start the flow of hot water. However, before we can do that, we' d better
make sure that the Cont ai nment Vessel isready to accept coffee. We'd also better make
surethat the Hot Wat er Sour ce isready. If we think about the Mark 1V, we' re making sure
that the boiler is full, and that the pot is empty and in place on the warmer.

So the first thing our User I nt er f ace object doesis to send a message to the Hot -
Wat er Sour ce and the Cont ai nnent Vessel to seeif they are ready. This is shown in
Figure 11-4.

IsReady
User s HotWater
Interface Source
Containment
» Vessel
IsReady
Figure 114

Brew button pressed, checking for ready.

If either of these queries returns false, then we refuse to start brewing coffee. The
User | nt er f ace object can take care of letting the user know that his request was denied.
Inthe Mark IV case, we might flash the light a few times.

If both queries return true, then we need to start the flow of hot water. Probably the
User I nterface object should send a St art message to the Hot Wat er Sour ce. The
Hot Wat er Sour ce will then start doing whatever it needs to do to get hot water flowing.
In the case of the Mark IV, it will close the valve and turn on the boiler. Figure 11-5 shows
the completed scenario.

1:IsReady
User HotWater
—>

3:Start

Containment
» Vessel
2:IsReady!

Figure 11-5
Brew button pressed, complete.
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Use Case 2: Containment vessel not ready

Inthe Mark 1V we know that the user can take the pot off the warmer while coffee is brew-
ing. Which one of our objects would detect the fact that the pot had been removed? Cer-
tainly it would be the Cont ai nment Vessel . The requirements for the Mark 1V tell us
that we need to stop the flow of coffee when this happens. Thus the Cont ai nnent -
Vessel must be ableto tell the Hot Wat er Sour ce to stop sending hot water. Likewise, it
needs to be able to tell it to start again when the pot is replaced. Figure 11-6 adds the new
methods.

la:lsReady
User HotWater
Interface » Source
3a:Start
1b: Pause
2b: Resume
Containment
. Vessel
2a:IsReady
Figure 11-6

Pausing and resuming the flow of hot water.

Use Case 3: Brewing complete

At some point we will be done brewing coffee, and we'll have to turn off the flow of hot
water. Which one of our objects knows when brewing is complete? In the Mark |V's case
the sensor in the boiler tells us that the boiler is empty. So our Hot Wat er Sour ce would
detect this. However, it's not hard to envision a coffee maker in which the Cont ai nnent -
Vessel would be the one to detect that brewing was done. For example, what if our cof-
fee maker was plumbed into the water mains and therefore had an infinite supply of
water? What if the water was heated by an intense microwave generator® as it flowed
through the pipes into a thermally isolated vessel? What if that vessel had a spigot from
which users got their coffee? In this case it would be a sensor in the vessel that would
know that it was full, and that hot water should be shut off.

The point isthat in the abstract domain of the Hot Wat er Sour ce and Cont ai nnent -
Vessel , neither is an especially compelling candidate for detecting completion of the
brew. My solution to that is to ignore the issue. I'll assume that either object can tell the
others that brewing is complete.

Which objects in our model need to know that brewing is complete? Certainly the
User | nt er f ace needs to know since, in the Mark |V, it must turn the light on. It should

3. OK...I'm having abit of fun. But, what if?
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also be clear that the Hot Wat er Sour ce needs to know that brewing is over, because it’ll
need to stop the flow of hot water. In the Mark IV it'll shut down the boiler and open the
valve. Does the Cont ai nment Vessel need to know that brewing is complete? |Is there
anything special that the Cont ai nnent Vessel needs to do, or to keep track of, once the
brewing is complete? In the Mark 1V it's going to detect an empty pot being put back on
the plate, signalling that the user has poured the last of the coffee. This causesthe Mark 1V
to turn the light out. So, yes, the Cont ai nment Vessel needs to know that brewing is
complete. Indeed, the same argument can be used to say that the User I nt er f ace should
send the St art message to the Cont ai nnent Vessel when brewing starts. Figure 11-7
shows the new messages. Note that I've shown that either Hot Wat er Sour ce or
Cont ai nnent Vessl el can send the Done message.

