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What is UML?

e Unified Modeling Language (UML) is a standard

language for specifying, visualizing, constructing, and
documenting the artifacts for software systems, as well
as for business modeling and other non-software
systems.

 The UML 1s a very important part of developing object
oriented software and the software development process

 The UML uses mostly graphical notations to express the
design of software projects
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UML Tools

e Standalone tools

— Web-based tools (e.g., creatly.com)
— Packages (e.g., ArgoUML)

* Plugin tools
— Integrate with IDEs (e.g., UML2-SDK for Eclipse)

e Tutorials

— Many many tutorials online
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UML Building Blocks

e Things
— Structural Behavioral
— Grouping Annotational

» Relationships

e Diagrams
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UML Building Blocks

* Things
— Structural Behavioral

— Grouping Annotational

Structural

Behavioral
Class
Attributes Message
Operations
Grouping Annotational
Package note

SOFT 437 5
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UML Diagrams

Class diagram

Object diagram

. Use case diagram

. Sequence diagram

Collaboration diagram

. Activity diagram

Statechart diagram
Deployment diagram

Component diagram
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Class Diagrams

* Classes are composed of three components: a
name, attributes, and operations.

lass MName » ClUstomer

Errame  String
taddress © String

Attributes B

Operations » | %creditRating)
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Class Diagrams (con’t)

* (Class diagrams also display relationships such as
containment, inheritance, and association

o Association
& dateRecived ; Date T
fisPrepaid | Boolean e
&:number : String &name : String

Bsprice - Money address : String

WereditRatingd

¥close

|
Sdispatchi a~
|
I
!
I

1
A
!
|
!
MUt licity !
Many-valled Mandatorny
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Class Diagrams (con’t)

* Model class structure and contents

Order

dateRecived : Date
SyisPrepaid : Boolean
Snumber : String

Shprice © Money

Custormer

®dispatch()
¥close()

Esname : String
Spaddress | String

*creditRating()

4

Corprate Customer

FPersonal Customer

@rcontactMame © String
&pcreditRating : String
&-creditLimit : Double

ScreditCard® : Long Integer

®rermind()
®hillF ortdonthi]
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Use Cases

« Use cases describe the behavior of a system or a
subsystem

— A set of actions that a system performs and yields an
observable result of value to an actor

— An actor 1s an entity outside the system (e.g., a user or
another system) and interacts directly with the system

A use case does not reveal internal details of interactions
between actors and the system /%

Aetor LIse Case
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Example Use Cases

€D

Browse Catalog and Select ltems

Bl

,/4 Call Sales Persan

-\_\_\_\_\_\_\_\_\_\_‘_‘—‘——\_
o] D
Customer
NShipping Infa

Give Payment Info

0

Set Confirmation #
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Use Case Diagrams

Use Case System

e A use case diagram shows N /. Boundary
— a set of use cases, ATM

— the actors that interact with use  Association 1
transaction
cases :

— the relationships %\ Operator
e transaction
* An actor can be represented by

stick figures or stereotyped icons ‘3“{“““” \Q
. unctions
* A use case 1s represented by an A
. . Actor HostBank
ellipse that contains the name of
the use case Figure 3-5: Use Case Diagram
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Critical Use Cases

Use cases are employed to

— model the context of the system: the system boundary indicates
which features are part of (inside) the system, which actors interact
with system, and the meaning of interaction

— specify the requirements for the system (i.e., what the system should
do from the point of view of actors)

From a performance point of view, use case diagrams are used to
identify the critical functions of the system that are most
important to performance

The critical use cases are considered, including
— are critical to the operation of the system
— 1influence users’ perception of responsiveness
— represent a risk that performance goals might not be met
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Use Cases and Scenarios

The SPE process focuses on use cases and the scenarios
that describe them

By examining the system’s use cases, you can 1dentify
the functions of the system that are significant to
performance

A scenario 1s an instance of a use case

Performance scenario are the scenarios that have the
most impact on performance
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Scenarios

A scenario 1s an instance of a use case

« It consists of a sequence of steps describing the

interactions between the objects involved in a particular
execution of the software

 The scenario shows
— objects that participate

— messages (e.g., event or method invocation) that flow
between them
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Scenarios (cont.)

