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State machine models



These model the behaviour of the system in 

response to external and internal events



They show the system’s responses to 

stimuli so are often used for modelling real-

time systems



State machine models show system states as 

nodes and events as arcs between these 

nodes. When an event occurs, the system 

moves from one state to another



Statecharts are an integral part of the 

UML
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Microwave oven state description

State Description

Waiting The oven is waiting for input. The display shows the current time.

Half power The oven power is set to 300 watts. The display shows ‘Half

power’.

Full power The oven power is set to 600 watts. The display shows ‘Full

power’.

Set time The cooking time is set to the user’s input value. The display

shows the cooking time selected and is updated as the time is set.

Disabled Oven operation is disabled for safety. Interior oven light is on.

Display shows ‘Not ready’.

Enabled Oven operation is enabled. Interior oven light is off. Display

shows ‘Ready to cook’.

Operation Oven in operation. Interior oven light is on. Display shows the

timer countdown. On completion of cooking, the buzzer is

sounded for 5 seconds. Oven light is on. Display shows ‘Cooking

complete’ while buzzer is sounding.
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Microwave oven stimuli

Stimulus Description

Half power The user has pressed the half power button

Full power The user has pressed the full power button

Timer The user has pressed one of the timer buttons

Number The user has pressed a numeric key

Door open The oven door switch is not closed

Door closed The oven door switch is closed

Start The user has pressed the start button

Cancel The user has pressed the cancel button
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Statecharts



Allow the decomposition of a model into 

sub-models (see following slide)



A brief description of the actions is 

included following the ‘do’ in each state



Can be complemented by tables 

describing the states and the stimuli
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Microwave oven operation
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Semantic data models



Used to describe the logical structure of 

data processed by the system



Entity-relation-attribute  model sets out 

the entities in the system, the 

relationships between these entities and 

the entity attributes



Widely used in database design. Can 

readily be implemented using relational 

databases



No specific notation provided in the 

UML but objects and associations can be 

used
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Data dictionaries



Data dictionaries are lists of all of the 

names used in the system models. 

Descriptions of the entities, relationships 

and attributes are also included



Advantages

•

Support name management and avoid 

duplication

•

Store of organisational knowledge 

linking analysis, design and 

implementation



Many CASE workbenches support data 

dictionaries
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Data dictionary entries

Name Description Type Date

has-labels

1:N relation between entities of type

Node or Link and entities of type

Label.

Relation 5.10.1998

Label

Holds structured or unstructured

information about nodes or links.

Labels are represented by an icon

(which can be a transparent box) and

associated text.

Entity 8.12.1998

Link

A 1:1 relation between design

entities represented as nodes. Links

are typed and may be named.

Relation 8.12.1998

name

(label)

Each label has a name which

identifies the type of label. The na me

must be unique within the set of label

types used in a design.

Attribute 8.12.1998

name

(node)

Each node has a name which must be

unique within a design. The name

may be up to 64 characters long.

Attribute 15.11.1998
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Object models



Object models describe the system in 

terms of object classes



An object class is an abstraction over a 

set of objects with common attributes 

and the services (operations) provided 

by each object



Various object models may be produced

•

Inheritance models

•

Aggregation models

•

Interaction models
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Object models



Natural ways of reflecting the real-world 

entities manipulated by the system



More abstract entities are more difficult 

to model using this approach



Object class identification is recognised 

as a difficult process requiring a deep 

understanding of the application domain



Object classes reflecting domain entities 

are reusable across systems
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Inheritance models



Organise the domain object classes into 

a hierarchy



Classes at the top of the hierarchy reflect 

the common features of all classes



Object classes inherit their attributes 

and services from one or more super-

classes. these may then be specialised as 

necessary



Class hierarchy design is a difficult 

process if duplication in different 

branches is to be avoided
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The Unified Modelling Language