2c: Done

-—
la:lsReady
User ’ HotWater
Interface Source
3a:Start
. . 1b: Pause
2d: Done T 1c: Donel T 2b: Resume
Containment
Vessel
2a:IsReady 1d: Done
Figure 11-7

Detecting when brewing is complete.

Use Case 4. Coffee all gone

The Mark 1V shuts off the light when brewing is complete and an empty pot is placed on
the plate. Clearly, in our object moded, it is the Cont ai nnent Vessel that should detect
this. It will haveto send a Conpl et e messagetothe User | nt er f ace. Figure 11-8 shows
the completed collaboration diagram.

From this diagram we can draw a class diagram with all the associations intact. This
diagram holds no surprises. You can seeit in Figure 11-9.

I mplementing the abstract model

Our object model is reasonably well partitioned. We have three distinct areas of responsi-
bility, and each seemsto be sending and receiving messages in a balanced way. There does
not appear to be a god object anywhere. Nor do there appear to be any vapor classes.

So far, so good, but how do we implement the Mark IV in this structure? Do we just
implement the methods of these three classes to invoke the Cof f eeMaker APl ? This
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2c: Done
-—
la:lsReady
User ’ HotWater
S ——
Interface Source
3a:Start
. . . 1b: Pause
2d: Done T Tle. Complete lc: Donel T 2b: Resume
Containment
Vessel
2a:lsReady —  — 1d: Done
—»
4a:Start
Figure 11-8
Coffee all gone.
Hot Water

User Interface

Source

Containment
Vessel

Figure 11-9
Class diagram.

would be a real shame! We've captured the essence of what it takes to make coffee. It
would be pitifully poor design if we were to now tie that essence to the Mark 1V.

Infact, I'm going to make arule right now. None of the three classes we have created
must ever know anything about the Mark V. This is the Dependency Inversion Principle
(DIP). We are not going to allow the high-level coffee making policy of this system to
depend upon the low-level implementation.

OK, then how will we create the Mark 1V implementation? Let’s look at all the use
cases again, but thistime, let's look at them from the Mark |V point of view.

Use Case 1. User pushes Brew button

Looking at our model, how does the User I nt er f ace know that the Brew button has
been pushed? Clearly, it must call the Cof f eeMaker API . get Br ewBut t onSt at us()
function. Where should it cal this function? We've dready decreed that the
User I nterf ace classitself cannot know about the CoffeeMakerAPI. So where does this
call go?
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We'll apply the DIP and put the call in a derivative of User | nt er f ace. See Figure
1110 for details.

User Interface Hot Water

Source

# startBrewing

M4UserInterface Containment
+ checkButton Vessel
Figure 11-10

Detecting the Brew button.

We've derived MAUser | nt er f ace from User | nt er f ace, and we've put acheck-
Butt on() method in MtUser I nt er f ace. When this function is called, it will call the
Cof f eeMaker API . get BrewBut t onSt at us() function. If the button has been pressed,
it will invoke the protected st ar t Br ewi ng() method of User | nt er f ace. Listings 11-5
and 11-6 show how this would be coded.

Listing 11-5 M4User | nterface.java

public class MiUserlnterface extends Userlnterface {
private void checkButton() {
int buttonStatus =
Cof f eeMaker API . api . get BrewButt onSt at us() ;
if (buttonStatus == Cof f eeMaker APl . BREW BUTTON_PUSHED) {
startBrew ng();

}
}

Listing 11-6 UserlInterface.java

public class Userlnterface {
private Hot WAt er Source hws;
private Contai nment Vessel cv;

public void done() {}
public void conplete() {}
protected void startBrew ng()
if (hws.isReady() && cv.isReady()) {
hws. start () ;
cv.start();
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You might be wondering why | created the protected st ar t Br ewi ng() method at
al. Why didn't | just call thest art () functionsfrom M4User | nt erface? Thereasonis
simple, but significant. Thei sReady() tests, and the consequential callsto thestart ()
methods of the Hot Wat er Sour ce and the Cont ai nment Vessel are high-level policy
that the User | nt er f ace class should possess. That code is valid irrespective of whether
we areimplementing a Mark 1V and should therefore not be coupled to the Mark 1V deriv-
aive. You will see me make this same distinction over and over again in this example. |
keep as much code as | can in the high-level classes. The only code | put into the deriva-
tivesis code that is directly, and inextricably, associated with the Mark IV.

