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1 Introduction


Class Diagram I


Class diagrams can be used fordifferentpurposes
 1 to give an overview over thedomainconcepts


– as part of therequirements analysis(e.g. a graphical form representation supplementing theglossary)



(2)– as part of thedesignof the system


3 to give an overview over thesystems implementation
 4 . . .


Class Diagrams


• The UML diagram type used most


• Describes the type of objects in a system and their static relationships


• A class can correspond to
 – a concept


∗ real world


∗ from a software domain


∗ ...


– a Java/C++/Smalltalk/C# ... class
 – a business entity


– an entity in an entity relationship diagram
 – ...


• Literature: Martin Fowler, UML Distilled
 Overview Class Diagram


Basic concepts of class diagrams


• Classeswithattributesandoperations


• Associationswith multiplicities and possibly navigability


• Generalizationof classes (corresponds in principle to subclassing in Java)



(3)
2 Classes


Classes


• Classes corresponds tooneconcept


General correspondence between classes and programs


ClassName
 +attr1: String[1]="def"


-attr2: int[*]


#attr3: boolean


-F1(a1: int, a2: Sring[]): float
 +f2(x1: String, x2: boolean): void


#f3(y: int): String


public class ClassName {
 private String attr1 = "def";


public String getAttr1() { ... };


public String setAttr1(String a) { ... };


private Set<int> attr2 = new HashSet<int>();


protected static boolean attr3;


private static float F1(int a1, String[] a2);


public void f2(String x1, boolean x2);


protected String f3(int y);


}


General correspondence between classes and programs


Person Company


* employee employs 0..1


1 ceo 0..1


CEO of


public class Person {
 private Company company;


public void setCompany(Company c) {...};


public Company getCompany() {...};


}


General correspondence between classes and programs



(4)Person Company


* employee employs 0..1


1 ceo 0..1


CEO of


public class Company {


private Set<Person> employees = new HashSet<Person>();


private Person ceo;


public Company(Person p) {ceo = p;};


public Person getCeo() {...};


public void setCeo(Person p) {....};


public void employ(Person person) {employees.add(p);};


public void fire(Person person) {employees.remove(p);};


public boolean worksAtCompany(Person p) {employees.contains(p);};


public void setEmployees(Set<Person> ps) {
 employees = new HashSet<Person>(ps);


}


public Set<Person> getEmployees() {


return Collection.unmodifiableSet(employees);


}
 }



3 Attributes and Operations


Attributes


visibility name:type multiplicity = default {property-string}


• Visibility


– public (+), private (-), protected (#), package (∼)
 – default visibility is +


∗ Ideally class diagrams on the abstraction level of this course don’t have private or protected at-
 tributes and operations, only public attributes and operations.


• Multiplicity


– lower bound .. upper bound


∗ 1


∗ 0..1


∗ *


– optional: lower bound is 0


– mandatory: lower bound is 1 or more
 – single-valued: upper bound is 1


– multivalued: upper bound greater than 1 or *


• Property-string
 – e.g.{readOnly}


– {ordered}


Operations


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


+balanceOn (date: Date) : Money


• visibility as with attributes



(5)• property-string
 – e.g.{query}


∗ Operation does not change theobservablestate of the object. This is important for writing formal
 OCL (Object Constraint Language) constraints. These constraints can only use operations defined
 in a class diagram if these operations don’t change the state of the system, indicated by the{query
 }constraint.


• Some tools also allow the Java convention for writing operations
 – visibility return-type name(parameter-list){property-string}


∗ Money balanceOn(Date date)



4 Associations and Attributes


Attributes and Associations


• There is in principle no distinction between attributes and associations


• Associations can be drawn as attributes and vice versa


When to use attributes and when to use associations?


• Associations


– When the target class of an association isshownin the diagram
 – The target class of an association is a major class of the model


∗ e.g. Part, Assembly, Component, . . .


