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Use Case Diagrams

system name = Telephone Catalog

A use case is a generic
description of an entire |
transaction involving e
several actors. actor-use case

communication

actor

—

/

Salesperson

X

Shipping Clerk

A use case diagram
presents a set of use
cases (ellipses) and the
external actors that
interact with the system.

Dependencies and use case name
associations between

USde Catsgs may be system boundary Supervisor
Inaicated.

Figure 5-1. Use case diagram

/AN

Customer

. establish
credit

h\—\_\_q___\_\-‘




Use case diagrams are very basic. They only show (1) what 1s the
name of a use case; (11) which actors participate in each use case;

and (111) any relationships between use cases (for example,
generalization).




Using Use Case Diagrams

> “A use case Is a snapshot of one aspect of your system.
The sum of all use cases is the external picture of your
system ...”
— UML Distilled

> “As use cases appear, assess their impact on the domain
model.”

—Use cases can drive domain modeling by highlighting the important
concepts.
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Scenarios

A scenario is an instance of a use case showing a typical
example of its execution.

Scenarios can be presented in UML using either sequence
diagrams or collaboration diagrams.

Note that a scenario only describes an example of a use
case, so conditionality cannot be expressed!



Sequence diagrams and collaboration diagrams are more or less
equivalent 1n expressive power (you can translate one to the
other), but they emphasize very different aspects, as we shall see.




Sequence Diagrams

outside actor

A sequence diagram i active object
depicts a scenario by
showing the interactions || insertCard (customen)
among a set of objects pickDate (date)
in tempora/ Order‘ - offer (seatChoice) B

select (seats)
Objects (not classes!) | mesase
are shown as vertical charge (customer,
bars. Events or amountl
message dispatches ___authorize
are shown as horizontal _ oK
(or slanted) arrows from print (order)
the sender to the - v - -
reCelver lifeline (active)

Figure 8-1. Sequence diagram



Sequence diagrams show a sequence of events in temporal order,
from top to bottom. Each participating actor 1s given a timeline
(shown as a fat line when 1t 1s active). The top of each timeline shows
the object involved. Events are interactions between objects shown as
arrows annotated with the kind of interaction (event or message).

Read the diagram from top to bottom: A customer inserts a card into a
Kiosk machine, picks a date, obtains an offer for a choice of seats,
and selects a seat. The Kiosk then submits an order to a Server,
which charges a CreditService. The charge 1s authorized, the
Server returns the ok to the Kiosk, which prints the ticket for the
customer.

Note that a scenario always expresses a concrete sequence of events
without any conditionality. To express, for example, what happens 1f
the credit charge 1s not authorized we would need a separate scenario.




Activations

Avoid returns
In sequence
diagrams
unless they
add clarity.

T

an anortymous caller

; ; creation object | :TicketDB
— |
create() — | '
- - .
rder lifeline |
| |
| |
message |
reserve (date,count) |
o
debit (cost)
o
activation ibonus (date,count)
recursive call
_____ —=
=
= — — — — —
L I
return |
|
- .
X destruction

Figure 8-2. Sequence diagram with activations




In this sequence diagram we see several new features:

* The Order object does not exist at the start of the scenario but
1s created by the caller. It 1s also destroyed at the end.

* The TicketDB and the Account objects are only active when
processing a message (timelines fat during processing).

* The interactions are not asynchronous messages but operation
invocations (methods) which return results (dashed arrows).
Note the different styles of arrows used.




Asynchrony and Constraints

] active
caller exchange receiver |
objects

N lift receiver
constraints a —
messagse
{b-a<1sec} dial tone
b
{c-b<10sec} dial digit
C
comment
The call is d
routed through JOUEE
the network. d’ message with duration
(d' - d< 5 sec) - ringing tone phone rings -
answer phone
At this point, oo
the parties - stop tone stop ringing
can talk. a || |

Figure 13-161. Sequence diagram with asynchronous control



In this scenario we also see timing constraints between
asynchronous events. The dial tone must start within 1 second of
the telephone receiver being lifted, and so on.

We also see an event with a duration (from d to d').




Exercise: turn this into a UML sequence diagram

Every committee 1s created at a Faculty meeting,
where 1ts members and the Chair are proposed
and approved. The Chair makes a request to the
Faculty secretary to schedule a meeting. All
members are contacted and asked to fill out a
“doodle” of possible dates. The secretary picks a
date available to the Chair and a maximum of
members. The secretary books a meeting room
and informs all committee members of the
selected time and location.

12



Exercise: turn this into a UML sequence diagram ...

Be sure to describe just a single straight-line scenario, without
any conditional flow.

