Modeling Interaction by
Sequence Diagrams



Sequence diagrams



Sequence diagrams

e Sequence diagram may specify:
— a typical execution of a use case (scenario)

— communication between
components / objects by messages
(analysis or design)

— detalled trace of a statechart run
— specification of a test case
— overview of timing



Example: Login User



Scenario: Login User 1.

. Login User |

Login Page i§esented

[Tﬁ;pes LISEl

TYRES [DA55 R CHmm—

Alternative

User

=¥ login
il are valicl

[Login parameters invalid ]

[Creates N = sessi::un] Login Failed

ad Login

System




Scenario: Login User II.

. Login Failed |

Login parameters are invalid

i

Redirect Lselr to
Login Fage

®

. Login Without Registration

[user name is existing]

[user nam not existing ]

Registered
Rediredt user to
L|-:|I;|i F’age

[Inﬁ:u'm Userfthat he/fshe is J




Prototypes of Sequence Diagrams

e Basic Flow: Main Success Scenario
— Actor initiates interaction by submitting data
— Boundary Class: collects user data

— Control class performs
« validity checks on data
* business operation

— Entity Classes:
accessed exclusively by Control classes
e Alternative Flows:
— UC-driven: At least one for each extension UC

— Basic flow driven:
At least one for each negated guard



Login User — Basic Flow

user : User% loginForm :

‘ UserLoginForm

welcomeForm :
UserWelcomeForm

userManager :

UserManager

1 : submitLogin )‘

‘ 2 : create ( aUser , aPwd )

loginInfo

3 : loginUser ( loginInfo )

|
|
|
-l

[pwd1=pwd2] true

7
© player : O loginInfo :
Player LoginInfo
i
-
4 : allFieldsValid ( )
fieldsValid
5 : [fieldsValid] getUserName ( ) >l
aUserName

(@)}

: findPlayer ( aUserName )

player

P>
7 : [player<>null] getPaj/ord ()

pwdl

1 [player<>null] getPassvlord ()

pwd2

(o]

: displayWelcome ( )




Login User — Basic Flow (Sy

ntax)

LUSEF%

loginForm :
UserLoginForm

‘1 : submitLogin )‘

Swimlane
(Eletpalya)

loginInfo

[pwd1=pwd2] true

: findPlayer ( aUserName )

P>
player j/
7 : [player<>null] getPassword ( )

/7
welcomeForm : userManager :\) player : Q loginInfo :
UserWelcomeForm UserManager Player LoginInfo
2 : create (aUser , aPwd ) \ \
| T
3 : loginU loginInf
oginUser ( loginInfo ) »L | | T
4 : allFieldsValid ( )
fieldsvalid
5 : [fieldsValid] getUserName ( ) —
>_l_
aUserName
6

pwdl

1 [player<>null] getPassvlord ()

pwd2

(o]

: displayWelcome ( )




user : Usern

‘1 : submitLogin ( )

Message
(Uzenet)

Swimlane
(Eletpalya)

Login User — Basic Flow (Sy

ntax)

[pwd1=pwd2] true

7
welcomeForm : userManager :\) player : O loginInfo :
UserWelcomeForm UserManager Player LoginInfo
. treate (aUser , aPwd ) \ \
loginInfo |
3 : loginUser ( loginInfo ) »L | . _ T
4 : allFieldsValid ( )
fieldsValid
5 : [fieldsValid] getUserName ( ) —
>_l_
aUserName
6 : findPlayer ( aUserNamE) L
player j/ |
7 : [player<>null] getPassword ( ) \
pwdl

1 [player<>null] getPassvlord (

pwd2

(o]

: displayWelcome ( )

=




Logln User — Basic Flow (Syntax)

user : Usern

1 : submitLogin ( )

I\/Iessage
(Uzenet)

Swimlane
(Eletpalya)

Message

O

[pwd1=pwd2] true

: findPlayer ( aUserName

player >

)

7 : [player<>null] getPa

j/ord ()

serManager : player : loginInfo :
U JserManager Player LoginInfo
param eter ‘ ‘
: treate ( aUser , aPwd ) \ \
>_
IoglnInfo |
3 : loginUser ( loginInfo ) J_ T
4 : allFieldsValid ( )
fieldsValid
5 : [fieldsValid] getUserName ( ) >l
aUserName
6

pwdl

pwd2

1 [player<>null] getPassvlord ()

(o]

: displayWelcome ( )




Logln User — Basic Flow (Syntax)

user : Usen Message Message serManager : Q player : O loginInfo :
(U zen et) U param etel‘ JserManager Player LoginInfo
1 : submitLogin ( ) ‘ ‘
‘ . treate (aUser , aPwd ) \ \
loginInfo | >
- 3 : loginUser ( loginInfo )
(SE\INI::fn I,alme) % - 4 : allFieldsvalid ( ) T
e pa ya fieldsValid
\ Return 5 : [fieldsValid] getUserName ( ) —
message aUserName >
6

: findPlayer ( aUserName

player >

)

7 : [player<>null] getPa

j/ord ()

pwdl

pwd2

1 [player<>null] getPassvlord ()