Implementing thei sReady() functions

How are the i sReady() methods of Hot Wat er Source and Cont ai nment Vessel

implemented? It should be clear that these are really just abstract methods, and that these
classes are therefore abstract classes. The corresponding derivatives MAHot Wat er Sour ce
and M4Cont ai nnent Vessel will implement them by calling the appropriate Cof f ee-

Maker APl functions. Figure 11-11 shows the new structure, and Listings 11-7 and 11-8
show the implementation of the two derivatives.

7{A},
User Interface Hot Water
Source

——{> # startBrewing
+ {A} isReady()

X {Ah
Containment
Vessel

M4UserInterface M4HotWater

Source

+ {A} isReady()

+ checkButton

M4Containment
Vessel

Figure 11-11
Implementing the i sReady methods.

Listing 11-7 M4Hot Wat er Sour ce. j ava

public class MiHot WAt er Sour ce extends Hot WAt er Source {
publ i ¢ bool ean isReady() {
int boilerStatus =
Cof f eeMaker API . api . get Boi | er St at us();
return boil er Status == Cof f eeMaker APl . BO LER NOT_EMPTY;




144 Chapter 11- Heuristics and Coffee

Listing 11-8 M4Cont ai nnment Vessel . j ava
public class MiCont ai nnent Vessel extends Cont ai nnent Vessel {
publ i ¢ bool ean isReady() {
int plateStatus =
Cof f eeMaker API . api . get War ner Pl at eSt at us() ;
return plateStatus == Cof f eeMaker APl . POT_EMPTY;

}
}

Implementingthest art () functions

Thest art () method of Hot Wat er Sour ce isjust an abstract method that isimplemented
by MiHot Wat er Sour ce to invoke the Cof f eeMaker API functions that close the valve
and turn on the boiler. As | wrote these functions | began to get tired of all the
Cof f eeMaker API . api . XXX structures | was writing, so | did a little refactoring at the
sametime. Theresult isin Listing 11-9.

Listing 11-9 MiHot Wat er Sour ce. j ava

public class MiHot WAt er Sour ce extends Hot WAt er Source {
Cof f eeaker APl api ;

publ i ¢ MiHot WAt er Sour ce( Cof f eeMaker APl api) {
this.api = api;

publ i ¢ bool ean isReady() {
int boilerStatus = api.getBoilerStatus();
return boil erStatus == api.BO LER _NOT_EMPTY;

}

public void start() {
api . set Rel i ef Val veSt at e( api . VALVE_CLGCSED) ;
api . set Boi | er St at e(api . BO LER_QN) ;

}
}
Thestart () method for the Cont ai nnent Vessel isalittle more interesting. The
only action that the MiCont ai nnent Vessel needs to take is to remember the brewing

state of the system. Aswe'll seelater, thiswill alow it to respond correctly when pots are
placed on, or removed from, the plate. Listing 11-10 shows the code.

Listing 11-10 M4Cont ai nment Vessel . j ava

public class MiCont ai nnent Vessel extends Cont ai nnent Vessel {
private Cof feeMaker APl api;
private bool ean i sBrewi ng;

publ i ¢ MiCont ai nment Vessel ( Cof f eeMaker APl api) {

this.api = api;
i sBrewi ng = fal se;
}

publ i ¢ bool ean isReady() {
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Listing 11-10 (Continued) M4Cont ai nnent Vessel . j ava

int plateStatus = api.getWarnmerPl ateStatus();
return plateStatus == api.POT_EMPTY;

public void start() {
i sBrewi ng = true;
}

}
HowdoesMAUser | nt er f ace. checkBut t on get called?

Thisis an interesting point. How does the flow of control ever get to a place at which the
Cof f eeMaker API . get BrewBut t onSt at us() function can be called? For that matter,
how does the flow of control get to where any of the sensors can be detected?

