
Modeling with UML� UML = Uni�ed Modeling Language� semi-formal standard diagramati
 notation� ea
h diagram supports one or more development phases{ analysis,{ design, and{ implementation� ea
h diagram 
ombines several fundamental te
hniques� ea
h fundamental te
hnique o�ers a parti
ular view of the system{ data / fun
tions{ dynami
 / user interfa
e
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Overview Fundamental Te
hniques

Data
* ER diagrams
* data dictionary
* Jackson diagrams

User Interface
* graphics editor
* rules
* control structures

System

Functions
* function tree
* use cases

Dynamic
* Petri−nets
* state automata
* control structures
* sequence diagrams 

generator

OOA

SA

SA/RT

* DFD
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Fundamental Te
hniques $ Viewsfun
tional view� hierar
hy ! fun
tion tree� pro
ess ! use 
ase diagram (UML)� information 
ow ! data 
ow diagram (DFD)data oriented view� data stru
tures ! data di
tionary (DD)� 
lass stru
ture and relations ! 
lass diagram (UML)state-oriented view� state 
hart diagram (UML)� a
tivity diagram (UML)� intera
tion diagram (UML)Vorl�au�ge Version 95 22. Mai 2009, Peter Thiemann



Mapping Fundamental Te
hniques to Phases
DD

class diagram

Analysis

Design

Implementation flow diagram

structogram

ER diagram

rules

decision table

pseudo code

interaction
diagram

diagram
statechart

DFD

use cases

function tree

activity diagr.
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Use Cases (Ja
obson, UML), TemplateUse 
ase: nameGoal: a
hieved by su

essful exe
utionCategory: primary, se
ondary, optionalPre
ondition:Post
ondition/su

ess:Post
ondition/failure:A
tors:Trigger:Des
ription: numbered tasksExtensions: wrt previous tasksAlternatives: wrt tasksVorl�au�ge Version 97 22. Mai 2009, Peter Thiemann



Example: MUAUse 
ase: 
ompose messageGoal: mail message sent to outgoing serverCategory: primaryPost
ondition/su

ess: a
knowledgement storedA
tors: end-userDes
ription:1. enter re
ipients2. enter text3. sele
t sending optionsExtensions:1a. sele
t re
ipients from address book2a. enter formatting hintsAlternatives:1b. extra
t re
ipients from message (reply)2b. edit and 
ompose multi-media fragmentsVorl�au�ge Version 98 22. Mai 2009, Peter Thiemann



Example: Use Case Diagram
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Generalization
� generalization� 
on
rete and abstra
t use 
ases� 
on
rete and abstra
t a
tors
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Class Diagrams (UML)� representation of 
lasses and their stati
 relationships� no information on dynami
 behavior� UML notation is graph with{ nodes: 
lasses (re
tangles){ edges: various relationships between 
lasses� may 
ontain interfa
e, pa
kages, relationships, as well as instan
es(obje
ts, links)
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Classes Student name 
ompartmentmatri
ulation number attributesnamegrades
ountissue 
erti�
ate () operationsenter grade ()list degrees ()� only name 
ompartment obligatory� additional 
ompartments may be de�ned� 
lass attributes / operations underlinedVorl�au�ge Version 102 22. Mai 2009, Peter Thiemann



Contents of name 
ompartment1. optional stereotype�
ontrol�, �boundary�, �entity� (de�ned by designer)2. 
lass nameabstra
t 
lasses indi
ated by itali
s3. optional property list (tagged value)fabstra
tg, fleaf, author="John Doe"g
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Attributes 
ompartmentSyntax of an attributevisibility name : type [ multipli
ity ordering ℄ = initial-value f properties g

visibility +, #, -, ~ Design, Implementationname all phasestype 
lassi�er name / PL type (Analysis), Design, Implementationmultipli
ity sequen
e of intervals Design, Implementationordering ordered / unordered Design, Implementationinitial-value language dependent (Design), Implementationproperties e.g., ffrozeng (Design), Implementation
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Visibility� +, publi
� #, prote
ted� -, private� ~, pa
kage� alternatively: notation of the implementation language
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Multipli
ityDe�nes set of non-negative integersIndi
ator Meaning0..1 Zero or one1 One only0..* Zero or more1..* One or moren Only n (where n > 1)0..n Zero to n (where n > 1)1..n One to n (where n > 1)
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Operations 
ompartmentSyntax of an operationvisibility name ( parameter-list ) : return-type f properties g

visibility +, #, -, ~ Design, Implementationname all phasesparameter-list kind name : type Design, Implementationkind 2 in, out, inoutreturn-type 
lassi�er name / PL type (Analysis), Design, Implementationproperties e.g., fqueryg (Analysis), Design, Implementationf
on
urren
y=. . . gfabstra
tg� 
lass operations underlinedVorl�au�ge Version 107 22. Mai 2009, Peter Thiemann