Scenarios are represented by either sequence diagrams
or collaboration diagrams

Sequence diagrams emphasize the time-ordering of
message

Collaboration diagrams emphasize the structural
organization of the collection of interacting objects

Sequence diagrams are more natural to use for
constructing performance models

SOFT 437 17



Sequence Diagrams

* Sequence diagrams demonstrate the behaviour of
objects 1n a use case by describing the objects and the

messages they pass.

Ohject : ClassT

Ohbject : Class?

Dhbject : Class3

| Activation

::-i/
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Sequence Diagrams (con’t)

Messagel()

::::E::E [Condition’

Message2()

o Betumd _ |

i
|
ﬁ i Destroy Object

\
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Creation and Destruction

* An activation
indicates a period
of time when the
object 1s busy
performing some
action

* Object creation
and destruction are
indicated by the
stereotyped
messages

Object creation

: User ‘ ATM | . HostBank

|| «create» = |

| : Transaction

| T

| requestAccount .. |

. - Activation: |

.. NN focus of control

P requestAmount -

| amount

Fo— - >

: transactionRequest

| ansactionAuthorization |

«destroy»
~<— Object

| ﬁ\‘/ Destruction

Figure 3-7: Creation and Destruction
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|
ol
|
1

Object lifeline: represents the

1
1
- requestPIN | — . . .
Nk b aPIN 5 : existence of an object over time
: requestTransaction : JI
| 1 I
o e respanse.. oo :
I requestAccount ! :
| ____account |
I I ]
requestAmount | I
T r i Messages 1
| ____amount ___ i r 5 Basic
1 1 transactionﬁeque%
| | ransactionAuthorization! Se quence
I 1 |
Diagrams
Figure 3-6: Sequence Diagram &

Table 3-1: Message Control Flow
Message

A solid arrowhead indicates procedural flow of control. Any
nested operations are completed before the outer-level Control
sequence of actions continues. This models ordinary proce-
dure calls as well as concurrent interactions where the FI

sender waits for a nested sequence of behavior to complete OW
before proceeding.

A stick arrowhead indicates nonprocedural, or flat, flow of
control. Each arrow simply indicates the next step in the
sequence.

A half-stick arrowhead shows asynchronous communication
between two objects.

A dashed arrow with a stick arrowhead shows a return from
a procedure call. The return arrow is sometimes omitted
because a return is implicit at the end of an activation.
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Activity Diagrams

 Show the flow of
activities through the

system
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Activity Diagrams (con’t)
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Quick Quiz

Use Case System
\ Boundary
©) -

Associatjon operator
transaction
Operator
customer
transaction
Customer \
mmn]and s
@ functions

Actor HostBank

Figure 3-5: Use Case Diagram
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Quick Quiz (cont.)

Class @
Ohject : ClassT Ohbjeact : Class? Object : Class3
| | Activation
-
I/
T @
Ty

{ . .

T - Lifeline

T +—notation
X S

@ Destroy Object
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Extending the UML

 UML provides built-in extension mechanisms that allow
you to tailor the notation for particular purposes.

e These mechanisms are
— stereotypes
— tagged values

— constraints
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Stereotypes

« A stereotype allows you to create new model elements
— derived from existing UML elements
— specific to a problem domain

* The stereotype 1s represented as
— a string enclosed 1n guillemets (<<>>), or

— a graphic elements, such as icon

<<processor>>

Pentium Il

:Processor

stereotypes
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Tagged Values

« A tagged value allows you to include new properties for
model elements

« A tagged value 1s a pair of strings -- a tag and a value
— {name of a property = value of the property}

Client

{processorSpeed=500MHZ}

Tagged Values
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Constraints

A constraint i1s a condition or restriction that defines
additional model semantics

* A constraint may be attached to an individual model
element or a collection of elements

e A constraint is written as a string enclosed 1n braces ({})

Account
balance : Current {balance = = [0}

Constraints
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Stereotypes, Tagged Values,
Constraints

* We use stereotypes and tagged values to capture
information about the software execution environment

— €.g., processor type, processor speed, network speed
* We use constraints to specify performance objectives

— €.g., response time or throughput
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Extensions to Sequence Diagram
Notation

* Sequence diagram notation 1s extended to represent

— hierarchical structure (instance decomposition and
references)