• Attributes


– When the target class of an associations isnot shownin the diagram
 – With datatypes / Value objects


∗ Datatypes consists of aset of valuesandset of operationson the values


∗ In contrast to classes are datatypes stateless


∗ e.g. int, boolean, String. . .
 – Library classes


• However, final choice depends on what one wants to express with the diagram



(6)Associations


• Multiplicity


– The same as with attributes
 – lower bound .. upper bound
 – *


• Navigability


– Default is navigability in both directions


– Indicated by an arrow in the direction of the navigation
 – Non navigability is indicated by axinstead of an arrow


– If navigability indication is missing then navigability can be either way


∗ Common interpretation: no arrows→biderectional navigation; one arrow→navigability only in
 this direction


– Usually navigability is used to indicate which programming language class should have the field rep-
 resenting the association


Associations: Role names vs association names


Role names: Default is the class name of the association end


public Person {


private List<Car> cars;


}


public Car {


private Person owner;


}


Association names


Wrong 1



(7)Person
 company: Company
 name: String
 address: Address


Company
 employees: List<Peson>


address: Address


* employee employs 0..1


Address
 street: String
 city: String
 house_number: int
 1


  *


1


  *


Wrong 1 (corrected)


Person
 company: Company
 name: String
 address: Address


Company
 employees: List<Peson>


address: Address


* employee employs 0..1


Address
 street: String
 city: String
 house_number: int
 1


  *


1


  *


• Don’t use attributes and associations in the same diagram


• Use associations if the class of the attribute is in the class diagram


Attributes and Associations


public class Order {
 public Date date;


public boolean isPrepaid = false;


public List<OrderLine> lineItems


= new ArrayList<OrderLine)();



(8)Wrong 2


Person
 person_id: int
 company_id: int
 name: String
 address_id: int


Company
 company_id: int


employees: int[*] (employees: List<int>)
 address_id: int


* employee employs 0..1


Address
 address_id: int
 street: String
 city: String
 house_number: int
 1


  *


1


  *


Wrong 2 (corrected)


Person
 person_id: int
 company_id: int
 name: String
 address_id: int


Company
 company_id: int


employees: int[*] (employees: List<int>)
 address_id: int


* employee employs 0..1


Address
 address_id: int
 street: String
 city: String
 house_number: int
 1


  *


1


  *


• Don’t use object identifiers: Each object in UML has an implicit unique identifier (its reference) like in Java


• This is different if you want to show database schema using class diagrams


Java: Public attributes



(9)Person
 age : int {read only}


public class Person {
 public int age;


}


for (Person p : persons) {


System.out.println("age = ",p.age);


}


Person
 birthyear : int


/age : int { result = currentYear - birthyear }


public class Person {
 public int birthyear;


public int getAge() { return ...; }
 }


for (Person p : persons) {


System.out.println("age = ",p.getAge());


}


Java: Private attributes and getter and setter


Person
 age : int {read only}


public class Person {
 private int age;


public int getAge() { return age; }
 }


for (Person p : persons) {


System.out.println("age = ",p.getAge());


}


Person
 birthyear : int


/age : int { result = currentYear - birthyear }


public class Person {
 private int birthyear;


private int age;


public int getAge() { return ... ; }
 }


for (Person p : persons) {


System.out.println("age = ",p.getAge());


}



(10)Class Diagram and Program Code


What is the class diagram for the following program?


public class C {
 private int a;


public int getA() { return a; }


public void setA(int a) { this.a = a; }
 }



C -a: int



setA(a: int) getA(): int



C a: int


Class Diagrams and Program Code


• Class Diagrams were indented as a means tographicallyshowobject-orientedprograms


• As a consequence: Class Diagrams allow one to model all thestructuralfeatures of a Java class
 – e.g. classes, (static) methods, (static) fields, inheritance, . . .


• However, class diagrams aremore abstractthanprograms



(11)– Concepts ofassociations,aggregation/composition, . . .


→ Modellingwith class diagrams is moreexpressiveandabstractthan programming in Java


→ It is important to learn who theseabstract, object-oriented conceptsembodied inclass diagramsare imple-
 mented inJava programs


→ Improves your object-orienteddesign skills


Class With Read-Only Attributes



C



a :   i n t   { r e a d   o n l y }


• In Java: No setter method; value is set on construction time


public class C {
 private int a = 3;


public int getA() { return a; }
 public C(int a) { this.a = a; }
 }



5 Derived Properties / Associations


Derived attributes


Derived attributes


• Attributes / associations are marked with aslash(/)