Ask yourself, “what are the participating objects?”, “what events
occur?”, “what 1s the flow of events?”
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Collaboration Diagrams

Collaboration diagrams (called Communication diagrams in UML
2.0) depict scenarios as flows of messages between objects:

T request(order,customer) —pm

message flow
requestor

‘OrderTaker

2: cost:=reserve(order) —mm

classifier role

—

p— N

tickets
association role

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

\

sequence num ber

credity ==

: CreditBureau

‘TicketDB

one-way havigation

Figure 8-3. Collaboration diagram




Communication diagrams show essentially the same information
as sequence diagrams (a scenario of events between interaction
objects), but display that information 1n a fundamentally different
way that emphasizes relationships between object rather than
time. The sequence of events 1s indicated by numbering the
messages. That way two dimensions (rather than just one) are
available to lay out the objects, but time 1s harder to grasp.




Message Labels

Messages from one object to another are labelled with text
strings showing the direction of message flow and
iInformation indicating the message sequence.

1. Prior messages from other threads (e.g. “[A1.3, B6.7.1])
- only needed with concurrent flow of control

2. Dot-separated list of sequencing elements

- sequencing integer (e.g., “3.1.2” is invoked by “3.1” and follows
‘3.1.17)

- letter indicating concurrent threads (e.g., “1.2a” and “1.2b”)
- iteration indicator (e.q., “1.1%[i=1..n]’)
- conditional indicator (e.g., “2.3 [#items = 0]”)
. Return value binding (e.g., “status :=")
4. Message name
- event or operation name

5. Argument list

W



Nested Message Flows

operation being described

assoclation

i redisplay() —u=

:Controller

window

Invoker of operation

self-link for recursive calls

== ‘Window

«parameter»window"" link

+ 1: displayPositions(window)

1.1.2: create(rO,r1) —w=

+ 1.1*[i:=1..n]: drawSegment(i) C

/P «self»

Creation
$ 1.1.3.1: link(self)

W contents {new}

=| :Line {new}

Iteration specifier

wire i _ _

1.1.3: display(window) —
wire: Wire docal»line
i-1 i local variable

message flow * 1.1.7a: 10 := position()

/ left: Bead

sequence number

+1 1.1b: r1:=position()

concurrent thread name

right: Bead \ \

retumn  operation
value

object
Created
during
operation

Figure 13-51. Collaboration diagram with message flows



In this scenario a user requests a redisplay of a graphical “Wire”

made up of Line objects. The Controller asks the wire to to
display 1tself (1) on the window, passed as a parameter. Each line
segment 1s 1teratively displayed (1.1*) by obtaining the left and
right “bead” of each wire segment (1.1.1a and 1.1.1b). For each
segment a Line 1s created (1.1.2) and displayed (1.1.3) by
“linking” 1tself to the window (1.1.3.1).
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Activity Diagrams

An activity diagram
models the control flow
(i.e., execution states) of
a computation or workflow

In other words: an
object-oriented flowchart

BoxOffice::ProcessOrder

— [ setup
o — \  order

guard condition
g’\ [single order]
branch

[subscription]

activity state

assign
seats

synch bar (fork)

assign ) charge
g‘ggads credit card
-
concurrent threads

debit \
account

\V/ synch bar (join)

<= alternative threads ——

y

merge (unbranch) <

mail
packet

18

Figure 7-1. Activity diagram



An activity diagram 1s similar to an old-fashioned flowchart,
except that 1t can model concurrency, which flowcharts do not.

https://en.wikipedia.org/wiki/Activity diagram




Swimlanes and object flows

Customer Sales Stockroom

Activity diagrams can
i express collaboration.

Swimlanes group
T Paceal activities by
~\_§ Order responsibilities.
[Entered]
\
Pay Fileal < |~ Object flows depict
</ B objects that are the
Ordgr - —|— {DeliverOrder) OUtPUtS Or InPUtS Of
m"'"”{""‘“ activities.
<Collect0rder>

Figure 7-2. Swimlanes and object flows



Activity diagrams depict collaboration between objects places
into separate “swim lanes”. The resulting diagrams can express
coordination similar to the way that Petr1 nets do.

The horizontal bars 1n the example resemble “transitions” 1n Petri
net that wait for all inputs to be available before being triggered,
and may produce multiple outputs. In the example, a service
request triggers both payment and order placement activities.
Both payment must be received and the order must be filled
before the order can be delivered.

See also:
https://en.wikipedia.org/wiki/Petri_net
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Statechart Diagrams

assign to subscription

initial state
/ timed out state

{Available\f/ ok f locked | Sold ]
JRE unlock j J

k transition /

exchange

trigger event

Figure 3-5. Statechart diagram



Statecharts were introduced by David Harel in 1987 as a more
compact visual formalism for representing state diagrams (finite
state machines). They have been subsequently incorporated into

the UML.