[pwd1=pwd2] true

(o]

: displayWelcome ( )




Logln User — Basic Flow (Syntax)

user : Usern

1 : submitLogin ( )

I\/Iessage
(Uzenet)

Swimlane
(Eletpalya)

:create (aUser ,

IoginInfo

/

value

Message serManager : Q player : O loginInfo :
param eter JserManager Player LoginInfo
aPwd) ‘ >
|
3 :/\\inUser ( loginInfo ) % L T
- 4 : allFieldsvalid ( )
fieldsValid
5 : [fieldsValid] getUserName ( ) —
message aUserName -
6

Return [ Return

: findPlayer ( aUserName )

P>
player 1/
7 : [player<>null] getPassword ( )

pwdl

1 [player<>null] getPassvlord ()

pwd2

[pwd1=pwd2] true

(o]

: displayWelcome ( )




Logln User — Basic Flow (Syntax)

user : Usern

1 : submitLogin

I\/Iessage
(Uzenet)

)

Swimlane

Message serManager : Q player : O loginInfo :
U p arametel‘ JserManager Player LoginInfo
. treate (aUser , aPwd ) \ \
IownInfo |
3 :/\\inUser ( loginInfo ) % T

/

(Eletpalya)

Return
value

Return
message

[pwd1=pwd2] true

(o]

: displayWelcome ( )

4 : allFieldsValid ( )

fieldsvalid

5 : [fields\alid] getUserName ( )

aUserN\e\

(@)}

: findPlayer ( aUser

player

7 : [player<>null] getP’a\D/ox\X

pwdl

1 [player<>null] getPassvlord (

pwd2

|

"Guard
(Orfeltétel)




Login User — Basic Flow (Sy

ntax)

LUSEF%

loginForm :
UserLoginForm

‘1 : submitLogin )‘

loginInfo

[pwd1=pwd2] true

: findPlayer ( aUserName )

P>
player 1/
7 : [player<>null] getPassword ( )

/7
welcomeForm : userManager :\) player : Q loginInfo :
UserWelcomeForm UserManager Player LoginInfo
2 : create (aUser , aPwd ) \ \
| T
3 : loginU loginInf
oginUser ( loginInfo ) »L | | T
4 : allFieldsValid ( )
fieldsvalid
5 : [fieldsValid] getUserName ( ) —
>_l_
aUserName
6

pwdl

1 [player<>null] getPassvlord ()

pwd2

(o]

: displayWelcome ( )




Login User — Basic Flow (Syntax)

user : User%

loginForm :
UserLodliinForm

welcomeForm :
UserWeIcomeForm

Classes

|
1 : submitLogin L)
2: cre (aUser aPwd) \

\/ Iog

/nUser ( loginInfo )

Control
Class

[pwd1=pwd2] true

userManager : Q layer : O logininfo :
U erManager Prayer Lod|nInfo
|
]
| /| /
BN
Entity Class -
(Persistent)
() —
aUserName : /
6 : findPlayer ( aUserN: NOI’]-
e | Persistent
7 . [player<>null] g
“oar——\__ Class

pwd2

(o]

: displayWelcome ( )

8 { [player<>null] getPassvlord( )

|




Login User — Basic Flow (Syntax)

user : User%

loginForm :
UserLodliinForm

welcomeForm :
UserWeIcomeForm

Classes

|
1 : submitLogin L)
2: cre (aUser aPwd) \

\/ Iog

/nUser ( loginInfo )

Control
Class

[pwd1=pwd2] true

userManager : Q layer : O logininfo :
U erManager Prayer Lod|nInfo
|
]
| /| /
BN
Entity Class -
(Persistent)
() —
aUserName : /
6 : findPlayer ( aUserN: NOI’]-
e | Persistent
7 . [player<>null] g
“oar——\__ Class

pwd2

(o]

: displayWelcome ( )

8 { [player<>null] getPassvlord( )

|

Left-to-Right Order of
Swimlanes is important!




Login User — Basic Flow (Sem

antics)

user : User%

loginForm :
UserLoginForm

1 : submitLogin )‘

loginInfo

[pwd1=pwd2] true

: findPlayer ( aUserName )

P>
player j/
7 : [player<>null] getPassword ( )

O O 0 .
welcomeForm : userManager : player : loginInfo :
UserWelcomeForm UserManager Player LoginInfo
2 : create (aUser , aPwd ) \ \
| T
3 : logi i
oginUser ( loginInfo ) »L . _ T
4 : allFieldsValid ( )
fieldsvalid
5 : [fieldsValid] getUserName ( ) —
>_l_
aUserName
6

pwdl

1 [player<>null] getPassvlord ()

pwd2

(o]

: displayWelcome ( )




Login User — Basic Flow (Sem

antics)

user : User%

loginForm :
UserLoginForm

1. User clicks on
the submit button

loginInfo

[pwd1=pwd2] true

: findPlayer ( aUserName )

P>
player j/
7 : [player<>null] getPassword ( )