Devised by the developers of widely used 

object-oriented analysis and design 

methods



Has become an effective standard for 

object-oriented modelling



Notation

•

Object classes are rectangles with the 

name at the top, attributes in the middle 

section and operations in the bottom 

section
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Unified Modelling Language

•

Relationships between object classes 

(known as associations) are shown as 

lines linking objects

•

Inheritance is referred to as 

generalisation and is shown ‘upwards’

rather than ‘downwards’ in a hierarchy
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Multiple inheritance



Rather than inheriting the attributes and 

services from a single parent class, a 

system which supports multiple 

inheritance allows object classes to 

inherit from several super-classes



Can lead to semantic conflicts where 

attributes/services with the same name 

in different super-classes have different 

semantics



Makes class hierarchy reorganisation 

more complex
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Object aggregation



Aggregation model shows how classes 

which are collections are composed of 

other classes



Similar to the part-of relationship in 

semantic data models
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Object behaviour modelling



A behavioural model shows the 

interactions between objects to produce 

some particular system behaviour that is 

specified as a use-case



Sequence diagrams (or collaboration 

diagrams) in the UML are used to model 

interaction between objects
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Structure Chart of an ATM:
[image: image24.png]



UseCasesforExampleATMsystem
[image: image25.png]*

Operator.

%

Customer

ATM System

System
Startup

System
Shutdown

4< Session >

Tnvatio
«include » L

<7r5/7¢51‘[/m
;

“ertend »

\

Bark





The arrows for the cases withdrawal, deposit etc should be in opposite direction

Flows of Events for Individual Use Cases

System Startup Use Case

The system is started up when the operator turns the operator switch to the "on" position. The operator will be asked to enter the amount of money currently in the cash dispenser, and a connection to the bank will be established. Then the servicing of customers can begin. 



System Shutdown Use Case

The system is shut down when the operator makes sure that no customer is using the machine, and then turns the operator switch to the "off" position. The connection to the bank will be shut down. Then the operator is free to remove deposited envelopes, replenish cash and paper, etc. 



Session Use Case

A session is started when a customer inserts an ATM card into the card reader slot of the machine. The ATM pulls the card into the machine and reads it. (If the reader cannot read the card due to improper insertion or a damaged stripe, the card is ejected, an error screen is displayed, and the session is aborted.) The customer is asked to enter his/her PIN, and is then allowed to perform one or more transactions, choosing from a menu of possible types of transaction in each case. After each transaction, the customer is asked whether he/she would like to perform another. When the customer is through performing transactions, the card is ejected from the machine and the session ends. If a transaction is aborted due to too many invalid PIN entries, the session is also aborted, with the card being retained in the machine. 

The customer may abort the session by pressing the Cancel key when entering a PIN or choosing a transaction type. 



Transaction Use Case

Note: Transaction is an abstract generalization. Each specific concrete type of transaction implements certain operations in the appropriate way. The flow of events given here describes the behavior common to all types of transaction. The flows of events for the individual types of transaction (withdrawal, deposit, transfer, inquiry) give the features that are specific to that type of transaction. 

A transaction use case is started within a session when the customer chooses a transaction type from a menu of options. The customer will be asked to furnish appropriate details (e.g. account(s) involved, amount). The transaction will then be sent to the bank, along with information from the customer's card and the PIN the customer entered. 

If the bank approves the transaction, any steps needed to complete the transaction (e.g. dispensing cash or accepting an envelope) will be performed, and then a receipt will be printed. Then the customer will be asked whether he/she wishes to do another transaction. 

If the bank reports that the customer's PIN is invalid, the Invalid PIN extension will be performed and then an attempt will be made to continue the transaction. If the customer's card is retained due to too many invalid PINs, the transaction will be aborted, and the customer will not be offered the option of doing another. 

If a transaction is cancelled by the customer, or fails for any reason other than repeated entries of an invalid PIN, a screen will be displayed informing the customer of the reason for the failure of the transaction, and then the customer will be offered the opportunity to do another. 

