5th Lecture - Object oriented analysis of computer
systems
 During system analysis stage, specifications and use cases

are analyzed identifying the most important concepts the
system works with and their relationships.
 They are graphically represented by a structure diagram of the
classes for the analyzed system.
1. It is initiated class diagram representation, that will be
finished in the following stages. Class diagram represents
graphically the static structure of the system, including
identified classes, packages and their relationships. A package
may contain classes, interfaces, components, collaborations,
use cases, diagrams or other packages.
2. It is initiated object diagram building, that models instances
of the elements contained in class diagrams. These diagrams
contain a set of objects and the relationships between them at
some point.

Object oriented analysis of computer systems
3.

4.
5.

To highlight the statuses an object or an event can pass through (received
messages, errors, conditions) state chart diagrams are built. They
represent the lifecycle of objects, subsystems and systems. Object
states change when receiving events or signals.
Activity diagrams is developed to show actions and results of those
actions and to ephasize the workflows.
Interaction diagrams are developed to show interactions between
objects: sequence diagram and communication diagrams.
 Sequence diagrams describe the way objects interact and communicate with

each other, by focusing on messages that are sent and received
 Communication diagrams allow the representation of both the interactions and
connections between a set of collaborating objects. It is recommended when the
the visualization of space coordinate is useful.

Class diagram
 The class diagram is the most important diagram of object oriented

analysis and design. The purpose of class diagram is to present the
static nature of classes, showing their attributes, operations and
associations.
 Most modeling tools generate source code starting from the class

diagram alone.
 The others UML diagrams provide different points of view for

identifying attributes, operations and relationships between classes.
They help at class diagram validation and may serve to clarify specific
issues.

Class identification techniques
a) Brainstorming technique – a list of control is used

to include all entity types that occur frequently.
Brainstorming sessions are performed to identify
domain classes for each of those types.
b) Noun technique – all the nouns that occur in the
system description are identified, and and it is
decided whether the noun is a class of the field, an
attribute or an unimportant element

a. Brainstorming technique
 We have some elements like ...

Entities

Tangibile
things
Plane
Book
Vehicle
Document
Form

Roles

Employee
Doctor
Pacient
Client
User
System
administrator

Organization
units
Division
Departament
Office
Section
Workgroup

Devices

Sensor
Controller
Printer
Timer
Scanner
Sorter

Locations

Warehous
Plant
Shop
Branch
Desktop

Events

Fligth
Logon
Logoff
Order
Contract
Purchase
Payment

b. Noun technique
All the nouns are identified starting from use cases, actors and other
information about the computer system.
The necessary information is collected from existing systems, procedures,
forms and reports.
The noun list is then refined

1.
2.
3.







4.
5.

Does it belong to the analyzed system scope?
Is it necessary to keep more that one element of this type?
Is it a synonym of an already identified noun?
Is it an attribute of a registered noun?
Is it just a system output obtained from an already identified noun?
Is it just an input resulting from the recording of an already identified noun?

It is created the main list of nouns and notes for each noun to be included
/ excluded / discussed.
The list of users, beneficiaries, team members is presented for validation

Defining a class
 Set of objects that have the same characteristics and constraints.
 The characteristics of a class are attributes and operations.
 Abstract classes can not be instantiated. Their role is to enable other

classes to inherit them, for reuse of characteristics.
 An interface describes a set of characteristics and public obligations.
Actually, it specifies a contract. Any instance that implements the
interface must provide the services provided by the contract.

Examples of common stereotype classes
 <<entity>> – a passive class, which does not initiate







interactions;
<<control>> – initiates interactions, contains a transactional
components and acts as separator between the entities and
limits;
<<boundary>> – it is located an the periphery of the system,
but inside. It’s the contact element to the actor or to other
systems.
<<enumeration>> ‐ it is used to define data types whose
values are listed.
<<primitive>> ‐ a form of class that represents predefined
data types, such as Boolean.

