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Software
Engineering

Software Process
Chapter 2
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® A software process i1s a set of related activities that
leads to the production of a software product.

® These activities may involve the development of
software from scratch 1n a standard programming
language like Javaor C.

® There are many different software processes, but
all must 1include four activities that are
fundamental to software engineering:

1. Software specification

2. Software design and implementation
3. Software validation

4 Software evolution
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Software process models

1. The waterfall model. represents them as separate
process phases.

2. Incremental development. This approach interleaves
the activities. It 1s developed as a series of versions
(increments), with each version adding functionality to
the previous version.

3. Reuse-oriented software engineering. This approach 1s
based on the existence of a significant number of
reusable components.
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KThe waterfallmodel

Requirements
Definition

A '

System and
Software Design

]

Implementation
and Unit Testing
A
Integration and
System Testing

A Y

/Operation and)

\ Maintenance

® The result of each phase is one or more documents that
are approved (‘signed off”).

® The following phase should not start until the previous phase
has finished.

® The waterfall model should only be used when the
requirements are well understood and unlikely to change
o radically during system development.




Requirements
Definition

A Y

System and
Software Design

A

Implementation
and Unit Testing
A
Integration and
System Testing

A Y

/Operation and
kMaintenance
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Incremental development

Concurrent
Activities

Specification ™ Initial
y | Version

. Intermediate
Cutine — »|{ Development gl :
Description P - Versions

(Validation ) IN—"S VFm'aI |
ersion

By developing the software incrementally, it 1s cheaper
and easier to make changes 1in the software.
The customer can evaluate the system at a relatively early
e stage 1n the development to see if it delivers what 1s
N

required. j
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® Incremental development has three

imimportant benefits, compared to the waterfall
model:

1. The cost.
2. It 1s easier to get customer feedback
3. More rapid delivery.

@ What are the problems of this model? Explain.
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REUSE-ORIENted software engineering

Requirements Component Requirements System Design
Specification Analysis Modification with Reuse
evelopmen System
and Integration Validation

® Reuse-oriented software engineering has the

advantage of reducing the amount of software to be
developed and so reducing cost and risks.

® It usually also leads to faster delivery of the software.

o
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Y
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Software specification

® Software specification or requirements engineering 1is

the process of understanding and defining what

services are required from the system and identifying
the constraints on the system’s operation and
development.
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Requirements
Elicitation and
Analysis

Feasibility
Study

Requirements
Specification

Requirements
Validation

User and System
Requirements

Y

Requirements
Document
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Software design and implementation

® The implementation stage of software
development is the process of converting a
system specification into an executable system.

® Designers do not arrive at a finished design
immediately but develop the design
1iteratively.
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Design Inputs

Platform Requirements Data
Information Specification Description

Design Activities

Interface
Design

Architectural
Design

Component
Design

‘ Database Design ’

Design Outputs

System Database Interface Component
Architecture Specification Specification Specification




-
Software validation -

® Software validation or, more generally, verification
and validation (V&V) is intended to show that a
system both conforms to its specification and that it
meets the expectations of the system customer.

® Program testing, where the system i1s executed using
simulated test data, 1s the principal validation
technique.
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The stages 1n the testing process are:
Development testing: The components making up the
system are tested by the people developing the
system. Each component i1s tested 1ndependently,
without other system components.

System testing: System components are integrated to
create a complete system. This process is
concerned with finding errors that result from
unanticipated interactions between components and
component interface problems.

Acceptance testing: This 1s the final stage in the testing
process before the system 1s accepted for
operational use. The system i1s tested with data
supplied by the system customer rather than with
simulated test data.

Acceptance testing is sometimes called ‘alpha testing’.

When a system is to be marketed as a software product, a
%es?ng process called ‘beta testing’ is often used. Beta
esting

mmvolves delivering a system to a number of
potential customers who agree to use that system.

/
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4 I
Software evOLUTION

® The flexibility of software systems 1s one of the main
reasons why more and more software is being
incorporated 1n large, complex systems.