The customer may cancel a transaction by pressing the Cancel key as described for each individual type of transaction below. 

All messages to the bank and responses back are recorded in the ATM's log. 



Withdrawal Transaction Use Case

A withdrawal transaction asks the customer to choose a type of account to withdraw from (e.g. checking) from a menu of possible accounts, and to choose a dollar amount from a menu of possible amounts. The system verifies that it has sufficient money on hand to satisfy the request before sending the transaction to the bank. (If not, the customer is informed and asked to enter a different amount.) If the transaction is approved by the bank, the appropriate amount of cash is dispensed by the machine before it issues a receipt. (The dispensing of cash is also recorded in the ATM's log.) 

A withdrawal transaction can be cancelled by the customer pressing the Cancel key any time prior to choosing the dollar amount. 



Deposit Transaction Use Case

A deposit transaction asks the customer to choose a type of account to deposit to (e.g. checking) from a menu of possible accounts, and to type in a dollar amount on the keyboard. The transaction is initially sent to the bank to verify that the ATM can accept a deposit from this customer to this account. If the transaction is approved, the machine accepts an envelope from the customer containing cash and/or checks before it issues a receipt. Once the envelope has been received, a second message is sent to the bank, to confirm that the bank can credit the customer's account - contingent on manual verification of the deposit envelope contents by an operator later. (The receipt of an envelope is also recorded in the ATM's log.) 

A deposit transaction can be cancelled by the customer pressing the Cancel key any time prior to inserting the envelope containing the deposit. The transaction is automatically cancelled if the customer fails to insert the envelope containing the deposit within a reasonable period of time after being asked to do so. 



Transfer Transaction Use Case

A transfer transaction asks the customer to choose a type of account to transfer from (e.g. checking) from a menu of possible accounts, to choose a different account to transfer to, and to type in a dollar amount on the keyboard. No further action is required once the transaction is approved by the bank before printing the receipt. 

A transfer transaction can be cancelled by the customer pressing the Cancel key any time prior to entering a dollar amount. 



Inquiry Transaction Use Case

An inquiry transaction asks the customer to choose a type of account to inquire about from a menu of possible accounts. No further action is required once the transaction is approved by the bank before printing the receipt. 

An inquiry transaction can be cancelled by the customer pressing the Cancel key any time prior to choosing the account to inquire about. 



Invalid PIN Extension

An invalid PIN extension is started from within a transaction when the bank reports that the customer's transaction is disapproved due to an invalid PIN. The customer is required to re-enter the PIN and the original request is sent to the bank again. If the bank now approves the transaction, or disapproves it for some other reason, the original use case is continued; otherwise the process of re-entering the PIN is repeated. Once the PIN is successfully re-entered, it is used for both the current transaction and all subsequent transactions in the session. If the customer fails three times to enter the correct PIN, the card is permanently retained, a screen is displayed informing the customer of this and suggesting he/she contact the bank, and the entire customer session is aborted. 

If the customer presses Cancel instead of re-entering a PIN, the original transaction is cancelled. 
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Class Diagram for Example ATM System

Shown below is the class diagram for the ATM system. The basic structure of the class diagram arises from the responsibilities and relationships discovered when doing the CRC cards and Interaction Diagrams. (If a class uses another class as a collaborator, or sends a message to an object of that class during an Interaction, then there must either be an association linking objects of those classes, or linking the "sending" class to an object which provides access to an object of the "receiving" class.) 

In the case of the ATM system, one of the responsibilities of the ATM is to provide access to its component parts for Session and Transaction objects; thus, Session and Transaction have associations to ATM, which in turn has associations to the classes representing the individual component parts. (Explicit "uses" links between Session and Transaction, on the one hand, and the component parts of the ATM, on the other hand, have been omitted from the diagram to avoid making it excessively cluttered.) 

The need for the various classes in the diagram was discovered at various points in the design process. 