Many of the teams who try to solve this problem get completely hung up on this
point. Some don’t want to assume that there's a multithreading operating system in the
coffee maker, and so they want to use a polling approach to the sensors. Others want to put
multithreading in so that they don’'t have to worry about polling. I’ ve seen this particular
argument go back and forth for an hour or more in some teams.

The mistake that these teams are making (which | eventually point out to them after
letting them sweat a hit) is that the choice between threading and polling is completely
irrelevant. This decision can be made at the very last minute without harm to the design.
Therefore it is aways best to assume that messages can be sent asynchronously, as though
there were independent threads, and then put the polling or threading in at the last minute.

The design so far has assumed that somehow the flow of control will asynchronously
get into the MAUser | nt er f ace object so that it can call Cof f eeMaker API . get Br ew
But t onSt at us() . Now let’'s assume that we are working in a very minimal VM that
does not support threading. This meanswe' re going to have to poll. How can we make this
work?

Consider the Pol | abl e interface in Listing 11-11. This interface has nothing but a
pol I () method. Now, what if MdUser I nt er f ace implemented this interface? What if
the mai n() program hung in a hard loop just caling this method over and over again?
Then the flow of control would continuously be reentering MdUser I nt er f ace and we
could detect the Brew button.

Listing 11-11 Pol | abl e. j ava

public interface Pollable {
public void poll();

Indeed, we can repeat this pattern for all three of the M4 derivatives. Each hasits own
sensorsit needs to check. So, as shown in Figure 11-12, we can derive al of the M4 deriv-
ativesfrom Pol | abl e and call them al from mai n() .
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Figure 11-12
Pollable coffee maker.

Listing 11-12 shows what the main function might look like. It is placed in a class
called Cof f eeMaker. The mai n() function creates the implemented version of the api ,
and then creates the three M4 components. It calsi nit () functionsto wire the compo-
nents up to each other. Finaly it hangs in an infinite loop calling pol | () on each of the
componentsin turn.

Listing 11-12 Cof f eeMaker. j ava

public class CoffeeMaker {
public static void main(String[] args) {
Cof f eeMaker APl api = new M4Cof f eeMaker API | mpl ement ati on()

MiUser | nterface ui = new MdUserl nterface(api);
MiHot WAt er Sour ce hws = new MiHot WAt er Sour ce(api )
MACont ai nmrent Vessel cv = new M4Cont ai nnent Vessel (api);

ui .init(hws,cv);
hws.init(ui,cv);
cv.init(ui,hws);

while(true) {
ui . poll();
hws. pol I ();
cv.poll ();
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Listing 11-12 (Continued) Cof f eeMaker . j ava

}
}
}

Now it should be clear how the MiUser I nt er f ace. checkButt on() function gets
called. Indeed, it should be clear that this function isreally not called checkBut t on() . It
iscaled pol I (). Listing 11-13 showswhat MtUser | nt er f ace looks like now.

Listing 11-13 M4User I nterface. j ava

public class MiUserlnterface extends Userlnterface
i mpl ements Pol | abl e {
private Cof feeMaker APl api;
private Hot WAt er Source hws;
private Contai nment Vessel cv;

public void init(HotWterSource hws, ContainnentVessel cv) {
this. hws = hws;
this.cv = cv;

public MiUser | nterface(Cof feeMaker APl api) {
this.api = api;

private void poll () {
int buttonStatus = api.getBrewButtonStatus();
if (buttonStatus == api.BREW BUTTON_PUSHED) ({
startBrew ng();

}
}

}

Completing the Coffee Maker

The reasoning used in the previous sections can be repeated for each of the other compo-
nents of the coffee maker. The result is shown in Listings 11-14 through 11-21.

The benefits of this design

Despite the trivial nature of the problem, this design shows some very nice characteristics.
Figure 11-13 shows the structure. | have drawn a line around the three abstract classes.
These are the classes that hold the high-level policy of the coffee maker. Notice that all
dependencies that cross the line point inward. Nothing inside the line depends upon any-
thing outside. Thus, the abstractions are completely separated from the details.

The abstract classes know nothing of buttons, lights, valves, sensors, nor any other of
the detailed elements of the coffee maker. By the same token, the derivatives are domi-
nated by those details.
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Coffee maker components.