O O 0 .
welcomeForm : userManager : player : loginInfo :
UserWelcomeForm UserManager Player LoginInfo
2 : create (aUser , aPwd ) \ \
| T
3 : logi i
oginUser ( loginInfo ) »L . _ T
4 : allFieldsValid ( )
fieldsvalid
5 : [fieldsValid] getUserName ( ) —
>_l_
aUserName
6

pwdl

1 [player<>null] getPassvlord ()

pwd2

(o]

: displayWelcome ( )




Login User — Basic Flow (Semantics)

user : User%

1 : submitLogin )‘

O

0

loginForm : welcomeForm : userManager : player : loginInfo :
UserLoginForm UserWelcomeForm UserManager Player LoginInfo
2. Login information is
lencapsulated into an object >
3 : loginUser ( loginInfo ) T
4 : allFieldsValid ( )
fieldsValid
5 : [fieldsValid] getUserName ( ) >l
aUserName
6 : findPlayer ( aUserNamE) L
player j/ |
7 : [player<>null] getPassword ( ) \
pwdl
pwd2

[pwd1=pwd2] true

(o]

: displayWelcome ( )

|
1 [player<>null] getPassvlord () ]
|
|
|
|
|




Login User — Basic Flow (Semantics)

user : User%

loginForm :
UserLoginForm

O

1 : submitLogin )‘

0

to the control class

4 : allFieldsValid ( )

welcomeForm : userManager : player : loginInfo :
UserWelcomeForm UserManager Player LoginInfo
2 : create (aUser , aPwd ) \ \
loginInfo |
33. Login info is sent | , T

fieldsvalid

[pwd1=pwd2] true

5 : [fieldsValid] getUserName ( )

aUserName

(@)}

: findPlayer ( aUserName ) L

player

g |
7 : [player<>null] getPaj/ord () \

pwdl

pwd2

(o]

: displayWelcome ( )

|
1 [player<>null] getPassvlord () ]
|
|
|
|
|




Login User — Basic Flow (Semantics)

r% . O O @) 9 .
user : Use loginForm : welcomeForm : userManager : player : loginInfo :
‘ UserLoginForm UserWelcomeForm UserManager Player LoginInfo

1 : submitLogin )‘ ‘ ‘
| 2 : create (aUser , aPwd ) | |
|

: displayWelcome ( ) ‘

(o]

‘ Iogin-Info . >_|
| 3 ¢ loginUser ( logininfo ) 4. Login info is validated syntactically
| (e.g. all fields are filled)

\ 5 : [fieldsValid] getUserName ( ) |—|
‘ aUserName ﬂ
‘ 6 : findPlayer ( aUserNamE)

| player j/ |

‘ 7 : [player<>null] getPassword ( ) > \

|

‘ wd2

[pwd1=pwd2] true :

|

|

pwdi ]
8 { [player<>null] getPassvlord( )
|
|
|
|
|




Login User — Basic Flow (Sem

user : User% loginForm :

‘ UserLoginForm

welcomeForm :
UserWelcomeForm

antics)

1 : submitLogin )‘

‘ 2 : create ( aUser , aPwd )

loginInfo

3 : loginUser ( loginInfo )

/7
userManager :\) player : O loginInfo :
UserManager Player LoginInfo
| o
|
-

[pwd1=pwd2] true

4 : allFieldsValid ( )
fieldsValid

user name and password
(if all fields are filled)

5-6. We ask for the submitted

7 : [player<>null] getPaSs\Lord ()

pwdl

8 1 [player<>null] getPassword ( )
P>
pwd2

(o]

: displayWelcome ( )

!




Login User — Basic Flow (Sem

user : User%

loginForm :
UserLoginForm

welcomeForm :
UserWelcomeForm

userManager :

UserManager

1 : submitLogin )‘

2 : create ( aUser , aPwd )

antics)

loginInfo

3 : loginUser ( loginInfo )

|
|
|
-l

[pwd1=pwd2] true

7
© player : O loginInfo :
Player LoginInfo
i
-
4 : allFieldsValid ( )
fieldsValid
5 : [fieldsValid] getUserName ( ) >l
aUserName

(@)}

: findPlayer ( aUserName )

player

L

7. We try to find a player with
the given user name

8:

[player<>null] getPassvlord ()

pwd2

(o]

: displayWelcome ( )

IT_I
|
|
|
|
|




Login User — Basic Flow (Sem

user : User%

loginForm :
UserLoginForm

welcomeForm :
UserWelcomeForm

O

userManager :

UserManager

1 : submitLogin )‘

2 : create ( aUser , aPwd )

antics)

loginInfo

3 : loginUser ( loginInfo )

|
|
|
-l

[pwd1=pwd2] true

4 : allFieldsValid ( )

fieldsvalid

player : O loginInfo :
Player LoginInfo
o
-
-

5 : [fieldsValid] getUserName ( )

aUserName

(@)}

: findPlayer ( aUserName )

player

7 : [player<>null] getPaj/ord ()

pwdl

(o]

: displayWelcome ( )

8. If the user name is existent,
we seek for the password of the user




Login User — Basic Flow (Sem

antics)

user : User%

loginForm :
UserLoginForm

welcomeForm :
UserWelcomeForm

1 : submitLogin )‘

2 : create ( aUser , aPwd )

loginInfo

3 : loginUser ( loginInfo )

