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Software Development Methods

* processes that distinguish development stages in the software life cycle.
Should:

* be modular, reduce complexity, reuseable, at the right level of abstraction

* Using a representation formalism that facilitates communication,
organization and verification

* Production of a set of artifacts that facilitate design feedback and
application evolution

* documents, models, prototypes



Existing software Development
Methods

* Hierarchical functional methods
* Data-Flow/SADT/SA-SD, Structure-Chart, ...

* Data oriented methods
* Entite-Relation, MERISE, ...

* Behaviour oriented methods
* SA-RT, Petri Net, ...

* Object oriented methods
* OMT, OOA, Classe-Relation, OOD, ...



Object-oriented SD methods

* Statement:
* at the beginning of the 90’s, there are about 50 object oriented methods,
* linked only by a consensus around common ideas (object, class, subsystems, ...)
* BUT each with its own notation,
* WITHOUT being able to fulfill all the needs and to correctly model the various fields of application.

* Definition of a single common language
* usable by any object method,
* in all phases of the life cycle,
* compatible with current production techniques.

* Definition a common unified development process
— Unified Process (obsolete, use Scrum or other more recent processes)



UML (Unified Modeling Language)

* Based on:

* OMT notations (J. Rumbaugh) for the analysis and design of data-based
information systems

* G. Booch’s method notations for the design and implementation phases
* OOSE notations (l. Jacobson) for requirement analysis through "use cases".

* Proposes:

* Standardized development artifacts (models, notation, diagrams) WITHOUT
standardizing the development process,

* Important role played by RATIONAL and OMG (http://www.omg.org/)
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Contributions to UML 1.X
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UML Meta-Model
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UML Vocabulary

Basic components
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UML Diagrams
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Figure A.5 The taxonomy of structure and behavior diagrams

UML Specification, v2.5.1, p727 https://www.om: iy ecs {HiHty/ "8f representing the same diagram at different levels of detail
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Diagrams within Views on the Software
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Rules of thumb

* Nearly everything in UML is optional

* UML provides a language to capture information that varies
greatly depending on the domain of the problem.

* Parts of UML either don't apply to your particular problem or may
not lend anything to the particular view you are trying to convey.

* You don't need to use every part of UML in every model you
create.

* You don't need to use every allowable symbol for a diagram type
in every diagram you create.

* Show only what helps clarify the message you are trying to



Pointers

* The UML Specification https://www.omg.org/spec/UML/About-UML/
* https://www.uml-diagrams.org/
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Use case diagrams

Describes a set of actions (use cases) that some system or systems
(subject) should or can perform in collaboration with one or more
external users of the system (actors) to provide some observable and
valuable results to the actors or other stakeholders of the system(s).

terminology: use case, actor, subject, extend, include, association.

see also: https://www.uml-diagrams.org/use-case-reference.html
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see also: https://www.uml-diagrams.org/use-case-reference.html
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System Use Case Diagrams
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Actors and use cases

Actor

An actor is behaviored classifier which specifies a role played by an external entity that interacts with the

subject (e.g., by exchanging signals and data), a human user of the designed system, some other system or
hardware using services of the subject.

Use case

A use case is a kind of behaviored classifier that specifies a [complete] unit of [useful] functionality performed
by [one or more] subjects to which the use case applies in collaboration with one or more actors, and which

[for complete use cases] yields an observable result that is of some value to those actors [or other
stakeholders] of each subject.

Web Client

@ g e 7%
X Ii i I + HEI:E: :\lame %/7 Yy\%

+ address: Address
Student Web Client Bank

Administrator Customer

Editor

Generalization between actors
see also: https://www.uml-diagrams.org/use-case-reference.html
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Actors and use cases

Actor

An actor is behaviored classifier which specifies a role played by an external entity that interacts with the

subject (e.g., by exchanging signals and data), a human user of the designed system, some other system or
hardware using services of the subject.

Use case

A use case is a kind of behaviored classifier that specifies a [complete] unit of [useful] functionality performed
by [one or more] subjects to which the use case applies in collaboration with one or more actors, and which

[for complete use cases] yields an observable result that is of some value to those actors [or other
stakeholders] of each subject.
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see also: https://www.uml-diagrams.org/use-case-reference.html



https://www.uml-diagrams.org/common-behaviors.html#behaviored-classifier
https://www.uml-diagrams.org/common-behaviors.html#behaviored-classifier
https://www.uml-diagrams.org/use-case-subject.html
https://www.uml-diagrams.org/common-behaviors.html#behaviored-classifier
https://www.uml-diagrams.org/common-behaviors.html#behaviored-classifier
https://www.uml-diagrams.org/use-case-subject.html
https://www.uml-diagrams.org/use-case-subject.html#apply-use-case
https://www.uml-diagrams.org/use-case-actor.html
https://www.uml-diagrams.org/use-case-reference.html

Includes and Extends

Extends

Extend is a directed relationship that specifies how and when the behavior defined in usually supplementary
(optional) extending use case can be inserted into the behavior defined in the extended use case.

Condition: {user clicked help link}
extension point: Registration Help
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Includes

A use case is a kind of behaviored classifier that specifies a [complete] unit of [useful] functionality performed
by [one or more] subjects to which the use case applies in collaboration with one or more actors, and which
[for complete use cases] yields an observable result that is of some value to those actors [or other
stakeholders] of each subject.

see also: https://www.uml-diagrams.org/use-case-reference.html
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Use Case A

Includes and Extends —_ 5

Includes

Use Case A

Use case include is a directed relationship between two use cases which is used to show that behavior of
the included use case (the addition) is inserted into the behavior of the including (the base) use case.