Note that the three abstract classes could be reused to make many different kinds of
coffee machines. We could easily use them in a coffee machine that is connected to the
water mains and uses a tank and spigot. It seems likely that we could also use them for a
coffee vending machine. Indeed, | think we could use it in an automatic tea brewer or even
achicken soup maker. This segregation between high-level policy and detail is the essence
of object oriented design.

How did | really come up with this design?

| did not just sit down one day and develop this design in a
nice straightfoward manner. Indeed, my very first design for
the coffee maker looked much more like Figure 11-1. How-
ever, | have written about this problem many times, and have
used it as an exercise while teaching class after class. So this
design has been refined over time.

The code you see below was created, test first, using the
unit tests in Listing 11-22. | created the code based upon the
structure in Figure 11-13, but put it together incrementally, one failing test case at atime.”

4. [Beck2002].
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| am not convinced that the test cases are complete. If this were more than an example
program, |I'd do a more exhaustive analysis on the test cases. However, | felt that such an

analysis would have been overkill for this book.

Listing 11-14 Userlnterface. java

public abstract class Userlinterface {
private Hot WAt er Source hws;
private Contai nment Vessel cv;
protected bool ean isConpl ete;

public Userlnterface() {
i sConpl ete = true;

public void init(HotWterSource hws, Contai nmentVessel
this. hws = hws;
this.cv = cv;

}

public void conplete() {
i sConpl ete = true;
conpl et eCycl e();

protected void startBrew ng() {
if (hws.isReady() && cv.isReady()) {
i sConpl ete = fal se;
hws. start () ;
cv.start();

}
}
publ i c abstract void done();
publ i c abstract void conpl eteCycle();

}

cv) {

Listing 11-15 M4User I nterface.j ava

public class MiUserlnterface extends Userlnterface

i mpl ements Pol | abl e {
private Cof feeMaker APl api;

public MiUser | nterface(Cof feeMaker APl api) {
this.api = api;

public void poll () {
int buttonStatus = api.getBrewButtonStatus();
if (buttonStatus == api.BREW BUTTON_PUSHED) ({
startBrew ng();

}
}
public void done()
api . set I ndi cator St at e(api .| NDI CATOR_ON) ;
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Listing 11-15 (Continued) M4User | nt er f ace. j ava

public void conpl et eCycl e()
api . set I ndi cator St at e(api . | NDI CATOR_OFF) ;

}

Listing 11-16 Hot Wat er Sour ce. j ava

publ i c abstract class Hot WAt er Source {
private Userlnterface ui;
private Contai nment Vessel cv;
protected bool ean i sBrew ng;

publ i ¢ Hot Wat er Source() {
i sBrewi ng = fal se;
}

public void init(Userlnterface ui, ContainmentVessel cv) {
this.ui = ui;
this.cv = cv;

public void start() {
i sBrewing = true;
st artBrew ng();

}

public void done() {
i sBrewi ng = fal se;

}
protected voi d decl areDone() {
ui . done();
cv.done();
i sBrewi ng = fal se;
}
publ i ¢ abstract bool ean isReady();

c
c abstract void startBrew ng();
publ i c abstract void pause();
ic abstract void resunme();

}

Listing 11-17 M4Hot Wt er Sour ce. j ava
public class MiHot WAt er Sour ce extends Hot Wat er Sour ce

i mpl ements Pol |l able {
private Cof feeMaker APl api;

publ i ¢ MiHot WAt er Sour ce( Cof f eeMaker APl api) {
this.api = api;

publ i ¢ bool ean isReady() {
int boilerStatus = api.getBoilerStatus();
return boil erStatus == api.BO LER _NOT_EMPTY;




A Coffee Maker Solution

151

Listing 11-17 (Continued) M4Hot Wat er Sour ce. j ava
}

public void startBrew ng() {
api . set Rel i ef Val veSt at e( api . VALVE_CLGCSED) ;
api . set Boi | er St at e(api . BO LER_QN) ;

public void poll()
int boilerStatus
if (isBrew ng) {
if (boilerStatus == api.BO LER_EMPTY) {
api . set Boi |l er St at e(api . BO LER_OFF) ;
api . set Rel i ef Val veSt at e(api . VALVE_CLOSED) ;
decl areDone() ;

