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Review of Previous lecture
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Requirements, Use cases, and Scenarios
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UML Development - Overview
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Where are we In the Requirements
Engineering ?

Requirements Engineering focus: elicitation and
analysis

Requirements Engineering

T~

Requirements Development Requirements Management

AN

Elicitation Analysis Specification Verification

Figure 2. Subdisciplines of requirements engineering.



The Requirements Model and the
Analysis Model

The Requirements Functional/
Elicitation Nonfunctional | Use Case Diagrams/
Process Requirementg Sequence Diagrams

(the system level)

The Object-Oriented _ _ :
Analysis Static Analysis | - Class Diagrams
Process Dynamic Analysis, - State Diagrams/

Refined Sequence
Diagrams (The object
level)
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Importance of Sequence Diagrams

Depict object interactions In a given
scenario identified for a given Use Case

Specify the messages passed between
objects using horizontal arrows including
messages to/from external actors

Time Increases from Top to bottom




Rules of Sequence Diagrams

Sequence Initiation

Objectl:C1 Object2:C2
1 I
i Click Update Button | |
updateStatus( ) |
User >




Rules of Sequence Diagrams

|dentify objects needed to support use cases,
determine sequence of internal events
following the external initiating event

Diagrams that are not initiated with an external
actor represent only a partial sequence

Partial sequence diagrams should clearly identify
the actor initiated sequence diagrams from which
they are launched



Example of Sequence Diagrams Notation
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Rules of Sequence Diagrams

Messages specified on interactions can be

synchronous or asynchronous

Objectl:C1 Object2:C2

generateMessage( )

>

Implicit Returns

Object1:C1 Object2:C2 Object3:C3
updateStatus( ) |

*

Synchronous call

calcRoute( ) |

route U
A ————————

|
Explicit Return




Rules of Sequence Diagrams

Asynchronous call

Objectl:C1 Object2:C2
{active} {active}

asynchronous_Call ()

~

callBack ()
-




Rules of Sequence Diagrams

Display operation names on call arrows

c.client cmd_pktCToCHeaderFactory
|
| header:
1 buildHeader( char *) ‘ cmd_pktCToCCommandHeader
» | «create»

header TJ

" 1 |




Rules of Sequence Diagrams

Compound and Simple Iteration

[
:Subsystem ‘Resource ‘InterfaceContainer ‘Interface J :DiscreteFD

— getinterfaceContainer()

* [for all TI]

Interfaces in
Find()