® changes can be made to software at any time during or
after the system development.
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Software
Engineering

Software Requirements
Chapter 3




Requirements: Introduction

Requirements =services the system is expected to provide +
constraints placed on the system

Requirements engineering = gathering, negotiating, analyzing,
and documenting requirements

The requirements could be expressed at various levels of

abstraction

The way requirements are defined has a major impact on the

development of the software product.
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Classification of requirements:

d User requirements: higher level description of services

requested and constraints imposed

dSystem requirements:a more detailed, structured
description of services and constraints. Usually included in the

contract between the developer and the client

An even more detailed description of requirements can be

provided in a software design specification(closer to implementation)
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Examples of user requirements definition
and system requirements specification

Requirements definition

Requirements specification

1. The user should be provided with facilities to define the type of
external files.

1.2 Each external file type may have an associated tool which may be
applied to the file.
Each external file type may be represented as a specific icon on
the user’s display.

1.4 Facilities should be provided for the icon representing an
external file type to be defined by theuser.

1.5 When a user selects an icon representing an external file, the
effect of thatselection is to apply the tool associated with the type of
the external ﬁle to the file representedby the selected icon.

™
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Types of software system requirements

Functional requirements, describe the requested
functionality/behaviour of the system: services (functions),

reactions to inputs, exceptions, modes of operations

Non—functiona] requirements, are constraints on the services

otfered by the system, and on the development process

Domain requirements, can be either functional or non-
functional and reflect the particularities of the application

domain
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Functional requirements:

Depend on the system, the software, and the users

Can be expressed at ditferent levels of detail (user/system

requirements)

For a system, it is desirable to have a complete and consistent

set of functional requirements
° Comp]eteness:all required system facilities are defined

° Consz’stency:there are no contradictions in requirements
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Non-functional requirements:

Many applications to the system as a whole
More critical than individual functional requirements

More difficult to Verify

Kinds of non-functional requirements:

Product requirements
Organizational requirements

External requirements
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specify that the delivered product must behave

Product in a particular way
requirements: | e g. execution speed, reliability, etc.
are a consequence of organizational policies
Organizational |and procedures
requirements: | e.q. process standards used, implementation
requirements, etc.
arise from factors which are external to the
External system and its development process
requirements: | e.q. interoperability requirements, legislative

requirements, etc.
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Requirements Measures

Property Measure
Processed transactions/second
Speed User/Event response time
Screen refresh time
Size K Bytes; Number of RAM chips
Training time
Ease of use Rate of errors made by trained users

Number of help frames

(-,




WA s

ol il
il iy / ginlles 31 clleled) Aol

ity G Gl [ ki

A Jed s it g

)l i AT

sl (g seriisal) g€y ) pUadlll Jone
_ZJ.CLA.MS\ L_l\JUa;\ e




Requirements Measures

Property Measure
Mean time to failure

Reliability | Probability of unavailability
Rate of failure occurrence
Time to restart after failure

Robustness | Percentage of events causing failure

Probability of data corruption on failure
Percentage of target dependent statements

Portability | Number of target systems

(-,
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User Requirements

A statement in natural language plus diagrams of the services the
system provides and its operational constraints. Based on
information from Client, and written for him (or even by him)

Should be understood by the user, and should not address design
and implementation aspects

Should focus on the key facilities required

Problems with requirements written in natural language:

Lack of clarity, ambiguity, various interpretations possible
Contusion, lack of separation between different types of requirements
Mixture of several requirements in the same statement

Hard to modularize and thus hard to find connections between requirements
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Guidelines for writing requirements:

Create and use a standard format for the entire software

requirements specification
Highlight important parts of the requirement statements

Use consistently the language (ditference between “should”

and “shall”)
A llid s
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Editor example: detailed user requirement

3.5.1 Adding nodes to a design

3.5.1.1 The editor shall provide a facility for users to add nodes of a specified type to their
design.
3.5.1.2 The sequence of actions to add a node should be as follows:

1. The user should select the type of node to be added.

2.The user should move the cursor to the approximate node position in the diagram and
indicate that the node symbol should be added at that point.

3. The user should then drag the node symbol to its final position.

Rationale: The user is the best person to decide where to position a node on the diagram.
This approach gives the user direct control over node type selection and positioning.

Specification: ECLIPSE/WS/Tools/DE/FS. Section 3.5.1

(-,
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System Requirements

More detailed specifications of user requirements
Included in the contract with the client
Used by developers as basis for design

May be specified using various models (object-oriented

models, data-flow diagrams, formal specs, etc.)

