Use Case and Sequence Diagram Tutorial

This tutorial walks you through the development of a simple ATM from use cases to code. The
following stages are covered:

Requirements

We start by defining the requirements for a simple ATM that allows the users to
withdraw and deposit cash.

Use Cases

The next phase of the design process is to identify the use cases for the system
being developed.

Identify the Actors: Identify the primary and secondary actors that will
interact with the system.

Identify the System Components: The next step is to identify components
of the system that will help in defining the use cases.

Identify the Use Cases: We identify the use cases that provide a good
coverage to the requirements.

Writing the Use Cases: We now use textual modeling language FDL to
define the use cases. The section also describes modeling of use cases
with sequence diagrams. The following topics are covered:

Creating a Scenario Project

Representing the Actors and System Components
Entering the Use Case Interactions
Understanding Scenarios

Adding an Alternative Scenario to the Use Case
Adding More Scenarios

Choose the Level of Detail in Sequence Diagrams
Complete Example

OO0OO0OO0OO0OO0OO0OO

Detailed
Design

Object Sequence Diagrams: The use case diagrams are transformed into
object sequence diagrams that define the interactions in terms of public
methods.

Class Roles and Responsibilities: The next step is to analyze and extract
class design information from the object sequence diagrams. The following
EventStudio diagrams are used in this step:

o Interface Sequence Diagram
o0  Object Wise Summary
o Interface Collaboration Diagram

Class Diagrams: Armed with class level design information, we generate
the class diagrams using Visual Studio 2005's built in class designer.

Skeleton Source Code in C#: Examine the skeleton code in C# to
complete the journey from use cases to code.
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2 Requirements
Here are the requirements for building an automated teller machine:

1. The ATM customer interface shall be equipped with a:
Magnetic strip card reader for swiping ATM cards.
Keypad for user data entry.

Display for user feedback.

Envelope dispensing slot
e. Printer for printing customer receipts

op

oo

2. The ATM keypad shall support the following keys:
a. Numbers 0to 9.

b. “Enter” key to accept the transactions.
c. “Cancel” key to cancel a transaction.

3. The ATM shall communicate to the Bank via the Internet.

4. The ATM shall perform the following authentication steps at the start of a session:

The customer shall insert the ATM card.

The ATM shall check the card integrity.

The customer shall be prompted to enter the personal identification number (PIN).
The ATM card number and the PIN shall be authenticated with the bank.

The ATM shall abort the session if PIN authentication fails three times. (The PIN
entered should match the PIN specified by the user.)

D200 ®

5. The ATM shall perform the following end of session steps:
a. The ATM card shall not be released at session end if PIN authentication fails.
b. When a transaction ends in error, appropriate error message shall be displayed on
the screen and the machine shall transition to the initial menu.
c. The ATM shall issue a printed receipt to the customer at the end of a successful
session. The receipt shall contain:
e Date and time,
e Machine location,
e Account information,
e Amount of the transaction
e Available balance

6. The ATM shall support the following transactions:
a. Cash withdrawal from checking account.
b. Cash deposit into customer checking account.

7. The ATM shall perform the following transaction verification steps:

a. Cash withdrawal shall be allowed only after the bank permits the transaction.

b. Presence of a cash/check envelope shall be checked before completing the bank
transaction.

c. Cash and check deposits shall be manually verified to ascertain that the amount
entered by the user matches the cash/check value in the deposit envelope.

d. The money transfer between checking and saving shall be verified by the bank.

8. The ATM shall support the following diagnostic features:
a. Logging of all customer interactions

b. Logging of all interactions with the bank
c. The PIN for an ATM card shall not be logged.

EventStudio System Designer 4.0 2
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3 Use Cases

The first step in the analysis is to develop a better understanding of the requirements by defining
the use case diagrams.

3.1 Identify the Actors
Actors are entities that interact with the system under design.

The ATM is the system under design so we scan the requirements to identify entities that interact
with the ATM. The actors have been marked in the requirements with bold-italics-underline.

Customer Customer needs to perform banking transactions using the ATM machine.

Bank The bank serving this ATM.

3.2 Identify the System Components

The requirements also give us a view into the components and entities in the system under
design. We have identified the system components in the requirements with bold-underline.

ATM The ATM itself.

Card Reader Card reader for swiping the ATM card.

Keypad Keypad for entering numbers.

Display Video display for the ATM

Envelope Dispenser | Envelope dispenser for accepting cash and checks.

Printer Printer for printing the receipt for the user session.

Session A session is initiated when the user swipes the ATM card and ends when

the user indicates that he or she is done. Multiple transactions may be
performed in a single session.

Transaction A banking operation involving the bank is defined as a transaction. A
transaction might involve cash withdrawal, cash/check deposit, money
transfer and balance enquiry.

Logger Logs the results of all sessions for auditing transactions.

3.3 Identify the Use Cases

Now we go through the requirements to identify the use cases that will give us a good coverage
of the requirements:

e Customer withdraws cash

e Customer deposits cash

e Customer repeatedly enters invalid PIN

3.4 Writing the Use Cases

Let’s start with the customer initiated use cases. We will be writing these use cases in FDL the
simple text based modeling language used in EventStudio.

3.4.1 Creating a Scenario Project

Before we get started with our use cases, we need to create a scenario project for the use cases.
The following steps create a starter scenario project:
1. Invoke EventSudio from the Start Menu and select the "Scenario Project from
Template" option.

EventStudio System Designer 4.0 3
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Select the new document to create

s

Scenanc Proiect From Template

Create a new Scenario Project and the aszociated

a predefined template. The template specifies thi
of the FOIL files and the generated documents. ||

Use Case and Sequence Diagram Tutorial

Select "Scenario Project from

Template" and click "OK".

Use Cases

2. Select the "Starter Scenario Project (Simple)" from the displayed dialog. Then click

"Next"
Choose a Scenario Project Template

Presentation
Poster (Image)
Starter Scenario Project (Advanced)
Poster (Plain)

Detailed Design Sequence Diagrams
Use Case Diagrams

Embedded Document {Image)
Standalone Sequence Diagram
Embedded Document (Remarks

Hello Goodbye (Hello Goodbye)

Wedule A

Wedule B

Proc A1

ProchA2 Proc B1

| ProcB2

EventStudio System Designer 4.0

Oblect A1 [ You

> .
Select " Starter Scenario
Project (Simple)" and

Start rio Project (Sinpicy

Presentation {Image)
G5M Call Setup
Poster

Hyperinked Sequence Diagram
Presentation {Remarks)
Embedded Document

System Level Sequence Diagrams
Poster (Remarks)

SIP Call Flow

Presentation {Plain)

H.323 Call Flow

Embedded Document (Flain)
Hierarchical State Machine

click "Next".

16-Dec-05 04:25 (Page 1)

Goodby...

Hello World!

INeg

Prooess Mag
4Msghel

&n

RiatOperation()

—and | say Hello.

Meg sent from Me to Obgect_B 1.
Objed_B_1 process Meg.

Weg Ack sent from Cbjed_B 1o
3

Me invokes
Object_B 1.StartOperation.

Object _B_1 returns back to Me.

The files in this scenario project are:

(1) Sample fdl: A starting FDL file that defines the architecture and a sample feature with message and method interactions.
(2)inc fdl: A header file that speciies basic themes and styles. Afew sample macros have also been defined in the file.
(3) color_inc fdl: This header file predefines colors that can be used in the style definitions

Use this scenario project as a starting point for your projects. This template will get you started quickly as it predefines the themes and styles. A sample set of
modules, processors and etemal objects is also defined.

< Back

II ﬂm> Il
n n

Cancel Help

3. EventStudio will display another dialog.
a. Change the title of the new scenario project of "ATM Example Use Cases".
b. Change the FDL file name to "Customer_Use_Cases".

EventStudio System Designer 4.0
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Customize and Save the Scenario Project

— Scenario Project

|E| A Scemario describes a projected sequence of events. A Scenario Project is a collection of Scenarios and user defined documents.