Container] Pé
~~~~~~~~~~~~ { setState( ) #
>

amMasterSI( )

<+

| 1
| | |

* [forlall Interfaces in Container] publishState() »m setOn( ) / setOff( )




Numbering the Sequence of Interactions
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Applicatio‘
Withy

‘included’ sequence diagrams

CIF

n Process

Command Request

CMM:process

Command Response

<<includes>>
Process Command

_| Request sequence

Command Request

target:process

Command Response

| <<includes>>

Process Command
Response sequence




Showing alternate behavior in a sequence

diagram

:CmdHandler

:CmdValidater

:CmdRouter

:EventLog

:StatusDialog

i issueCommand( )

User Application

L

validateCommand( )

L

[if valid command] roluteCommand( )

1

[if invalid command] IogError( )

display(status) |

I




Showing Extension Point

issueCommand( )

:CmdHandler :CmdValidater

:CmdRouter

:StatusDialog

User Application

Extension Point
[invalid command]

abort command
request and send
system message

L

N

validateCommand( ) |

routeCommand( )

display( status)
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sd Basic Cou rseJ

Rules of Sequence Diagrams

Showing alternate behavior in a sequence diagram

interaction ProcessPositionMessage {1/1}

<<gofors»

, . , co  Communications Controller
Ground Control

db :

DataBus

ac  AttitudeController

requiredPosition I".-1-:assag:|-:a|:,l'l\,l'lé_..I oo, , , . 3

checkOl = messageVerified( , BAY;

alt[ lcheckOlk ] )

nak ()

[checkOk]
ack ()




sd processOrder)
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‘Ticket J passive object
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Communication/Collaboration Diagrams

They Specify similar information of interactions without the time axis

comm takeOrder )

role

request(order,customer) —p

2: cost=reserve(order) —m

:‘OrderTaker - TicketDB
connector tickets

message flow

T

1: checkCredit(customer) + # 3: debit(customer,cost)

\ credit one-way navigation on
sequence number underlying association
: CreditBureau

Figure 9-4. Communication diagram




Specifying Timing Requirements

CMM . process target . process

| |
| |

| |
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| |
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caller: Phone exchange: PBX

| | lift receiver
time occurrence constraint {7am<a<7pm}  a— =
time duration constraint  {<1 sec.} .
dial tone
b <
time duration constraint  {<10 sec.}
5 dial digit E
time mark ¢— > | t=now
time observat
| | | , d— route
time constraint expression  {d'-d< 5 sec} "
< ringing tone
stop tone
< P




Specifying Timing Requirements

{ Gas Supply Faultis one of

o Gas supply failure

¢ Gaspipeline leak

o Gaspipeline obstruction }

Gas Physician Ventilator Gas Flow Gas
Supply Sensor Pressure
Sensor
| i | | i
ynchronous [ I\ | | | |
message : i, ; SEISds PR ERvEll) : : :// “ Lifeline
< b l's.et(Ga*s.SupplyLeveI) | | |
B i T "t enable() ' }
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1 1 A
Gas cannpot be delivered due torobstructlon i lowFlowAlarm() | 1
; | [ highPressureAlarm() J e ting
’ zglr::ig <r3n T I | i o constraint
| | /" Gas Suppl Fault \ | L
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Specifying Timing Requirements (Data rates in notes)

Interaction Operators

:Physician Patient HearthThrobSystem
f;,’x/ setleadPair(l, IV, GHANNEL 1) J Lae Case: Disptay Wavafornee.
= o "g' | >l Scenarlo: Scenario 1 - Sunny Day
= SEVEDNPIGL G TR IEL |, SCIRCH EING) ‘;J Description: The system is set up to run in scrolling mode,
Z setWFDisplay(CHANNEL 1, MMS_S0) -| doing a I-IV pair for waveform 1 and a Il-lll pair for waveform 2.
;/, segygei&g?@lll §1AI\JNEL2) _NI The timescale is set to 50 mm/s for channel 1 and 12.5mm/s
:/,’2 setVWF Display(CHANNEL2, SCROLLING) SRR £
7 setWWFDisplay(CHANNEL2, MM_12p5) e
:/:5 enableWFDlsplay( J' Patient is anesthetized and connected using a 5-lead system.
g/: o 7] Postconditions:
{/; % | Data has been displayed
|

Now Ihaghe display is enabléd the waveforms are displayed