Should indicateWHAT the system is required to do (not

HOW) and under what conditions and constraints
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Editor example: System requirement

| ECLIPSE/Workstation/Tools/DE/FS/ 3.5 .1

| Description Adds a node to an exis ting design. The user selects the type of node, and its position.
| When added to the design, the node becometshe current selection. The user chooses the node position by
moving the cursor to the area where the node 1s added.

Functi on Add node ‘
I
I

Inputs Node type, Node position, Design identifier.

Source Node type and Node position are input by the user, Desi gn identifier from the database.
Outputs Design identifier.

| Destination The design database. The design 1s commi tted to the database on completion of the |
operation.
Requires Design graph rooted at input design identifier.
Pre-condition The design is open and displayed on the user's screen.

| Post-condition The design is unchanged apart from the addition of a node of the specified type |

at the given position.

Si de-effects None

/




Editor example: System requirement
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H.W.

What is the difference between requirements analysis and
specification?
Why is it hard to define and specify requirements?

What is the difference between functional and non-functional

requirements?
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Systems, Models, and Views

® A model is an abstraction describing system or a subset of a

systern
e A view depicts selected aspects of a model

® A notation is a set of graphical or textual rules for

representing VIEWS

® Views and models of a single system may overlap each other




(oae ok gled s Akl

Al e de iAo gana o) sl Coay 3 52 58 23 sal
Zasall (a3 jliSe il ga ) gaal im ye 4y Hha
sl Gk il dpail) 5l dsa guayl) 2o 8 (e de sana g (sl

wanll lpiazy aa a5 ot AaAl) 23l g a jall (3 yda JA)AT 8




Models, Views, and Systems

System

*

Model

*

described by

View

depicted by
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Why model software?

Software is already an abstraction: Why model software?

® Software is getting larger, not smaller

Windows XP: 40 million line codes

WindowsVista : 50 million
Windows 7: 40 million
Window10 : 50 million

A single programmer cannot manage this amount of code in its

entirety.

® Code is often not directly understandable by developers who
did not participate in the development

® We need simpler representations for cornplex systems

Modeling 1s a mean for dealing with Complexity

-
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Concepts and Phenomena

® Phenomenon: An object in the world of a domain as you perceive

it, for example:
You are attending the lecture.

® Concept: Describes the properties of phenomena that are
common, for example:

[ ectures on software engineering

* A conceptisa 3—tuple:
® [ts Name distinguishes it from other concepts.

® Its Purpose are the properties that determine if a phenomenon is a

member of a concept.

® [ts Members are the phenomena which are part of the concept.

{
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Concepts and Phenomena

Name Purpose Members

Clock A device that
measures time.

e Abstraction: Classification of phenomena into concepts

o Modeling: Development of abstractions to answer specific
questions about a set of phenomena while ignoring irrelevant
details.

(- Y
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Class
e (Class:

® An abstraction in the context of object-oriented languages

® Like an abstract data type, a class encapsulates both state
(variables) and behavior (methods)

® Unlike abstract data types, classes can be defined in terms of

other classes using inheritance

Watch

time

date

SetDate (d)

CalculatorWatch

calculatorState
EnterCalcMode ()
InputNumber (n)
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CalculatorWatch

calculatorState

EnterCalcMode ()

InputNumber (n)




Diagram Types

® Use case diagrams
Describe the functional behavior of the system as seen by the user.

® (lass diagrams

Describe the static structure of the system: Objects,Attributes, and
Associations.

° Sequence diagrams

Describe the dynamic behavior between actors and the system and between
objects of the system.

® Statechart diagrams
Describe the dynamic behavior of an individual object as a finite state machine.
® Activity diagrams
Model the dynamic behavior of a system, in particular the worktlow,i.e. a
flowchart.