The include relationship could be used:
* to simplify large use case by splitting it into several use cases,

* to extract common parts of the behaviors of two or more use cases.

ainclude» =7

_ gincludes
-

gincludes

Deposit
Funds
Withdraw
Cash

Calculate
Total and Tax

Customer
Authentication

A
Y

_ “ wincludes
wincludes "

see also: https://www.uml-diagrams.org/use-case-reference.html
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Use Case Relationships Compared

Generalization

Extend

Include

Bank ATM T Withdraw
Transaction Cash

Bank ATM O “extend»
Transaction

include
Bank ATM \"“" - /" Customer
Transaction Authentication

Base use case could be
abstract use case (incomplete) or
concrete (complete).

Base use case is complete (concrete) by
itself, defined independently.

Base use case is incomplete (
abstract use case).

Specialized use case is required, not

optional, if base use case is abstract.

Extending use case is optional,
supplementary.

Included use case required, not
optional.

No explicit location to use
specialization.

Has at least one explicit extension
location.

No explicit inclusion location but is
included at some location.

No explicit condition to use
specialization.

Could have optional extension
condition.

No explicit inclusion condition.

see also: https://www.uml-diagrams.org/use-case-reference.html
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Describe Use Case Behavior

Use case behaviors may be described in a natural language text
(opaque behavior), which is current common practice, or by using
UML behavior diagrams for specific behaviors such as

* activity,
* state machine,

Purchase Ticket T

owned behaviors

uc Search ltems J

* interaction.

wactivity»

Search Items Purchase Ticket

)

link between a use case and an activity

Entear
Search terms
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Results

. /

description using a state machine diagram

see also: https://www.uml-diagrams.org/use-case-reference.html
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Activity diagram: description of the Purchase Ticket activity
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Use Case diagrams examples

See https://www.uml-diagrams.org/use-case-diagrams-examples.html
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Activity diagrams

Activity diagram is UML behavior diagram which shows flow of
control or object flow with emphasis on the sequence and conditions of
the flow. The actions coordinated by activity models can be initiated
because other actions finish executing, because objects and data
become available, or because some events external to the flow occur.

terminology: activity, partition, action, object, control, activity edge.

see also: https://www.uml-diagrams.org/activity-diagrams-reference.html
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Activity diagrams

act Authenticate User (String Login_Id, String Passm:nrd]/

/—Dnline Shopping \

Login_Id
|
Password
\ / Rendered with the frame notation for diagrams: keyword act
Authenticate User \
Login Id: String
Password: String =
@
E
=]
o
. |
Login Id O
| =1
@
Password -
SN / =
o
With parameters

With swimlanes

terminology: activity, partition, action, object, control, activity edge.
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see also: https://www.uml-diagrams.org/activity-diagrams-reference.html
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Frocess
Order
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/ \Ct I O l l S for (Account a: accounts)
Process . _
a.verifyBalance(),
Order
end_for

dlocalPostconditions
- order is complete
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Types of actions
Action is a named element which represents a single atomic step within activity, i.e. that is not further
decomposed within the activity. Activity represents a behavior that is composed of individual elements that are

actions.
* Object actions include different actions on objects, e.g. create and destroy object, test object identity, specify value, etc.
* Variable actions include variable read, write, add, remove and clear actions. [

* Invocation actions include several call actions, signal send and broadcast actions and send object action

User
. Authentlcatlcn
* Send signal action /

* Accept signal action Ship Notify
* Wait time action > Customer
Payment Payment
Requested

Confirmed
terminology: activity, partition, action, object, control, activity edge. hour XML
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see also: https://www.uml-diagrams.org/activity-diagrams-actions.html
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Controls

Types of controls
Control node is an activity node used to coordinate the flows between other nodes. It includes:

initial node

flow final node
activity final node
decision node
merge node

fork node

join node

-

\

initial node

decision node

fork node join node

merge node

activity
final node

terminology: activity, partition, action, object, control, activity edge.

see also: https://www.uml-diagrams.org/activity-diagrams-reference.html
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Controls

Types of controls

Control node is an activity node used to coordinate the flows between other nodes. It includes:

* initial node

* flow final node /
* activity final node
* decision node

* merge node

* fork node

* join node

initial node

fark node

decision node

join node

merge node

activity

\

final node

terminology: activity, partition, action, object, control, activity edge.

see also: https://www.uml-diagrams.org/activity-diagrams-objects.html
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Controls

Types of controls

. . . [order accepted]
Control node is an activity node:
* initial node
* flow final node (order rejected]
* activity final node
* decision node o e .
* merge hode [priority=T1] = inventory < min «decisioninputFlows
* fork node .
o in [priority=2]

join node =
\( [else]
=
Decision node with outgoing edges with guards Decision node with decision input behavior. Decision node with decision input flow.

terminology: activity, partition, action, object, control, activity edge.
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see also: https://www.uml-diagrams.org/activity-diagrams-controls.html
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Objects

Objects flow in an activity

Create ” voice
Invoice
Item i
Add to Patient atlent «datastore»
Shopping Cart Admission Patients

input and output pins A data store is a central buffer node for non-transient information.