— looping
— alternation

— CoONcCuIrency
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User : ATM : HostBank
I T I
| | I
: cardinserted > |
I [ I
i requestPIN \ i
I [ I
ity el BRIN;ssefees > i
I ;
| _ requestTransaction | |
€ | !
| response | !
pemaet i > |
! r tA nt | r
= equestAccou : !
| 1 |
L ____account |
L' requestAmount | ;
I r [
I amount | r
(I G T >I : I

| transactionRequest ._:
|

Figure 3-6: Sequence Diagram
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Instance Decomposition

« Uses instance decomposition to indicate the refinement
of sequence diagrams

« Makes 1t possible to attach another sequence diagram to
an object lifeline

« Allows expansion of a high-level sequence diagram to
show lower-level interactions
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: User : ATM : HostBank

) T — ¢:CardReader|  |k: Keypad d: Displa
! cardinserted -_: : : :
IH requestPIN j cardinserte i i —p
| |
3 PN ____y | . uesPN
| S e g ) i I
requestTransaction aPIN
e ’ T e
| response | |
L i B ;,1' l i requestTransac
!
5> requestAccount : e 3 B0 -
' account : By s
P R e > | | requestAccount
g requestAmount | L IHh
I
| amount }’E codal e
TR i R | | |
' : requestAmount
| | : R : |u g
: ItransactionAuthorization ! = _fifﬂﬂ_u'lt, el -
|
I

Figure 3-6: Sequence Diagram
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ATTENTION!

/1\

For the decomposition to be meaningful, the order of
messages on the decomposed instance must be preserved
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Benefits of Instance Decomposition

« Elaborate the sequence diagram as we learn more about
the system, without having to re-draw the diagram each
time

* Ensure the consistency with the scenario as it was
originally described

Use instance decomposition to elaborate high-level
objects as the design evolves
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Loop and Alternation

: User tATM : HostBank
1 1 I
I I I
: cardinserted == !
it | | .
Repetition g r€auestPIN , o o
\ e e hea=ty
| L |
loop,/ : *[untilidone] & Ao )
:EquestTransactiom B e
1 LSV To L I e
J | Asuresponse s = e ] ere™t
Alternation 2 . ! =
. alt ¢ I —
(choice) | { [typ&] ! =
[ processDeposit ]ﬁ
] ] |
PR e R e s e e e e U e e e L b gt s T
( processWithdrawal ]
T B ——— E——
[ processBalancelnquiry ]
I I I
I I I
1 I I
( terminateSession ]

T T T
I I |

Figure 3-9: Looping, Alternation, and References
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References

e Use references to

* References allows for Lser e HostBank
referring to other ralesanolt |
. | t I |
sequence diagrams =t |
| |
|
| >

amount |
. B o o transactionRequest
|
reduce the Comp leXIty : d' o | ansactionAuthorization_:
. I n ____________
of sequence diagrams. N |
uequestTakeCash f :
| I |
cashTaken
:‘ o §| transactionComplete :
| | >
| | ack |
|
|

Figure 3-10: Expansion of processWithdrawal
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Loop and Alternation (con’t)

* Loop can be used when a sequence 1s repeated  while. loop, etc.

» Alternation can be used when several possible
transitions will be executed

If-then, switch-case, etc.

« A probability of execution can be attached to a given
sequence

getTransaction

process
Deposit

0.001

process
Withdrawal

process
I Balancelnquiry
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Figure 3-11: Activity Diagram for ATM

ATM

confirm

Customer

Transaction

HostBank

authorize
Transaction

ack
Transaction

Figure 3-12: Expansion of
processWithdrawal
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Example

e Once an order 1s made, a dispatch message 1s sent.

* The following algorithm describes the dispatch steps:

procedure dispatch
foreach (order.lineitem)
if (product.value > $10K)
careful.dispatch
else
regular.dispatch
endif
endfor
if (needsConfirmation) meesenger.confirm
end procedure

SOFT 437
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operator -«

careful : regular :
| ‘M
:Order Distckiie b —
dispatch |
loop J [for each line item]
alt [value > $10000] fr:::n:
dispatch
| g
[else] |
dispatch
‘u‘ - ~
guard -’|:|
opt J [needsConfirmation] confirm
L ‘,' ;. f
2 ; , ’




Specifying Time

 The UML allows you to specify timing requirements
through the use of

— timing marks
— time expressions

— timing constraints
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Timing Marks

* Denote the time at which a message or an event occurs
e For example:

— message.sendTime() -- The time that the message 1s sent

— message.recieveTime() -- The time that the message 1s
received

— where message 1s the name of the message
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Time Expressions

e Evaluate to an absolute or relative value of time

* Express an elapsed time or the occurrence of some
particular time
* For example,

— after(500msec) -- time elapsed after a particular state 1s
entered

— when(t=08:00) -- the occurrence of an event at the time
08:00
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Time Constraints

* Express a constraint based on the absolute or relative
value of time

* For example

— {a.recieveTime() - b.sendTime() < 10 msec}

SOFT 437 48



: HostBank

{b.receiveTime() —
a.sendTime() < 60s}

{d.receiveTime() —
c.sendTime() < 60s}

:‘ , {f.receiveTime() —

e - 2 aCCOUNE _~J e.sendTime() < 60s}

| =1

| {h.receiveTime() —

e od oD - aTIOURTET o g.sendTime() < 60s}
|

g: requestA'mou nt
T
[

| i:transactionRequest

|

|

I

I | L: transactionAuthorization |
I

|

»! {j.receiveTime() —
i.sendTime() < 45s}

“1{responseTime (j.receiveTime() —
i.sendTime()) < 5s}

Figure 3-13: Time in Sequence Diagrams
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Time Constraints (con’t)

 Timeout conditions are not particularly useful from a
performance perspective

 When specifying performance, we are more interested in
response time
— responseTime(j.receiveTime() — 1.sendTime())

— {responseTime(j.receiveTime() — 1.sendTime()) < 5s} —a
time constraint example

Use time expressions that are meaningful from a
performance perspective, such as responseTime(), to
specify performance objectives
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Concurrency

* Modeling concurrency is important in the later stages of
SPE for evaluating contention effects

e Concurrency issues are expressed by UML notations

— Threads and Processes
— Coregions
— Parallel Composition

— Synchronization
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Threads and Processes

* A process represents a flow of control that executes in
parallel with other processes

— Each process has its own address space

— represented by a standard stereotype <<process>>

» A thread executes concurrently with other threads inside
a process

— all threads belonging to a process all share the same
address space

— represented by a standard stereotype <<thread>>
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Figure 3-15: Deployment Ciagram
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Coregions

° A Sequence diagram are b: Br_?wser S: WeE?Server
. - hTTPR
strictly ordered in time | equem()":ﬁ!:ile()
| |
e Coregions allow an <___Page___

. . __hTTPFquuest():—‘
exception to total ordering Coregion —|_NTTPRoquest),
whereby messages within a | HIEEReGUsa,,|
coregion are unordered - S

—___gFt 7]

. I

« Coregions allow you to Coregion —»é———i;i—————
N 1

show the interleaving of
messages that occur 1n

. Figure 3-16: Coregions
parallel processing

{represented by a solid line with horizontal dividers}
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Parallel Composition

 Indicates sections of the sequence diagram that are
executed 1n parallel

« Shows the interleaving of messages that occur 1n
parallel processing

« Allows more flexible representation of parallel
processing

SOFT 437
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9
b : Browser s : WebServer
{location = PC} {location = Server,

| |
Parallel | hTTPRequest() !
composition | > _getFile() b : Browser s : WebServer
| | {location = PC} {location = Server}
clause , abs _ :
__________ al hTTPRequest() !
\ = | P getFile()
[ : getGIF1 : EEEID et e
o L ; __________ .; St
( : getGIF2 | ]
____+ __________ +____
( | getGIF3 | J
[ 1
] |
| |

Figure 3-17: Parallel Composition  Figure 3-18: Expansion of getGIF
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Synchronization

« UML provides different types of arrowheads to
represent communications among objects

: Client . Server : Client - Server

I
/ Synchronous |

; ! message Asynchronous
Process is Idle I message
D< I I
| I
Return

Figure 3-19: Synchronous Figure 3-20: Asynchronous
Communication Communication
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Synchronization (con’t)

: Client : Server : Client : Server

Figure 3-21: Deferred Synchronous Figure 3-22: Asynchronous
Communication Callback
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Contention Effects

* Modeling concurrency is important in the later stages of
SPE for evaluating contention effects

» Early stages of the development process focus on
software model without contention

* Concurrency and synchronization properties of the
proposed software are considered later when your
knowledge of the software system increases
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