For example, a call processing Scenario Project may contain Scenarios such as:
"Successful voice call setup”, "Caller does not dial all digts” and "Called subscrber does not answer”

Select the folder where the Scenario Project should be saved: |/Change the Scenario Project t|t|e
IC:"-.Documents"-.EventStudio Documents to "ATM Exam ple Use Cases". Browse. . |

Specify the title for the Scenario ijm/

IATM Example lUse Cases

Change the FDL file name to
"Customer_Use_Cases" and

r— Feature Description Language (FOL) Files

click "Finish".
E FDL files define complex features in a simple and intuitive t fﬁenarios

The selected Scenario Project Template contains th ~Flease speciy FDL file names that are suitable for your application.

ICUSlomer_Use_Cases ——

<Back *[ Frish | Cancel | Help
A n

4. On clicking "Finish", EventStudio will generate and open a sequence diagram in Adobe
Reader. Close this file.

5. Now move to the EventStudio main window and double click on the "Top" icon under the
"Customer_Use_Cases" icon in the left pane (See the following figure). This opens
"Customer_Use_Cases.fdl" file in the main workspace. We will be replacing the
contents of this file in the following steps.

EventStudio System Designer 4.0 5
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EventStudio System Designer 4.0 - [Customer_Use_Cases] =1oi=l
”D File Edit View Project Review Generate Tools Window Help ;Iil 5'
Cedaf = /o daElpebe By e @aEE|on 2|

=] =®l [finclude "inc.fd1l"

s

EE ATM Example Use Cases

- B8 Hello Goodbye /* TODO[" pouble click on the "Top" icon in LR g
=3 FDL Files e the left pane to open the FDL file. ,

E@ Customer_Use_Cases A_.? in Me

- ] Top—— sternal ou in Proc &

E1-J3 Documents eternal : Object & 2 in Proc A 2
- Sequence Diagram - -

ﬂ Processor Level Seguence Diagram

ﬁ Module Level Sequence Diagram

Collaboration Diagram

g & Objectwise Summary

48| Statistics

@ Sequence Diagram (MS Word Picture)

/* TODO: Replace Module B architecture with you:
module : Module B

processo!r : Proc B 1 in Module B, Proc B 2 in Mc
eternal : Object B 1 in Proc B 1, Me in Proc B 1
eternal : Object B_2 in Proc_B_2

/* TODO: Replace the body with your implementati

{MyTheme} feature "Hello Goodbye"
|

of
[« I >
II

For Help, press F1 In11.Col 9 [ [pos | By

3.4.2 Representing the Actors and System Components

FDL allows you to partition your model into a three level hierarchy. At the highest level are
modules. The system consists of modules. Modules contain processors and processors contain
eternal and dynamic objects. We will be taking advantage of the hierarchical decomposition in the
definition of the actors and the system.

We will decompose the use case entities into a three level hierarchy. At the highest level we have
Actors and the System.

The second level further decomposes the system into smaller subdivisions. The Actors are further
classified as Primary and Secondary Actors. The System is split into Input, Output and Controller.

At the third level we will define eternal and dynamic objects. Eternal objects represent entities that
exist throughout the use case life time. Entities that are instantiated during the use case are
modeled as dynamic objects. Actors identified in section 3.1 are modeled as eternal objects in the
Primary_Actors and Secondary_Actors processors. System components identified in section 3.2
are modeled as eternal and dynamic objects. Note that Session and Transaction are defined as
dynamic objects as they will be created during the use case.

The final use case entity organization is shown below:

Actors System
Primary Secondary Input Output Controller
Actors Actors
Customer Bank Card Keypad Envelope Display | Printer ATM Session | Transaction | Logger
Reader Dispenser

Now let's map this into FDL:

EventStudio System Designer 4.0 6
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/* Customer Use Cases */ 44—_—____J/TQMM%damemempMWﬂdhmmmw. |

modulle : Actors, System

processor : Primary_Actors in Actors : ]
processor : Secondary Actors in Ac Processors define the second level in
processor : Cl)ngutt”) SBS/St% the hierarchy. The processor
processor - utput n system definition also specifies the module

processor : Controller in System N
containing the processor.

eternal : Customer in Primary_Actors
eternal : Bank in Secondary_Actors i i

i Eternal and dynamic objects
eternal : Card Reader in Input represent the third level in the
eternal : Keypad in Input hi hicall . Obi
eternal : Envelope Dispenser in Input ierarchical decomposition. Objects
eternal : Display in Output that are created during the use case
eternal : Printer in Output execution are declared dynamic.
eternal : ATM in Controller
dynamic : Session in Controlle feature-endfeature block: Use case
dynamic : Transaction in Con . . . - i

interactions will be entered in this block.

eternal : Logger in Controll
feature "ATM EXx —Customer Initiated Use Cases"
endfeature

Now replace the contents of Customer_Use_Cases.fdl (see section 3.4.1) with the FDL shown
above.

The next step is to click the "Quick Save and Display" icon (Control-Q is the keyboard shortcut).

EventStudio System Designer 4.0 7
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EventStudio System Designer 4.0 - [Customer_Use_Cases] =100 =]
“E] File Edit \l"LeE\l_E_rcu_j'ect Review Generate Tools Window Help _I_lﬂ
Hasrﬁnﬂ@.... EEIEEICEREEEIE NN EEIEEE S

A ETEET = UEE C —

= [ ATM Bxample Use Cases Click the "Quick Save and Display*

. B Hello Goodbye module : Actors, icon. (Control-Q key shortcut may be
E| 13 FDL Files used.)
PR @ Customer_Use_Cases processor : Prima
i é""E?TTDIJ processor : Secondary Actors in Actors
E| ‘ﬁ Documents processor : Input in System
""" "B sequence Diagram processor : Output in System

ﬁ Processor Level Sequence Diag
@ Module Level Sequence Diagra
ﬁ Collaboration Diagram

processor Controller in System

eternal : Customer in Primary Actors
] Objectuise Summary eternal : Bank in Secondary Lctors
i8] Statistics =
----- @ Seguence Diagram (MS Word F .
eternal : Card Reader in Input
eternal : FKeypad in Input
eternal : Envelope Dispenser in Input
eternal : Display in Output
eternal : Printer in Output
eternal : ATM in Controller
dynamic : Session in Controller
dynamic : Transaction in Controller
eternal : Logger in Controller

feature "ATM Example: Customer Initiated Use Cases" v
a | il I »
|

N

For Help, press F1 [[n 13, Cal 1 [ |oos 2808.2 4

EventStudio parses the FDL and generates a sequence diagram similar to the one shown below.
Note that this diagram defines the entities organized hierarchically. An axis is drawn for each
eternal object.

ATM Example: Customer Initiated Use Cases (Hello Goodbye)

Actors System ) .
Primary Secondary Input Output Controller EventStudio System Designer 4.0
Actors Actors
Customer Bank | Card Reader| Keypad | Envelope Display Printer ATM | Session | Transaction | Logger 28-AUg-07 2334 (Page 1)
Dispenser

We have defined the architecture of the use case components. The next section describes
modeling of the interactions in the use case diagram.

3.4.3 Entering the Use Case Interactions

Now lets define the core use case that handlers a customer session and transactions. This use
case will define the basis for the customer initiated use cases identified in section 3.3.

EventStudio System Designer 4.0 8
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We scan the requirements in section 1 to specify the interactions involved in setting up an ATM
session followed by a single generic transaction.

The FDL representation of the use case is shown below. We have highlighted some of the
important statements.

feature "ATM Example: Customer Initiated Use Cases" ] N
4________________f’7AheamngdeﬂmUOn

heading "'Session start handling=

"Insert Credit Card” : Cu
(* The customer inserts the

omer -> Card_Reader
to start the ATM session. *)

“"Credit Card Swipe"™ ('ATM Card Number®,
(* The Card Reader in the ATM detects the cre
the ATM object. *)

An interaction from the
"Customer" actor to the
Card_Reader object. A
remark is enclosed
within (* and *).

ATM creates Session
(* The ATM object has detected the start of a new sessi
creates a new Session object. *)

Initialize ("ATM Card Number®™, PIN): ATM -> Session
(* Update the Session object with the ATM card number and PIN stored on the
ATM card. *)

chain
"Welcome Message™
"Welcome Message™
endchain
(* A welcome message is displayed to the user.