Attributes ‐1
 Each attribute is described at least by its name.
 Additional information can be added, and the general

structure of an attribute is:
[visibility][/]name[:type][multiplicity][=default value] [{property}]

 Visibility may be:
 + Public: can be viewed and used by anyone
 ‐ Private: only the class itself has access
 # Protected: the class and subclasses have access
 ~ Package: only classes in the same package have access

 / symbolizes a derived attribute

Attributes ‐2
 UML allows specification of multiplicity for attributes ,when you want to define

more than one value for an attribute. They have the following meanings
Multiplicity
1
2
1..4
3, 5
1..*
*
0..1

Meaning
Exactly 1 (default)
Exactly 2
From 1 to 4 (inclusive)
3 or 5
At least one or more
Unlimited (including 0)
0 or 1

 Property indicates an additional property that applies to the attribute:
 {readonly}: the attribute can be read but not modified
 {ordered}, {unordered}: an ordered or unordered set
 {unique}, {nonunique}: the set of values may or may not contain identical

items

Operations
 The general form of an operation is:
[visibility] name ([direction] parameter list) [:returned type] [{property}]
 Visibility ‐ the same as in class
 Direction ‐ 'in' | 'out' | 'inout' | 'return'
 Return type ‐ whether they return something, if it’s a function
 An example of an operation’s property: {query} – it does not change the stat of
an object or other objects
Attribute examples:

Operations examples :

•

‐ age: Integer {age>18}

•

+ setAge (out Age: Integer)

•

# name:String[1..2]=“Ioana”

•

+ getAge(in Id:String): Integer {query}

•

~ Id:String {unique}

•

‐ changeName(inout Name:String)

•

/ TotalValues:Real=0

Constraints
 A constraint is an expression that restricts a certain element of a class






diagrams.
This may be a formal expression (written in Object Constraint Language
‐ OCL) or it can have a semi‐formal or informal format.
They are represented in braces.
They can be written immediately after defining an element or as a
comment.
A constraint can have a name, as follows: :
{name : Boolean expression}

Examples of OCL constraints:
context Organisation
inv: self. departamentsisUnique (name)
inv: departaments.employeesisUnique (code)

Relationships between classes ‐ 1
An association implies establishing a relationship between
classes.
 It is characterized by:
1.

 name (optional)
 multiplicities – specified at both ends of the association;
 roles of the association: specified at each end of the

association and contain a brief and representative description
(1‐2 nouns)
 navigation direction
 Types of associations:




unary
binary
ternary

Relationships between classes ‐2
Types of associations :
 Unary: connects a class to itself.

 Binary: between two classes.

 Ternary: they are usually transformed in binary association.

Relationships between classes -3
 The association class allows the relationship to have

attributes and operations.

2. The Aggregation relationship is a binary form of association
representing a ‘part – of ‘ type relationship .
• It can be of two types:
• Shared aggregation (aggregation)
• Composed aggregation (composition / not‐shared
association)

Relationships between classes ‐4
 Shared aggregation is a weak form of aggregation in which the

instances of the parts are independent from the whole, as
follows:
 The same elements can be aggregated by several other ‘whole’
classes
 If you delete the class that aggregates, the aggregated classes
will continue to exist.
 It is represented using the shape of a diamond at the end of
the association corresponding to the aggregating class.

Relationships between classes ‐5
 Composed aggregation is a powerful of aggregation form in which the

instances of the parts are independent from the whole, as follows:
 If the aggregating class is deleted, the aggregated classes will also be
deleted.
 It is represented using the shape of a full diamond at the end of the
association corresponding to the aggregating class.
 When used for modeling objects in a certain domain, the deletion
may be figuratively interpreted as an "end" and not as a physical
destruction.

Relationships between classes ‐6
Association
Objects know of each other and can work together
Aggregation
1. It protects the integrity of the configuration.
2. It works as a whole.
3. Control through a single object.
Composition
Each part can be member of a single aggregated object.

Relationships between association, aggregation and composition

Relationships between classes ‐7
3 The generalization relationship is used to indicate inheritance between a
general class (superclass) and a specific class (subclass)
• Also called informally ‘is a type of’ relationship.
• It is represented as an empty triangle placed at the end of the
superclass.
• Subclasses inherit the characteristics and constraints of the superclass.
• Multiple inheritance is allowed.