· Some classes were discovered when doing analysis 
 

· Some classes were discovered when doing CRC cards
  

· Message - used to represent a message to the bank.

· Receipt - used to encapsulate information to be printed on a receipt.

· Status - used to represent return value from message to the bank.

· Balances - used to record balance information returned by the bank.

· Some classes were discovered when doing detailed design or writing code
  

· Money - used to represent money amounts, in numerous places.

· AccountInformation - contains names of various types of accounts customer can choose from

That is, OO design is not a "waterfall" process - discoveries made when doing detailed design and coding can impact overall system design. 

To prevent the diagram from becoming overly large, only the name of each class is shown - the attribute and behavior "compartments" are shown in the detailed design, but are omitted here. 
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State Charts for Example ATM System

Three of the objects we have identified have behavior that is sufficiently complex to warrant developing a State Chart for them. (These are the objects that were identified as the major controller objects.) 

· The object representing the machine itself (responsible for the System Startup and Shutdown use cases)

· Objects representing a customer session (one per session) (responsible for the Session use case)

· Objects representing an individual transaction (one per transaction) (responsible for the Transaction use case, use cases for the specific types of transaction, and Invalid PIN extension).
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Interaction Diagrams for Example ATM System

UML defines two types of Interaction Diagram: the Sequence Diagram and the Collaboration Diagram. In order to illustrate both types, the major use cases are documented using Sequence Diagrams, and the specific subcases of transaction (withdrawal, etc.) and the Invalid PIN Extension are documented using Collaboration Diagrams. (The major reason for using two different types of diagram is pedagogical - to illustrate each type.) 
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UML Use Case Diagrams: Tips and FAQ
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The actors in my diagram have interactions. How do I represent them? 
I am trying to represent a sequence of actions that the system performs. How do I do it? 
How is a UML Use Case Diagram different from a traditional flow chart? 
When do I use the uses arrow? 
When do I use the extends arrow? 
What is the difference between uses and extends? 
The scenario I want to describe branches into several possible outcomes, or has some error conditions. How can I represent that with Use Case Diagrams? 


What is a UML Use Case Diagram (UCD), and when should I use it?

UML Use Case Diagrams can be used to describe the functionality of a system in a horizontal way. That is, rather than merely representing the details of individual features of your system, UCDs can be used to show all of its available functionality. It is important to note, though, that UCDs are fundamentally different from sequence diagrams or flow charts because they do not make any attempt to represent the order or number of times that the systems actions and sub-actions should be executed. There are a number of graphical examples in this FAQ; you might want to look over them to familiarize yourself with the look of them. 

UCDs have only 4 major elements: The actors that the system you are describing interacts with, the system itself, the use cases, or services, that the system knows how to perform, and the lines that represent relationships between these elements. 

You should use UCDs to represent the functionality of your system from a top-down perspective (that is, at a glance the system's functionality is obvious, but all descriptions are at a very high level. Further detail can later be added to the diagram to elucidate interesting points in the system's behavior.) 
Example: A UCD is well suited to the task of describing all of the things that can be done with a database system, by all of the people who might use it (administrators, developers, data entry personnel.) 

You should NOT use UCDs to represent exception behavior (when errors happen) or to try to illustrate the sequence of steps that must be performed in order to complete a task. Use Sequence diagrams to show these design features.
Example: A UCD would be poorly suited to describing the TCP/IP network protocol, because there are many exception cases, branching behaviors, and conditional functionality (what happens when a packet is lost or late, what about when the connection dies?) 

How do you know who the actors are in a UCD?

When working from an Action/Response table, itentifying the actors is easy: entities whose behavior appears in the "Actor's Actions" column are the actors, and entities whose behavior appears in the "System's Response" column are components in the system. 