Display <- Session
Customer <- Display

A message interaction chain
with two messages.

chain

"Request PIN" : Display <- Session

"Request PIN Box Display™ : Customer <- Display
endchain

(* Request the user to enter the PIN. *)

chain
"Enter PIN" : Customer -> Keypad
"Handle PIN Entry"™ : Keypad -> Session
endchain
(* The Customer enters the PIN. *)

Session takes action ""Compare PIN read from the card with the entered PIN"
(* Does the PIN entered by the user match the PIN stored in the card? *)

chain
"Display Transaction Menu™ : Display <- Session
"Display Transaction Menu'"™ : Customer <- Display
endchain

(* The PIN has matched, so give the transaction choices to the user. *)

chain

"Select Transaction Menu"™ : Customer -> Keypad

"Handle Transaction Selection" : Keypad -> Session
endchain
(* User selects the transaction. *) ] e ]

Session object is creating a

heading "General handling forAE_ELED§22110n2—————J,';ynanﬂcTWansacﬁonobmct
Session creates Transactiom —_

(* The Session creates the Transaction object. *)

Transaction takes action '"Perform Transaction"
(* Transaction is processed. *)

“"Transaction Log"™ : Transaction -> Logger
"Transaction Complete”™ : Session <- Transaction
(* Notify the session object that the transaction has been completed. *)

EventStudio System Designer 4.0 9
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Session deletes Transactio

(* Delete the transaction obje transaction has been completed. *)

chain
"Display Transaction Menu"
"Display Transaction Menu"
endchain
(* Again display the transaction menu, giving the user the option to initiate
another transaction. *)

Session object deletes the
Display <- Session Transaction dynamic object.

Customer <- Display

chain
"Select Transaction Menu"™ : Customer -> Keypad
"Handle Transaction Selection" : Keypad -> Session
endchain

(* The user makes a selection. In this case, the user decides to end the
session. *)

heading "Session end handling” Session object
takes an action.

Session takes action "Ending Session _

“"Eject ATM Card™ : Card_Reader <- Session
(* Eject the ATM card as the session has been completed successfully. *)

"Session Log"™ : Session -> Logger
(* Update the session level log. *)

"Session Complete™ : ATM <- Session
(* Notify the ATM object. *)

ATM deletes Session
(* ATM deletes the Session object. *)

endfeature

The next step is to click the "Quick Save and Display" icon (Keyboard: Control-Q). EventStudio
will generate a PDF sequence diagram similar to the one shown below. You can see the
representation of the highlighted FDL statements in the sequence diagram.

EventStudio System Designer 4.0 10
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Use Cases

ATM Example: Customer Initiated Use Cases (Hello Goodbye)

Compare PIN read from the card|
with the entered PIN

. 5 3.create
An interaction from the
"Customer" actor to the -
Card_Reader object. Ainialze

. ATIM Card Number, A
The corresponding et
remark is displayed on 5:\Welcome
the rlght' 7:Request PIN
9:Enter PIN 10{Handle PIN Enjtry
12:Display Transaction Menu 11:Display Transactiop Menu
13:Select Transactior 14:HandJe Transaction Selection

Actors System ]
Priman Secondan Input Output Controller . s
Actors Adors i P ) A heading definition. l_
Customer Bank | Card Reader| Keypad Envelope Display Printer | _ATM————_ e
Dispenser | |
T T T T ———— T T T
Session start handling o — |
Linsert C}Edi‘ Card The customer inserts the ATM card to
start the ATM session.
2:Credit Card Swipe The Card Reader in the ATM detects
ATIM Card Number, RIN the credit card and sends a message to
the ATM object.

The ATM object has detected the start
of a new session. The ATM object
creates a new Session object.

Update the Session object with the
ATM card number and PIN stored on
the ATM card.

A welcome message is displayed to the
user.

Request the user to enter the PIN.
The Customer enters the PIN.

Does the PIN entered by the user
match the PIN stored in the card?

The PIN has matched, so give the
transaction choices to the user.

User selects the transaction.

General handling for a transaction

Session object is creating a
Transaction dynamic object

]

3:Tr

Licreate

Perform Transaction

2Transaction Lag

nsaction Complete

Session object deletes the
Transaction dynamic object.

4:delete

The Session creates the Transaction
object.

Transaction is processed.

Notify the session object that the
transaction has been completed.

Delete the transaction object as the
transaction has been completed.

EventStudio System Designer 4.0
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ATM Example: Customer Initiated Use Cases (Hello Goodbye)

Actors System
Primary | Secondary Input Output Controller EventStudio System Designer 40
Actors Actors
Customer Bank | Card Reader| Keypad | Envelope Display Printer ATM | Session | Transaction |  Logger 31-Aug-07 06:42 (Page 2)
Dispenser
6:Display Transactior) Menu 5:Display Transactior] Menu Again display the transaction menu,
giving the user the option to initiate
another transaction.
7:Select Transaction|Menu 8:Handle Transaction Selection The user makes a selection. In this

case, the user decides to end the
session.

Session end handling

‘ ‘ ‘ —~~ ‘ ‘ ‘ t Ending Session

Session object —1 TECLATM Card Eject the ATM card as the session has
takes an action been completed successfully.
) 2:Session Log Update the session level log.

w

$ession Complet

@

Notify the ATM object.

4.delete ATM deletes the Session object.

3.4.4 Understanding Scenarios

Before we move further, let's look at Scenarios in EventStudio. A single FDL file supports
definition of multiple scenarios. The differences in the scenarios are identified using the case-
leg-endcase and if-else-endi T statements (covered later). We have not used these
statements as we have only covered one scenario.

The scenario is represented in the left side scenario bar as shown below. EventStudio template
we used created a default scenario called "Hello Goodbye". Let's rename this scenario to "Valid
PIN" by right-clicking on the Scenario and selecting the "Rename Scenario" command.

This scenario will serve as our successful case scenario. Addition of case-leg-endcase
statements will result in modification to this scenario to select the case-legs that apply to this
scenario.

EventStudio System Designer 4.0 12
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EventStudio System Designer 4.0 - [Customer_Use_Cases] - |EI|5|
“E] File Edit View Project Review Generate Tools Window Help ;IEIEI
Cedadd|:=e|locdE/oer ey B e [gEe/0n 2|

2= |/* Customer Use Cases */ =

Ea AT Evampledisq Cases
im ¥ Hello Goodbys—& module : Botors, Systep” P "
Eif-&;-ﬁm s nmm Rename Scenario "Hello Goodbye!
| B Customer_Use_Cases processor : Primary &S] (O "Valid PIN" by rlght-cl_lcklng on
: @3l Top brocessor : Secondary the Scenario and selecting the
£ Documents processor : Input in s4_  Rehame Scenario” option.

"B sequence Diagram processor : Output in System

ﬁ Processor Level Sequence Diag
@ Module Level Sequence Diagra
ﬁ Collaboration Diagram

i @ Objectwise Summary

processor Controller in System

sternal Customer in Primary Actors

&) statistics eternal Bank in Secondary Rctors
@ Seguence Diagram (MS Word F .
eternal : Card Reader in Input
eternal : FKeypad in Input
eternal : Envelope Dispenser in Input
eternal : Display in Output
eternal : Printer in Output
eternal : ATM in Controller
dynamic : Session in Controller
dynamic : Transaction in Controller
eternal : Logger in Controller

feature "ATM Example: Customer Initiated Use Cases" v
a | il I »
|

N

For Help, press F1 [[n 13, Cal 1 [ |oos 2808.2 4

3.4.5 Adding an Alternative Scenario to the Use Case

We have defined a use case for a successful ATM session. We will now add an alterative
scenario. The new scenario will cover the handling of an ATM session when the user enters an
invalid PIN.