7
userManager :\) player : O loginInfo :
UserManager Player LoginInfo
>_
1 T
- 4 : allFieldsvalid ( )
fieldsValid
5 : [fieldsValid] getUserName ( ) —
>_l_
aUserName
6 : findPlayer ( aUserNamE) L
player j/ |
7 : [player<>null] getPassword ( ) \
pwdl

If the stored and the
submitted passwords

are identical

1 [player<>null] getPassvlord ()

pwd2

(o]

: displayWelcome ( )




Login User — Basic Flow (Semantics)

user : User%

O

1 : submitLogin )‘

0

loginForm : welcomeForm : userManager : player : loginInfo :
UserLoginForm UserWelcomeForm UserManager Player LoginInfo
2 : create (aUser , aPwd ) \ \
loginInfo |
3 : logi i
oginUser ( loginInfo ) »L . _ T
4 : allFieldsValid ( )
fieldsValid
5 : [fieldsValid] getUserName ( ) —
>_l_
aUserName
6 : findPlayer ( aUserNamE) L
player j/ |
7 : [player<>null] getPassword ( ) \
pwdl
8
pwd2

[pwd1=pwd2] true

9. The player is sent
to the Welcome Form

L]

|
1 [player<>null] getPassvlord () ]
|
|
|
|
|




Alternate Flows: Login User



Login User — Incorrect Password

user : USGI%

. O O O O
loginForm : welcomeForm : userManager : layer :
UserLoginForm UserWelcomeForm UserManager Player

loginInfo :
LoginInfo

1: submitLogin ( )

2 : create ( aUser|, aPwd )

loginInfo |

3 : loginUser ( IogirpInfo)

4 : allFieldsValid ( )

1

fieldsVvalid

5 : [fieldsValid] getUserName ( )

aUserName

(@)}

: findPlayer ( aUserName )

player
7 : [player<>null] getPassword ( )

pwdl

|
| [player<>null] getPasswoAd ()

[dwd1<>pwd2] false

T

9 : displayLogin ( )‘

T

pwd2 >]
|
|
|
|

'




Login User — Non-Existing User

O

user : Uselﬁ loginForm : welcomeForm :

UserLoginForm UserWelcomeForm

7 [
userManager :\) layer : d
UserManager Player

1 : submitLogin )‘

2 : create ( aUser|, aPwd )

loginInfo :
LoginInfo

loginInfo |

3 : loginUser ( IogirpInfo)

4 : allFieldsValid ( )

i1

fieldsValid |

5 : [fieldsValid] getUserNL:me( )

aUserName |

: findPlayer ( aUserName )‘
player

(@)}

[player=null] false

7

: displayLogin ( )}

o
|
|
|
|
|
|
|
|




Login User — Invalid Login Info

user : Uselﬁ loginForm :
UserLoginForm

O

welcomeForm :
UserWelcomeForm

&

userManager :

UserManager

1 : submitLogin )‘

2 : create ( aUser|, aPwd )

aver :
Player

0

loginInfo :
LoginInfo

loginInfo |

3 : loginUser ( IogirpInfo)

4 : allFieldsValid ( )

fieldsVvalid

[n‘ot fieldsValid] false

5 : displayLogin ( )‘

1
!




Login User:
Implemention in Pseudo Code

class LoginForm {
UserWelcomeForm welcomeForm;
void submitLogin() {

3}

LoginInfo loginInfo =
LoginInfo.create( ... )
UserManager userManager =
new UserManager();
if (userManager.loginUser(loginInfo))
welcomeForm.displayWelcome();
else
this.displayLogin();

class UserManager {
bool loginUser(LoginInfo loginInfo) {

if (loginInfo.allFieldsValid()) {
aUserName =
loginInfo.getUserName();
player = Player.findPlayer(loginInfo);
if (player <> null) {
pwd1 = loginInfo.getPassword();
pwd?2 = player.getPassword();
if (pwdl = pwd?2) return true;
else return false;
} else return false;

} else return false;

1}



Example: Reqister User



Scenario: Register User 1.

User

Kegister User page 15 open

l

Retypes password ]

[Tw:uea LISEl Mame HW' 25 password J

System

{

Checls if user name
i5 non-existing

]




Scenario: Register User .

User H

System

Checl:s if user name

[F:etﬁ_.q:uea password ]

J
.