Relationships between classes ‐8
4. The dependency relationship is used to show a wide range of
dependencies between elements of a model
• In the analysis stage, the dependency type can be unspecified.
• At the design stage, dependencies will be personalized with stereotypes or will

be replaced with connectors specific to the technology used.
• It is represented as a dotted line from the dependent class "client" to the

"supplier" class, with an arrow at the end of "supplier" class .
• In class diagrams, the most important dependencies are ‘use’ and ‘abstraction’

Relationships between classes ‐9
•

Use dependency (<<use>>, <<create>>, <<call>> etc.) is a relationship in which a
‘client’ class needs another class or group of classes (supplier) to operate

•

An abstraction dependency relates two elements or set of elements (called
customer and supplier), representing the same concept, but at different levels of
abstraction or seen from different views

Class diagram example

Object diagram
 It consists of objects and the links between them.
 It serves to validate the class diagram.
 A link is a relationship between two objects.
Object diagram

Class diagram

Models facts about certain entities

Models rules for types of entities.

Represents real objects

Represent abstractions of concepts.

Connects objects

Associates entities

 An object is named using its name, the sign ":" followed by the name

of the class to which he belongs: Object Name: Class name.
 There may be anonymous objects, known only by class name..

Class and Object diagram notation – a comparison
Class diagram

Object diagram

The class has three compartments: name,
attributes and operations.

An object has only two compartments:
names and attributes.

The class name is specified alone in the first
compartment.

The format of an object’s name includes
class names. These notations are found in
other diagrams that represent objects

The second section describes the properties
as attributes.

The second section defines values for each
attribute, in order to test the model.

Operations show up in the description of the Operations are not included in objects
class.
because they are identical for each object of
the class.
Classes are connected by associations that
have a name, multiplicity, constraints and
roles. Classes are an abstraction of objects,
so it is necessary to specify how many
classes are participating in an association.

The objects are connected by a relationship
that can have a name, roles, but not
multiplicities. Objects are singular entities,
all links are one‐on‐one, and multiplicities
are irrelevant.

Object diagram in Visual Paradigm
 Define the class diagram, in which the classes have attributes

 Define an object in the Object diagram (Instance Specification).
 Select the class to which the object belongs: Right click on the object ‐>

Select Classifier‐> tick and select the appropriate class
 Optionally, the object is given a name.
 Define values for attributes: Right click on the object ‐> Slots, Slots
Define (for attributes we want to give values to) ‐> Edit Values‐> Add ‐>
Text (insert desired value).
 We create links (Link) between objects.

Object diagram in Visual Paradigm‐ example

Activity diagram
 It supports visual representation of sequences of actions that







target a certain result.
May be built for one or many use cases or for complex
operation description.
It is not built for each use case and scenario, as it is not
usefull, but only for the important ones.
It describes the workflow from an entry node to a finish
node, detailing the decision branches that may arise in an
activity.
May be used for showing parallel processing.
It is important for business process modeling.

Activity/ Action
 Activity – it represents a parametrized behaviour in

form of a coordinated flowchart.
 Action– it represents a single step of an activity.
 It can be a physical action, accomplished by a person or it

can be an electronic action.
 Activity/action ‐ represented by a rectangle with rounded
edges.

Constraints
 Constraints can be attached to an action, for example, as

preconditions or postconditions.
 Use <<precondition>> and <<postcondition>> keywords.

Noduri
 Initial node‐ it represents the initial point of the

diagram.
 Final node‐ there are two types of final nodes:
 Activity final node: it represents the end of all control

flows in a digram.
 Flow final node: it shows the process ends at that point.
It represents the end of a single control flow.

Flows and objects
 Control flow– it is an arch on the diagram that describes how control

is transferred from an action to another
 Object flow‐ it is a flow along which the objects or data are
transferred.
 It should have an object at least at one end
 There is also a short notation that uses input and output
qualifiers/pins.
 Transition condition –it is a text on a flow defining a condition that
should be met to activate transition to the next action.

Decision and merge nodes
• Both are represented by a diamond and may have a name
• Decision node
• It has an input flow and several output flows
• Output flows must be accompanied by mutual exclusive
conditions
• Merge node
• It has several input flows and a single output flow

Fork and join nodes
 They are both represented as a black thick line
 Fork node
 It has an input flow and several output flows
 It shows the start of some parallel actions

 Join node
 It has several input flows and a single output flow
 All the flows entering the join node must reach the node before the processing

can move on
 It shows the end of some parallel processing actions

Node examples

A join node is different from a merge node because it synchronizes two
input flows and produces a single output flow.
A merge node transmits further any control flow that reaches it.

Partitions
 They are swim lanes

that show who or
what is responsible
for the actions in the
activity diagram
 They may be
horizontal or vertical
 Partition separation
can be made
according to
organizational
units,
responsibilities, etc.