The new scenario is added by simply introducing a case-endcase block with Ieg statements for
valid and invalid PIN scenarios.

feature "ATM Example: Customer Initiated Use Cases"
heading *"Session start handling™

“Insert Credit Card™ : Customer -> Card_Reader
(* The customer inserts the ATM card to start the ATM session. *)

"Credit Card Swipe" ("ATM Card Number', PIN) : Card_Reader -> ATM
(* The Card Reader in the ATM detects the credit card and sends a message to
the ATM object. *)

ATM creates Session
(* The ATM object has detected the start of a new session. The ATM object
creates a new Session object. *)

Initialize ("ATM Card Number'™, PIN): ATM -> Session
(* Update the Session object with the ATM card number and PIN stored on the
ATM card. *)

chain
"Welcome Message'™ : Display <- Session
EventStudio System Designer 4.0 13
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"Welcome Message'™ : Customer <- Display
endchain
(* A welcome message is displayed to the user

The case-endcase block defines
two legs. The "Valid PIN" leg adds

chain o . :
b “ - . no specific actions and continues
Request PIN" : Display <- Session :
“Request PIN Box Display” : Customer <- Dis,._cXecution after endcase.
endchain

(* Request the user to enter the PIN. *)

chain
"Enter PIN" : Customer -> Keypad
"Handle PIN Entry" : Keypad -> Ses

endchain

(* The Customer enters the PIN.

The "Invalid PIN" retries PIN
entry and swallows the ATM
card on repeated failures.

the entered PIN"
stored in the card? *)

N read from th
e user match

Session takes action "Compa
(* Does the PIN entered b

case

leg "Valid PIN": Abbduemwk:j

leg "Invalid PIN":
[* Begin Loop: Retry PIN *]

chain

"Request PIN Reentry' : Display <- Session

“Invalid PIN. Please Enter PIN Again"™ : Customer <- Display
endchain
chain

“"Enter PIN" : Customer -> Keypad
“"Handle PIN Entry™ : Keypad -> Session
endchain
[* End Loop: Retry PIN *]

"Swallow ATM Card": Card_Reader <- Session
(* PIN entry has failed, swallow the ATM card *)

Card_Reader takes action "Swallow Card"
Skip the session handling logic and

goto exit jump straight to the exit label.
endcase *——______““‘-————————__\\‘;
chain
"Display Transaction Menu'"™ : Display <- Session
"Display Transaction Menu™ : Customer <- Display
endchain

(* The PIN has matched, so give the transaction choices to the user. *)

| .. -Other Statements...

ATM deletes Session
(* ATM deletes the Session object. *)

label exit: J The exit label

endfeature

Now let's save and regenerate the use case diagram by Control-Q (Quick Save and Display).
EventStudio senses the new case statement and asks us to make the leg selection for the
existing Scenario ("Valid PIN"). We select "Valid PIN" leg for the "Valid PIN" Scenario.

EventStudio System Designer 4.0 14
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(Choose a leg

Scenario: Yalid PIN

Please select a new leg

2%

Use Cases

Select the case leg for the
Invalid PIN

existing "Valid PIN" scenario.

Once the selection is made, EventStudio associates the case leg "Valid PIN" with the "Valid PIN"

scenario.

We will now add a second scenario for the case where the user enters an invalid PIN. The steps

involved here are:

1. Click on the "Add Scenario" (Control-R).

: EventStudio System Designer 4.0 - [Customer_Use_Cases] =10 x|
”D File Edit Wiew Project Review Generate Tools Window Help =& x]
@@ s me|oc @ oebs s B3 e EEs/02 2
e eS| (* Does the PI! Lered by the user match the ?]j
EIIE ATM Example Use Cases =«
. Bl valid PIN case .. B )
.79l Customer_Use_Cases leg "valid Click "Add chnano to define JE=
_ L@ Valid PIN a new scenario to represent
=13 FDL Files leg "Inval the "Invalid PIN" leg.
‘ F-EH customer |lse Cases _)ILI I I [* Reqin TS T TT=r"T T " hl
| | 4 »
=
Il
For Help, press F1 [Ln&1.Col 2 | [DOS  [CAP | [ 2
2. Enter the Scenario title "Customer Enters an Invalid PIN" and click "Next".
EventStudio System Designer 4.0 15
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Scenario Wizard: Scenario Name x|

Scenario Wizard: Defining Scenarios from FDL Fles
Scenario Wizard will guide you in defining Scenarios from FDL files. A Scenario is defined by
preselecting the legs from the case statements in FDLs. EvertStudio will generate documents
based on all the Scenarios in @ Scenario Project.

=
E Enter a name forthe Scenario you are about
to define

Customer Enters an Invalid PIN|

Use Cases

Enter the title of the

1new scenario.

'IIIIIIII. i .

r SRR R L T iCIick "Next"

3. Select the "Customer_Use_Cases.fdl" file and click "Next".

Scenario Wizard: Select FDL |

Select the FDL File for Scenarie Definition
Select the FDL file which should be used to define this Scenario. Scenario Wizard will prompt
you to select the case legs (if present). Your case leg selections will define the Scenario.

' Select the FOL document from which the
E Scenario will be defined

"Documents*Event Studio Documerts*ATM Example Use Cases'Customer_Use_Cases fdl

’/Use the Browse button to
select the

" Browse .. |®
'rrrrrrrl'

Customer_Use_Cases.fdl
file.

EEEEER
< Back Meat >

Comaat | v |

| ; Click "Next" |

4. Now select the "Invalid PIN" leg and click "Next".

EventStudio System Designer 4.0
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Scenario Wizard: Select Leg

Select the Leg That Defines This Scenario

Select a leg that applies to the scenario being defined. This leg will be automatically selected by

EventStudio during document generation.

Use Cases

x|

E| Select the leg to be taken for this Scenario

Valid PIN

Y !
Select the "Invalid PIN"
to associate the

scenario with the new
Seenarin

jEEEEEEENF | |
< Back :I Neat > :E

o

[ 1 Click "Next" |

5. Click "Finish" to complete the addition of the Scenario.

Scenario Wizard: Scenario Created

x|

Scenario Definition Completed
This Scenario defintion has been completed and the cument leg selections have been saved. i

these legs are modffied later, Event Studio will prompt you to update the Scenarios to the
changed case legs.

s Scenario has been added to the Scenario
|E| Project.

Add Mare Scenarios |

pf EEEEEER

e o il [ Click "Finish®
il

6. EventStudio now displays two Scenarios in the left pane. The legs uniquely identifying

the Scenarios are also listed.

EventStudio System Designer 4.0
© Copyright EventHelix.com Inc. All rights reserved.

17



Use Case and Sequence Diagram Tutorial

File Edit View Project Review Generate Tools

: EventStudio System Designer 4.0 - [Customer_Use

Use Cases

=101 x|
=18

Window Help

I
[

sHoE s xe o ga@oe B H

==

F Y

F—'EI ATHM Example Use Cases

= valid PIN

: E}T Customer_Use_Cases

i@ valid PIN

i Customer Enters an Invalid PI
E}T Customer_Use_Cases

=I5 FDL Files

1| | 3
x|

M |

For Help, press F1

N

A second scenario has been
added to the scenario project.
The case leg selections for
each scenario are also shown.

(* Does the ?I)Jj

case
leg "vValid P
=
leg "Invalid
[* Begin
chain

. —

7. Now click the "Review All Scenarios" icon (Control-W) to look for design errors.

”D File Edit View Project Review Generate Tools

3| EventStudio System Designer 4.0 - [Customer_Use_Case

Perform a design

Windaw review by clicking the

ST IR R

"Review All Scenarios"

I |

El@ ATHM Example Use Cases
- m-E valid PIN

=458 Customer Enters an Invalid PIN
E}T Customer_lise_Cases

P @ Invalid PIN v
4| | >

icon.
\_ /
"Session Log" : Sess
(* IIndate the ses=sic

EventStudio detects a design
problem. The dynamic object
Session has not been deleted in
the "Invalid PIN" scenario.

S~

| E C:\Documents\EventStudio Documents WATM Ex;
| @ STATUS: Review Completed [Valid P

,& WARNIMG(WO0&E) Line 144: dynamic object Session active at feature end
@ STATUS: Review Completed [Customer Enters an Invalid PIM]

ges\Customer_Use_Cases. fdl

For Help, press F1

[n 144 Col1 |

8. We fix the problem by moving the exit label.

label exit:

""Session Log™ : Session
(* Update the session level l0og:

""Session Complete”™ : ATM <- Session
(* Notify the ATM object. *)

ATM deletes Session
(* ATM deletes the Session object. *)

endfeature

EventStudio had detected that the\
Session object was not being
deleted in the "Invalid PIN" leg.