{
= api.getBoilerStatus();

}
}
}

public void pause() {
api . set Boi | er St at e(api . BO LER_CFF) ;
api . set Rel i ef Val veSt at e( api . VALVE_OPEN) ;

public void resume()
api . set Boi | er St at e(api . BO LER_QN) ;
api . set Rel i ef Val veSt at e(api . VALVE_CLGCSED) ;

}
}

Listing 11-18 Cont ai nment Vessel . j ava

publ i c abstract class Contai nnment Vessel {
private Userlnterface ui;
private Hot WAt er Source hws;
protected bool ean i sBrew ng;
protected bool ean isConpl ete;

publ i ¢ Cont ai nnment Vessel () {
i sBrewi ng = fal se;
i sConpl ete = true;

public void init(Userlnterface ui, HotWterSource hws) {
this.ui = ui;
this. hws = hws;

}

public void start() {
i sBrewi ng = true;
i sConpl ete = fal se;

public void done() {
i sBrewi ng = fal se;
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Listing 11-18 (Continued) Cont ai nment Vessel . j ava

protected voi d decl areConpl ete() {
i sConpl ete = true;
ui . conmplete();

protected voi d containerAvailable() {
hws. resune();

protected voi d contai nerUnavail abl e() {
hws. pause() ;

publ i c abstract bool ean isReady();
}

Listing 11-19 M4Cont ai nment Vessel . j ava

public class MiCont ai nnent Vessel extends Cont ai nnent Vessel
i mpl ements Pol |l able {
private Cof feeMaker APl api ;
private int |astPotStatus;

publ i ¢ MiCont ai nment Vessel ( Cof f eeMaker APl api) {
this.api = api;
| ast Pot St at us = api . POT_EMPTY;

}

publ i ¢ bool ean isReady() {
int plateStatus = api.getWarnmerPl ateStatus();
return plateStatus == api.POT_EMPTY;

public void poll () {
int potStatus = api.get\WarnerPl ateStatus();
if (potStatus != |astPotStatus) {
if (isBrew ng)
handl eBr ew ngEvent ( pot St at us) ;
} else if (isConplete == fal se)
handl el nconpl et eEvent ( pot St at us) ;

}
| ast Pot St at us = pot St at us;

}
}

private void handl eBrewi ngEvent (i nt pot Status) {
if (potStatus == api.POT_NOT_EMPTY) {
cont ai ner Avai | abl e();
api . set Vr ner St at e( api . WARVER_QN) ;
} else if (potStatus == api. WARMER_EMPTY) {
cont ai ner Unavai | abl e() ;
api . set r ner St at e( api . WARMER_COFF) ;
} else { // potStatus == api.POT_EMPTY
cont ai ner Avai | abl e();
api . set r ner St at e( api . WARMER_COFF) ;
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Listing 11-19 (Continued) M4Cont ai nnent Vessel . j ava

}
}

if (potStatus == api.POT_NOT_EMPTY) {
api . set Vr ner St at e( api . WARVER_QN) ;

} else if (potStatus == api.WARMER_EMPTY) {
api . set Wr ner St at e( api . WARMER_CFF) ;

} else { // potStatus == api.POT_EMPTY
api . set War ner St at e( api . WARMER_COFF) ;
decl areConpl ete() ;

}

}
}

private void handl el nconpl et eEvent (i nt pot Status) {

Listing 11-20 Pol | abl e. j ava

public interface Pollable {
public void poll();

Listing 11-21 Cof f eeMaker. j ava

public class CoffeeMaker {
public static void main(String[] args)

ui .init(hws,cv);
hws.init(ui,cv);
cv.init(ui,hws);

while(true) {

ui . poll();
hws. pol I ();
cv.poll ();

}
}

MiUser | nterface ui = new MdUserl nterface(api);
MiHot WAt er Source hws = new MiHot WAt er Sour ce(api ) ;
MACont ai nmrent Vessel cv = new M4Cont ai nnent Vessel (api);