If you are working from an informal narrative, a sequence diagram, or a scenario description, the actors are typically those entities whose behavior cannot control or change (i.e., agents that are not part of the system that you are building or describing.) The most obvious candidates for actors are the humans in the system; except in rare cases when the system you are describing is actually a human process (such as a specific method of dealing with customers that employees should follow) the humans that you must interact with will all be actors. If your system interacts with other systems (databases, servers maintained by other people, legacy systems) you will be best to treat these as actors, also, since it is not their behavior that you are interested in describing. 
Example: When adding a new database system to manage a company's finances, your system will probably have to interface with their existing inventory management software. Since you didn't write this software, don't intend to replace it, and only use the services that it provides, it makes sense for that system to be an actor. 

How do you know what to put in the "System" box?

The system box only appears on the top-level diagram (remember that a typical UML Use Case description will be composed of many diagrams and sub-diagrams), and should contain use case ovals, one for each top-level service that your system provides to its actors. Any kind of internal behavior that your system may have that is only used by other parts of the system should not appear in the system box. One useful way to think of these top-level services is as follows: if a use case represents a top-level service, then it should make sense for the actors who interact with it to request only that service of your system in a single session (in whatever sense a "session" is intelligible in your system.) 

Example: In the diagram below we would like to represent the use cases for a camera. Suppose we choose "Open Shutter", "Flash", and "Close Shutter" as the top-level use cases. Certainly these are all behaviors that a camera has, but no photographer would ever pick up their camera, open the shutter, and then put it down, satisfied with their photographic session for the day. The crucial thing to realize is that these behaviors are not done in isolation, but are rather a part of a more high-level use case, "Take Picture". (Note that it does make sense for a photographer to "Take Picture" just once during a session with their camera.) 
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The actors in my diagram have interactions. How do I represent them?

If there are interactions between the actors in your system, you cannot represent those interactions on the same diagram as your system. What you can do instead is draw a separate UCD, treating one of the actors itself as a system, and your original system (along with the other actors) as actors on this new diagram. 

Example: Suppose you wanted to diagram the interactions between a user, a web browser, and the server it contacts. Since you can only have one system on the diagram, you must choose one of the obvious "systems", such as the server. You might then be tempted to draw interaction lines between the actors, but this is a problem because it isn't clear what the interaction means, so it isn't helpful to show it here. A more useful solution would be to draw two diagrams, showing all of the interactions, as below. 
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I am trying to represent a sequence of actions that the system performs. How do I do it?

Using a UML Use Case Diagram, you can't. UCDs are meant to be a top-down, horizontal description of functionality, not a blow-by-blow desrciption of behavior. For the most part, it isn't a good idea to try to represent sequences of actions with Use Case diagrams. You should use a Sequence Diagram or a traditional flow chart instead. (It is possible to represent simple branching conditions with a UCD, as described below, but you should use this technique sparingly because it can render a diagram unreadable.) 

How is a UML Use Case Diagram different from a traditional flow chart?

As mentioned above, UCDs represent functionality in a top-down way, whereas flow charts represent behavior in a linear, time-based way. Also, the way you develop them is all-together different. 

Example: (This text refers to the diagrams below.) When constructing a UCD, the initial step is to identify all of the top-level behavior. Once you have done this (not a very tricky process) you have already described, at least in a high-level way, all of the things your system knows how to do. You can then continue to add detail by decomposing your use cases into more use cases which are used by the top-level use cases. At every stage of development, though, your UCD is a complete description of the system's functionalty: it may lack detail, but it will not lack feature set elements. And if functionality or behavior is added or deleted over the life of your project, the scope of the change you need to make is proportional to both the scope of the change in the system itself, and the maturity of your model. This is useful because it means that when your model is very young (only high-level diagrams drawn) making sweeping changes to the system does not involve throwing very much work away. A flow chart, however, does not correctly describe the system until you have finished drawing it, and even then small changes in the system will result in significant reworking of your flow charts. In general, UCDs support the process of analysis and design much better than flow charts. 