We fix the problem by moving the
exit label. This ensures that the
Session is deleted correctly in all

cases. /

EventStudio System Designer 4.0
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9. Now click Control-Q to save and generate the documents. EventStudio generates a
combined use case diagram that includes two Scenarios.

B Sequence Dianr=c SlE sl b no o ) (=] 3

File Edit Vie The generated use case

diagram lists bookmarks for the

H Rand wx taskd
new Scenarios. — = =
/ R 3 Toawchr
UpLUIES T - |:..dn..d..| Tapd | l!'vdq-ll ooy | Frmar | T | T |1..u...| Togge Do TR |
[ Faredie —
“t it Chuchi Cared Lh::mm._:ﬁlﬂahd
B m Valid PIN rhecki zard The Cred Fonachr i he AT chtuct
CETET0 e e card sl sravnge
[ session start handling T L&gm-ﬂ;;ﬁ:@m
[ wvalid PIM B’ AR
B e e e i
[ General handling for a S e e
. SFeg e P W bea Biply :Fagau A Rzt e usr @ e e FIM
transaction [— - [r————
: ] = - :
] Session end handling (= RS
13:Dinghia T x RRET: x Tha P e e o tha
E m CUStDmEr Enters an lxsdmmr-a:.uu- Vattwrclf T nmectics Fekecgon ::ﬁm
Invalid PIMN [ oo i, ]
iznms Tha Smsian s th Tremscian
(] Session start handling e —
X Y —
|[| Invalid PIN Pty o s akoct
rgitionhen b srphnd
Adukin ::‘:ﬂrll.llllﬁl:‘lnhm-i&
Dy Tramicsap ey SDiipfy Tremacsap bes dequinychp by the trarmacion maru,
T RS

3.4.6 Adding More Scenarios

We now expand the use case by adding the implementation for the "cash withdrawal" and "cash
deposit" scenarios.

The scenario support is added in the FDL is via a case-endcase statement. An important point to
note here is the use of #includes and #define-macros to simplify the FDL.

Once the scenarios have been added type "Control+Q" to update the sequence diagram.

* == inc.fdl == *

% - Colors - */ C preprocessor type macros are defined to

#include "colors inc.fdl" handle repetitive patterns. Multi-line macros can
B be defined by separating lines with ;\.

[* -- Useful Macros -- */

#define TRANSACTION_INPUT(_command, _via) chain;\
_command : Customer -> _via;\
_command : _via -> Transaction;\
endchain

#define TRANSACTION_OUTPUT(_command, _via) chain;\
_command : _via <- Transaction;\
_command : Customer <- _via;\
endchain

#include "inc.fdl" Include the “inc.fdl oot :I
nclude the "inc.fdl" defined above.
/* Customer Use Cases */ 1

module : Actors, System

.. .Other Declarations...

EventStudio System Designer 4.0 19
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feature "ATM Example: Customer Initiated Use Cases"

.. .0Other Statements...

Session creates Transaction

(* The Session creates the Transaction object. *) Using the macros that we

defined in "inc.fdl" include file.

case
leg "Cash Withdrawal from Checking Account':

TRANSACTION_OUTPUT("Enter th mount to be Withdrawn', Display)
(* Request the customer to enter the amount to be withdrawn. *)

TRANSACTION_INPUT(*'Dolllar Amount™, Keypad)
(* The customer keys in the dollar amount that he or she wishes to withdraw. *)

"Authorize Cash Withdrawal™(""ATM card #", PIN, Amount): Bank <- Transaction
(* Request the Bank to authorize the cash withdrawal. *)

Bank takes action ''Validate the ATM card, PIN and check Amount availability"
(* The Bank validates the transaction. *)

"Withdrawal Accepted” (Amount): Bank -> Transaction
(* Bank allows the cash withdrawal. *)

TRANSACTION_OUTPUT(*"Cash', Cash_Dispenser)
(* Dispense the cash to the user. *)

leg "Cash Deposit into Checking Account':

TRANSACTION_OUTPUT(*'Enter Cash Amount for deposit', Display)
(* Ask the user to enter the cash amount for deposit. *)

TRANSACTION_INPUT(**Cash Amount™, Keypad)
(* The customer enters the cash amount. *)

TRANSACTION_OUTPUT(*'Request Cash in Envelope™, Display)
(* Request the user to prepare an envelope with cash. *)

Customer takes action "Keep cash in envelope"

“Envelope With Cash™ : Customer -> Envelope_Slot
(* Customer inserts the envelope. *)

"Received Envelope™ : Envelope_Slot -> Transaction
(* Envelope Slot informs the Transaction object that the Envelope has been
successfully received. *)

TRANSACTION_OUTPUT(*'Deposit Success'™, Display)
(* Inform the user that the deposit envelope has been accepted by the ATM. *)

endcase

.. .Other Statements...

endfeature

3.4.7 Choose the Level of Detail in Sequence Diagrams

EventStudio lets you control the level of detail in the generated sequence diagrams. The different
levels of detall are listed below.

Diagram type Level of Detail How to Generate Example
Sequence Diagram Sequence diagram with full | Right Click on the "Sequence Diagram" in the Left 3.4.7.1
detail. Pane and select "Generate Document".
Processor Interaction | Intra processor details are Right Click on the "Processor Level Sequence 3.4.7.2
Sequence Diagram hidden. Only inter Diagram" in the Left Pane and select "Generate
processor interactions are Document”.
shown.
Module Interaction Intra module details are Right Click on the "Module Level Sequence 3.4.7.3
Sequence Diagram hidden. Only inter module Diagram” in the Left Pane and select "Generate
interactions are shown. Document".
EventStudio System Designer 4.0 20
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_|of x|
||) e Edit view Project Review Generate Tools Window telp 31X
ER. Right-click and select "Generate
B L= n ﬂ @ | 'il‘%' Iﬁ Document". The generated diagram

includes full detail.

EIIE ATH Example Use Cases
- - cash Withdrawal from C
Customer Enters an Iny
Cash Deposit into Ch
[ FDL Files

E @ Customer_Use_C

E not displayed.
El% Documents

) Sequence Diagrm W .

.E . Right-click and select "Generate

R Seque':w Document”. The generated diagram
M Module Level Sequenc & represents each module as an axis.

in : ;
I nllzharation Disoram bl Y Intra module interactions are not
1| | r I1 | displayed.

For Help, press F1 Ln 68, Col D ,,,;|

Right-click and select "Generate
Document". The generated diagram
represents each processor as an
axis. Intra processor interactions are

3.4.7.1 Sequence Diagram

ATM Example: Customer Initiated Use Cases (Cash Deposit into Checking)
Actors System

Primary | Secondary Input Output Controller
Actors Actors

Customer Bank |Card Reader|

EventStudio System Designer 4.0

Transaction |  Logger 11-Sep-07 22:33 (Page 5)

Keypad Envelope Display Cash Printer ATM Session
Slot Dispenser

Session start handling
Linsert Credit Card The customer inserts the ATM card
to start the ATM session.

2:Credit Card Swipe The Card Reader in the ATM detects
ATM Card Number, PIN the credit card and sends a message
to the ATM object.

3.create The ATM object has detected the
start of a new session. The ATM
object creates a new Session object.

4lnitialize Update the Session object with the
ATM Card Number, ATM card number and PIN stored on
the ATM card.

6:Welcome Messpage 5:Welcome Message A welcome message is displayed to
the user.

8:Reqiest PIN Box Display 7:Request PIN Request the user to enter the PIN.

9:Enter PIN 10:Handle PIN Entry The Customer enters the PIN.

Compare PIN read from the Does the PIN entered by the user
card with the entered PIN match the PIN stored in the card?
LEG: Valid PIN
12:Display Transaction Menu 1:Display Transaction Men The PIN has matched, so give the

transaction choices to the user.
13:Selgct Transaction Menu 14:Handle Trangaction Selectipn User selects the transaction.

=

15:create The Session creates the Transaction
object.

LEG: Cash Deposit into Checking
Account

17:Enter Cash Amount for deposit 16:Enter Cash Amount for deposit Ask the user to enter the cash
amount for deposit.

