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Questão 1

Projete um algoritmo para controlar uma roleta. Por exemplo, a
roleta de uma estação de Metrô.

I Quais eventos devem ser tratados?

I Alguns eventos acontecem somente depois que outros
houverem acontecido. Algum exemplo?

I Este algoritmo tem um ińıcio, um meio e um fim, como a
maior parte dos algoritmos?

I Qual a melhor forma de descrever este algoritmo?



Uma Máquina de Estados
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In my last column I presented UML sequence diagrams.  Sequence diagrams are one of the many tools in

UML that support dynamic modeling.  In this column we will be discussing another kind of dynamic

modeling tool in UML, the Finite State Machine (FSM).

UML has a very rich notation for describing FSMs; too rich, in fact, to cover in a single article.  Therefore,

this article will focus upon the core FSM notation within UML.  This notation is a rather traditional version

of the State Transition Diagram (STD) with a few interesting wrinkles.

However, the notation for FSMs in UML also includes elements of flow charts and Petri-nets.  It is one of

the most complete FSM notations every gathered into a single notation.  We’ll be looking at those other

facets of FSM notation in subsequent articles.

What is a Finite State Machine?

Consider a subway turnstile.  This simple device is governed by an equally simple FSM.  Figure 1 shows

part of that FSM.  The round rectangles are states.  The turnstile has only two states.  It can be locked, or it

can be unlocked.  When the turnstile is locked, a person can drop a coin into its slot.  This will cause the

turnstile to change to the Unlocked state.  This is shown in the diagram by the arrow leading from the

Locked state to the Unlocked state.  This arrow is called a transition, because it describes how the FSM

transitions from one state to another.

Figure 1: Subway Turnstile

The label on a transition has two parts separated by a slash.  The first is the name of the event that triggers

the transition.  The second is the name of an action to be performed once the transition has been triggered.

We can interpret Figure 1 as follows:

• If the turnstile is in the Locked state, and a Coin event occurs, then the turnstile transitions to the

Unlocked state, and the Unlock action is performed.

• If the turnstile is in the Unlocked state, and a Pass event occurs, then the turnstile transitions to the

Locked state, and the Lock action is performed.

This describes how the turnstile works when things go as planned.  Presume that the turnstile begins in the

Locked state.  When a customer wants to pass through the turnstile they must deposit a coin.  This causes

the Coin event to occur.  The Coin event, in the Locked state, causes the turnstile to transition to the

Unlocked state, and causes the Unlock action to be invoked.  Next the customer passes through the

turnstile.  This causes the Pass event to occur.  The Pass event, in the Unlocked state, causes the turnstile to

go back to the Locked state, and to invoke the Lock action.

Locked Unlocked

Coin / Unlock

Pass / Lock



Questão 2

1. Quais estados estão sendo representados?

2. Quais eventos são tratados pela máquina de estados anterior?

3. Que ações são desencadeadas por cada um destes eventos?

I Há algum evento que não está sendo tratado por esta
máquina de estados?

I Qual é o estado inicial? Como isto está indicado?



Eventos anormais

Abnormal Logic

Clearly, the diagram in Figure 1 is an elegant way to describe the logic of the turnstile.  The visual

presentation of the logic is a powerful aspect of STDs.  What makes it even more powerful is the ease with

which we can judge the completion of the design.

Notice that there are two possible events.  Once we have identified all the events and states, it is a simple

matter to apply each event to each state.  See Figure 2.

Figure 2 : Turnstile with abnormal events.

What should we do if the turnstile is in the Locked state, but the user passes through
1
 anyway?  Clearly we

should sounds some kind of alarm.  Note that the transition that handles this does not change the state.  The

turnstile remains in the Locked state.  The other abnormal condition is when the turnstile is already

unlocked and the customer deposits another coin.  In this case, we light up a little “thank you” light.
2

Abnormal conditions, such as those above, occur when normal events happen at unexpected times. The

perversity of the world guarantees us that these conditions will certainly occur, but not until we have placed

the system into production.   It is easy to overlook these conditions and get yourself into trouble.  FSMs are

a very good way to discover them early, and figure out what to do when they occur.

In Figure 2, note the black dot with the arrow pointing to the Locked state.  The black dot is called the

Initial Pseudo state.  It signifies that the Locked state is the initial state for this FSM.  When the FSM is

first activated, it will begin in the Locked state.

A better way to handle alarms.

Remaining in the Locked state is probably not the best approach for dealing with someone who has forced

entry through the turnstile.   Rather, we probably want to enter some kind of Violation state.  Moreover, we

probably want to remain in that state until a repairman signals that the turnstile is ready for service.  See

Figure 3.

                                                          

1
 Probably with the help of a sledge hammer.

2
 One of the engineers on this project actually suggested that we ought to refund the coin!  At last report,

that engineer had become a chicken farmer.

Locked Unlocked

Coin / Unlock

Pass / Lock

Pass / Alarm Coin / Thankyou

H

I O que esta ação Thankyou faz realmente?

I Algo que poderia ser melhorado neste projeto?



Questão 3

Como implementar a máquina de estados abaixo?

Abnormal Logic

Clearly, the diagram in Figure 1 is an elegant way to describe the logic of the turnstile.  The visual

presentation of the logic is a powerful aspect of STDs.  What makes it even more powerful is the ease with

which we can judge the completion of the design.

Notice that there are two possible events.  Once we have identified all the events and states, it is a simple

matter to apply each event to each state.  See Figure 2.

Figure 2 : Turnstile with abnormal events.