This particular statechart 1s 1dentical to its equivalent state
diagram. There are three states — Available, Locked and Sold —

with transitions between them.
https://en.wikipedia.org/wiki/State diagram#Harel statechart




Statechart Diagram Notation

A Statechart Diagram describes the temporal evolution of an
object of a given class in response to interactions with other
objects inside or outside the system.

An event is a one-way (asynchronous) communication from
one object to another:

—atomic (non-interruptible)

—Iincludes events from hardware and real-world objects e.g.,
message receipt, input event, elapsed time, ...

—notation: eventName(parameter: type, ...)
—may cause object to make a transition between states



Statechart Diagram Notation ...

A state is a period of time during which an object is
waiting for an event to occur:
—depicted as rounded box with (up to) three sections:
- name — optional
- state variables — name: type = value (valid only for that state)
- triggered operations — internal transitions and ongoing operations

—may be nested




State Box with Regions

The entry event occurs whenever a transition is made into this state,
and the exit operation is triggered when a transition is made out of this
state.

The help and character events cause internal transitions with no
change of state, so the entry and exit operations are not performed.

- ~
state name Enter Password

— entry / set echo to star; password.reset()
___ exit / set echo normal

— digit / handle character

internal transitions clear / password.reset()

___ help / display help

entry and exit actions

Figure 6-4. Internal transitions, and entry and exit actions



Transitions

A transition is an response to an external event received by

an object in a given state

—May invoke an operation, and cause the object to change state
—May send an event to an external object

—Transition syntax (each part is optional):

event(arguments) [condition]
/ Marget.sendEvent operation(arguments)

—External transitions label arcs between states
—Internal transitions are part of the triggered operations of a state




Operations and Activities

An operation is an atomic action invoked by a transition
— Entry and exit operations can be associated with states

An activity is an ongoing operation that takes place while
object is in a given state
—Modelled as “internal transitions” labelled with the pseudo-event do



Roadmap

vV V V V V

Use Case Diagrams
Sequence Diagrams
Collaboration (Communication) Diagrams
Activity Diagrams

Statechart Diagrams

—Nested statecharts
—Concurrent substates

Using UML




Nested Statecharts

Active

( Timeout w

Ldo/ play messageJ

after (15 sec.)

after (15 sec.)

(

DialTone

\
dial digit(n)

lift

Ldo/ play dial tonej

—
dial digit(n)[invalid]

receiver
/get dial tone

(1ae)

I

caller
hangs up
/disconnect

callee
answers

| Talking |*‘~'C

-

v

| Pinned |

i

dial digit(n)
[incomplete]

Invalid _ /connect
Ldo/ play messageJ (Connecting]
busy connected
( Busy w -

callee

hangs up

do/ play busy
tone

v

dial digit(n)[valid]

Ringing

callee answers
/enable speech

\do/ play ringing ton

e

W
)

Figure 13-169. State diagram



Here we see the advantage of nested statecharts over traditional
state diagrams. In a conventional state diagram we would require
a transition from each substate 1n the Active region back to Idle in
case the caller hangs up. Here we only need to indicate that
transitions once from the top-level Active state to Idle.

Within the Active region we enter the 1nitial substate DialTone.

Note the distinction between ongoing activities within a state
(such a do/play dial tone) and atomic operations associated with
transitions (such as dial digit(n)).

Also note that the statechart stays in the terminal substates /nvalid
or Busy until the caller hangs up.




Composite States

Composite states
may depicted either
as high-level or low-
level views.

“‘Stubbed transitions”
iIndicate the presence
of internal states:

Initial and terminal
substates are shown
as black spots and
“bulls-eyes”

(A=
ﬁ\*ﬁ

may be abstracted as

o [ ow
@ = ,?{c)
}\ j\m

Figure 13-172. Stubbed transition




Sending Events between Objects

VCR toggle Power

toggle Power

: S > ~ This signal turns the VCR off or on,
Each signal Is directed to a specific object. toggle Power/r\ deper?dicng on its current state.

Remote Control Pp— “power” button
VR m /send VCR.togglePower
Controlling Controlling] ~ Ms1s3
TV VCR text syntax.
V" You don't
U need both
“power” button text ﬂjd
' /send television.togglePower grapnic.
| togglePower This signal turns the TV off or on,
W depending on Its current state.
Television

toggle Power

toggle Power

i - . Sending signals between objects
Figure 13-160. Sending signals bet bject




In this example the RemoteControl statechart controls either the
VCR or the Television.