• Needsconstraintsto explainhowthey are derived



(12)Derived associations



6 Notes and Comments


Notes and Comments



7 Aggregation and Composition


Part of relationship



(13)Special type of associations


• aggregation


• composition


• Usepart ofinstead of has a


→ A car has an engine = an engine ispart ofthe car


→ But Peterhas ahouse != the house ispart of Peter


Aggregation


• General ”part of” relationship


• Notation: empty diamond


• From the UML specification


– ”Precise semantics of shared aggregation varies by application area and modeller.” (from the UML 2.0
 standard)


Composition


• To be used in a ”part of” relationship


• Notation: filled diamond



(14)• Much more restricted than with aggregation


• The basic two properties of a composite aggregation are:


1. A part can only be part of one object


2. The life of the part object is tied to the life of the containing object


Composite Aggregation


1. A part can only be part of one object


2. The life of the part object is tied to the life of the containing object


:Point
 {x = 10,
  y = 10 }


:Point
 {x = 0,
  y = 20 }


:Point
 {x = 0,
  y = 0 }


:Circle


:Polygon


:Point
 {x = 0,
  y = 0 }


:Point
 {x = 10,
  y = 10 }


:Point
 {x = 0,
  y = 20 }


:Point
 {x = 0,
  y = 0 }


:Circle


:Polygon



(15)Composite Aggregation


1. A part can only be part of one object


2. The life of the part object is tied to the life of the containing object


:Polygon


:Point
 {x = 10,
  y = 0 }


:Point
 {x = 10,
  y = 10 }


:Point
 {x = 0,
  y = 10 }


:Point
 {x = 0,
  y = 0 }


:Polygon


:Point
 {x = 10,
  y = 0 }


:Point
 {x = 10,
  y = 10 }


:Point
 {x = 0,
  y = 10 }


:Point
{x = 0,
 y = 0 }



(16):Circle
 :Polygon


:Point
 {x = 10,
  y = 0 }


:Point
 {x = 10,
  y = 10 }


:Point
 {x = 0,
  y = 10 }


:Point
 {x = 0,
  y = 0 }


:Circle
 :Polygon


:Point
 {x = 10,
  y = 0 }


:Point
 {x = 10,
  y = 10 }


:Point
 {x = 0,
  y = 10 }


:Point
 {x = 0,
  y = 0 }



8 Dependencies


Dependencies



(17)Dependencies


• UML defines keywords for special dependencies e.g. forclasses


callThe source calls an operation in the target


createThe source creates instances of the target


deriveThe source is derived from the target


instantiateThe source is an instance of the target


permitThe target allows the source to access the targets private features


realizeThe source is an implementation of a specification or interface defined by the target


refineRefinement indicates a relationship between different semantic levels


substituteThe source is substitutable for the target


traceUsed to track such things as requirements to classes or how changes in one model link to
 changes elsewhere


useThe requires the target for its implementation


• but also for, e.g.,use cases


includeA use case includes another use case


extendA use case extends another use case



9 Abstract class


Abstract class



(18)
10 Interfaces


Interfaces


Interfaces



(19)• Correspond to interfaces in Java


• Define acontractthat a class that realizes the interface has to fulfil


• Interface descriptions in UML can containoperationsandattributes
 Requires and implements interface dependency


• As dependencies


• Lollipop notation



(20)Requires and implements interface dependency


• As dependencies


• Lollipop notation


• Pre UML 2.x notation



11 Constraints and Stereotypes


Keywords


• Not everything is expressible purely graphical


→ Use of keywords to express
 1. Constraints


2. Stereotypes



(21)Constraint


• Notes can be constraints


• Constraints can be informal or formal


– With formal constraints, usually the Object Constraint Language (OCL) is used
 Constraint


constraint


Aconstraint restrictsa set of possibilities; e.g. a constraint can be used to set attribute values.


Abstract Class



(22)• Uses curly bracketse.g.{isAbstract = true}


• Refers to a constraint on the model element (in this case the attributeisAbstractshould betruein the shown
 class)


• Alternative notation:{abstract}


(Standard) Stereotype
 Stereotype


Astereotypewith amodel elementdenotes asubclassof that model-element on the meta-model level.