I5 non-existing

[Lser name is in use]

Redirect to

Checl: if two passworcls _
Fegister Lser page

are iclentical

arant]
Failed Regigtration

[the two passwords ares

Successful

1 registration

Creates new user profile - .
-.)l -




Register User — Basic Flow

O

user : Uself regForm : User
RegistrationForm

loginForm :
UserLoginForm

0

userManager :® player :

reglnfo :
UserManager Player RegistrationInfo

ReaINarhe , aBirth )

reglnfo |

3 : validate ( rengfo)

[fieldsValid ar‘d aPlayer=null] true

4 : allFieldsValid ( )

il

fieldsvalid |

\
b 1 [fieldsValid] geFUserName( )

aUserName ;

: findPlayer ( aUserName )
P>
aPlayer

(@)

7 : registerUser (

player

ntegInfo )
|
|
\

O

: displayLogin ( )

|
# : submitRegistration‘( ) 2: create ( aUer ,aPwd, rePwd, a
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

8 : create ( regInfo )
layer ﬂ

|

|

|

|




Register User — Existing User

user : USGI%

O

regForm : User
RegistrationForm

loginForm :
UserLoginForm

userManager :

O

UserManager

layer :

Player

0

reglnfo :
RegistrationInfo

RealName , aBirth )

reglnfo

o

3 : validate ( reglnfo )

[aPlayer<>null] false

4 : allFieldsValid ( )

A 4
—_—

fieldsvalid

\
b 1 [fieldsValid] geFUserName( )

aUserName

(@)

: findPlayer ( aUserName )

aPlayer

|

1: submitRegistration‘( ) 2: create (aUser , aPwd, rePwd , a
|

|

|

|

|

|

|

|

|

|

|

|

7 : displayRegistration ( )
|

|

-
|
|
|
|
|
|
|
|




Register User — Invalid Fields

w’%

O

regForm : User
RegistrationForm

loginForm :
UserLoginForm

userManager :

O

UserManager

0

reglnfo :
RegistrationInfo

RealName , aBirth )

reglnfo

3 : validate ( reglnfo )

[not fieldsValid] false

fieldsvalid

|

1: submitRegistration‘( ) 2: create (aUser , aPwd, rePwd , a
|

|

|

|

|

|

|

|

|

|

|

|

5 : displayRegistration ( )
|

|

|
|
|
|
4 : allFieldsValid ( )
|
\
|
|
|
|
|
|
|
|
|
|
|
|




What Is wrong?
(Antipatterns)



What Is wrong? Register User

= S 2
user : Uself regForm : User%Q loginForm : userManager :® player : Q regInfo :
RegistrationForm UserLoginForm UserManager Player RegistrationInfo

| | |
ReaINarhe , aBirth ) ‘ ‘ ‘
| |

reglnfo | >
3 : validate ( rengfo ) ‘

-l

| 4 : allFieldsValid ( )
‘ fieldsvalid |

!
‘ b : [fieldsValid] geFUserName( )
aUserName

| g : findPlayer ( aHs rName )

aPlayer
1]
|
|
|
|

[fieldsValid ar‘d aPlayer=null] true

| T
|
|
|
|
|

7 : create ( rggInfo )
|

player

\
!
: displayLogin ( ) ‘

[@'a)

|
1: submitRegistrati»oE_( ) 2: create ( aUer ,aPwd , rePwd , a
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

B



What iIs w

user : USGI%

regForm : User
RegistrationForm

loginForm :
UserLoginForm

rong? Register User

O

-
userManager :® player : Q regInfo :
UserManager Player RegistrationInfo

ReaINarhe , aBirth )

reglnfo | | >
3 : validate ( rengfo ) ‘
| 4: aI.IFieIdsV'aIid () »J_
‘ fieldsvalid |
|
‘ b : [fieldsValid] getUserName (' )
‘ aUserName ;
|
| b ; Iiilr&:d:Irayer ( aus rName ) T
[fieldsValid and aPlayer=null] true Y
| 1

7 : create ( r¢gInfo )

|
player

[@'a)

: displayLogin ( )

|
1: submitRegistrati»oE_( ) 2: create ( aUer , aPwd , rePwd , a |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

L

| |
Entity Class Is accessed

directly from a Boundary class!




What Is WrongL;? Register L@Jser

O

user : USEIX regForm : User loginForm : userManager : layer : reglnfo :
RegistrationForm UserLoginForm UserManager Player RegistrationInfo

| |
ReaINarhe , aBirth ) \ ‘ ‘
| |

reglnfo |
3 : validate ( rengfo) ‘

| 4 : allFieldsvalid ( )

‘ fieldsvalid |
\
b 1 [fieldsValid] getUserName
‘ I K. F () >
‘ aUserName |
|
q:fi
‘ indPlayer ( a&s rName ) T
aPlayer

[fieldsValid ar‘d aPlayer=null] true

| T

|

|

7 : registerUser ( ntegInfo) ‘ . create ( regInfo ) ‘
‘ layer ﬂ ‘

| |

|

|

|

\

|
player ‘
|
|

oo

<¢
9 : displayLogin (

|
1: submitRegistration‘( ) 2: create ( aUer ,aPwd , rePwd , a |
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|




What Is wrong? Register User

user : Uselx regForm : User%O loginForm : userManager : player : O reglnfo :
RegistrationForm UserLoginForm UserManager Player RegistrationInfo

|
RealNaane , aBirth ) ‘ ‘
|

reglnfo | |
3 : validate ( rengfo) ‘

| 4 : allFieldsValid ( )

‘ fieldsvalid |
\
b 1 [fieldsValid] getUserName
‘ I K. F () >
‘ aUserName |
|
‘ g : findPlayer ( aHs rName ) T
aPlayer