18:Cash Amount 19:Cash Amount The customer enters the cash
amount.

21:Request Cash in Envelope 20:Request Cash in Envelope Request the user to prepare an
envelope with cash.

EventStudio System Designer 4.0 21
© Copyright EventHelix.com Inc. All rights reserved.



Use Case and Sequence Diagram Tutorial

Use Cases

3.4.7.2 Processor Interaction Sequence Diagram

Processor Interfaces (Cash Deposit into Checking)
Actors System [ EventStudio System Designer 4.0
Primary Actors | Secondary Actors | Input Output [ Controller [ 11-5ep-07 22:19 (Page 3)
Session start handling
Linsert Credit Card The customer inserts the ATM card to start the ATM session.
2:Credit Gard Swipe The Card Reader in the ATM detects the credit card and sends a
ATM Card Number, PIN message to the ATM object.
4:Welcome Message 3:Welcome Message A welcome message is displayed to the user.
B:Request PIN Box Display 5:Request PIN Request the user to enter the PIN.
7:Enter PIN 8:Handle PIN Entry The Customer enters the PIN.

10:Display Transaction Men

LEG: Valid PIN

9:Display Transaction Men The PIN has matched, so give the transaction choices to the user.

11:Select Trapsaction Menu

12:Handle Transaction Selection

User selects the transaction.

14:Enter Cash Amount for dep)

osit

LEG: Cash Deposit into Checking Account

13:Enter Cash Amount for| Ask the user to enter the cash amount for deposit.

15:Cash| Amount

16:Cash| Amount The customer enters the cash amount.

18:Request Cash in Envelop

L7:Request Cash in Envel Request the user to prepare an envelope with cash.

19:Envelopg With Cash

20:Received Envelope

Customer inserts the envelope.

Envelope Slot informs the Transaction object that the Envelope has

been successfully received.

24:Select Transaction Menu

25:Handle Transaction Selection

21:Deposit Success Inform the user that the deposit envelope has been accepted by the
ATM.
23:Display Transaction Menu 22:Display Transaction Me Again display the transaction menu, giving the user the option to initiate
another transaction.

The user makes a selection. In this case, the user decides to end the

session.

Session end handling

P:ATM Transaction Receip}

1:Print Session Details

Date and fime, Machine location, Account irfformation,
Trgnsaction amount, Available balance

3:Eject ATM Card Eject the ATM card as the session has been completed successfully.

3.4.7.3 Module Interaction Sequence Diagram

[ Module Interfaces (Cash Deposit into Checking)

| EventStudio System Designer 4.0 |

| Actors

System

|Sessi0n start handling

LiInsert Credit Card

2:Welcome Message

3:Request PIN Box Display

4:Enter PIN

5:Display Transaction Menu

6:Select Transaction Menu

7:Enter Cash Amount for deposit

8:Cash Amount

9:Request Cash in Envelope

10:Envelope With Cash

11:Deposit Success

12:Display Transaction Menu

13:Select Transaction Menu

The customer inserts the ATM card to start the ATM session.
A welcome message is displayed to the user.

Request the user to enter the PIN.

The Customer enters the PIN.

LEG: Valid PIN
The PIN has matched, so give the transaction choices to the user.

User selects the transaction.

LEG: Cash Deposit into Checking Account
Ask the user to enter the cash amount for deposit.

The customer enters the cash amount.

Request the user to prepare an envelope with cash.

Customer inserts the envelope.

Inform the user that the deposit envelope has been accepted by the ATM.

Again display the transaction menu, giving the user the option to initiate another transaction.

The user makes a selection. In this case, the user decides to end the session.

Session end handling

1:ATM Transaction Receipt

EventStudio System Designer 4.0
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3.4.8 Complete Example

The complete example can be downloaded from:
http://www.EventHelix.com/EventStudio/Tutorial/lUse Case Seguence Diagram_Tutorial.zip

EventStudio System Designer 4.0 23
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4 Detailed Design

The first phase of analysis and design has been completed with the generation of detailed use
case diagrams. We will now focus on the detailed design.

4.1 Object Sequence Diagrams

The first step in class design is to convert the use case diagrams into object sequence diagrams.
The sequence diagrams will add method level detail. The design steps are:
1. Navigate to the "EventStudio Documents"” folder in your "My Documents" folder.
2. Make a copy of the "ATM Example Use Cases".
3. Rename the copied folder as "ATM Object Sequence Diagrams" and navigate to the
folder.
4. Inside the folder rename the scenario project "ATM Example Use Cases.sch" to "ATM
Object Sequence Diagrams.scn”.
5. Double click on the "ATM Object Sequence Diagrams.scn" file to launch EventStudio.

H EventStudio System Designer 4.0 - [ -0l x|
”D Eile Edit View Project Review Generate Tools Window Help Jilﬁl

= =R I@@mmlﬂﬁi

== -
EIE ATHM Object Sequence Diagrams -
H-38 Cash withdrawal from Checking /* Customer T
e % FDL Files Double click on the "Top" icon in
=N @ Customer_|se_Cases the left pane to open the FDL file.
----- 3] Tep— m
i@ Valid PIN _Ij =
1] | » [4]] y
For Help, press F1 Ln 1.0 2

6. We go through the use case diagram and convert the message interactions into method
invocation. The structure of the FDL is also changed. More details are added. The new
FDL file is shown below":

#include "inc.fdIl"

module : System

processor : ATM_Controller in System
eternal : Bank in ATM_Controller

eternal : Card_Reader in ATM_Controller
eternal : Keypad in ATM_Controller
eternal : Envelope_Slot in ATM_Controller
eternal : Display in ATM_Controller
eternal : Cash Dlspenser in ATM_Controller
eternal : Printer in ATM_Controller
eternal : ATM in ATM_Controller

dynamic : Session in ATM_Controller
dynamic : Transaction in ATM_Controller
eternal : Logger in ATM_Controller

The customer has been
represented as an environment.
FDL supports env_| and env_r as
the left and right environment.

feature "ATM Example: Customer Initiated Use Case

"Insert Credit Card" : env_l -> Card_Reade
(* The customer inserts the ATM card to start the ATM session. *)

Card_Reader invokes ATM.HandleCreditCardSwipe(cardNumber, pin)
(* The Card Reader in the ATM detects the credit card and sends a message to the ATM
object. *)

! The complete example can be downloaded from [TBD].

EventStudio System Designer 4.0 24
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ATM creates Session
(* The ATM object has detected the start of a new session. The ATM object creates a
new Session object. *)

ATM invokes Session.Start (cardNumber, pin)

(* Update the Session object with the ATM card # and PIN stored on the ATM card. *)
Session invokes Display.Print(""Welcome to the XYZ Bank ATM™)
(* A welcome message is displayed to the user. *)
Display.Print returns
Session invokes Display.Print(*"Please enter the PIN")AA_J/"
(* Request the user to enter the PIN. *) Method invoke and

Display.Print returns return are modeled with
Session.Start returns - K
the "invokes" and

ATM.HandleCreditCardSwipe returns "returns"” statements.