two logi /l threads below are/j’unnlng in parallel, at different peilodlc rates

] = ' s 7
palaller{ Z [condition] [ {Data is
labp 2 [until user terminates] [ __| acquired at rate
< getDifferential(l,IV) | e — 1 3 TBD
", o=z 1+
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Z //’ getDifferentialdl, iy | —
Z |
Z = [ | fiterDatay)
7 o
7 A
Z Z [ reduceData() B}
Z Z i
e e T — = — — — — S S {Datais
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loog, //funlll user termnates] ! _— — =1 7| rate TED,
7 7. updateDisplay(CHANNEL1) | __ ——|~ o periodically}
= 7 -
= < | =4
/j :g»; updateDisplay(CHANNEL?2) | P 3
e 5o o
7 = l -
/ A i




Speci

Admit Car Task suspends

entry beam broken
set break flag

Admit Car Task resumes...
... and checks for space

If full

suspend entry
Endif
open bamer
tum off red light
tum on green light

car passes through beam

increment car count
close bamer
tum on red light

malj

tum off green light
Admit Car Task suspends

{500ms}

fying Timing Requirements: on interactions
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Specifying Timing Requirements (ave and max)
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Specifying Timing

Requirements: (Timeout events)

Primary P:Pedastrian Frirmaryviehicle | | :Fesponsie Cycle Mode | | Secordary™iVehicle SecordaryP:Pedzstrian
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l f
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Recall Requirements Elicitation
Process

The process of requirements elicitation

consists of the following steps
Identify Actors
Identify Scenarios
Identify Use Cases
Refine Use Cases

Identify Relationships between actors and Use
Cases

Identify Initial Analysis Objects
Identify Non-functional requirements



Requirements Elicitation Process
Step 4. Refining Use Cases

System Sequence Diagrams

System sequence diagrams establish the dynamic behavior
In terms of key scenarios of the system for each use case

The system sequence diagram models a scenario of the
system interactions with the environment for a given use
case

Input/output events are clearly identified in each sequence
diagram,

The State of the system before and after each event are also
depicted

Different diagrams model scenarios with the normal flow
of events and the abnormal flow of events




Sequence Diagrams and Use Cases
System Sequence Diagram

' System: S i

\ Actor2

o \% 5 2

*‘y
Llst of Guide Words I>|
Acior,
Aciory Ep |

Uk, " |
l' ' List of Guide Words I>|

— L st of Guide Words ——= @ |

Th di *
€ usSe Ccase alagram |_ oG wors I% List of Guide Words '>|

Of system S ’ = |
List of Guide Words I>| List of Guide Words I>|

The sequence diagram of use case UC1 for system S



UML Use Case Diagrams:
The Requirements Model

Case
Study

/ 'n\
[
JIIII IIIHL

Digital Sound Recorder

Figure 2.3: Use Case diagram




UML Use Case Diagrams:
The Requirements Model- System Seq. Diags.
Digital Sound Recorder Case Study

Syster
Diagr:
Massa
Scena
Norm

A sequence diagram displays object interactions arranged
In a time sequence capturing a specific scenario of
Interactions in a use case supported by the system

=< actor == - Swystem

User

n Sequence
am for Play
ge

ro:

al Flow
TimeI

Speaker

1: Play Message |

{05s} 2. Start playing sound

3. Display Progress Indicator

| 4: Mext Second
S Display Clock {0.59s.}
& Display Progress Indicator
VI Stop
0.5 s}

8: Stop playing sound

Figure 2.4: Plaving message scenario



Sys. Sed. Diagram for Alarm sounding while
playing Massage Scenario

== actor == C Swvstem Speaker

Liser

| 1: Play Message |

2 Start playing sound

| A7 MNext Second

S Display Clock

T Display Progress Indicator

S 7o o Adarmml

I
I
I
3 Display Progress Indicator |T|
I
I
I
I
I
I
I
I
I
I
I

| | 2 Start playving alarm

I
9 Display AI;Iarrrl Indicator | |

10 Sto
P 11 Stop playving alarnm sound

12 Display Cock [

; | 12 Next Second

e B L
_________|:___

Figure 2.5: Alarm while plavimng scemario