[fieldsValid ar‘d aPlayer=null] true

| T

7 : registerUser ( lLegInfo ) ‘ ‘
|
|
|

|

|

: create ( regInfo ) ‘
layer >D

|

|

oo

<
O : displaylLogin ( ‘

player ‘

|
# ; submitRegistration‘( ) 2: create ( aUer ,aPwd, rePwd , a ‘ ‘
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I




What Is wrong? Register User

user : Uselx regForm : User%O loginForm : userManager : player : d reglnfo :
RegistrationForm UserLoginForm UserManager Player RegistrationInfo

|
ReaINarbe , aBirth ) ‘ ‘
|

reglnfo | |
3 : validate ( rengfo ) ‘

| 4 : allFieldsValid ( )

‘ fieldsvalid |
\
b : [fieldsValid] getUserName
‘ b [ 1g F () >I
‘ aUserName |
\
‘ g : findPlayer ( aHs rName ) T
aPlayer

[fieldsValid and aPlayer=null] true

| T

7 : registerUser ( lLegInfo ) ‘ ‘
|
|
|

|

|

: create ( regInfo ) ‘
layer >D

|

|

oo

<
O : displaylLogin ( ‘

|
# ; submitRegistration‘( ) 2: create ( aUer ,aPwd, rePwd , a ‘ ‘
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

player ‘




Is this wrong? Login User

user : User%

|
1 : submitLogin ( )

loginForm : welcomeForm : userManager : player : loginInfo :
UserLoginForm UserWelcomeForm UserManager Player LoginInfo
2 : create (aUser , aPwd ) ‘
loginInfo | |
3 :isvalid () | | o
valid ! !
| |
4 : [valid] loginU loginInf |
[valid] loginUser ( loginInfo ) 5 : getUserName ( ) ‘
aUserName
6 : getPassword () | T
pwdl |
\

[pwd1l=pwd2]

N

: findPlayer ( aUserName )

player

{ [player<>null] getPassword

pwd2

(o]

: displayWelcome ( )

()




Is this wrong? Login User

user : User%

|
1 : submitLogin ( )

loginForm : welcomeForm : userManager : player : loginInfo :
UserLoginForm UserWelcomeForm UserManager Player LoginInfo
2 : create (aUser , aPwd ) ‘
loginInfo | |
\ \ [
3 :isvalid () | |
valid ! !
| |
4 : [valid] loginU loginInf |
[valid] loginUser ( loginInfo ) 5 : getUserName ( ) ‘
aUserName
6 : getPassword () | T
pwdl |
\

[pwd1l=pwd2]

N

: findPlayer ( aUserName )

player

{ [player<>null] getPassword

pwd2

(o]

: displayWelcome ( )

()




Is this wrong? Login User

user : User%

|
1 : submitLogin ( )

@
loginForm : welcomeForm : userManager :O player : Q loginInfo :
UserLoginForm UserWelcomeForm UserManager Player LoginInfo
2 : create (aUser , aPwd ) ‘
loginInfo | |
\ \ (|
3 :isvalid () | |
valid ! !
4 : [valid] loginUser ( loginInfo ) 5 : getUserName ( ) ‘
aUserName
6 : getPassword () | s
pwdl |
\

[pwd1l=pwd2]

N

: findPlayer ( aUserName )

player

{ [player<>null] getPassword

pwd2

(o]

: displayWelcome ( )

()




Is this wrong? Login User

r% . © © O 0 .
user : Use loginForm : welcomeForm : userManager : player : loginInfo :

|
1 : submitLogin ( )

2 : create (aUser , aPwd )

UserLoginForm UserWelcomeForm UserManager Player LoginInfo
|
|
|
\
3 :isvalid () |
\

|
|
loginInfo i
i
\
!

valid

4 : [valid] loginUser ( loginInfo ) 5 : getUserName ( ) \

aUserName

pwdl

N

: findPlayer ( aUserName )
player

8 1 [player<>null] getPassword ( )
pwd2

\

| T
|
|
|
|

[pwd1l=pwd2]

|
|
|
|
|
|
6 : getPassword ( ) \ S
|
|
|
|
|
|

(o]

: displayWelcome ( )




Implementing Interactions
(Preview)



Login User — Basic Flow

user : User% loginForm :

‘ UserLoginForm

welcomeForm :
UserWelcomeForm

userManager :

UserManager

1 : submitLogin )‘

‘ 2 : create ( aUser , aPwd )

loginInfo

3 : loginUser ( loginInfo )

|
|
|
-l

[pwd1=pwd2] true

7
© player : O loginInfo :
Player LoginInfo
i
-
4 : allFieldsVvalid ( )
fieldsValid
5 : [fieldsValid] getUserName ( ) >l
aUserName

N

: findPlayer ( aUserName )

player

P>
7 : [player<>null] getPaj/ord ()

pwdl

1 [player<>null] getPassvlord ()

pwd2

(o]

: displayWelcome ( )