"Enter PIN"™ : env_l -> Keypad (* The Customer enters the PIN. *)
Keypad invokes Session.HandlePIN(pin)

Session takes action "Compare PIN read from the card with the entered PIN"
(* Does the PIN entered by the user match the PIN stored in the card? *)

case
leg "Valid PIN":

leg "Invalid PIN":
[* Begin Loop: Retry PIN expired *]
Session invokes Display.Print(*’Collect your ATM card from the bank'™)
Display.Print returns
Session invokes Card_Reader.SwallowCard
Card_Reader.SwallowCard returns
Session invokes Session.End(Inval idATM)
Session invokes ATM.HandleSessionComplete
ATM takes action "Mark Session for Deletion"”
ATM.HandleSessionComplete returns
Session.End returns
Session.HandlePIN returns
Session deletes Session

goto exit
endcase
Session invokes Display.Print(*'(1) Deposit (2) Withdraw (3) Quit')
(* The PIN has matched, so give the transaction choices to the user. *
Display.Print returns
Session.HandlePIN returns

"Select Transaction Menu"™ : env_I1 -> Keypad
(* User selects the transaction. *)
Keypad invokes Session.HandleTransactionSelection(transaction_type)
case
leg ""Cash Withdrawal from Checking Account':
Session creates Transaction
(* The Session creates the WithdrawCashTransaction object. *)

Session invokes Transaction.Start
Transaction invokes Display.Print("Enter the Amount to be Withdrawn'™)
(* Request the customer to enter the amount to be withdrawn. *)
Display.Print returns

Transaction._Start returns

Session.HandleTransactionSelection returns

“Dollar Amount™ : env_l -> Keypad

Keypad invokes Transaction.HandleAmountEntry(amount)

(* The customer keys in the dollar amount that he or she wishes to withdraw. *)
Transaction invokes Bank.RequestWithdrawalAuthorization(CardNumber, Pin,

amount)

“"Authorize Cash Withdrawal™(*"ATM card #", PIN, Amount) : Bank -> env_lI
(* Request the Bank to authorize the cash withdrawal. *)
Bank.RequestWithdrawalAuthorization returns

Transaction.HandleAmountEntry returns

"Withdrawal Accepted” (Amount) : env_l -> Bank
(* Bank allows the cash withdrawal. *)

Bank invokes Transaction.HandleBankReply(result)
Transaction invokes Cash_Dispenser.DispenseCash(amount)
(* Dispense the cash to the user. *)
"'Cash"™ : Cash_Dispenser -> env_lI
Cash_Dispenser .DispenseCash returns
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leg "Cash Deposit into Checking Account':
Session creates Transaction
(* The Session creates the DepositCashTransaction object. *)

Session invokes Transaction.Start
Transaction invokes Display.Print("Enter the amount you wish to deposit')
(* Request the customer to enter the amount to be withdrawn. *)
Display.Print returns

Transaction._Start returns

Session.HandleTransactionSelection returns

"Dollar Amount"™ : env_Il -> Keypad

Keypad invokes Transaction.HandleAmountEntry(amount)

(* The customer keys in the dollar amount that he or she wishes to deposit. *)
Transaction invokes Display.Print("Please insert the cash envelope™)
(* Request the customer to deposit the cash envelope. *)
Display.Print returns

Transaction.HandleAmountEntry returns

"Envelope With Cash"™ : env_l -> Envelope_Slot

(* Customer inserts the envelope. *)

Envelope_Slot invokes Transaction.HandleEnvelopeReceived
Transaction invokes Display.Print(‘'Cash deposit successful™)
Display.Print returns

endcase

Transaction invokes Transaction.End
Transaction invokes Logger.LogTransaction(‘'Log entry')
Logger.LogTransaction returns

Transaction invokes Session.HandleTransactionComplete
Session takes action "Mark Transaction object for deletion"”
Session invokes Display.Print(""(1) Deposit (2) Withdraw (3) Quit™)
(* Request user to select another transaction. *)
Display.Print returns

Session_HandleTransactionComplete returns
Transaction.End returns

if "Cash Withdrawal from Checking Account"
Transaction.HandleBankReply returns
endif

iT "Cash Deposit into Checking Account
Transaction.HandleEnvelopeReceived returns
endif

Transaction deletes Transaction

"Select Transaction Menu" : env_l -> Keypad
(* User decides to quit. *)
Keypad invokes Session.HandleTransactionSelection(transaction_type)
Session invokes Session.End(Successful)
Session invokes Session.PrintReceipt
Session invokes Printer.Print("'Date/time, Loc, Account, Amount, Balance')
Printer.Print returns
Session.PrintReceipt returns
Session invokes Card_Reader._EjectCard
Card_Reader _EjectCard returns
Session invokes ATM.HandleSessionComplete
ATM takes action "Mark Session for Deletion™
ATM.HandleSessionComplete returns
Session.End returns
Session._HandleTransactionSelection returns
Session deletes Session

label exit:

endfeature

7. Click Control-Q to regenerate the sequence diagram. A page from the generated
sequence diagram is shown below:

EventStudio System Designer 4.0 26
© Copyright EventHelix.com Inc. All rights reserved.



Use Case and Sequence Diagram Tutorial Detailed Design

ATM Example: Customer Initiated Use Cases (Cash Withdrawal from Checking)
System
E System Designer 4.0
ATM Controller
Bank | Card Reader| Keypad  |Envelope Slot| Display | Cash | Printer | ATM | Session | Transaction | Logger 205ep07 1143 (Page 3)
Dispenser
34:returns
35:End()
—
36iLogTransaction()
Log entry
_37retumns
38:Handle TransactionCgmplete()
Mark Transaction object for
deletion
39:Print() Request user to select another
(1) Deposit (2) Withdraw (3) Quit transaction.
40:returns
41:retumns
42:returns

43:returns

IS

4/Select Transagtion Menu

User decides to quit.

4b:HandleTransactionSelection()

transactjon_type

46:End()

7:PrintReceipt()
[—

48:Print()

Df e/time, Loc, Accolint, Amount, Balal

®

49:rgturns

4.2 Class Roles and Responsibilities

The next step in the analysis process is to scan the use case diagrams to identify the roles and
responsibilities of individual classes. We will use the following diagrams to aid in the analysis:

Interface Sequence Diagrams A sequence diagram that just lists the interactions
involving one module, processor or object.

Summary Document Object wise summary of the interactions. The HTML
document lists the interactions on a per object basis.

Interface Collaboration Diagrams A collaboration diagram that just lists the interactions
involving one module, processor or object.

4.2.1 Interface Sequence Diagram

Use the interface sequence diagram to and role of important entities in the use case diagrams.
The following steps define the interface collaboration diagram:
1. Click on the "Add Document" icon (Shortcut Control+D).
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ﬁ EventStudio System Designer 4.0 - [Customer_Use_Cases] - |EI|£|
”D File Edit View Project Review Generate Tools Window Help ;Iilﬁl
CeEHIE | 200 | daa@oe By B

_ B 3

: i Customer Enters an Invalid F'II'%;I
| Cash Depositinto Cheddng 1 |module :(* ~io on the "Add New

=123 FDL Files croces=0 Document” icon. r in
Elg Customer_Use_Cases sternal 3 —Tontroll
-5l Top _ILI eternal : Card Reader in ATM C¥
+| | r 4] | b

For Help, press F1 |Ln 1. Cal 1 | | =

2. Now select the "Interface Sequence Diagram" and click "Next".
Document Wizard: Document Type ﬂ

Document Wizard: Define a Document

Document Wizard allows you to specify the conterts and format of documents generated by
EventStudio. Please select the type of document and press the next button.

Specify Document Type

Segquence Diagram

Interfface Sequence Diagram
Interaction Sequence Diagram
Message Fitter Sequence Diagram
Unit Test Procedures

Summary Document Sequence Diagram just listing the
Statistics Document interfaces of one module, processor or
Collaboration Diagram object. The example, above shows the
Interface Collaboration Diagram interfaces for one of the objects. Al other
Interaction Collaboration Diagram interactions are excluded from the
Message Filter Collaboration Diagram diagram.

< Back Next > Cancel | Hep |

3. Setthe "Document Interface Filter" as "Session" and click "Next".
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Document Wizard: Interface Document Filter x|

Select Entity for Inteface Document
Specify the module, processor or object for which the interface document has to be generated.
‘You may also specify module, processor or task types as the fitter for the inteface document.

Detailed Design

Specify the Document Interface Fiter

filter

as "Session".

Set the document interface

Session

Mote: Sting entity names should be entered without quotes.

< Back Nexdt > Cancel | Hep |

4. Change the "Object Spacing" to Medium and click "Next".

Document Wizard: Select Generation Options il

Select Document Options
You can control the level of detail in the generated document. Uncheck any of the items i you
do no want them to be included in the document. You can also adjust the width of the object
columns and the remark section.

¥ Show Message Parameters

¥ Show Actions ¥ Show Resource Operations
¥ Show State Changes W Show Block Comments
Graphics Format —Column Width
" Small & Medium " Lamge
* Adobe PDF
- r— Remark Width
Word Picture - EMF & Smal £ Medium .
< Back Next > Cancel | Help

5. Enter the Document Name and click "Next".

EventStudio System Designer 4.0
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Use Case and Sequence Diagram Tutorial

Document Wizard: Document Name il

Enter Document Name

Enter the name for the document. You may select the default or enter your own. The document
name is used as the file name (POF/HTML) or the folder name (MS Word Picture).