Review
Order

terminology: activity, partition, action, object, control, activity edge.
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see also: https://www.uml-diagrams.org/activity-diagrams-controls.html
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Activity diagrams examples

See https://www.uml-diagrams.org/activity-diagrams-examples.html
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State machine diagrams

Used for modeling discrete behavior through finite state transitions. In
addition to expressing the behavior of a part of the system, state
machines can also be used to express the usage protocol of part of a
system. These two kinds of state machines are referred to as
behavioral state machines and protocol state machines.

terminology: behavioral state, behavioral transition, protocol state, protocol transition, different
pseudostates.

see also: https://www.uml-diagrams.org/activity-diagrams-reference.html
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State machine diagra

protocol state machine name

~

P

ms

protocol keyword

/ indicates protocol state machine

Y ¥
state machine User Account {protocov

[iIsUniqueld()]

7

create/

initial pseudostate

protocol transition with

precondition and trigger (operation)

Ve

[isAccountDormant()] suspend/

[isVerified()] Protocol transition with
activate/ [ precondition, trigger (operation),
[isUniqueld{)] and postcondition

protocol state

—

[isCancelRequested()]

cancelf Active

N

[isSuspendRequested(}] suspend/
e

[isAccountDormant()] suspend/

e

e

[isResumeRequested()] resume/

[ —

/

[isCancelReguested()]
cancel/

V_V

[isPolicyViolated())
cancel/

Suspended

o

protocol state

( N\
— Closed =
—

with an invariant

[isCancelRequested|()] cancel/ _//

[hasMoBalanceDue())

[isPalicyViolated()] cancel/

/

M

final state
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States

Waiting for
User Input

Simple state

Waiting for
User Input

entry/ welcome
exit/ thanks

List of internal activities

/ Serving Customer

Customer
Authentication

Transaction

~
O

Composite state

Serving
Customer
OO

Composite state with hidden decomposition

40



Pseudostates

Waiting for
User Input

initial/terminate(destroy)/final

user entry/L

User Input

Data End

entry/exit

user exit

[bal = min]

[bal == min]

choice

fork/join
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Protocol transition

A protocol transition is specialization of (behavioral) transition used for the protocol state machines which
specifies a legal transition for an operation. Protocol transition has the following features: a pre-condition
(guard), trigger, and a post-condition.

[isVerified()]
activate/

[|5Un|queld{
Active

protocol-transition ::= [ pre-condition ] trigger'l' [ post-condition ]
pre-condition ;= '[' constraint'|
post-condition ::= '[' constraint ']

42
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State Machine diagram examples

See https://www.uml-diagrams.org/state-machine-diagrams-examples.html
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M1 Cyber Physical and Social Systems — CPS2 engineering and development - Part 3: Software Engineering
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Communication diagrams

Communication diagram (called collaboration diagram in UML 1.x) is a
kind of UML interaction diagram which shows interactions between
objects and/or parts (represented as lifelines) using sequenced
messages in a free-form arrangement.

terminology: frame, lifeline, message

see also: https://www.uml-diagrams.org/communication-diagrams-reference.html
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Communication diagrams

name of owning element

see also: https://www.uml-diagrams.org/communication-diagrams-reference.html

frame heading

diagram kind

~ /[

or enclusmq namespace

diagram frame

i

mteractlun Dnlme BDDkEhUP )

lifeline

o

message

sequence
expression iteration

W1

1 *: find_books()

1.1: search{}f

:Inventory

guard

f 2.3 [order complete]:

—

—=

:0Online
Bookshop

update_inventory()

1.2 [interested]:  "9E }ame

view_book()

N

b: Book

2: checkout()

2.2 [not empty(cart)]:

* make_order()

sequence
exXpression

N

2.1: get_books()

R

:Order

<

lifeline

1.3 [decided to buy]: i ifeli
add_to_cart() Heine

selector

sclc us“{t’nme r]:
Shopping Cart

@ uml-diagrams.org
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Communication diagrams

1.2:draw() _
: 2.3a:draw() B
A ‘B 7 ’
A .
2.3b [x>y]: draw()
—
: 1.3:paint() A
P 2.3b:draw()
in sequence in parallel guards
1.2 *[k:1..n]: search(k) 1.2 *||[k:1..n]: search(k)
= o
A :B A :B
n times, in sequence n times in parallel

see also: https://www.uml-diagrams.org/communication-diagrams-reference.html
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Communication diagram examples

See https://www.uml-diagrams.org/communication-diagrams-examples.html
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6.3.1 — Class diagrams

ICM — Computer Science Major — Software Engineering - Part 1: Introduction
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Class diagrams

Class diagram is UML structure diagram which shows structure of the
designed system at the level of classes and interfaces, shows their
features, constraints and relationships - associations, generalizations,
dependencies, etc.

types of class diagrams are:
* domain model diagram,

* diagram of implementation classes.

see also: https://www.uml-diagrams.org/class-reference.html
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abstract class
\

.

B—

reading order

generalization >|

class —

Domain model

diagrams

steraotyped %+

-

association

Book 4
|
ISBN: String[0..1] {ic]) J Author bues
title: String & 1+ qwole 4 s
summary ‘K‘_ - — name: String ——“'Ff-/; enumeration
publisher Y J‘T hiagraphy: String | -::lata: type
publication date | f /
number of pages "-\~ i e
language . .-"I agnumerations
)ﬁ\ = multiplicity / AccountState
g /' wusen
/ mmmm Active
f : Frozen
«entity» Book Item | | wentitys Account i Closed
T
barcode: String [0..1] {id} |0..12 . borrowed number {id} I'4 :
tag: RFID [0..1] {id} history: History[0..*] F---'
isReferenceOnly 0.3 - reserved opened, Date
state: AccountState
account
" o accounts
aggregation T
Il'-_ - -
1
________.b—"- II|I 0
¥ < Library Patron
records
name name
T @ address ausen - address
I -
|III - - )
composition L
q ainterfaces -
=T Search ===~ _  dusews Librarian
Catalog *::::’_d H"“"::. name
Il T _.=~" | address
T - osition
T interfacen - Huser past®
Manage
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interface realization

usage dependency
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see also: https://www.uml-diagrams.org/class-reference.html