Relations in Class DiagramsBinary Asso
iation� indi
ates \
ollaboration" between two 
lasses (possibly re
exive)� solid line between two 
lasses� optional:{ asso
iation name{ de
oration with role names{ navigation (Design){ multipli
ities (Design)Generalization� indi
ates sub
lass relation� solid line with open arrow towards super 
lass

Vorl�au�ge Version 108 22. Mai 2009, Peter Thiemann



Example: Class Diagram

n

role

association

role

m

inheritance

class name

class

name of abstract class
−or−

abstractOperation1()

Class 1 class 2

birdairplanecar

class operation
op2(parmList): result type

class attribute
/derived attribute

attribute2: Typ = default

attribute1

vehicle flying object

implementation of op2
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Example: 
lass diagram with asso
iations

subpart

superpart

partno

Part
product

order orderer

manufacturer
Company

**

* 1

*
0..1
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Constraints� Constraints (Restriktionen) wrt obje
t state or asso
iation� Notation: f
onstraintg� Example 
onstraints on asso
iations:fsortedg, fimmutableg, fread-onlyg, fsubsetg, fxorg� natural language, pseudo 
ode, predi
ate logi
, . . . , OCL! Design by Contra
t (Bertrand Meyer, Ei�el)
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Constraints for Design by Contra
t� pre- and post
onditions of operationsEx: operation int sqrt()pre
ondition: fthis.value >= 0gpost
ondition: fresult * result == this.valueg� invariantsmaintained by ea
h operationEx: fbalan
e == sum(entry.amount());gResponsibilities� Pre
ondition assigns responsibility to 
aller� operation responsible for post
ondition if pre
ondition holds(analogously for invariants)� ! no dupli
ate or omitted 
he
ks� expli
it 
he
king of 
onstraints while debugginge.g. operation 
he
kInvariantsVorl�au�ge Version 112 22. Mai 2009, Peter Thiemann



Example: 
lass diagram with obje
t 
onstraints

Corporate Customer

Order

dateReceived

isPrepaid

number: String

dispatch()

close()

1

{ if Order.customer.creditRating is

’’poor’’, then Order.isPrepaid

must be true }

items *

Order Item

quantity: Integer

price: Money

Product Employee

sales rep 0..1

*

billForMonth(Integer)

remind()

creditLimit

creditRating

contactName

{ creditRating()== ’’poor’’ }

creditCard#

Personal Customer

creditRating(): String

address

name

Customer

1*

1*isAvailable: Boolean
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Composition� aggregation is a parti
ular asso
iation part-of� Meaning: obje
t \belongs existentially" to other obje
t� Obje
t and its 
omponents live and die together� Notation: edge with bla
k rhombus as arrow head

Example

4

1

polygon

point
representation

color

line mode

{ordered} 1

1 1

wheel

car

2..*
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Guidelines for Analysis Phase� only essential attributes and operations� no multipli
ities, navigation, et
� do not model trivial operations like{ new: obje
t 
reation{ delete: obje
t deletion{ sethAttributei: update an attribute{ gethAttributei: read an attribute� for simpli
ity: ea
h 
lass \knows" all of its instan
es in OOA� implementation may be atta
hed to operation with a note
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Obje
t and Collaboration Diagrams (UML)� notation for obje
ts and their links� UML notation:{ nodes: obje
ts (re
tangles), labeled with obje
t name:type{ edges: links between obje
ts\obje
ts that know ea
h other"

Properties of obje
t diagrams� snapshot of a system state� 
on�guration of a spe
i�
 group of obje
ts
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Example: Obje
t Diagram
:class2 :class3

attribute1 = value1

attribute2 = value2

anotherObject

anObject:class
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Dynami
 properties ! 
ollaboration diagrams� obje
ts ! obje
t roles� obje
t notation stands for \any obje
t of that 
lass"� obje
t roles and links may be labeled with 
onstraints{ fnewg{ ftransientg{ fdestroyedg� labeling links with numbered operations� numbering implies sequen
e of exe
ution
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Example: Collaboration Diagram

1: display()

Internet
User

1.1.3: listObservedGoods()

1.1.2: listOwnGoods()

1.1.1: display()

1.1.2.1: getName() :Name

:Name

:Hammer

1.1: display()

1.1.3.1: getName()