Login User:
Implemention in (Pseudo) Java

class LoginForm {
UserWelcomeForm welcomeForm;
void submitLogin() {

3}

LoginInfo loginInfo =
LoginInfo.create( ... )
UserManager userManager =
new UserManager();
if (userManager.loginUser(loginInfo))
welcomeForm.displayWelcome();
else
this.displayLogin();

class UserManager {
bool loginUser(LoginInfo loginInfo) {

if (loginInfo.allFieldsValid()) {
aUserName =
loginInfo.getUserName();
player = Player.findPlayer(loginInfo);
if (player = null) {
pwd1 = loginInfo.getPassword();
pwd?2 = player.getPassword();
if (pwdl == pwd2) return true;
else return false;
} else return false;

} else return false;

1}



Login User:
Implemention in (Pseudo) Java

class LoginForm { class UserManager {
UserWelcomeForm welcomeForm; bool loginUser(LoginInfo loginInfo) {
void submitLogin() { if (loginInfo.allFieldsValid()) {
LoginInfo loginInfo = aUserName =
LoginInfo.create( ... ): loginInfo.getUserName();
UserManager userManager = player = Player.findPlayer(loginInfo);
new UserManager(): if (player = null) {
if (userManager.loginUser(loginInfo)) pwdl = loginInfo.getPassword();
welcomeForm.displayWelcome(); pwd2 player.getPassword();
else wd2) return true;

this.displayLogin();

)




Login User:
Implemention with Exceptions

class LoginForm {
UserWelcomeForm welcomeForm;
void submitLogin() {
LoginInfo loginInfo =
LoginInfo.create( ... )
UserManager userManager =

try {

userManager.loginUser(loginInfo);

welcomeForm.displayWelcome();
} catch (LoginException e) {

this.displayLogin(e.getMessage());

1}

class UserManager {

bool loginUser(LoginInfo loginInfo)
throws LoginException {

if (loginInfo.allFieldsValid()) {

aUserName =

loginInfo.getUserName();

player = Player.findPlayer(loginInfo);

if (player != null) {
pwd1 = loginInfo.getPassword();
pwd?2 = player.getPassword();
if (pwdl == pwd2) return true;
else throw new LoginException
Invalid password");

} else throw new LoginException("
Non-existing user name");

} else throw new LoginException("
Invalid field");

3}




Login User:
Implemention with Exceptions

class LoginForm {
UserWelcomeForm welcomeForm;
void submitLogin() {
LoginInfo loginInfo =
LoginInfo.create( ... )
UserManager userManager =

try {

userManager.loginUser(loginInfo);

welcomeForm.displayWelcome();
} catch (LoginException e) {

this.displayLogin(e.getMessage());

}}

Question:
How to model exceptions in
sequence diagrams?

class UserManager {

bool loginUser(LoginInfo loginInfo)
throws LoginException {

if (loginInfo.allFieldsValid()) {

aUserName =

loginInfo.getUserName();

player = Player.findPlayer(loginInfo);

if (player != null) {
pwd1 = loginInfo.getPassword();
pwd?2 = player.getPassword();
if (pwdl == pwd2) return true;
else throw new LoginException
Invalid password");

} else throw new LoginException("
Non-existing user name");

} else throw new LoginException("
Invalid field");

3}




Login User with Exception

10 : displayLogin ( )

user : Use loginForm : welcomeForm : userManager : player : loginInfo :
‘ UserLoginForm UserWelcomeForm UserManager Player LoginInfo
1 : submitLogin L) ‘ ‘
2 : create (aUser , aPwd ) \ \
| . >
loginInfo |
‘ 3 : loginUser ( loginInfo ) T
‘ 4 : allFieldsValid ( )
| fieldsValid
‘ 5 : [fieldsValid] getUserName ( ) L
‘ aUserName
‘ 6 : findPlayer ( aUserName ) L]
‘ player ‘
\ 7 : [player<>null] getPassword ( ) ‘
‘ pwdl ’
‘ R :| [player<>null] getPasvaord( )
‘ 9 : [pwd1<>pwd2] LoginException ( ) pwd2 ] ‘
|




UML 2.0 Sequence Diagrams



Problems of Sequence Diagrams



Problems of Sequence Diagrams

 Problems: How to define
— potential behavior?
— mandatory behavior?
— negative (forbidden) behavior?
— Iterations?
— refinement?
— Incremental development?

« —» UML 2.0 Sequence Diagrams



Basic Notions

 Event:
— Sending a message
— Receliving a message

 The sender and the receiver are independent in
general, but

— Send before receive: The sending of an event should
precede the receiving of the same message

— Swimlane is ordered:
Ordering of messages on a swimlane: if a message Is
higher than another then it precedes the other
e Trace: a seguence of events respecting the

precedence relation (a run of the system)



Alternative and Optional Fragment

Enter Championship - Basic Flow

3

user:Player

enterForm:PlayerEnt. ..

charmpManager:Cha...

charnp:Championship

1: subrmitEnter

el

1.1: enterChampionship ..J_

1.1.1; getMaxParticipants

E— |
alt i
[participants.sigd<maxParticipant ] 1 addPlayer
- —
2 getParticipants |
PR ——
apt
[newParticipankd, size=rmaxParticipants]

