UML Distilled chapter 4– Class Diagrams


Chapter 4 - Class Diagrams

· class diagram is central modelling concept in OO development 

· it describes the 

· types of objects in a system 

· kinds of static relationships between them

· two principal kinds of static relationships

· associations

· subtypes

· may also show attributes and operations of a class and

· constraints in how the objects are connected

Perspectives

· important subtlety in how class diagrams are uses or interpreted

· can draw them from 3 perspectives

· conceptual

· specification

· implementation

· understanding perspective is crucial to both drawing and reading class diagrams
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Figure 4-1: Class Diagram



 

Conceptual or Essential 

· diagram represents concepts in application domain

· concepts will relation to eventual implement implementation, but there may be no direct mapping

· conceptual model should be drawn with no regard to how it will be implemented or in what language

Specification

· looking at software, but at its interfaces and not its implementation

· in OO development, difference between interface and implementation is very significant

· often blurred as notion of a class in a programming language combines both implementation and interface

· key to effective OO development is to program to a class’s interface, not its implementation 

· type and interface are closely related concepts

Implementation

· concerned here with actual classes and their implementation 

· most commonly used perspective, though specification one may be more useful

· Fowler asserts that it is very important to distinguish between specification and implementation perspectives, much more so than between conceptual and specification 

· perspective not formally part of UML

· can use UML stereotyping to indicate perspective

Associations

· represent relationships between instances of classes

· several ways of naming them

· traditional data modeler uses verb phrase

· object modelers prefer a noun to name a role the association end, better correspondence to responsibilities 

· can name every association 

· Fowler recommends naming only when it aids understanding

· has seen too many “has” or “is related to”

Conceptual Perspective

· associations represent conceptual relationships between classes – e.g. fig 4.1

· association has two association ends 

· end can be explicitly named with a label known as a role name
· association ends often called roles
· if not labeled, can name after target class

· association has multiplicity

· usually multiplicity indicates lower and upper bounds

Specification Perspective

· associations represent responsibilities

· fig 4.1 implies 1 or more methods associated with Customer which will indicate what orders if any a Customer has made

· similarly there are methods in Order which will indicate which Customer placed a given Order and what line items are on an Order

· development group may have standard conventions for naming query methods

· convention may say that single-valued relationship is implemented by method which returns the related object

· multivalued relationships are implemented with an iterator into a collection of the related objects

class Order {


public Customer getCutomer();


public Set getOrderLines();


…

}

· conventions will vary

· association implies responsibility for updating relationship 

· e.g. maybe the Customer could be specified as a parameter in a constructor for Order

· or maybe an addOrder() method associated with Customer

· these responsibilities do not imply data structure

· can make no assumption from specification diagram about data structure

· cannot tell whether Order contains a pointer to a Customer

· or whether it has code that queries each Customer object if it refers to the given Order object

· diagram only indicates interface 

Implementation Perspective

· would imply pointers in both directions between related classes

class Order {


private Customer _customer;


private Set _orderLines;


…

}

class Customer {


private Set _orders;


…

}

Navigability

· see fig 4.2, indicated by arrows

· in specification model

·  Order has responsibility to tell which Customer it is for but not vice versa

· responsibilities on only one end of line

· in implementation model, would indicate Order contains a pointer to Customer, but not Customer to Order

· no useful purpose on conceptual diagrams

· navigabilities added on shift to specification and implementation perspectives

· may be different between specification and implementation 

· can be unidirectional or bidirectional

· in UML: association without arrows means either unknown or bidirectional 

· project should settle on one meaning

· Fowler recommends “undecided” for specification  and implementation models

· bidirectional association includes extra constraint – navigations are inverses of each other

Dependency Association

· association represents permanent link between 2 objects

· instances that are connected may change over time

· or be empty for an optional one

· parameter references or object creation do not imply an association

· these are modelled via dependencies
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Figure 4-2: Class Diagram with Navigabilities



 

Attributes

· e.g. Customer’s name

· conceptual level ( a customer has a name

· specification level ( Customer object has methods for accessing and setting its name

· implementation level ( Customer has field (data member or instance variable) for name

difference between attribute and association?

· at conceptual level, no. 

· Attributes usually single value. Can have a multiplicity

· at specification and implementation levels, yes. 

· attributes imply navigability from object to the attribute

· object contains only its own attribute object

· value rather than reference semantics

· can think of them as small, simple classes or primitive data types

Operations

· operations are the processes that a class knows how to carry out

· correspond to methods

· at specification level correspond to public methods - interface

· not necessary to show all methods – can infer them

syntax is

· visibility name (parameter-list) : return-type-expr {property string}

· e.g.
+ balanceOn(date : Date) : Money
· at conceptual level, indicate principal class responsibilities (like CRC)

· and not class interface

· UML allows distinction between methods that modify an objects state and those that simply query it – use operation constraint {query}

· get and set methods

· recommended not to have return values for modifiers

· operation is something that is  invoked (procedure call) whereas method is procedure body

· can be different when polymorphism is used

Generalization

· different interpretations at different perspectives

· conceptual:  Corporate Customer is subtype of Customer

· every instance of the former is an instance of the latter

· corporate customer is a special type of customer

· every thing that can be said about a customer is true about a corporate customer also

· specification - subtyping

· all elements from interface of supertype must be include in subtype interface 

· subtype interface conforms to supertype interface

· substitutability

· implementation - subclassing

· generalisation associated with the programming language inheritance 

· subclass inherits all methods and fields which it may override

subtyping not necessarily same as subclassing

· generalisation is different at the specification and implementation levels

· subclassing is one way to implement generalisation

· delegation is another – a design pattern

· class inheritance gives rise to strong coupling

· important to ensure that conceptual generalisation applies at both levels

· e.g. Car Owner inheriting from Car and Person classes not good!

Constraint Rules

· class diagram indicates constraints

· e.g. order can only be placed with a single customer

· not all constraints can be captured with association, attribute and generalisation

· can use Object Constraint Language (OCL), part of UML

· put them in braces {}

Design by Contract

· developed by Betrand Meyer

· central feature of Eiffel

· uses assertions – assertion is a Boolean statement that should never be false. If so, it indicates a bug

· assertions usually only checked during debugging/testing

· three kinds of assertions:

· post-conditions

· pre-conditions

· invariants

· pre-conditions and post- conditions are associated with operations

Pre-condition

· expresses something about the state of a program that should be true before an operation is executed

· e.g. a pre-condition for square-root operation might be 

input >= 0

· indicates it is an error to invoke square-root on a negative number

· makes explicit that the calling routine is responsible for ensuring that something is true before operation is invoked

Post-condition

· a statement of what things should be like after the execution of an operation

· e.g. square-root operation

input == result * result

· expresses what an operation does rather than how it does it

· separates implementation for interface

Invariant

· an assertion about a class

· invariant is always true for class instances – meaning whenever object is available for an operation to be invoked on it

· may be temporarily false during execution of method

· e.g. Account class

balance == sum of transaction amounts

· invariant is added to pre-conditions and post-conditions of public methods

· assertions useful with polymorphism

· assertions can help keep subclass operations consistent with those of superclass

· invariants and post-conditions must be true for all subclasses

· subclass can strengthen these, i.e. make them more restrictive

· not allowed to strengthen pre-conditions – because of substitutability

· can weaken a pre-condition

· if a subclass strengthened a pre-condition, then a superclass operation could fail when applied to instance of subclass

· assertions lead to increase of responsibilities with subclassing

· pre-conditions: best pay-off for least overhead

· only language to support assertions is Eiffel
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