What should we do if the turnstile is in the Locked state, but the user passes through
1
 anyway?  Clearly we

should sounds some kind of alarm.  Note that the transition that handles this does not change the state.  The

turnstile remains in the Locked state.  The other abnormal condition is when the turnstile is already

unlocked and the customer deposits another coin.  In this case, we light up a little “thank you” light.
2

Abnormal conditions, such as those above, occur when normal events happen at unexpected times. The

perversity of the world guarantees us that these conditions will certainly occur, but not until we have placed

the system into production.   It is easy to overlook these conditions and get yourself into trouble.  FSMs are

a very good way to discover them early, and figure out what to do when they occur.

In Figure 2, note the black dot with the arrow pointing to the Locked state.  The black dot is called the

Initial Pseudo state.  It signifies that the Locked state is the initial state for this FSM.  When the FSM is

first activated, it will begin in the Locked state.

A better way to handle alarms.

Remaining in the Locked state is probably not the best approach for dealing with someone who has forced

entry through the turnstile.   Rather, we probably want to enter some kind of Violation state.  Moreover, we

probably want to remain in that state until a repairman signals that the turnstile is ready for service.  See

Figure 3.

                                                          

1
 Probably with the help of a sledge hammer.

2
 One of the engineers on this project actually suggested that we ought to refund the coin!  At last report,

that engineer had become a chicken farmer.
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Coin / Unlock

Pass / Lock

Pass / Alarm Coin / Thankyou
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Questão 3 – Ainda...

A máquina deveria passar os seguintes testes:

public final void testZero() throws Exception {
  TurnstileUserInterface ts = new TurnstileUserImpl();
  assertEquals(ts.isLocked(), true);
  ts.coin();
  assertEquals(ts.isLocked(), false);
  ts.coin();
  assertEquals(ts.isLocked(), false);
  ts.pass();
  assertEquals(ts.isLocked(), true);
  ts.pass();
  assertEquals(ts.isLocked(), true);
}



Questão 4

Caso alguém tente arrombar a roleta, então, em vez dela
permaneder no estado Locked, alguma ação deveria ser tomada.
Estenda a máquina de estados de modo a lidar melhor com tal
situação.



Tentativa de arrombamento

Figure 3 : Turstile with Violation state.

Note that the only way out of the Violation state is through the Ready event.  The transition ensures that the

alarm is turned off and that the turnstile is locked again.  I have also added a special event that the

technician can use to turn the alarm off while working on the turnstile.  As for the Pass and Coin events,

while in the Violation state, they are dutifully ignored.

I have also added an action to the arrow that connects the Initial Pseudo State to the Locked state.  This

arrow is the very first transition that occurs when the FSM is started up.  This action guarantees that the

turnstile will be locked at startup.

Note that I have not added Ready events to the Locked and Unlocked states.  This event is meaningless to

those states, and there is noway to respond to them other than to declare a runtime error.  As a default

behavior, I expect FSMs to declare some kind of fatal error when events occur for which there are no

transitions.

Diagnostic Mode

It is very likely that maintenance technicians are going to want to put the turnstile into a special

maintenance mode so that they can check out its functions.  In this mode the technician should be able to

command the various functions of the turnstile and test its sensors. Figure 4 shows a possible design.

Locked Unlocked

Coin / Unlock

Pass / Lock

Coin / Thankyou

H
/ Lock

Violation

Pass / Alarm

Ready

/ (ResetAlarm, Lock)

Coin

Reset

/ ResetAlarm

Pass

Qual a diferença entre os eventos Reset e Ready?



Questão 5

É conveniente que o nosso sistema possua um modo de
diagnóstico, isto é, um modo de operação em que um técnico
conseguisse testar cada uma das funções da roleta.

1. Que eventos precisam ser testados?

2. Que estados existiriam no modo de testes?

3. Como seriam os eventos de teste? Em outras palavras, como
podeŕıamos representar estes testes?

4. Como entraŕıamos no modo de diagnósticos?

5. E como saiŕıamos dele?



Modo de diagnóstico

Figure 4: Turnstile with Diagnostic Mode.

Certainly things have gotten a bit more complicated.  Diagnostic modes have a tendency to do that to

projects.

The most striking features that we see are the large round rectangles that surround the states.  These large

round rectangles are called super states.  There are two super states in the turnstile system.  They are

Normal Mode and Diagnostic Mode.  We refer to the states within the superstates as substates.

As you can see, the states and transitions for the normal operation of the turnstile are contained within

Normal Mode. Nothing has changed with regard to them, except that I have added some an action to turn

off the thankyou light when the user passes through the turnstile.

I discovered this omission as I considered the fact that within diagnostic mode, the technician ought to be

able to turn the thankyou light on and off.   And that got me to ask the question, “how does the thankyou

light get turned off in normal operation?”  This is just another reminder that revelations about deficiencies

in your designs can come from unexpected sources.

How do we get into diagnostic mode?  Somehow the technician asserts the Diagnose event.  Notice that the

transition labeled with this event leaves from the Normal Mode super state, and not from any of its

substates.  This implies that, regardless of which substate of Normal Mode we happen to be in, we will

leave that substate and enter the Diagnostic Mode superstate.  We will also invoke the SaveDeviceStates

action which simply remembers the state of the thankyou light, the lock, and the alarm.

Superstates are rather like abstract classes.  Abstract classes can only be instantiated as part of a derivative,

and superstates can only be entered as part of a substate.  When the Diagnostic Mode superstate is entered,

one of its substates must also be entered.  Since the Diagnose transition does not terminate on one of the
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