From the diagrams and case diagrams you are going to go through from now on. Remember “uses” relationship is nothing but the “includes” relationship that you have read of. Wherever you find “uses” replace it with “includes”
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When do I use the uses arrow?

The uses arrow (or uses edge as it would be called in traditional graph thoery) is drawn from a use case X to another use case Y to indicate that the process of doing X always involves doing Y at least once (although it may involve doing it many times, "at least once" is the only relationship guaranteed by this symbol.) This symbol can be referred to as an aggregation operator, because it indicates that a given use case is an aggregate (made up of parts) whose components are the use cases that it uses. If a certain use case uses several others, that means that all of the component use cases must be completed in the process of completing the aggregate use case, although there is no specification in UCDs of the order in which these are completed. A brief, mnemonic way to think about the uses arrow is that it it can be read X uses Y means that "X has a Y" as part of it's behavior. 

When do I use the extends arrow?

The extends arrow (or extends edge) is drawn from a use case X to a use case Y to indicate that the process X is a special case behavior of the same type as the more general process Y. You would use this in situations where your system has a number of use cases (processes) that all have some subtasks in common, but each one has something different about it that makes it impossible for you to just lump them all together into the same use case. 

What is the difference between uses and extends?

Probably the best way to think about these diagram elements is as follows: 

- "X uses Y" indicates that the task "X" has a subtask "Y"; that is, in the process of completing task "X", task "Y" will be completed at least once. 

- "X extends Y" indicates that "X" is a task of the same type as "Y", but "X" is a special, more specific case of doing "Y". That is, doing X is a lot like doing Y, but X has a few extra processes to it that go above and beyond the things that must be done in order to complete Y. 

The scenario I want to describe branches into several possible outcomes, or has some error conditions. How can I represent that with Use Case Diagrams?

Representing failure and branching conditions is often best done with a Sequence Diagram or flow chart, but there are some grey-area cases when it isn't clear whether or not a Use Case Diagram is appropriate. A rule of thumb: if in representing the branching actions in the Use Case Diagram you must add significantly more use case ovals, and the resulting diagram is muddy or confusing, consider using a different diagramming style. 

With that said, it is possible to represent simple branching behavior with UCDs, although I would like to again stress that UCDs ARE NOT FLOW CHARTS. This is done by realizing that if the use case, or process that you are trying to represent can have two significantly different outcomes (success and failure, for example), then that means that you really have two different use cases: one in which the process succeeds, and one in which the process fails. Of course, these two use cases are related in that they are both extensions of the original use case, so you would draw the original use case with the two branches extending from it. I consider this almost an abuse of the meaning of the extends edge, because it really isn't being used here to represent a taxonomy of use cases (which is its purpose) but is instead taking advantage of the specific abstract definition of the relation to hack flow-chart-like behavior out of the UCD style. Again, USE THIS TECHNIQUE SPARINGLY; IT CAN QUICKLY MAKE A DIAGRAM UNREADABLE. 

Example: Suppose that we want to represent the use cases of a normal CD player. When all goes well, the CD player retracts the tray upon which the CD sits, reads it, and starts playing. (The use case for this behavior is represented below. The top-level diagram has been omitted for brevety.) Unfortunately, some users will command the system to play a CD even when there is no CD in the tray. We therefore have a failure condition, under which the system must do something other than play the CD (namely, prompt the user for a CD.) To represent this, we modify the normal diagram with some extra use cases, in which the presence of the CD is verified. The behavior of playing the CD extends the behavior of verifying that the CD is present in that it is the special case of verifying the CD's presence in which the CD is present. The other special case of verifying the CD's presence is that this is done and the CD is not present, so the user is prompted for a CD. I will say one last time that this use of extension is a bit of a reach, but it is an elegant way to express multiple behaviors of a single use case when the number of such behaviors is small.  
[image: image52.jpg]Normal Course of Events

Retract CD Read Data
Holder from CD

Compute
Track
Locations

Compute
Track
Locations





All the best