\\\ derivad oparations

m interface winterfacas android.app:: Activity
— android.view::SurfaceHolder # onCreate(state: Bundle)
qJ + addCallback{callback: SurfaceHolder. Callback) # onStart()
m o = + removeCallback{callback: SurfaceHolder Callback) fE-======= . # onStop()
| + sefType(type: Integer) : # onDestroy|)
m [ + setFormat(format: Integer) ! + onCreateOptionsMenu{menu: Menu): Bodlean
| + getSurface(): Surface | + onOptionshemSelacted({iterm: Manultem): Boolean
|
(g0 | | .
— : | Jl'lll.l :
I ' ! '
U : —— —.'.“.=-: ELUSED : = : HLISES P generalization
o ' ! [
- I | |
C g : sinterfaces : CameraDemo
i android.view::SurfaceHolder. Callback i
O / i | <~ = buttonClick: Button
! : + surfaceChanged (holder: SurfaceHolder, | = shutlerCallback:ShutterCallback ~f——
© m— usage : format: Integer, width: Integer, height: Integer) : - rawCallback: PictureCallback T class
4—) dependency I + surfaceCreated|{holder: SurfaceHolder) — | - jpegCallback: PictureCallback altributes
| ! + surfaceDestroyed (holder: SurfaceHolder - context
m . | wusew i ] : # JonCreate(savedinstanceState: Bundle)
¥ - ~— | 7 | # lonStart()
4—) T ; | # fonStop()
O C : J : # lonDestroy()
i android.view::SurfaceView ¢ : + fonCreateOptionsiManu{menu: Menu): Boolean
| [
q) : + [drawicanvas: Canvas) ,"‘ : {}‘
! + getHolder(): SurfaceHolder A :
| ] If'lti-'.'F[HI:i—! | —_— H:'l.'fi-'i]-HlI[:Ir'l
| f realization | l4— S
i ! ' = - ]
i I |
(40) — :
L q) _ ' | ~ camera
generalization | : i
[ ] |
m | Preview i android.hardware::Camera
| . ~preview
Q | = mHolder: SurfaceHolder L] + ppen{camerald: Integer): Camera
(U I - + getParameters(): Parameters
© mm— o — :— ~It + acreaten Prewm-.r{mniexf; Context) . + setParameters(params: Parameters)
D constructor b ;; :z;::"ﬂiﬁ:‘:”lEEL‘:“E;;&”&?;;;?‘W- format: + setPreviewDisplay (holder: SurfaceHalder) {final}
. : - : o + startPreview() {final
e | + [surfaceCreated(holder: SurfaceHolder) N sth"r&uiawH Eﬁﬂﬂli
+ fsurfacaDestroved (holder; SurfaceHolder) +camera | + release() {final}
+ IgetHolder(): SurfaceHolder < + takePicture (shutter: ShutterCallback, raw: PictureCallback,
+ [drawicanvas: Canvas) postview: PictureCallback, jpeg: PictureCallback) {final}
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Class

Class

A class is a classifier which describes a set of objects that share the same: Customer

* features,

* constraints,

* semantics (meaning).

SearchService
SearchService private:
SearchService config: Configuration
- config: Configuration engine: SearchEngine
engine: SearchEngine - engine: SearchEngine
query: SearchRequest private:
+ search( guery: SearchReguest): SearchResult createEngine(): SearchEngine
search() - createEnginge(): SearchEngine public:
search( query: SearchRequest). SearchResult

Class SearchService - implementation level details.

Class SearchService - analysis level details
The createEngine is static operation

Class SearchService - attributes and operations grouped by visibility

53

see also: https://www.uml-diagrams.org/class-reference.html
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Abstract, Nested, Template, Interface

winterface»
SiteSearch

An interface

winterfaces
Pageable

+ UNKNOWN_N_OF_PAGES: int = -1

[c—=—=—==—=——=—== | + getNumberOfPages(): int
— = T, n : IntegerExpression : + getPageFormat(int); PageFormat
+ getPrintable(int). Printable

- elements: T [0..n
[0-.n] Various kinds of constraints or protocol
LinkedList + get(ind: Integer): T specifications (ordering restrictions)
+ size(): Integer
5+ ﬁ SiteSearch
| abinds» (O——— SearchService
: =T -= Customer, n -= 24=
Sianiifi «interface» ' Interface realization
earchRequest Element Customers
Abstract class (italics) Class LinkedList is nesting Template class Array and SiteSearch
the Element interface. The bound class Customers. Search
Element is in scope of the The Customers class is an —C
. ! ; Controller
LinkedList namespace. Array of 24 objects of

Customer class.
Interface usage

54
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Objects

newPatient: Patient

:Customer

newPatient:

front-facing-cam:

Camera

orderPaid: Date
July 31, 2011 3:00pm

id: String = “38-545-137"
name = John Doe
gender: Gender = male

Anonymous
instance of the
Customer class

Instance
newPatient of the
unnamed or
unknown class

see also: https://www.uml-diagrams.org/class-reference.html

Instance front-
facing-cam of the
Camera class
from
android.hardware
package.

Instance
orderPaid of the
Date class

has value July 31,
2011 3:00 pm.

Instance
newPatient of the
Patient class

has slots with
values specified.
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Data Type,
type

adataType»
DateTime

DateTime data type

adataType»
Address

house: String
street: String

city: String

country: String
postal_code: String

Structured data type

Patient

id: String {id}

name: Name

gender: Gender
birthDate: DateTime
homeAddress: Address
visits: Visit[1..”]