Sys. Seq. Diag. for Alarm while stand-by followed

by No-power event.

I Battery

I Swstem

1:

Mo Powwerd

; | 1- Mnext secona .
; | 2- Mext Seconda —

A Swwitch off display

ISpeaker

4 Swwitch off amzln

Adter some minutes
ithrowut arny activity

-

= 1

; | S o Aldarmm !

T Switch on display

S5 MMext second

S Switch on amplifier
1

|
9: Start playing alarm sound

— 1

10: MNext

122 Stop playing alarm sound

second

T
13 Switch off amplifier

14- Switch off display

L
|
|
|

et H N R

Figure 2.6: Entering and exiting stand -y mnode scenario



The ATM Example

Withdraw Funds

«ihclude»

~
.
~
-~
~
~

Query Account

AT
Customer

Transfer Funds

Add Cash

Startup

Validate PIN

—

ATM Opeaerator

Figure 24.1. Banking System use case mode|



«external I/O «externat «HO» «entity» «state dependent wuser interaction» i
device» user» : CardReader . : Customer «entity» «subsystem»
. : ATMCard control» - ATMT " - BankingServi
: CardReader CATM interface - ATMControl Interaction : ransaciion - banxingservice
Customer : JI .
1 Keypad i ; : i : Ii
! Display i | i : ! :
1 1
I : f : ' : ; :
: ! : f | ,' | 1
! 1: Card Reader Input . | { r { |
f i 1 I i ? ! !
! ! 1.1: Card Id, Start Date, Expiration Date . : | |
: f ; > | ! : :
| |§ ! 1.2: Card inserted ' : : |
! | i i —=  1.3: GetPIN ; ; .’
| | [ i i J | 1
1 H ] !
} | ! 1.4: PIN Prompt { ! f |
i = : i ; f | f
I 3. I I 1
E If :’ 2 PIN Input : \J: f :
! : ; | : ! : :
! | ! i 2.1: Card Reguest I | :
! i ! b i ! : i
: | | : | | ! |
! i i I 2.2:Card Id, Start Date, Expiration Date | : !
: ! : II; T \': i 1
| . 1
! ! ! : | 2.3: Card Id, PIN, Start Date, Expiration Date i
I | ! ! : : | II
; ; ; f ! 2.4: PIN Validation Transaction Ir
[ | ) | S5 !
| 1 | ! ! | | I
; i ; ! 2.5: PIN Entered (PIN ValidationT ransaction) f H
I | I t = — i i
! i § ' t ' I I
| ! | : I 2.6: Validate PIN (PIN Validation Transaction) :
! ! ! ! i ' i i
] ! ; | | E 2.7 [Valid[: Valid PIN (Accouni #s) |
i f 1 i I
! i ! : =< ; . .
: !
! I } : 2.8: Display Menu (Account #s) : !
! — ] 1 !
H I i 1 | ! ! H
| | 1
i ! i i ! 2.8a: Update Status (PIN Valid) ! !
! I : ! . i 1 —1 f
i ! : | 2.9 Selection Menu | 0 i |
t f" T T : 1 ; i
| 1 1 i 1
] b 1 ) ! i ! !

Figure 21.12. Sequence diagram: ATM client Validate PIN use case



«subsysiem»
: BankingService

aclient»
1 Card «subsystem»
Reader | *ATMClient 2.6: Validate PIN 27 M
Input idati i ail
«external YO P 9 «l/O» (PIN Validation Transaction) (Account #s)
device» : CardReader
: CardReader Interface 1.2: Card Inserted

1.1: Card Id,
Start Date,

Expiration Date «state dependent

2.5: PIN Entered | controby
PIN Validati . : ATMControl
«entity» { alidation Transaction)
s ATMCard
2.2 Card Id, 2.1: Card 2.8a: Update
Expiration)Daie Request 1.3: Get PIN, Status (PIN Valid)
1.4: PiIN Prompt, 2.8: Dispiay Menu
2.9: Selection Megnu (Account #s)
2.3: Card id, PIN,
«external users é—-—-— «user interaction» /S’(art Date, Expiration Date
: ATMCustomer : Customer > centity»
KeypadDisplay ———9 Interaction é_.. : ATMTransaction

2.4: PIN Validation Transaction

2: PIN input

PiN Validation Transaction = {transactionld, transactionType, cardid, PIN, starDate, expirationDate}

Figure 24.11. Communication diagram: ATM client Validate PIN use case




This 1s for the Banking Service Subsystem

bsvt «business logic» «entity» «entity» gentity»
«.su system>» : PINValidation : DebitCard : CardAccount : Transactionl.og
: ATMClient TransactionManager
1 F ]
= r s E s
I V1: Validate PIN : I ] I
i (PIN validation Transaction) ! : | |
b, i | |
: o V2: Vaiidate ; : !
| { {Card id, PIN) ) : :
: | i ' '
' i : : |
! i V3: Valid PIN
: le ; l #
| | ' ' '
' ' : r |
i E_ V4. Read {Card Id) . B_: :
i 1 | t |
I t |
|i |’ I V5; Account #s [ !
i L ‘ : :
: } | | |
| t | : :
! : V6: Log Transaction } [ o)
| . | i i' |
I V7 Valid PIN [ : : :
' Account #s '
e ( ) ; f 5 I
i i | { ;
| 1 | | t
' ' : : :
3 ' I t |

Figure 21.15. Sequence diagram: Banking Service Validate PIN use case



«Client»

«subsystem»
: ATMClient
«sarvice»
«3ubsystem» -