:Good

:Account :Profile

:Good
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Finite State Ma
hines (FSM, UML)� modeling the evolving state of an obje
te.g., State
hart diagrams in UML� starting point:deterministi
 �nite automaton A = (Q ;�; Æ; q0;F ) whereQ : �nite set of states�: �nite input alphabetÆ: Q � � �! Q transition fun
tionq0 2 Q initial stateF � Q set of �nal states
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Graphi
al Representation of FSM� nodes: states of the automaton (
ir
les or re
tangles)� arrow pointing to q0� �nal states indi
ated by double 
ir
le� edges: if Æ(q ; a) = q 0 then transition labeled a from q to q 0FSM with output spe
i�es a translation �� ! ��� M = (Q ;�;�; Æ; �; q0)� repla
e �nal states F by output alphabet � and output fun
tion �� Mealy-automaton: � : Q � � �! �edge from q to Æ(q ; a) additionally 
arries �(q ; a)� Moore-automaton: � : Q �! �state q labeled with �(q)Vorl�au�ge Version 121 22. Mai 2009, Peter Thiemann



Example: digital 
lo
k as a Mealy-automaton

Start

display

timebutton 1 pressed/

hours flashing

button 2 pressed/

increase hours

hours

button 1 pressed/

minutes flashing adjust

minutes

button 1 pressed/

display time

adjust

seconds

adjust

button 2 pressed/
reset seconds

increase minutes
button 2 pressed/

button 1 pressed/
seconds flashing

Drawba
k: FSMs get big too qui
kly ! stru
turing requiredVorl�au�ge Version 122 22. Mai 2009, Peter Thiemann



State
hart Diagram (Harel, UML)� hybrid automata (\Moore + Mealy")� ea
h state may have{ entry a
tion: exe
uted on entry to state�= labeling all in
oming edges{ exit a
tion: exe
uted on exit of state�= labeling all outgoing edges{ do a
tivity:exe
uted while in state� 
omposite states� states with history� 
on
urrent states� optional: 
onditional state transitionsVorl�au�ge Version 123 22. Mai 2009, Peter Thiemann



Example: State
hart Diagram
event 3

state 1

event 1/

action 1

state 3

exit / action 4
do / activity 4 event 4

state 4

action 2

state 2

entry / action 3

include / submachine_invocation

event 2(condition 2)/
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Example: parking lot
idle

ticket inserted/

display amount

waiting for
coin

coin inserted (enough)/

print card

coin inserted (not enough)/

display remaining amount

release coins

timeout /
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Composite States� states 
an be grouped into a 
omposite state with designated startnode (! hierar
hy)� edges may start and end at any level� transition from a 
omposite state �=set of transitions with identi
al labels from all members of the
omposite state� transition to a 
omposite state leads to its initial state� transitions may be \stubbed"

B

A

b a
a

b

b

C

D A

B

b
a

b

b

C

D b

a

b

C
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Example: Robot Control
digit digit

Start

digit

digit/digitrel

digit 3

digit/ digit/

R/4

A/3

R/2

A/1B

R

bad bad
angle

character
any other

character
any other

−/−

+

−/−

+

bend
S

shoulder

rotate shoulder
S

abs

sign digit 1 digit 2

command
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States with History� 
omposite state with history | marked (H) | remembers theinternal state on exit and resumes in that internal state on the nextentry

A
b

b
H

B
a

a
C

� the history state indi
ator may be target of transitions from theoutside and it may indi
ate a default \previous state"� \deep history" (H*) remembers nested state
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Con
urrent States� 
omposite state may 
ontain 
on
urrent state regions(separated by dashed lines)� all 
omponents exe
ute 
on
urrently� transitions may depend on state of another 
omponent (syn
hronisation)� expli
it syn
hronization points� 
on
urrent transitions
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Example:
G

E

A

a

B

(in C)
b a

F

C

c

D

sequen
e of states on input ab
b:(A;C ); (B ;D); (B ;D); (B ;C ); (A;C )
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State
harts and 
lass diagrams� operations 
an only be exe
uted in parti
ular state� idea: in
oming message (in 
lass diagram) ^= event (in HA) thattriggers the operation� trivial event names may be dropped

Alternative use� 
lass has operation that determines re
eption of an event
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Example: Tank
Tank

is empty

drain

fill

current level

target level

max level

set new
target level/

target level

empty

start
to fill

filling
do: fill

is full

full

start
to drain

draining
do: drain

set target level

� 
an �ll only if empty� 
an drain only if full
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A
tivity Diagrams (UML)� 
ow diagrams + 
on
urren
y� in
uen
ed by Petri nets, event diagrams (Odell), state
hartdiagrams (Harel)� ! modeling of work
ow, parallel a
tivities� ! re�nement of use 
ases
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Ex: A
tivity Diagram
Person

fetch

cups

brew

coffee

drink

can of Coke

[no coffee] [no Coke]

[Coke present]

light off

take

seek

drink

[coffee present]

pour coffee

in filter

put filter

in machine

fill in

water

pour

coffee

switch on
machine
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