Attributes of the Patient class are
of data types Name, Gender,
DateTime, Address and Visit.

see also: https://www.uml-diagrams.org/class-reference.html

primitive type, enumeration

aprimitives
Weight

Primitive data type.
Standard UML primitive
types include:

- Boolean,

- Integer,

- UnlimitedNatural,

- String.

genumeration»
AccountType

Checking Account
Savings Account
Credit Account

values are enumerated
in the model as user-
defined enumeration
literals
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Operations

SQLStatement

File

+executeluery(sgl: String): ResultSet
#isPoolable(): Boolean
~getQueryTimeout(): int
-clearWarnings()

Operations with different visibilities
executeQuery is public, isPoolable is
protected, getQueryTimeout has
package visibility,

clearWarnings is private.

see also: https://www.uml-diagrams.org/class-reference.html

+getMame(): String

+create(parent: String, child: String): File

+listFiles{): File[0.."]

-slashify(path: String, isDir: Boolean) : String

Thread

+ setDaemon(in isDaemon: Boolean)
- changeMame(inout name: char[0..*])

+ gnumerate(out threads: Thread[0..*]); int

+ isDaemon(return: Boolean)

static operations are underlined
operations have a signature, with
parameters, and a return type.

File has two static operations - create
and slashify. Create has two parameters
and returns File. Slashify is private
operation. Operation listFiles returns
array of files. Operations getName and
listFiles either have no parameters or
parameters were suppressed.

Operation setDaemon has one input
parameter, while single parameter of
changeName is both input and output
parameter. Static enumerate returns
integer result while also having output
parameter - array of threads. Operation
isDaemon is shown with return type
parameter. It is presentation option
equivalent to returning operation result
as: +isDaemon(): Boolean.
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Write constraints

Bank Account
+OWNer!  person

+owner: String

N ‘ | +balance: Number
Bank Account ccoun | {xor} =
] st

Y
+ . i -
+E1.'.;nar. Str::ng ;{jl::wr‘lsrl nGLEﬂpg}y[}} c . fowner->notEmpty()

alance: Mumber {balance i +owner| Corporation and balance >= 0}

Bank account attribute constraints - Account owner is either Person or Corporation, Bank account constraints - non empty owner and
non empty owner and positive balance. {xor} is predefined UML constraint. positive balance

58
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Members and multiplicity

SoccerTeam

goal_keeper: Player [1]
forwards: Player [2..3]
midfielders: Player [3..4]
defenders: Player [3..4]

P
A

S

S

{#team_players = 11} I\—W

Multiplicity of players for SoccerTeam
class

see also: https://www.uml-diagrams.org/class-reference.html

autility»
Math {leaf}

+ E: double = 2.7182818 {readOnly}
+ Pl: double = 3.1415926 {readOnly}
- m rator: m

o Collection must be empty

1 Exactly one instance

5 Exactly 5 instances

* Zero or more instances

0..1 No instances or one instance

1..1 Exactly one instance

0..* Zero or more instances

1..% At least one instance

m..n At least m but no more than n instances

- Math()

+ max(int, int): in

+ max(long, long): long
+ sin{double): double
+ cos({double): double
+ log{double): double

Utility: class that has only class

scoped static attributes and operations.
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Associations

Car Year

was designed in
Job Year Car Year Design Bureau

Association Order of the ends and reading: Car - was designed in - Year Ternary association Design relating three classifiers.

Aggregation/composition Ownership Navigability

Seandi Query SearchService | Query N _ o
i > i . Builder
Service Builder gb: QueryBuilder
Aggregation Association end gb is an attribute of SearchService A2 has unspecified navigability while B2 is navigable from A2.

class and is owned by the class.

parent_ e Association qualifi
, SSOcCiation qualitrier
Folder .‘—p File A3 s¢ B3
.1

Composite Aggregation (= composition) - ] 0.1 . . . . C

If folder is deleted, all files are deleted as well Company |SSN: String Employee A3 is not navigable from B3 while B3 has unspecified navigability.
Given a company and a social security number (SSN) at
most one employee could be found. 60

see also: https://www.uml-diagrams.org/class-reference.html
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Generalization

Account
Checking Savings Credit
Account Account Account
Account
Checking Savings Credit
Account Account Account

Checking, Savings, and Credit Accounts are generalized by Account.

see also: https://www.uml-diagrams.org/class-reference.html

61


https://www.uml-diagrams.org/class-reference.html

Interfaces

, «interface» :
Search | = «interface» SiteSearch [ — — | SearchService
Controller SiteSearch esearc
SiteSearch SiteSearch
Search ( (O——— SearchService
Controller
Interface SiteSearch is used (required) by Search Controller. Interface SiteSearch is realized (implemented) by SearchService.

see also: https://www.uml-diagrams.org/class-reference.html
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Dependency

Data = Connection
Access Pool

Data Access depends on Connection Pool

Search “USER ~ Search
Controler EI'IQI ne

Search Controller uses Search Engine.

wereaten
DataSource | — —— =+ Connection

Data Source creates Connection

see also: https://www.uml-diagrams.org/class-reference.html
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Class diagram examples

See https://www.uml-diagrams.org/class-diagrams-examples.html
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Pointers

* The UML Specification https://www.omg.org/spec/UML/About-UML/
* https://www.uml-diagrams.org/
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Package diagrams

Package diagram is UML structure diagram which shows structure of the designed
system at the level of packages.