(.
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Use Case Diagrams

Package

SimpleWatch\

C DO~

WatchUser SetTime /cmpairPerson
| —
—
{Use case f O

ChangeBattery

Use case diagrams represent the functionality of the system
from user’s point of view
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Class Diagrams

o

w‘iplicity}

Class

SimpleWatch

2

PushButton

1 1 1

@ﬁ)ciation J

1]

1 2

state

ICDDisplay

Battery

push ()
release ()

blinkldx

load ()

blinkSeconds ()
blinkMinutes ()
blinkHours ()
stopBlinkin
referesh ()

1

Time
now ()

ﬁ\/;ributes}

Operations }

Class diagrams represent the structure of the system
Aaill S i Class diagrams




g Sequence Diagram

Object

X

:SimpleWatch :LCDDisplay

:WatchUser

: Time

pressButtonl ()

pressButton2 ()

|
pressButtonl () !

|
blinkHours () I

blinkMinutes ()

g

| incrementMinutes ()

pressButtonslAnd{()

: refresh()

commitNewTime ()

CActivation

~N

J

stopBlinking () !

Message

L

Sequence diagrams represent the behavior as interactions
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Ol S & 5Ll Jiay Sequence diagrams




Statechart Diagrams

{Event

ﬁ Initial state } ‘

(-

buttonl&2Pressed / Blink

\ button2Pressed

Increment
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4 TranSiti on } buttonlPressed

Minutes M:Lnutes

button1&2Pressed< Blink \buttonZPressed Incremen

Q

buttonlPressed

*\\ button2Pressed
Stop Blink Increment
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!




Use Case Diagrams

Used during requirements elicitation to

represent external behavior

® Actors represent roles, that is. a type of
Passenger P ’ &P

user of the system

® Use cases I'Gpl‘€S€I1t a sequence of

interaction for a type of functionality

® The use case model is the set of all use
cases. [tis a complete description of the
functionality of the system and its

] environment
PurchaseTicket

(-




Use Case Diagrams
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Actors

® An actor models an external entity which
communicates with the system:
® User
® External system

° Physical environment

® An actor has a unique name and an optional

Passenger description.

© Examples:

o Passenger:A person in the train

e GPS satellite: Provides the system with GPS coordinates




Actors

Passenger
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Use Case

C_D

PurchaseTicket

A use case represents a class of functionality

provided by the system as an event flow.

A use case consists of:
¢ Unique name

® Participating actors
® Entry conditions

® Flow of events

® Exit conditions

o Special requirements




Use Case
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Use Case Example

Name: Purchase ticket Event flow:
1 . Passenger selects the number

Participating actor: Passenger of
zones to be traveled.

- 2. Distributor displays the amount
Entry condition:

due.
* Passenger standing in front of

. o 3 .Passenger inserts money, of at
ticket distributor. 9 ¥

least the amount due.

* Passenger has sufficient money

. 4. Distributor returns change.
to purchase ticket.

5. Distributor issues ticket.
Exit condition: Anything missing?
* Passenger has ticket.

(-

Exceptional cases!




e I
Use Case Example
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. The <<extend>> Relationship

e <<extend>> relationships represent

exceptional or seldom invoked cases.

® The exceptional event flows are factored

Passenger out of the main event flow for clarity.

I ® Use cases I'GPI'GSGIltiIlg exceptional flows

O can extend more than one use case.

PurchaseTicket ® The direction of a <<extend>>

- relationship is to the extended use case
T A » ~
<<Lextend>> /’ I \ ~
P

e .' \ ~
, \ S

I
g <<extend>>, \ S o
\
]

OutOfOrder I <<extend>>\\ TimeOut

G Cancel NoChange




. The <<extend>> Relationship
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The <<include>> Relationship

Pas senger\

| C >

PurchaseMultiCard

C_ > ,

An <<include>> relationship
represents behavior that is

factored out of the use case.

An <<include>> represents
behavior that is factored out for

reuse, not because it is an

PurchaseSingleTicket / exception.
S o - ,l <<include>> © The direction of a
<<include>> < - l‘l <<include>> relationship is
2 to the using use case (unlike
O <<extend>> relationships).
CollectMoney
s S
NoChange Cancel




4 ™
The <<include>> Relationship
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Class Diagrams

TariffSchedule Trip
zone:zZone
Enumeration getZones () % * price:Price

Price getPrice (Zone)

e (Class diagrams represent the structure of the system.

e (Class diagrams are used
° during requirements analysis to model problem domain concepts
° during system design to model subsystems and interfaces

° during object design to model classes.