There are two separate ways to specify the interaction (both are
shown 1n the example, but only one 1s needed).

Either we specify an “send event” operation as party of a
transition (e.g., send television.togglePower), or we connect the
transition to the other statechart with a dashed arrow labeled by
the event that 1s signaled (fogglePower).
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Concurrent Substates

4

Taking Class \

concurrent composite state

Incomplete Y
lab

" lab done 4 done
» — Lab1) }k Lab2
""""""""""""""" ——{(pased )
—

project done | normal
@ ;;.[ PTermt W = @ final state of completion
rojec J one thread transition
Final w pass _ =1 concurrent thread
._}[ Test ®

fail \
. =
abnormal exit /

Figure 6-6. State machine with concurrent composite state



In

addition to nested substates, concurrent substates can also

greatly reduce the complexity of state diagrams. When entering a

SUu

sul
W]

bstate with multiple concurrent substates, we enter each
bchart simultaneously.

nen we start to take a class, we concurrently enter three parallel

statecharts, one for the Lab, another for the Term Project and one
for the Final Test. We leave these subcharts only when they all
reach their final state (the bullseye), or an event occurs to
abnormally leave all three (fail).

Expressing this behaviour with a traditional state diagram would
require us to draw a state machine with one state for each possible
combination of substates.




Branching and Merging

Entering concurrent states:

Entering a state with concurrent substates means that each of the
substates is entered concurrently (one logical thread per substate).

Leaving concurrent states:
A labelled transition out of any of the substates terminates all of the
substates.

An unlabelled transition out of the overall state waits for all substates to
terminate.



‘Completing a Course

!

l
|
|
|
|
| Not Up to 14 daysy
: Registered /.  ~ ____-1 before exam
[ Doing ] 7 N~ T === \‘
Exercises ' regisfer ~ \
" complet | (ePub) request \
complete : Abmeldung «Nachpriafung» |
exercises ! !
! [ Registered ) don't [ Failed /!
Completed | for Exam | show up 1st Exam ,'
Exercises | | / /\
| show up request
Adjust final : . request
«Wiederhol »
grade | \l/ fail iederholung «Nachprafung»
| Take < < Abmeldung
| Scheduled Within 3 we&%
insufficient : Exam email Dozent .
exercises : 4{ ?GQI;Stered }
' or Repeat timeout
| pass [Take Repeat ]é— show up Exam
|
Exam I
timeout ! >
| ~~ don't show up
| pass :
: fail
q / ~. J
/ vV & V
Passed Failed
( Incomplete ) [ Course ] Course ]

Is it correct? —



I prepared this real example some years ago in an effort to
understand whether the regulations governing exams in the
Computer Science Institute at the University of Bern were
complete and consistent. The point 1s not so much whether the
diagram correctly interprets the regulations, but that 1t serves as a
basis for discussion and analysis.




Exercise: turn this into a UML statechart ...

Committees may be formed for a fixed duration
(e.g., hiring a professor) or for an indeterminate
duration (e.g., finances). A committee 1s first
proposed, and then approved by the Faculty who
names its members. If a member or a chair retires
from a committee, the faculty should name its
replacements. Once a committee 1s formed, it may
meet at regular or irregular intervals. Once a
committee has fulfilled its task it 1s dissolved and
any decisions or reports are archived.

35



Exercise: turn this into a UML statechart ...

What are the entities for which we want to capture states? What

are these states? What events trigger the transitions between
states? Are there nested states?
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Perspectives

Three perspectives in drawing UML diagrams:

1. Conceptual

—Represent domain concepts
- Ignore software issues

2. Specification

—Focus on visible interfaces and behaviour
— Ignore internal implementation

3. Implementation

—Document implementation choices

- Most common, but least useful perspective(!)
— UML Distilled



Using the Notations

The diagrams introduced here complement class and object diagrams.

During Analysis:
—Use case, sequence and collaboration diagrams document use cases and their
scenarios during requirements specification

During Design:
—Sequence and collaboration diagrams can be used to document
Implementation scenarios or refine use case scenarios

—State diagrams document internal behaviour of classes and must be validated
against the specified use cases



What you should know!

> What is the purpose of a use case diagram?
> Why do scenarios depict objects but not classes?
> How can timing constraints be expressed in scenarios?

> How do you specify and interpret message labels in a
scenario?

> How do you use nested state diagrams to model object
behaviour?

> What is the difference between “external”’ and “internal”
transitions?

> How can you model interaction between state diagrams
for several classes?



Can you answer the following questions?

> Can a sequence diagram always be translated to an
collaboration diagram?

> Qr vice versa®?

> Why are arrows depicted with the message labels rather
than with links?

> When should you use concurrent substates?
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