Elements:

* package,

packageable element,

dependency,

element import,

package import,

package merge.

see also: https://www.uml-diagrams.org/class-reference.html
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Package diagrams

[ 1 1 ]
Web Mobile Phone Mail
Shopping Shopping Shopping Shopping
| | | [ |
| | | | | I :
| | «mergen I | | | «mergen |
- | | S |
package | | | | I
| gusen | | | wuses
Fr———-----"—-"—-""—""—"—"=—"—""—"—"—"——=- | - - =
| | package
| T, merge
| ] 1\ :
|
ausern 4 acCessy Shoppi
e o - pPping
== Payment /i- " Cart
[ _ |
usage | private import |
dependency aimports | gimports
: | uml-diagrams.org
|V |V
public
Customer import Inventory
package

see also: https://www.uml-diagrams.org/package-diagrams-reference.html
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Package

Package

A package is a namespace used to group together elements that are semantically related and might change
together. It is a general purpose mechanism to organize elements into groups to provide better structure for

system model.

org.hibernate
org.hibernate © Library Domain
_ _ + Catalog
ainterface» winterfaces + Patron
org.hibernate SessionFactory Session «interface» winterfacen + Librarian
SessionFactory Session - Account
Package org.hibernate Package org.hibernate contains SessionFactory and Session. Package org.hibernate contains interfaces All elements of Library Domain package are
SessionFactory and Session. public except for Account.
69
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Import

Element Import

Domain |

Search

—=

Pagelnfo

Public import of Pagelnfo element into Search namespace from Domain package.
Imported element are added to the namespace and made visible outside the namespace

Search

HACDESSY

Domain

Sortinfo

Private import of Sortinfo element into Search namespace from Domain package.
Imported element are added to the namespace but not visible outside the namespace

see also: https://www.uml-diagrams.org/package-diagrams-reference.html

Package Import

1 1

Web

Application | = Presentation

1 ]

Web simpoirts .
Application | > Keman

Public import:
All elements are added to the namespace and made visible outside the namespace

— —
HACCASSs
Apl:rf:;iun ————— "= Presentation

Private import:
All elements are added to the namespace but not visible outside the namespace
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Package merge

Kernel Profiles

- rd
. r

Rt
&merges ~_ < «mergen

— N

Constructs

|
| «imports
|
Y
Primitive
Types

Kernel package merges Constructs package which imports Primitive Types.
The contents of Constructs is combined with the one of Kernel
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Model diagra

see also: https://www.uml-diagrams.org/package-diagrams-reference.html

emodel» Layered Application
container
model
package
\ Presentation Layer /%,
v
_,—'-__}h’-"- /
= [ 1 1 a
model User Presentation
Interface Logic
|
1
» dependency
| between models
Business Layer /™, W
model _| dependency
between packages
T Application
___________ Facade I -
| 1
| : a
|
1V 1Y 1Y
| Business Business Business
T — Workflow Components Entities
package
i
| l-diagrams.org
Uurml- .
Data Layer /™, ".j,-"
model
\\""\-\.
gl I .
B — Data Access Service Agents
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Model

[ 1]

Services Layer /™

amodal»
Layered Service

Business -&-
Layer

|
Service Message
Interfaces Types

1

Layer

Service & B

1

Busi nasB&

Layer

Different notations for Models

see also: https://www.uml-diagrams.org/package-diagrams-reference.html

73


https://www.uml-diagrams.org/package-diagrams-reference.html

Package diagram examples

See https://www.uml-diagrams.org/package-diagrams-examples.html
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Pointers

* The UML Specification https://www.omg.org/spec/UML/About-UML/
* https://www.uml-diagrams.org/
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Composite Structure diagrams

Composite Structure Diagram could be used to show: internal structure of a
classifier - internal structure diagram, classifier interactions with environment
through ports, a behavior of a collaboration - collaboration use diagram.

Elements:

* class,

* part,

* port,

* connector,

* usage

see also: https://www.uml-diagrams.org/composite-structure-diagrams-reference.html
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Composite Structure diagrams -
Bank ATM /

> port
part box \ internal structure

A scd :Display connector mdm: Modem — d\
__‘___;.--";" typed by association
A ‘/ o | B required
external :Bus -
role, part ‘Bus interface
cr :Card Reader
—| :Central :Crypto
Processor Processor
:PIN Pad 4' multiplicity
referenced A _— ;../-Ol part
- \ T I 4
:Memory
*P-: -Printer : vitbus: Bus -d\
e e s I connector,
typed by association

/f"‘ > vault

“vault” role of

anonymous and di 5 =
ispensing Mechanism .
nested class o 9 :Electronic Journal

multiplicity
| of role

*b-: :Cash Cartridge[1..4] |

referenced 1
role / e R I

)4
:Security Sensor[1..*]

© uml-diagrams.org

see also: https://www.uml-diagrams.org/composite-structure-diagrams-reference.html
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Structured classifier

Structured classifier

Structured classifier is classifier having internal structure and whose behavior can be fully or partially
described by the collaboration of owned or referenced instances.

«subsystem» Accounting 3 |

Online Shopping internal structure
Account
.Shg:r::ing —— :Orders ]
—— :Orders :Customers

Simple ports joined directly by connector, mandatory UML notation.

Different notations for structured classifiers
Customers component part provides Account interface to Orders part.

see also: https://www.uml-diagrams.org/composite-structure-diagrams-reference.html
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Encapsulated Classifier

Encapsulated classifier is structured classifier extended with the ability to own ports.

«subsystem» Accounting 2 |
SearchBooks Library internal structure
Services Account
SearchVideo e e £ /(_, O\r] £
:Orders i :Customers
Inventory
Library Services is classifier encapsulated through Search Port Simple ports joined directly by connector, mandatory UML notation.