(-




Class Diagrams

TariffSchedule Trip
zone:zZone
Enumeration getZones () % * price:Price

Price getPrice (Zone)
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e
Classes

TariffSchedule

Table zone2price

Enumeration getZones ()
/ Name} Price getPrice (Zone)

TariffSchedule N _
zoneZprice % Attributes Signature J

getZones ()

tPri
getPrice () ﬁ Operations J TariffSchedule

A class represent a concept.

A class encapsulates state ( attributes) and behavior ( operations )
Each attribute has a type.

Each operation has a si1 gnature.

® The class name is the only mandatory information.

@
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Classes

TariffSchedule

Table zone2price

Enumeration getZones ()
/ Name} Price getPrice (Zone)

TariffSchedule N _
zoneZprice % Attributes Signature J

getZones ()

tPri
getPrice () ﬁ Operations J TariffSchedule
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Actor vs. Instances

e What is the difference between an actor and a class ?
o Actor:

An entity outside the system to be modeled, interacting with the
system (“Pilot”)

e (lass:

An abstraction modeling an entity in the problem domain, inside

the system to be modeled (“Cockpit”)
* Object:

A specific instance of a class (“Joe, the inspector”).




Actor vs. Instances
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4 o
Associations

TarifSchedule _
TripLeg
Enumeration getZones() |* «| Price
. i n
Price getPrice (Zone) Zone

e Associations denote relationships between classes.

e The multiplicity of an association end denotes how many objects

the source object can legitimately reference.

@
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Associations

TarifSchedule _
TripLeg
Enumeration getZones() |* «| Price
1 i zone
Price getPrice (Zone)
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1-to-1 and 1-to-Many Associations
| Has-capital |
Country 1 1 City
name:String name:String
1-to-1 association
Polygon 1 * Point
X:Integer
draw () v:Integer
1-to-many association




Aggregation

* An aggregation is a special case of association denoting a

“consists of” hierarchy.

* The aggregate is the parent class, the components are the

children class.

Exhaust System

1 0..2

Muffler Tailpipe




Aggregation
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Generalization

Button

/\

CancelButton ZoneButton

® (Generalization relationships denote inheritance between classes.

® The children classes inherit the attributes and operations of the

parent class.

® Generalization simplifies the model by eliminating redundancy.

(-




Button

/\

CancelButton

ZoneButton
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Activity Diagrams

® An activity diagram shows flow control within a system

Handle Document Archive
KIncident Incident Incident
4 J

4

® In activity diagram, the states are activities (“functions”)

* Two types of states:

® /Action state:

Cannot be decomposed any further

Happens “instantaneously” with respect to the level of abstraction used in the model
® Activit)/ state:

Can be decomposed further

The activity is modeled by another activity diagram

o




Activity Diagrams
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Activity Diagram: Modeling Decisions

[lowPriority] ~— \
Allocate
=  Resources

/
[fire & highPriority] A A

(.,

[not fire & highPriiority]

Sl )
)

e
No

otify )
Pollce%.efj




Software Engineering

Lecture 5
System Modeling

(Structure and Behavior)

Prof. Dr. SafaA. Najim/ CIS Dept./ IT College/

\\o Basrah Univ. /




Structural models

e Structural models of software display the organization
of a system in terms of the components that make up
that system and their relationships.

e Structural models may be static models, which show
the structure of the system design, or dynamic models,
which show the organization of the system when it is
executing.

* You create structural models of a system when you are
discussing and designing the system architecture.

Prof. Dr. Safa A. Najim/ CIS Dept./ IT College/
Basrah Univ.
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Class diagrams

 Class diagrams are used when developing an object-
oriented system model to show the classes in a system
and the associations between these classes.

* An object class can be thought of as a general
definition of one kind of system object.

e An association Is a link between classes that indicates
that there Is some relationship between these classes.

e When you are developing models during the early
stages of the software engineering process, objects
represent something in the real world, such as a
patient, a prescription, doctor, etc.

Prof. Dr. Safa A. Najim/ CIS Dept./ IT College/
& Basrah Univ.
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Classes and associations

:C'_a\:\a..a;j\ 9 <lial)
Consultant
1
Referred-to
1.*
. 1.* 1.* ) 1.* 1 General
Condition - Patient .
' Diagnosed- I Referred-by Practitioner
with 1.#
Attends
1.*
) Prescribes ..
Consultation I *r : - Medication
- . .
Runs i
|2 PrESCnhE;S* Treatment
Hospital "
Doctor

Prof. Dr. Safa A. Najim/ CIS Dept./ IT College/

Basrah Univ.