{
Cof f eeMaker APl api = new M4Cof f eeMaker API | npl ement ation();

Listing 11-22 Test Cof f eeMaker. j ava

i mport junit.framework. Test Case;
i mport junit.sw ngui.TestRunner;

cl ass Cof feeMaker St ub i nmpl ements Cof f eeMaker API

publ i ¢ bool ean buttonPressed;
publ i ¢ bool ean |ight On;

publ i ¢ bool ean boil er On;

publ i ¢ bool ean val veCl osed,;
publ i ¢ bool ean pl at eOn;

publ i ¢ bool ean boil er Enpty;
publ i ¢ bool ean pot Present;
publ i ¢ bool ean pot Not Enpty;

{




154

Chapter 11- Heuristics and Coffee

Listing 11-22 (Continued) Test Cof f eeMaker . j ava

publ i ¢ Cof f eeMaker Stub() {
butt onPressed = fal se;
lightOn = fal se;
boil erOn = fal se;
val veC osed = true;
pl ateOn = fal se;
boi | erEnpty = true;
pot Present = true;
pot Not Enpty = f al se;
}

public int getWarmerPlateStatus() {
if (!potPresent)
return WARMER EMPTY;
el se if (potNot Enpty)
return POT_NOT_EMPTY;
el se
return POT_EMPTY;

public int getBoilerStatus()
return boilerEnpty ? BO LER EMPTY : BO LER _NOT_EMPTY;

public int getBrewButtonStatus() ({
if (buttonPressed) {
buttonPressed = fal se;
return BREW BUTTON_ PUSHED,
} else {
return BREW BUTTON_NOT_PUSHED;

}

public void setBoil erState(int boilerStatus) {
boil erOn = boil erStatus == BO LER _O\;
}

public void setWarmer State(int warnerState) {
pl ateOn = warmer State == WARMER_ON,;

public void setlndicatorState(int indicatorState) {
lightOn = indicatorState == | NDI CATOR_ON;

public void setReliefValveState(int reliefValveState) {
val ved osed = reliefValveState == VALVE_CLOSED;
}

}

public class Test Cof f eeMaker extends TestCase {
public static void main(String[] args) {
Test Runner. mai n(new String[]{" Test Cof f eeMaker"});
}
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Listing 11-22 (Continued) Test Cof f eeMaker . j ava

publ i ¢ Test Cof f eeMaker (String nane) {
super (nane) ;

private MdUserlnterface ui;
private MiHot WAt er Source hws;
private MiContai nment Vessel cv;
private Cof feeMaker Stub api;

public void setUp() throws Exception {
api = new Cof f eeMaker St ub();
u = new MiUserInterface(api);
hws = new M4Hot WAt er Sour ce(api ) ;
cv = new M4Cont ai nnent Vessel (api);
ui.init(hws, cv);

hws.init(ui, cv);

cv.init(ui, hws);

}

private void poll ()
ui . poll();
hws. pol I () ;
cv.poll ();

public void tearDown() throws Exception {

}

public void testlnitial Conditions() throws Exception {
pol 1 ();
assert(api.boilerOn == fal se);
assert(api.lightOn == fal se);
assert(api.plateOn == fal se);
assert(api.valveClosed == true);

}

public void testStartNoPot () throws Exception {
pol 1 ();

api . buttonPressed = true;
api . pot Present = fal se;

pol 1 ();
assert(api.boilerOn == fal se);
assert(api.lightOn == fal se);
assert(api.plateOn == fal se);
assert (api.valveClosed == true);

}

public void testStart NoWater () throws Exception {
pol 1 ();

api . buttonPressed = true;
api . boil erEnpty = true;

pol 1 ();

assert(api.boilerOn == fal se);
assert(api.lightOn == fal se);
assert(api.plateOn == fal se);

assert(api.valveClosed == true);
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Listing 11-22 (Continued) Test Cof f eeMaker . j ava
}

public void testGoodStart() throws Exception {
normal Start ();

assert(api.boilerOn == true);
assert(api.lightOn == fal se);
assert(api.plateOn == fal se);
assert(api.valveClosed == true);
}
private void normal Start() {
pol 1 ();
api . boi l erEmpty = fal se;
api . buttonPressed = true;

pol 1 ();

public void testStartedPot Not Enpty() throws Exception {
normal Start ();
api . pot Not Enpty = true;

pol 1 ();

assert(api.boilerOn == true);
assert(api.lightOn == fal se);
assert(api.plateOn == true);
assert(api.valveClosed == true);