1: displayEnter




Loop (List Participants)

View Participants - Basic Flow

Lser:lser
i

viewFormm: LseryiewPar, ..

charnpManager:Cha...

charnp: Charmpionship

plaver:Player

1: displayFormm

1.1: viewParticipants .,J_

areturns

1.1.1; getParticipants |

ar LI
- 1.1.2: getParticipants

loop

1: getllzertHarme

[3,*]

retLrn

2 getllzertame

aretLrm
1.2 viewParticipants

2: displayForrn
i_




Break Fragment

Enter Championship - Basic Flow

Liser:Plaver

1: submitEnter

enterForm:PlayerEnt. .

charmpManager:Cha...

champ:Championship

2
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

w11 enterChampionship ..L

1.1.1; getMa}{Participanti’\]

1.1.3: getParticipants

q —_—
break]
[participants size = =maxParticipant ]
1: displayEnter
q —_—

opt

[newParticipanty. size =rnaxPatticipant ]

: startCharnpionship




Parallel Fragment

Voters - Basic Flow

| Lser:User | | redManager:RedundancyManager | | variant1:variant || variant2:ariant || votervoter |

1! calculateTermnp

|
|
par 1; calculateTemp |
) L Q I -
| |
T 11T T T Tcacusterdme

b ————— |L___ﬂ

.

1. 1L sendResults

|

|

|

|

|

|

|

|

| |
|

|

|
’_:

|
|
|
| |
alt | |
[resultl=resultZ] 1# votedyes |
1.1: sendResult
ﬁ rT | |
l | |
I | N P B
=S | 1|: yiotedMo |
| < | |
| | |
| 1.1, startDiagnostics | |
| | |




=4 Voters - Alternative Flow n

Liser:LIser

Interaction Occurrence

redManager:RedundancyManager ° GOaI reuse Of eX|St|ng

1: calculateTemp

-

sequence diagrams
 Two types:

ref

Wioters - Basic Flow

— Between messages

— Called by messages

1.1: sendResult

)

|

(gates)

e Parameters of
Interactions

— parameter passing



Other Interactions

e Assert: e Weak sequencing
— The selected interaction — Specifies the normal weak
must occur in the way sequencing rules are in
iIndicated force in the fragment.
* Neg: e Strict sequencing
— The interaction is invalid; — Specifies that the
It must not occur messages in the
. Region: Interaction fragment are

fully ordered

— Only a single execution
trace is consistent with the
fragment.

— Critical region, no other
messages can interleave



Semantics of Interactions |I.

sd S ) L1 L2
o ox
I I
| |
e 2 events
— Sending x in L1 I X
— Receiving x in L2 ?X
e Trace set:

— {<I'x, ?x>}



Semantics of Interactions Il.

sd W )

L1

VYo

!
I
|
|
|
I y
!
I

 Weak sequencing: <! x, ?x>seq <!y, ?y>
— preserves the order within the operands: ! x, ?x
— different swimlanes: events in arbitrary order

— same swimlane:
first the events of operand 1, then events of operand 2

« Trace set: {<! x, ?2x, 'y, ?2y>, <! x, ly, ?2x, ?y>}



Semantics of Interactions Ill.

sd W )

L1

VYo

!
I
|
|
|
I y
!
I

e Strict sequencing: <! x, ?x>strict <ly, ?y>
— preserves the order within the operands: ! x, ?x

— same swimlane:
first the events of operand 1, then events of operand 2

— different swimlanes: events are also ordered
 Trace set: {<! x, ?x, ly, ?y>}



Semantics of Interactions Ill.

sd 10 }

L1

L2

ref) | S

| y

=

* Interaction occurrence: Sseq <!y, ?y>
— shortcut: equivalent with the content of S

e Trace set:
Sseq<ly, ?y>

<Ix, ?x>seq<ly, ?y>
{<I'x, ?x,ly, ?2y> <Ix, ly, ?x, ?y>}



Semantics of Interactions V.

sd A )

L1 L2

alt X

AV V.

o Alternative fragments: P alt Q

— Union of the behavior of P and Q
e Trace set:

<I'x,?x>alt <ly, ?y> =

{<!'x, ?2x>, <ly, ?y>}



Semantics of Interactions V.

sd P )

L1 L2

par X

LNV

« Parallel fragments: P par Q

— an arbitrary interleaving of the behavior of P and Q
observing from a global viewpoint

e Trace halmaz: <! x, ?2x>par <!y, ?2y> = {
<I'x, ?X,ly, ?2y> <Ix,ly, ?x,?2y>, <l x,ly, ?y, ?x>,
<ly,?y,!x, ?2x> <y, Ix, 2y, 2x>, <!y, I x, ?2x, ?2y> }



Semantics of Interactions VI.

sd [OD ) e Interaction overview
I diagram:
ref | g |OD = S seq (1O par

W seq (IOalt W

ref J 1O ref | W
ref l O ref ] W

T




Next Lecture: OCL Constraints

 How to capture class invariants?

 How to capture pre- and postconditions of
operations?

 How to capture guards?