The Consultation class

Patient object class will
have the attribute Address and you may

Doctors include an operation called
Ejatﬂ ChangeAddress, which is called when a
E'I““'E:: patient indicates that they have moved from
ini

Reason one address to another.
Medication Prescribed _
Treatment Prescribed Model it?
Voice Notes
Transcript

Aol Gpenal iy 5 Al ) gie g pall QA8 A58 ) S
New () ey Ladie \ij\.ﬁ:ﬁu\ aiy Al g ¢ o) il s e
Prescribe () DAL A o) sie e Janl a8 sl ) Gy )
RecordMotes ()

Transcribe ()




Generalization

e Generalization iIs an everyday technigue that we use to
manage complexity.

e Rather than learn the detailed characteristics of every
entity that we experience, we place these entities In
more general classes (animals, cars, houses, etc.) and
learn the characteristics of these classes.

e This allows us to infer that different members of these
classes have some common characteristics e.g.
squirrels and rats are rodents.

Prof. Dr. Safa A. Najim/ CIS Dept./ IT College/
K Basrah Univ.
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A generalization hierarchy

Doctor

praxill o Julids

Hospital
Doctor

Consultant

General
Practtioner

Team Doctor

7

Trainee
Doctor

Qualified
Doctor




.

A generalization hierarchy with added detail

(-

Staff #
Pager #

Al Jealiil) e oy Juales

MName
Phone #
E-mail

Register ()
De-Register ( )

Practice
Address

Prof. Dr. Safa A. Najim/ CIS Dept./ IT College/

Basrah Univ.
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Behavioral models

e Behavioral models are models of the dynamic behavior
of a system as it Is executing. They show what happens
or what is supposed to happen when a system responds
to a stimulus from its environment.

* You can think of these stimuli as being of two types:
e Data Some data arrives that has to be processed by the
system.

e Events Some event happens that triggers system
processing. Events may have associated data, although
this Is not always the case.

Prof. Dr. Safa A. Najim/ CIS Dept./ IT College/

@ Basrah Univ. /
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Data-driven modeling

e Many business systems are data-processing systems
that are primarily driven by data. They are controlled
by the data input to the system, with relatively little
external event processing.

e Data-driven models show the sequence of actions
Involved in processing input data and generating an
associated outpult.

e They are particularly useful during the analysis of
requirements as they can be used to show end-to-end
processing in a system.

Prof. Dr. Safa A. Najim/ CIS Dept./ IT College/
K Basrah Univ.
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Event-driven modeling

» Real-time systems are often event-driven, with
minimal data processing.

e Event-driven modeling shows how a system responds
to external and internal events.

e |t Is based on the assumption that a system has a finite
number of states and that events (stimuli) may cause a
transition from one state to another.

Prof. Dr. Safa A. Najim/ CIS Dept./ IT College/
& Basrah Univ.
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State machine models

 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.
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Prof. Dr. Safa A. Najim/ CIS Dept./ IT College/
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State diagram of a microwave oven

155 Saall () Allal) Jalads

Full Full Power
Power
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Half Exit: Set Time Oven
Half Pawer Door
Power Closed Cancel
Start
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Door L\
Half Power Enabled Open : Waiting

Do: Display
Time

= Do: Set Power Do: Display
=300 'Ready’

¥ Door Closed
/" Disabled
Do:Display |=
'Waiting'
Prof. Dr. SafaA. Najim/ CIS Dept./ IT College
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States and stimuli for the microwave oven (a)

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 five
seconds. Oven light is on. Display shows ‘Cooking complete’ while
buzzer is sounding.

@ Prof. Dr. SafaA. Najim/ CIS Dept./ IT College/
& Basrah Univ. /
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4 N

States and stimuli for the microwave oven (b)

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.

@ Prof. Dr. SafaA. Najim/ CIS Dept./ IT College/
K Basrah Univ. /
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Microwave oven operation
5 9 Saall (8 Jprd

e Operation )
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. /
' Door Open ' Cancel
Disabled |=— Waiting ~ }=—
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