BankingService V1: Validate PIN V7:Valid PIN
' (PIN ValidationTransaction) (Account #s)

«business logic»
: PINValidation
TransactionManager

V2: Validate
(Card Id, PIN) V4: Read

(Card Id) /[\V5: Account #s

V3: Valid PIN

V6: Log
Transaction

[

«entity» <<enﬂty» «entity»
: DebitCard . CardAccount : Transactionl.og

Figure 21.14. Communication diagram: Banking Service Validate PIN use case
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Example: Use Case Diagram of the
E-Commerce System

Browse Catalog




Place Requisition Scenario
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Send Invoice Scenario

Send Invoice Scenario
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Confirm Shipment Scenario

Confirm shipment scenario

Customer

Customer Interface

Customer agent

Drder server

Delivery Order agent

Inventory server

Supplier agent

&

Supplier Interface

2 Supplier Reque

Inventory Server
Orders server

Supplier




8: Confirm

o B
3| n
o fa)
T T
o =}

i

Orders server
Inventory server

s Delivery Order Scenario

3: Order Request
6: Deliver Order

39: Order Status

it

10: Order Out




Another Example: Pace Maker Use-Case model

Cardionada Pacemaker { Rate set in units of ppm from
- 30..120.
Pulse width set in units of ms from
Set Pacing 1.15

Parameters Pulse Amplitude set in units of mv

from 10..100 }

/

‘h\\

Programmer\

Set Operational
Mode

{ Modes: Off, AAl, AAT, VVI,
VVT, AVi}

{ See "Cardionada Gomm.
Reliability, HTML" for
reliability QoS regs.}

Report Pacemaker
Status

{ Rate accuracy +/- 100ms.
Pulse Width accuracy +/- 0.25 ms.
Pulse amp. accuracy +/- 2 mV. }

Pace the Heart

Figure 2-6: Capturing QoS Requirements



Pace Maker Sys. Seq. Diag

Programmer Cardionada Heart
To ONMN
Atrial Event Events from heart
e ack <" are ignored because
. we're not in a pacing
Set Rate(75) - Ventricular Event mode yer
ack
==
SetPulsewWidth(s)
ack
e
Set Pulse Amplitude(10)  je= Atrial Event
k
ac
s = Ventricular Event
Set Mode (AAID - Begin pacing
ack
Atrial Event Atrial event causes
paae - Pacemaker to not pace.
- Ventricular Event
{ 800 ms +/- 25ms} i l_ack of atrial event
Pace Atrium(10mv) causes timeout to occur
/- 0.05 and pacemaker paces
{ 5ms +/- 0.25ms} ] Pace Atrium(0 mv) heart
— —=

Figure 3-6: Pace the IHeart ir AAT Mode (Llse Case Leovel)



Seq. Diag. at the object level (The Analysis Model

Corrum Adrial Modet Yentricular
Programmer Gnome Sina Modal Madel Heart
To OMN Everts fror'n heart
are ignored because
Ivalidate we're not in a pacing
_ack toOn oI mode vet
Set Rate{75) et - Atrial Event
validate
ack Ventricular Event
setRate{r75) tRat
SetPulseWidth(s) —= Setfiare(75)
validate
acic -
SetPWWIS) — setPWW({5)
Set Pulse Adriai Event
Armplitude(10)
k wvalidate
= setAmpd10)
- - = SetAmp(10) ZVentricular Event
Set Mode (AAIL) Begin pacing
validate
. acic
e ohMode{Irnhibited) toMode(idie)
ofMode =3 -

Vvaiting for
Sense

e D

Atrial Ewvent

Ventricular Event

00 ms +- 25ms
{ i timeout{Pacetime)

Pacirn
L 9 FPace Atrium{1O0rmv)
timeout{PulseWvidih)

Pace Afriumi{O my)
{ Refractory i

' timeout{RefractoryTirme)

f Sms +/- 0.25ms}

Figure 3-8: Pace the Heart in AAT Mode (Object Level)



A Simple Example of Using UML?2

SatelliteControlSystem

<=lusecase>>

ProcessMessage

=<usecase>>

VerifyChecksum

=<usecase>>

VerifyOriginator

=<usecase>>

ProcessPositionMessage

\\‘

UserEquipm ent

==usecasg>>

ProcessCommsMessage Ground Station

Sensor

=< usecase>>

MaintainPosition Actuator




Example of Software Architecture
Using UML2

s ControlSystem::SatelliteControlSystem

I | ]
¥ PC db
cC

CommunicationsController

PowerController | DataBus

W ac
AttitudeController




A Simple Example Using UML?2

sd Basic Cou rseJ

interaction ProcessPositionMessage {1/1}

=<gcfor>>

, . , cc  CommunicationsController
Sround Control

db : DataBus

ac  AttitudeController

requiredPosition I".-1essage(Aﬁé‘. oo,

checkilk = messageVerified( BAG;

alt[ lcheckOk ] )

nak ()

[checkOk]
ack ()

ac.storePaosition{ 10, , I

1
=
|
L}