Specify the Document Name

Session Sequence Diagram|

<Back [ Net> | cancel | Hep |

6. Click "Finish" to complete the addition of the document.

x

Adding Document to Scenario Project
Document Wizard will now add the document to the Scenario Project. The documents defined
here can be generated by selecting the options in the "Generate” menu.

Document Wizard will now add the document...

Add More Documents

< Back

ncel | Help |

Detailed Design

Specify the document
name as "Session
Sequence Diagram"

£ Click "Finish" |

7. Now right click on the "Session Sequence Diagram" in the left pane and select "Generate

Document" from the popup menu.

EventStudio System Designer 4.0
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Eventstudio System Designer 4.0 - [Customer_|

”D File Edit View Project Review Generate Tools Window Help

=10 |

=181l

(eH@@ +» 200 ax|op BesE

==
@ Invalid PIN N
Cash Withdrawal from Che
L@l cash Deposit into Checking

module :

El% Documents eternal

----- 'E Seguence Diagram eternal

----- ) Collsboration Diagram eternal

@ Objectwise Summary eternal

@ Statistics eternal
@ Sequence Diagram (M5 Word P
@ ATM Unit Test Procedures - ATI

----- 'E Session Sequence Diagral rnal

: B 2l |eternal

al | op

For Help, press F1

processor

finclude "inc.fd1l" g

System

: ATM Contre
Bank in ATM
Card Read
Feypad 1
Envelope
D1

Eh_Dispemn:
Printer in i

ATM in ATM _i;|
]

n18.Cal3

Right click and
click "Generate
Document".

Detailed Design

8. EventStudio generates the document and opens the document. One of the pages of the

generated document is shown below.

3:Print()

cardNumber, pin|

Welcome to the|XYZ Bank ATM

4:refurns

5:Print()

Please enfer the PIN

6irefurns

8:HandlePIN()

7.returns

pjn

9:Print()

[Compare PIN read from the card|

with the entered PIN

(1) Deposit (2)

ithdraw (3) Quit
10:returns

1Lreturns

1p:HandleTran:

actionSelectiony)

transactjon_type

EventStudio System Designer 4.0
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13.create

14:Start()

Session Interfaces (Cash Withdrawal from Checking)
System E io System Designer 4.0
ATM Controller
Bank Card Reader | Keypad |Envelope Slot|  Display Cash Printer ATM Session | Transaction Logger 23-Sep-07 22:05 (Page 1)
Dispenser )

Lcreate The ATM object has detected the start
of a new session. The ATM object
creates a new Session object.

2:Start() Update the Session object with the

ATM card # and PIN stored on the ATM
card.

A welcome message is displayed to the
user.

Request the user to enter the PIN.

Does the PIN entered by the user
match the PIN stored in the card?

LEG: Valid PIN

The PIN has matched, so give the
transaction choices to the user.

LEG: Cash Withdrawal from
Checking Account

The Session creates the
WithdrawCashTransaction object.
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Use Case and Sequence Diagram Tutorial Detailed Design

4.2.2 Object Wise Summary

The object-wise summary document lists the interactions for each object. This aids in identifying
the roles and responsibilities of individual classes. Generate this document by just right clicking
on the "Objectwise Summary".

The first page of the generated document is shown below.

Objectwise Summary

EventStudio System Designer 4.0
Generated on 29-Sep-07 08:58

Cash Withdrawal from Checking

Legs Taken:

e Valid PIN
®  Cash Withdrawal from Checking Account

Bank Actions

Transaction invokes Bank.RequestWithdrawalAuthorization() (CardNumber, Pin, amount)
Send Authorize Cash Withdrawal (ATM card #, PIN, Amount) to env_|
Bank.RequestWithdrawalAuthorization returns

Receive Withdrawal Accepted (Amount) from env_|

Bank invokes Transaction.HandleBankReply() (result)

Transaction.HandleBankReply returns

oukrwbdE

Card_Reader Actions

Receive Insert Credit Card from env_|

Card_Reader invokes ATM.HandleCreditCardSwipe() (cardNumber, pin)
ATM.HandleCreditCardSwipe returns

Session invokes Card_Reader.EjectCard()

Card_Reader.EjectCard returns

agpwhPE

Keypad Actions

Receive Enter PIN from env_|

Keypad invokes Session.HandlePIN() (pin)

Session.HandlePIN returns

Receive Select Transaction Menu from env_|

Keypad invokes Session.HandleTransactionSelection() (transaction_type)
Session.HandleTransactionSelection returns

Receive Dollar Amount from env_|

Keypad invokes Transaction.HandleAmountEntry() (amount)
Transaction.HandleAmountEntry returns

10. Receive Select Transaction Menu from env_|

11. Keypad invokes Session.HandleTransactionSelection() (transaction_type)
12. Session.HandleTransactionSelection returns

©CoNGOA~WNE

Display Actions

Session invokes Display.Print() (Welcome to the XYZ Bank ATM)
Display.Print returns

Session invokes Display.Print() (Please enter the PIN)

Display.Print returns

Session invokes Display.Print() ((1) Deposit (2) Withdraw (3) Quit)
Display.Print returns

Transaction invokes Display.Print() (Enter the Amount to be Withdrawn)
Display.Print returns

Session invokes Display.Print() ((1) Deposit (2) Withdraw (3) Quit)

©CoNGOA~WNE
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Use Case and Sequence Diagram Tutorial Detailed Design

10. Display.Print returns

4.2.3 Interface Collaboration Diagram

Transaction Interfaces (Cash from Checking) [ EventStudio System Designer 4.0 [ 30-Sep-07 09:03 (Page 1)

System

ATM Controller

Card Reader Keypad Envelope Slot

Logger

4.3 Class Diagrams

Nowzwe have all the information for drawing the class diagrams for the classes implementing the
ATM".

2 We have generated these class diagrams with Visual Studio 2005. You may use any freeware
of commercial UML tool to generate the class diagrams.
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& Session Session
Class

=

&# _transaction

Detailed Design

CashDispenser 3 { Transaction S CardReader )
Class | Abstract Class i Class
“# CashDispenser T 1 CardReader
M
DepositCashTransaction ¥ WithdrawCashTransaction  [¥]
Class Class
=+ Transaction = Transaction
& Printer J- “ Logger
Printer =2 | I ATM 7Y | Logger )
Class 4: Static Class : Class
\ !
o ..., -
“ EnvelopeSlot
Keypad EnvelopeSlot | % Display | Display 3
Class Class Class
Bank ¥ | = Bank
Class
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i

(" .
Session
Class

=l Fields

## _cardNumber

4# _pin

## _pinEntryAttempts
## _transaction

## MaxPinRentryAtttempts
Properties

5 CardNumber

5 pin

Methods

End

HandlePIN

5
W

&l Transaction

% HandleTransactionComplete
HandleTransactionSelection
PrintReceipt

Session

Start
Nested Types

v
ﬂV

A £

-

/

Detailed Design

Transaction
Abstract Class

= Fields

¢ _session
Properties

’_*_j CardNumber
= pin

%= Session

Methods

5% End

HandleAmountEntry
HandleBankReply
HandleEnvelopeReceived
Start

Transaction

=

oo o d

b

[=I Fields
## _amount
= Methods

e
DepositCashTransaction

Class

-+ Transaction

=

=

e
WithdrawCashTransaction

Class

- Transaction

Fields
“# _amount
Methods

i DepositCashTransaction
% HandleAmountEntry
% HandleEnvelopeReceived

¢ HandleAmountEntry
% HandleBankReply
% Start

% Start

¥ WithdrawCashTransaction

A
-

4.4 Skeleton Source Code in C#
The VisualStudio 2005 project containing the skeleton source code for the project can be

downloaded from:

http://www.EventHelix.com/EventStudio/Tutorial/Use Case Sequence Diagram_Tutorial.zip

The ZIP file also contains the Use Case and Detailed Design Scenario Projects.

EventStudio System Designer 4.0
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