Customers component part provides Account interface to Orders part.

see also: https://www.uml-diagrams.org/composite-structure-diagrams-reference.html
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Part

represents a set of instances that are owned by a containing instance of a classifyer.

all parts are destroyed when the containing classifier instance is destroyed (composition)

SearchController SearchController
PN TR S -
o |
engines: | sources: |
SearchEngine[1..3] | DataSources[2]
e J
Search Controller has 1 to 3 engines - Search Engine part Two Data Sources is sources property - but not part - of Search Controller

see also: https://www.uml-diagrams.org/composite-structure-diagrams-reference.html
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Port

feature which specifies a link that enables communication between two or more instances playing
some roles within a structured classifier.

Library
Services

searchPort Hl]

searchPort[1..6]

Library
Services

T

searchPort:
SearchBooks

see also: https://www.uml-diagrams.org/composite-structure-diagrams-reference.html

Library SearchBooks
Services
SearchVideo
Inventory
SearchBooks, SLEibr.ary
SearchVideo e
>E|] searchPort[1..6]
Inventory

Library
Services

searchPort
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Connectors

feature which specifies a link that enables communication between two or more instances playing
some roles within a structured classifier.

«component»
Web Store {}
«component» [} {] «component»
:Authentication :Customers
«component»
Assembly connector between ports of Authentication and Customers components. E Web Store
«component» [ }—
:Authentication
ICustomers E
—@—[] «component»
«component» El :Customers
Web Store Asserblpeognsetenthat nbles three parts.
ICustomers $:| :Orders
«component» [} © «component»
:Authentication :Customers

Assembly connector between simple ports of Authentication and Customers components.

see also: https://www.uml-diagrams.org/composite-structure-diagrams-reference.html
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Composite structure diagram
examples

See https://www.uml-diagrams.org/composite-structure-examples.html
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Component diagrams

Component diagram shows components, provided and required interfaces, ports, and relationships
between them. This type of diagrams is used in Component-Based Development (CBD) to describe
systems with Service-Oriented Architecture (SOA).

Elements:

* component,

provided interface,

required interface,

* port,

connectors.

see also: https://www.uml-diagrams.org/component-diagrams-reference.html
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Component diagrams

internal structure

compartment

wsubsystem» WebStore

2]

/ structured classifier — subsystem component \

ProductSearch

port

provided
interface

OnlineShopping

provided
interface

UserSession

Oo—

internal structure

£]

1 :SearchEngine C

—C

B
role, part component

S

] :Shopping Cart

delegation
connector

£]

—(—-

1

UsarSessnon
ball-and-socket

dele_qallon conneclor

Search
Inventory

— - -0

required
interface

Manage
Orders

(- —>0—1

dependency

assembly connector

Manage
Customers

1 G o

b

«subsystem» Warehouses 2 | Prf:“'r?ed
interface
internal structure
Manage
{l Inventory
—0— —O0—{1—O<

] :Inventory C ':
|
|

: dependency
«subsystem» Accounting 2] :
internal structure :
Manage |
g Inventory |
—O0— = — (=~

] :Orders C
i
required
interface
Manage assembly connector
Customers ball-and-socket

00—

o

:Customers

g]

see also: https://www.uml-diagrams.org/component-diagrams-reference.html
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Components

Component

A component is a class representing a modular part of a system with encapsulated content and whose
manifestation is replaceable within its environment.

A component has its behavior defined in terms of provided interfaces and required interfaces (potentially
exposed via ports)

«component» & |
UserServices

«provided interfaces»
E IUserServices Customer
«component» N — «required interfaces» EJB
WeatherServices serservices |OrderServices 1
Old notation. For backward compatibility only

Different notations for components

88

see also: https://www.uml-diagrams.org/package-diagrams-reference.html
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Interfaces

g1

User Services component requires
IOrderServices interface.

|Order
Services

UserServices —C

Weather

«component» & |
UserServices

Forecast

07

<]

WeatherServices

Weather Services component provides
(implements) Weather Forecast interface.

«provided interfaces»
IUserServices

«required interfaces»
IOrderServices
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Realization

«component»
UserService

/v v\

Fa

~
N

«component» $ |
UserServices

«provided interfaces»
IUserServices

«required interfaces»
IOrderServices

«component»
UserService

userviet» «DAO»
UserServiet UserDAO
Different notations for:

«realizations»
UserServiet
UserDAO

userviet»
UserServlet

¢

«artifact»
UserService.jar

«DAO»
UserDAO

Component UserService realized by UserServlet and UserDAO..
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Delegation

IUserServices

Oo—f

«component»
UserServices

i

«serviet»
:UserServiet

Delegation connector from the delegating port to the UserServlet part.

ISearch

N,

«component»
Web Store

g ]

] «component»s
:SearchEngine

Delegation handled by a single port

«component» 3:]
Web Store
ICustomers
2 | f—
«component»
:Authentication
ICustomers

Delegation connector from the simple port of Authentication
component to the delegating port.
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Assembly

«component»
Web Store 2]
g ]

«component» [} (] «component»
:Authentication :Customers
«component»
Assembly connector between ports of Authentication and Customers components. E Web Store
«component» [ }—
:Authentication
ICustomers

—@—[j mccimpc:nnen'civfEI

«component» :Customers
Web Store {] EEIJ

«component»
g || ICustomers 2 | ERR
«component» © «component»
:Authentication -Customers Assembly connector that assembles three parts.

Assembly connector between simple ports of Authentication and Customers components.



Component diagram examples

See https://www.uml-diagrams.org/component-diagrams-examples.html
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Deployment diagrams

Deployment Deployment diagram is a structure diagram which shows
architecture of the system as deployment (distribution) of software artifacts
to deployment targets.