Interface



(23)• Uses guillemetsEx.interfacein a class


• Refers to a specific meta class


– in this case to subclassInterfaceof classClassifier



12 Generalisation


Generalisation Example


Book
 Book(String,String,String)
 int fine


int maxBorrowInDays


{abstract}


Medium
 String signature
 String title
 String author
 Calendar borrowDate
 int fine


int maxBorrowInDays
 boolean isOverdue
 boolean isBorrowed


Cd
 Cd(String,String,String)
 int fine


int maxBorrowInDays


fine and maxBorrowInDays
 are abstract in Medium and
 defined differently in Book and Cd.


For Book we have 20 DKK and 28 days,
while for CD we have 40 DKK fine
and max days for borrowing is 7.



(24)Liskov-Wing Substitution Principle


”If S is a subtype of T, then objects of type T in a program may be replaced with objects of type S without
 altering any of the desirable properties of that program (e.g., correctness).”


Generalisation Example


Appletree



Apple Tree



Apple tree


Liskov-Wing Substitution Principle



(25)”If S is a subtype of T, then objects of type T in a program may be replaced with objects of type S without
 altering any of the desirable properties of that program (e.g., correctness).”


An apple tree is not an apple: One caneatan apple, but one cannoteatan apple tree. However, an apple treeis a
 tree. It is possible toclimbboth.


Rule of thumb: If you can say Sis aT, then in most cases the Liskov-Wing Substitution principle is satisfied
 (but not always!!)


If you want to ”inherit” methods from another class, you have two possibilities
 a. use inheritance if the Liskov-Wing Substitution principle is satisfied
 b. use delegation



Apple Tree



Apple tree


delegation


Modeling Dynamic Types


• Problem: The same object can take on different roles


→ It appears that the type has changed


• UML is not strict about whether an object belongs to one classification only or is part of several


→ Solution: Generalization Sets



(26)Keywords


• {complete}/{incomplete}


– No more subclasses may be added
 – It is possible to add further subclasses


• {disjoint / overlapping}


– Instances may only belong to one class


– Instances can belong to several classes in the same generalisation set


• Default:{incomplete}and{disjoint}


Generalisation Set: Notations (II)



(27)
13 Reference Objects and Value Objects


Types


• Reference Objects: Customer, Person, Company, ...


– Identity is important
 – Attributes can change


• Datatypes I: boolean, integer, ...


– Value is important
 – No identity
 – datatype


• Datatypes II: Value Objects: Date, Point, ...


– Value is important
 – Have Identity


– Attributes cannot change


– datatype(valuesuggested by Martin Fowler)
 Reference Object vs Datatype (Value Object)


Class Diagram



(28)Objects



14 Template (Parameterized) Class


Template class


Parametric polymorphism


public class Set<T> {
 ...


public void insert(T e) {...} ;
 public void remove(T e) {...};


....


}


Binding the template to a concrete class (here Employee)



(29)Set<Employee> employees;


for(Employee employee : employees) {
 ...


}



15 Association Classes


Association classes


• Links in associations can have attributes


Implementing Association Classes



(30)Implementing Association Classes (II)


But the implementiation issemantically notequivalent to the original association class


• It allows more situations than the original one


• The following is not allowed for association classes



16 Qualified Associations


Qualified Associations


public class Order {


private Map<Product,OrderLine> lineItems =
 new HashMap<Product,OrderLine>();


// private Set<OrderLine> lineItem = new Set<OrderLine>();


}



(31)Qualified Associations


The importance lies in possible restrictions in multiplicity


• Example: The above qualified association imposes the constraint that for each order there can only be at
 most one order line for a given product


• Allowed situation


Qualified Associations (II)


Forbidden situation


Qualified Associations


• A family of associations


– foreach elementof the qualifier typeone association



(32)• Qualified associations are implemented as maps


Qualified Associations


The importance lies in possible restrictions in multiplicity


• Example: The above qualified association imposes the constraint that for each order there can only be at
 most one order line for a given product


• Allowed situation


Qualified Associations (II)


Forbidden situation



17 Three-way association


Ternary association



(33)Enumerations


• Values are given byenumeratingthem


• Values are given bysybmolic nameshaveno substructure


• The elements / instances of that data type all listed and given symbolic names (e.g. red, white, blue)
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