}
public void testPot RenovedAndRepl acedWhi | eEnmpty()
throws Exception {

normal Start ();

api . pot Present = fal se;

pol 1 ();

assert(api.boilerOn == fal se);
assert(api.lightOn == fal se);
assert(api.plateOn == fal se);
assert (api.val veCl osed == fal se);
api . pot Present = true;

pol 1 ();

assert(api.boilerOn == true);
assert(api.lightOn == fal se);
assert(api.plateOn == fal se);
assert(api.valveClosed == true);

}
public void testPot RenovedWi | eNot Enpt yAndRepl acedEnpt y()
throws Exception {

normal Fill();

api . pot Present = fal se;

pol 1 ();

assert(api.boilerOn == fal se);
assert(api.lightOn == fal se);
assert(api.plateOn == fal se);
assert (api.val veCl osed == fal se);

api . pot Present = true;
api . pot Not Empty = fal se;
pol 1 ();
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Listing 11-22 (Continued) Test Cof f eeMaker . j ava

assert(api.boilerOn == true);
assert(api.lightOn == fal se);
assert(api.plateOn == fal se);
assert(api.valveClosed == true);

}

private void normal Fill () {
normal Start ();
api . pot Not Enpty = true;
pol 1 ();

}
public void testPot RenovedWi | eNot Enpt yAndRepl acedNot Enpt y ()
throws Exception {

normal Fill();

api . pot Present = fal se;

pol 1 ();

api . pot Present = true;

pol 1 ();

assert(api.boilerOn == true);
assert(api.lightOn == fal se);
assert(api.plateOn == true);
assert (api.valveClosed == true);

}

public void testBoilerEnmptyPot Not Empty() throws Exception {
nor mal Brew() ;

assert(api.boilerOn == fal se);
assert(api.lightOn == true);
assert(api.plateOn == true);
assert (api.valveClosed == true);

}

private void normal Brew() {
normal Fill();
api . boi l erEnpty = true;
pol 1 ();

}
public void testBoil erEnptiesWhil ePot Renoved()
throws Exception {

normal Fill();

api . pot Present = fal se;

pol 1 ();

api . boi l erEnpty = true;
pol 1 ();

assert(api.boilerOn == fal se);
assert(api.lightOn == true);
assert(api.plateOn == fal se);
assert(api.valveClosed == true);
api . pot Present = true;

pol 1 ();

assert(api.boilerOn == fal se);
assert(api.lightOn == true);
assert(api.plateOn == true);

assert(api.valveClosed == true);
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Listing 11-22 (Continued) Test Cof f eeMaker . j ava
}
public void testEnmptyPotReturnedAfter() throws Exception {

nor mal Brew() ;
api . pot Not Empty = fal se;

pol 1 ();
assert(api.boilerOn == fal se);
assert(api.lightOn == fal se);
assert(api.plateOn == fal se);
assert(api.valveClosed == true);
}
}
OOverKkill

This example has certain pedagogica advantages. It is small, easy to understand, and
shows how the principles of OOD can be used to manage dependencies and separate con-
cerns. On the other hand, its very smallness means that the benefits of that separation
probably do not outweigh the costs.

If we were to write the Mark 1V coffee maker as afinite state machine, we'd find that
it had seven states and 18 transitions.” We could encode thisinto 18 lines of SMC code. A
simple main loop that polls the sensors would be another ten lines or so, and the action
functions that the FSM would invoke would be another couple of dozen. In short, we
could write the whole program in less than a page of code.

If we don’t count the tests, the OO solution of the coffee maker is five pages of code.
There is no way that we can justify this disparity. In larger applications the benefits of
dependency management and the separation of concerns clearly outweigh the costs of
OOD. However, in this example the reverseis true.

5. [Martin1995], p. 65.
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