Some common types of deployment diagrams are:
* Implementation (manifestation) of components by artifacts,

* Specification level deployment diagram,

* Instance level deployment diagram,

* Network architecture of the system.

see also: https://www.uml-diagrams.org/deployment-diagrams-reference.html



https://www.uml-diagrams.org/uml-25-diagrams.html#structure-diagram
https://www.uml-diagrams.org/deployment-diagrams-overview.html#deployment-manifestation-artifacts
https://www.uml-diagrams.org/deployment-diagrams-overview.html#specification-level-deployment
https://www.uml-diagrams.org/deployment-diagrams-overview.html#instance-level-deployment
https://www.uml-diagrams.org/network-architecture-diagrams.html
https://www.uml-diagrams.org/deployment-diagrams-reference.html

Manifestation of Components by
Arti-Fﬁri-c'

artifact

\\“*—'P' wfolders WEB-INF
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Y ufilen afolders lib //_“\\

aartifact» book_club_app.war

arli[a:l<"""_ web.xml f
Tt «library» alibrarys L
P shp-cart.jar orders.jar e
7 \
! i web-tools-lib.jar
! \
/ \
f \
! \
I 4
/ L

!'r amanifests «manifest»h
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manifestation

/ i
'4 N
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see also: https://www.uml-diagrams.org/component-diagrams-reference.html
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Specification Level Deployment

NinArAr

deployment Book Club Web Application )

device
device udevices Sun Fire X4150 Server /
\"---___._'p-

«JSP servers Tomcat 7 adevices Sun SPARC Server

L execution
asexeculionEnvironments environment cdatabase systems

N Catalina Servlet Container Oracle 10g
deployment \
O

exacution specification -
«scheman
envircnment H adaployment spacs Users
= web.oml aprotocals
sartifacts O < TEHIP
| {+—| book_club_app.war
L Q
M «scheman
deployed L] ™.  amanifests f Orders
artifact < ~ _
communication
\ B = E aath
O— aCOMmpanents F
\\ OnlineOrders wscheman O
“‘H,_;b“ aartifacts 0 i Inventory
user_services.jar &

a

web-tools-lib.jar /

S/

deployed
artifact

see also: https://www.uml-diagrams.org/component-diagrams-reference.html
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Instance Level Deployment Diagram

deployment Book Club Web Application )
device
davica adevices : i /
\'““‘-——'P
5 servers Tomeatl Sun SPARC Server
ﬁ____.d-l? .
execution
wexecutionEnvironmeants environment wdatabase systems»
— T3
deployment \
i speacification
Pt speaeaton —— | esgemar O
A LI i adeployment Isp&c:n Users
- - web xml wprotocols
. wartfocts D[ Tepie
| — book_club_app.war
] ™ - aschemas Q
deployed L] ™  amanifests Orders
artifact < “'"‘..., )
- communication
RN
\ ucnrnpnnernng path
\ O OnlineOrders ascheman Q
N cartifacts 3 Inventory
le—‘.-r:lI-:‘.-;.-c—:;:/
artifact

see also: https://www.uml-diagrams.org/component-diagrams-reference.html
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Network Architecture Diagrams

device communication
path
aFirewalls «Firawalls

Cisco ASA 5585-X Cisco ASA 5585-X

S1 @ s2 s7 8

u =3
«Routers
Cisco 7613 aSwitch: wSwitchn
kﬁyE SR2016 Linksys SR2016
54 36 =9
device 35

a\Web servers «Email servers wDMNS servers «Database servers aApplication servers
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Deployment diagram examples

See https://www.uml-diagrams.org/deployment-diagrams-examples.html
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Sequence diagrams

Sequence diagram is the most common kind of interaction diagram, which focuses on the message
interchange between a number of lifelines.

Types of nodes
* lifeline,
* execution specification,

* message,
* combined fragment,

* interaction use,

* state invariant,

* continuation,

* destruction occurrence.

see also: https://www.uml-diagrams.org/sequence-diagrams-reference.html
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Sequence diagrams
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— _ I message |
synchronous / validate()
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Lifeline

data:Stock

‘User

see also: https://www.uml-diagrams.org/sequence-diagrams-reference.html
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Execution

start
occurrence

finish ___|

:Service

OoCccurrence

execution

‘Web
Client

search

:Task

start

run

Service

o B

:Task

start

callback
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Calls

‘Web :Online
Client Bookshop
search >|:
Synchronous

Web Client searches Online Bookshop and waits for results.

:Service

:Task

start

Asynchronous

Service starts Task and proceeds in parallel without waiting.
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Messages

:Online :Online — ‘Web :Online

Bookshop Bookshop Client Bookshop

— — —=> :Account Sty search

Create Delete Reply

:Web :Online
Client Bookshop

search search

Lost Found
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Combined fragment with interaction

operator

alt [balance>0] !

J [no errors] |

post_ comments

accept()
Interaction operator could be one of:
* alt - alternatives [else] |

reject() |
* opt - option

1 1 ) -
* loop - iteration par |
search_google()

* break - break DBE
* par - parallel 1 B 1NN
* strict - strict sequencing ’ﬂ]

* seq - weak sequencing search_ask()

i -
strict ) I |

search_google() |

critical region

* ignore - ignore
* consider - consider

* critical -

search_bing()

| b-lj_-]
b F-
search _yahoc:(}

l

* assert - assertion
* neg - negative

{t==complete}
I

r—l 1

loop(5,10) ) [size<0] |

notify() |

’I]

-

search googte() |

search_bing()

>

search_yahoo()
l

-

| L
1 1

™ I

Ioop{10y |

add() :

br&awPU] |

save()
|
! blj
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Sequence diagram examples

See https://www.uml-diagrams.org/sequence-diagrams-examples.html
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